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There is provided a method for handling mobility
synchronization measurements. The method is
performed by a wireless device. The method
comprises receiving an indication to perform mobility
measurements on a set of transmission beams
associated with a unique identity. The method
comprises checking if the unique identity has
previously been stored by the wireless device. The
method comprises, if the unique identity has not
previously been stored by the wireless device,
performing mobility measurements on the set of
transmission beams to determine synchronization
information of the set of transmission beams. The
method comprises storing the unique identity and the
synchronization information of the  mobility
measurements.
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MOBILITY SYNCHRONIZATION MEASUREMENTS

TECHNICAL FIELD

Embodiments presented herein relate to handling mobility synchronization
measurements, and particularly to methods, a wireless device, a radio access
network node, computer programs, and a computer program product for handling

mobility synchronization measurements.

BACKGROUND

In communications networks, there may be a challenge to obtain good performance
and capacity for a given communications protocol, its parameters and the physical

environment in which the communications network is deployed.

For example, handover is a vital part of any cellular communications network. A
handover may be defined as the process of transferring an ongoing connection of a
wireless device from one radio access network node (denoted the serving radio
access network node) to another radio access network node (denoted the target
radio access network node) in order to accomplish a transparent service over a
large coverage area. The handover should be performed without any loss of data
transmission to/from the wireless device, and with as small interrupt as possible for

the wireless device.

To enable a handover, it is necessary to find a suitable target cell as served by the
target radio access network node, and to ensure that it is possible to sustain reliable
communication to/from the wireless device in the target cell. Candidates for suitable
target radio access network nodes (and/or target cells) are usually stored in so-
called neighbor lists, which are stored at least at the serving radio access network

node.

For a wireless device (WD) to receive or measure on a target cell (i.e., an area
served by a target radio access network (RAN) node), it needs be synchronized with
the cell (i.e., with the target node). In legacy systems, all RAN nodes continuously
transmit synchronization signals that WDs in neighbor cells use for synchronization
with target cell. Examples include, but are not limited to, the synchronization channel
(SCH) in Wideband Code Division Multiple Access (WCDMA) based
communications networks and the primary and secondary synchronization signals in

Long Term Evolution (LTE) based communications networks. The synchronization is
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usually achieved by correlating the received signal with a known signal; in LTE the
correlation may be performed in both time and frequency domain. The
synchronization procedure is often dived into several steps where the frequency and
time resolution and is improved for each step. For time synchronization, the steps
may include finding symbol, slot and frame timing.

Future cellular communications networks may use advanced antenna systems to a
large extent. With such antennas, signals will be transmitted in narrow transmission
beams to increase signal strength in some directions, and/or to reduce interference
in other directions. When the antenna is used to increase coverage, handover
between narrow transmission beams in neighboring RAN nodes may become a
necessity. The serving RAN node also needs to decide if a beam switch or beam
update is necessary within the own cell. The transmission beam through which the
RAN node is currently communicating with the WD is called the serving beam and
the transmission beam it will hand over to, or switch to, is called the target beam.
The serving beam and the target beam may be transmission beams of the same or
different RAN node.

In a cellular system with an advanced antenna system that uses narrow beams,
beam updates for a WD might recur quite often. To synchronize and measure on the
different candidate beams, the WD must thus potentially perform extensive timing
synchronization procedures, especially in non-synchronized networks. For the WD,
the synchronization procedure may be quite complex, since it may need to measure
on many transmission beams at once.

Hence, there is still a need for improved handling of mobility synchronization
measurements.

SUMMARY

An object of embodiments herein is to provide efficient handling of mobility
synchronization measurements.

According to a first aspect there is presented a method for handling mobility
synchronization measurements. The method is performed by a wireless device. The
method comprises receiving an indication to perform mobility measurements on a
set of transmission beams associated with a unique identity. The method comprises
checking if the unique identity has previously been stored by the wireless device.
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The method comprises, if the unique identity has previously been stored by the
wireless device, performing mobility measurements on the set of transmission
beams based on previously stored synchronization information of the set of
transmission beams, wherein the synchronization information is identified by the

unique identity.

Advantageously this provides efficient handling of mobility synchronization

measurements.

Advantageously this enables the time it takes for the WD to acquire synchronization
to a target beam to be reduced compared to traditional approaches.

Advantageously, this enables the complete synchronization process to be performed
less frequently compared to traditional approaches. Running the complete

synchronization process less frequently will save WD complexity.

According to a variation of the first aspect there is presented a method for handling
mobility synchronization measurements. The method is performed by a wireless
device. The method comprises receiving an indication to perform mobility
measurements on a set of transmission beams associated with a unique identity.
The method comprises checking if the unique identity has previously been stored by
the wireless device. The method comprises, if the unique identity has not previously
been stored by the wireless device, performing mobility measurements on the set of
transmission beams to determine synchronization information of the set of
transmission beams. The method comprises storing the unique identity and the

synchronization information of the mobility measurements.

According to a second aspect there is presented a wireless device for handling
mobility synchronization measurements. The wireless device comprises a
processing unit. The processing unit is configured to receive an indication to perform
mobility measurements on a set of transmission beams associated with a unique
identity. The processing unit is configured to check if the unique identity has
previously been stored by the wireless device. The processing unit is configured to,
if the unique identity has previously been stored by the wireless device, perform
mobility measurements on the set of transmission beams based on previously
stored synchronization information of the set of transmission beams, wherein the

synchronization information is identified by the unique identity.
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According to a variation of the second aspect there is presented a wireless device
for handling mobility synchronization measurements. The wireless device comprises
a processing unit. The processing unit is configured to receive an indication to
perform mobility measurements on a set of transmission beams associated with a
unique identity. The processing unit is configured to check if the unique identity has
previously been stored by the wireless device. The processing unit is configured to,
if the unique identity has not previously been stored by the wireless device, perform
mobility measurements on the set of transmission beams to determine
synchronization information of the set of transmission beams. The processing unit is
configured to store the unique identity and the synchronization information of the

mobility measurements

According to a third aspect there is presented a computer program for handling
mobility synchronization measurements, the computer program comprising
computer program code which, when run on a processing unit of a wireless device,
causes the processing unit to perform a method according to at least one of the first

aspect and the variation of the first aspect.

According to a fourth aspect there is presented a method for handling mobility
synchronization measurements. The method is performed by a radio access
network node. The method comprises transmitting an indication for a wireless
device to perform mobility measurements on a set of transmission beams

associated with a unique identity.

According to a fifth aspect there is presented a radio access network node for
handling mobility synchronization measurements. The radio access network node
comprises a processing unit. The processing unit is configured to transmit an
indication for a wireless device to perform mobility measurements on a set of

transmission beams associated with a unique identity.

According to a sixth aspect there is presented a computer program for handling
mobility synchronization measurements, the computer program comprising

computer program code which, when run on a processing unit of a radio access
network node, causes the processing unit to perform a method according to the

fourth aspect.
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According to a seventh aspect there is presented a computer program product
comprising a computer program according to at least one of the third aspect and the
sixth aspect and a computer readable means on which the computer program is
stored.

It is to be noted that any feature of the first, second, third, fourth, fifth, sixth and
seventh aspects may be applied to any other aspect, wherever appropriate.
Likewise, any advantage of the first aspect may equally apply to the second, third,
fourth, fifth, sixth and/or seventh aspect, respectively, and vice versa. Other
objectives, features and advantages of the enclosed embodiments will be apparent
from the following detailed disclosure, from the attached dependent claims as well

as from the drawings.

Generally, all terms used in the claims are to be interpreted according to their
ordinary meaning in the technical field, unless explicitly defined otherwise herein. All
references to "a/an/the element, apparatus, component, means, step, etc." are to be
interpreted openly as referring to at least one instance of the element, apparatus,
component, means, step, etc., unless explicitly stated otherwise. The steps of any
method disclosed herein do not have to be performed in the exact order disclosed,

unless explicitly stated.

BRIEF DESCRIPTION OF THE DRAWINGS

The inventive concept is now described, by way of example, with reference to the

accompanying drawings, in which:

Fig. 1 is a schematic diagram illustrating a communications network according to

embodiments;

Fig. 2a is a schematic diagram showing functional units of a radio access network

node according to an embodiment;

Fig. 2b is a schematic diagram showing functional modules of a radio access

network node according to an embodiment;

Fig. 3a is a schematic diagram showing functional units of a wireless device

according to an embodiment;
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Fig. 3b is a schematic diagram showing functional modules of a wireless device
according to an embodiment;

Fig. 4 shows one example of a computer program product comprising computer
readable means according to an embodiment;

Figs. 5, 6, 7, and 8 are flowcharts of methods according to embodiments.

DETAILED DESCRIPTION

The inventive concept will now be described more fully hereinafter with reference to
the accompanying drawings, in which certain embodiments of the inventive concept
are shown. This inventive concept may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein;
rather, these embodiments are provided by way of example so that this disclosure
will be thorough and complete, and will fully convey the scope of the inventive
concept to those skilled in the art. Like numbers refer to like elements throughout
the description. Any step or feature illustrated by dashed lines should be regarded

as optional.

Fig. 1 is a schematic diagram illustrating a communications network 10 where
embodiments presented herein can be applied. The communications network 10
comprises radio access network (RAN) nodes 11a, 11b. Each RAN node may have
a transmission point, one of which is schematically illustrated at reference numeral
11c. The RAN nodes may be any combination of radio base stations such as base
transceiver stations, node Bs, and/or evolved node Bs. The RAN nodes may further
be any combination of macro RAN nodes and micro, or pico, RAN nodes. Each RAN
node 11a, 11b provides network coverage in a respective coverage region 12a, 12b
by transmitting transmission beams 15a, 15b, 15¢, 15d, 15f in that coverage region
12a, 12b. Each RAN node 11a, 11b is assumed to be operatively connected to a
core network (not illustrated). The core network may in turn be operatively
connected to a service and data providing wide area network.

Hence, a wireless device (WD) 13 served by one of the RAN nodes 11a, 11b may
thereby access services and data as provided by the wide area network. The
wireless devices 13 may be any combination of mobile stations, mobile phones,
handsets, wireless local loop phones, user equipment (UE), smartphones, laptop

computers, and/or tablet computers. Each wireless device 13 is located at current
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position [x1, y1] according to some coordinate system [x, y]. Further, although only
two coordinates x and y are schematically illustrated in Fig. 1, the current position
may have three coordinates [x1, y1, z1] for wireless device 13 in a three-

dimensional coordinate system [X, y, z].

A wireless device 13 may move from position to position and thus from coverage
region to 12a, 12b thus requiring handover of the wireless device 13 from one RAN
node to another RAN node, or at least from one transmission beam to another
transmission beam. As noted above, such handover should be performed without
any loss of data transmission to/from the wireless device 13 and with as small
interrupt as possible for the wireless device 13. The serving beam and the target
beam may be transmission beams of the same or different RAN node. Hence, the
term handover as herein used should be interpreted as a handover from a source

beam to a target beam.

For illustrative, non-limiting, purposes it is in Fig. 1 assumed that the WD 13 is
currently positioned at the border of two regions 12a, 12b. For illustrative, non-
limiting, purposes it is in Fig. 1 further assumed that RAN node 11a is the serving
RAN node and the RAN node 11b is the target RAN node. Each RAN node 11a, 11b
is equipped with antennas configured to generate narrow transmission beams 15a,
15b, 15¢, 15d, 15f. For illustrative, non-limiting, purposes it is in Fig. 1 assumed that
transmission beam 15a is the serving beam for WD 13 and the other transmission
beams 15b-15f are candidate target beams.

As noted above, in a cellular system, such as in the communications network 10,
with RAN nodes 11a, 11b having advanced antenna systems that uses narrow
transmission beams 15a-f, beam updates for a WD 13 might recur quite often. To
synchronize and measure on the different candidate beams, the WD must thus,
according to prior art, potentially perform extensive timing synchronization
procedures, especially in non-synchronized networks. For the WD 13, the
synchronization procedure according to prior art may thus be quite complex, since it
may need to measure on many transmission beams 15a-f at once. There is thus a
need for a candidate beam measurement approach where mobility measurement

computational load at the WD 13 is minimized, or at least reduced.

The embodiments disclosed herein relate to handling of mobility synchronization

measurements. In order to obtain such handling of mobility synchronization
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measurements there is provided a wireless device 13, a method performed by the
wireless device 13, a computer program comprising code, for example in the form of
a computer program product, that when run on a processing unit of the wireless
device 13, causes the processing unit to perform the method of the wireless device
13. In order to obtain such handling of mobility synchronization measurements there
is further provided a RAN node 11a, 11b, a method performed by the RAN node
11a, 11b, a computer program comprising code, for example in the form of a
computer program product, that when run on a processing unit of the RAN node

11a, 11b, causes the processing unit to perform the method.

Fig. 2a schematically illustrates, in terms of a number of functional units, the
components of a RAN node 11a, 11b according to an embodiment. A processing
unit 21 is provided using any combination of one or more of a suitable central
processing unit (CPU), multiprocessor, microcontroller, digital signal processor
(DSP), application specific integrated circuit (ASIC), field programmable gate arrays
(FPGA) etc., capable of executing software instructions stored in a computer
program product 41a (as in Fig. 4), e.g. in the form of a storage medium 23. Thus
the processing unit 21 is thereby arranged to execute methods as herein disclosed.
The storage medium 23 may also comprise persistent storage, which, for example,
can be any single one or combination of magnetic memory, optical memory, solid
state memory or even remotely mounted memory. The RAN node 11a, 11b may
further comprise a communications interface 22 for communications with other radio
access network nodes 11a, 11b and wireless devices 13. As such the
communications interface 22 may comprise one or more transmitters and receivers,
comprising analogue and digital components and a suitable number of antennas for
radio communications and ports for wired communications. The processing unit 21
controls the general operation of the RAN node 11a, 11b e.g. by sending data and
control signals to the communications interface 22 and the storage medium 23, by
receiving data and reports from the communications interface 22, and by retrieving
data and instructions from the storage medium 23. Other components, as well as
the related functionality, of the RAN node 11a, 11b are omitted in order not o

obscure the concepts presented herein.

Fig. 2b schematically illustrates, in terms of a number of functional modules, the
components of a RAN node 11a, 11b according to an embodiment. The RAN node

11a, 11b of Fig. 2b comprises a number of functional modules such as a send
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and/or receive module 21a configured to perform below step S202, S204a, S204b,
S204c, S208, S212, S214. The RAN node 11a, 11b of Fig. 2b may further
comprises a number of optional functional modules, such as any of an identify
module 21b configured to perform below step S206, and a determine module 21c
configured to perform below step S210. The functionality of each functional module
21a-c will be further disclosed below in the context of which the functional modules
21a-c may be used. In general terms, each functional module 21a-c may be
implemented in hardware or in software. Preferably, one or more or all functional
modules 21a-c may be implemented by the processing unit 21, possibly in
cooperation with functional units 22 and/or 23. The processing unit 21 may thus be
arranged to from the storage medium 23 fetch instructions as provided by a
functional module 21a-c and to execute these instructions, thereby performing any

steps as will be disclosed hereinafter.

Fig. 3a schematically illustrates, in terms of a number of functional units, the
components of a wireless device 13 according to an embodiment. A processing unit
31 is provided using any combination of one or more of a suitable central processing
unit (CPU), multiprocessor, microcontroller, digital signal processor (DSP),
application specific integrated circuit (ASIC), field programmable gate arrays (FPGA)
etc., capable of executing software instructions stored in a computer program
product 41b (as in Fig. 4), e.g. in the form of a storage medium 33. Thus the
processing unit 31 is thereby arranged to execute methods as herein disclosed. The
storage medium 33 may also comprise persistent storage, which, for example, can
be any single one or combination of magnetic memory, optical memory, solid state
memory or even remotely mounted memory. The wireless device 13 may further
comprise a communications interface 32 for communications with at least one RAN
node 11a, 11b. As such the communications interface 32 may comprise one or more
transmitters and receivers, comprising analogue and digital components and a
suitable number of antennas for radio communications. The processing unit 31
controls the general operation of the wireless device 13 e.g. by sending data and
control signals to the communications interface 32 and the storage medium 33, by
receiving data and reports from the communications interface 32, and by retrieving
data and instructions from the storage medium 33. Other components, as well as
the related functionality, of the wireless device 13 are omitted in order not to obscure

the concepts presented herein.
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Fig. 3b schematically illustrates, in terms of a number of functional modules, the
components of a wireless device 13 according to an embodiment. The wireless
device 13 of Fig. 3b comprises a number of functional modules; a send and/or
receive module 31a configured to perform below steps S102, S110a, S112, S114,
S120, a check module 31b configured to perform below steps S104, S116, and a
perform module 31c configured to perform below steps S106a, S106b, S106c. The
wireless device 13 of Fig. 3b may further comprises a number of optional functional
modules, such as any of a store module 31d configured to perform below step S108,
a retrieve module 31e configured to perform below step S118, and an update
module 31e configured to perform below step S110b. The functionality of each
functional module 31a-e will be further disclosed below in the context of which the
functional modules 31a-e may be used. In general terms, each functional module
31a-e may be implemented in hardware or in software. Preferably, one or more or
all functional modules 31a-e may be implemented by the processing unit 21,
possibly in cooperation with functional units 22 and/or 23. The processing unit 21
may thus be arranged to from the storage medium 23 fetch instructions as provided
by a functional module 31a-e and to execute these instructions, thereby performing

any steps as will be disclosed hereinafter.

Fig. 4 shows one example of a computer program product 41a, 41b comprising
computer readable means 43. On this computer readable means 43, a computer
program 42a can be stored, which computer program 42a can cause the processing
unit 21 and thereto operatively coupled entities and devices, such as the
communications interface 22 and the storage medium 23, to execute methods
according to embodiments described herein. On this computer readable means 43,
a computer program 42b can be stored, which computer program 42b can cause the
processing unit 31 and thereto operatively coupled entities and devices, such as the
communications interface 32 and the storage medium 33, to execute methods
according to embodiments described herein. The computer programs 42a, 42b
and/or computer program product 41a, 41b may thus provide means for performing

any steps as herein disclosed.

In the example of Fig. 4, the computer program product 41a, 41b is illustrated as an
optical disc, such as a CD (compact disc) or a DVD (digital versatile disc) or a Blu-
Ray disc. The computer program product 41a, 41b could also be embodied as a

memory, such as a random access memory (RAM), a read-only memory (ROM), an
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erasable programmable read-only memory (EPROM), or an electrically erasable
programmable read-only memory (EEPROM) and more particularly as a non-volatile
storage medium of a device in an external memory such as a USB (Universal Serial
Bus) memory or a Flash memory, such as a compact Flash memory. Thus, while the
computer program 41a, 41b is here schematically shown as a track on the depicted
optical disk, the computer program 42a, 42b can be stored in any way which is

suitable for the computer program product 41a, 41b.

Figs. 5 and 6 are flow chart illustrating embodiments of methods for handling
mobility synchronization measurements as performed by the wireless device 13.
The methods are advantageously provided as computer programs 42b. Figs. 7 and
8 are flow chart illustrating embodiments of methods for handling mobility
synchronization measurements as performed by the RAN node 11a. The methods

are advantageously provided as computer programs 42a.

Reference is now made to Fig. 5 illustrating a method for handling mobility
synchronization measurements as performed by the wireless device 13 according to

an embodiment.

The wireless device 13 is configured to, in a step S102, receive an indication to
perform mobility measurements on a set of transmission beams 15a, 15b, 15¢, 15d,
15e, 15f. The set of transmission beams 15a, 15b, 15¢, 15d, 15¢, 15f is associated

with a unique identity. Examples of the unique identity will be provided below.

Once having received this indication the wireless device 13 does not immediately
perform mobility measurements on the set of transmission beams 15a, 15b, 15c,
15d, 15e, 15f. Instead, the wireless device 13 is configured to, in a step S104, check
if the unique identity has previously been stored by the wireless device 13.

If the unique identity has previously been stored by the wireless device 13 this may
indicate that previous information may be used to assist when performing the
mobility measurements on the set of transmission beams 15a, 15b, 15c, 15d, 15e,
15f. Particularly. the wireless device 13 is configured to, in a step S106a, if the
unique identity has previously been stored by the wireless device 13, perform
mobility measurements on the set of transmission beams 15a, 15b, 15c, 15d, 15e,

15f. The mobility measurements are based on previously stored synchronization
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information of the set of transmission beams 15a, 15b, 15¢, 15d, 15e, 15f. The

synchronization information is identified by the unique identity.

Embodiments relating to further details of handling mobility synchronization

measurements as performed by the wireless device 13 will now be disclosed.

The unique identity may also identify the transmitting RAN node 11a, 11b and/or
transmission point 11c. In this way future measurement on candidate beams from
the same RAN node can take advantage of the same stored synchronization
information. Hence, the unique identity may identify the RAN node 11a and/or the
transmission point 11c from which the set of transmission beams 15a, 15b, 15c,
15d, 15e, 15f was transmitted.

There may be different ways to provide the unique identity. For example, the unique
identity may be represented by a sequence of binary digits. Identities of single
transmission beams 15a, 15b, 15¢, 15d, 15€, 15f in the set of transmission beams
may share at least a subset of the sequence of binary digits. Hence, the wireless
device 13 does not need to perform mobility measurements on such transmission
beams that do not share such at least subset of the sequence of binary digits. That
is, since the wireless device 13 thereby only performs mobility measurements on
transmission beams that share the unique identity, the wireless device 13 does not
need to perform unnecessary mobility measurements on other transmission beams.
The subset of the sequence of binary digits may correspond to an identity of a RAN
node 11a, 11b. However, the subset of the sequence of binary digits may
alternatively correspond to an identity of a group of RAN nodes, or a subset of

transmission beams of one RAN node.

There may be different ways for the wireless device 13 to receive the
synchronization information. For example, the synchronization information may be
determined from synchronization signals transmitted in the set of transmission
beams 15a, 15b, 15c, 15d, 15e, 15f.

There may be different types of synchronization information. In general terms, the
synchronization information may be any combination of time synchronization
information and frequency synchronization information. For example, the
synchronization information may comprise a time offset to start of a first symbol of a

first frame relative an internal clock of the wireless device 13. For example, the
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synchronization information may comprise a frequency offset to relative a reference
frequency used by the wireless device 13. Both the WD clock and frequency
reference may be assumed to be locked to the current serving beam. Alternatively,

timing and frequency of the serving RAN node 11a become the internal references.

The wireless device 13 may then use the synchronization information to improve the
measurements the next time it is requested to measure synchronization information,
such as time synchronization signals (TSS) and/or mobility reference signals (MRS),

sent on the same transmission beam.

The mobility measurements may further be based on reference signals transmitted
in the set of transmission beams 15a, 15b, 15¢, 15d, 15¢, 15f.

Reference is now made to Fig. 6 illustrating methods for handling mobility
synchronization measurements as performed by the wireless device 13 according to

further embodiments.

There may be different ways for the wireless device 13 to act if the unique identity
has not previously been stored by the wireless device 13. For example, the wireless
device 13 may perform new mobility measurements, and then store the unique

identity and synchronization information.

Particularly, the wireless device 13 may be configured to, in an optional step S106b,
if the unique identity has not previously been stored by the wireless device 13,
perform mobility measurements on the set of transmission beams 15a, 15b, 15c,
15d, 15e, 15f to determine synchronization information of the set of transmission
beams 15a, 15b, 15¢, 15d, 15e, 15f. The wireless device 13 may then be configured
to, in an optional step S108, store the unique identity and the synchronization

information of the mobility measurements.

For example, after the wireless device 13 has performed successful measurements
on a transmission beam’s TSS and/or MRS, the wireless device 13 may store the
synchronization parameters in a lookup table. In general terms, by a successful
measurement is meant that one or more correlation metrics used for synchronization

are above some respective threshold values.
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As noted above, the unique identity may also identify the transmitting RAN node
11a, 11b and/or transmission point 11c defining a cell ID. Hence, in one
embodiment, such a table may be indexed using beam ID and cell ID, see Table 1.

Cell ID/Beam ID Time synch. Frequency synch.
parameters parameters

A 1 t4 fy

A 2 ty fa

B, 1 ts f3

Table 1: Example of a synchronization table used for a WD to look up time and
frequency synchronization parameters for a cell and beam.

Hence, at least some of the herein disclosed embodiments are based on using an
association of each transmission beam with a unique beam ID index. The
communications network 10 may, via a RAN node 11a, inform the WD 13 about the
beam ID when requesting mobility measurements on the transmission beam. When
the WD 13 has identified the transmission beam and performed synchronization, the
WD 13 may store the synchronization information (inter alia comprising settings) for
the transmission beam using the beam ID. The stored settings may then be used by
the WD 13 the next time the WD 13 is requested to perform mobility measurements
on the transmission beam.

In practice Table 1 may be stored as a lookup table. Such a lookup table will have
limited size and only the transmission beams for the N latest measured cells (RAN
nodes) will be stored. It may be useful to have a separate table that only stores the
time synchronization parameter for the cells (RAN nodes), see Table 2. Out of all
synchronization parameters, the timing synchronization offset is the one that has the
potential to reduce the WD processing load the most. The number of transmission
beams per cell (RAN node) may be in the order 10-100. Table 2 will be able to store
time parameters for a larger number of cells (RAN nodes) for the same memory size
as for storing Table 1. The time synchronization parameter for a cell (RAN node)

could be the average value for all the measured transmission beams for the cell
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(RAN node). The time synchronization parameter may be used for the initial time
synchronization for a transmission beam from a cell (RAN node) that is only
included in Table 2.

Cell ID Time synchronization
parameters

A t4

B to

C t3

Table 2: An example of a synchronization table used for a WD to look up the time

synchronization parameters for a cell.

Further, if a transmission beam is sent from a RAN node that is included in the table,
even if the specific transmission beam has not been encountered previously, the
synchronization parameters for the other transmission beams from that same RAN
node could be used as initial parameters. Stored synchronization information of
other transmission beams may thus be used as initial parameters. Particularly, the
wireless device 13 may be configured to, in an optional step S106c¢, if the unique
identity has not previously been stored by the wireless device 13, perform mobility
measurements on the set of transmission beams 15a, 15b, 15c, 15d, 15e, 15f to
determine synchronization information of the set of transmission beams 15a, 15b,
15c, 15d, 15e, 15f. The mobility measurements are based on previously stored
synchronization information of another set of transmission beams. The previously
stored synchronization information is identified by a unique identity of this another
set of transmission beams. Further, the previously stored synchronization
information of this another set of transmission beams may be used to define initial
parameters to be used during the mobility measurements on the set of transmission
beams 15a, 15b, 15¢, 15d, 15e, 15f.

There may be different ways to update previously stored synchronization

information. For example, previously stored synchronization information may be
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updated when the wireless device 13 is in idle mode. Particularly, the wireless
device 13 may be configured to, in an optional step S110a, receive, while in idle
mode, broadcasted information, such as, but not limited to, synchronization
information. The wireless device 13 may then be configured to, in an optional step
S110b update previously stored synchronization information based on the
broadcasted information. Table 2 may thus also be updated in idle mode, using
synchronization and reference signals that are broadcasted in a cell. These
synchronization and reference signals are generally sent too infrequently to be

useful in active mode. A WD 13 is in active mode when it receives or transmits data.

There may be different ways for the wireless device 13 to handle the mobility
measurements. For example, the wireless device 13 may inform the RAN node 11a,
11b of the mobility measurements. Particularly, the wireless device 13 may be
configured to, in an optional step S112, transmit information of the mobility
measurements to a RAN node. This RAN node may be the serving RAN node 11a
of the wireless device 13 or a target RAN node, such as the RAN node 11b, of the
wireless device 13. The wireless device 13 may thus inform the RAN node about
gathered information about per-beam or pre-node synchronization parameters. The
RAN node may then omit sending e.g. the TSS component in subsequent
measurement session using previously activated transmission beams, RAN nodes,

or transmission points.

The mobility measurements may be used to determine whether the wireless device
13 should be handed over from a serving RAN node, such as the RAN node 113, to
a target RAN node, such as the RAN node 11b. However, as noted above,
handover should in this context have a broad interpretation and may comprise
handover from a serving beam to a target beam, where the serving beam and the
target beam are transmitted from the same RAN node 11a, 11b. Particularly, the
wireless device 13 may be configured to, in an optional step S114, receive a beam
switch command from a RAN node 11a serving the wireless device 13. The beam
switch command comprises a target beam identity. The wireless device 13 may then
be configured to, in an optional step S116, check if the target beam identity
corresponds to any unique identity that has previously been stored by the wireless
device 13. The wireless device 13 may then be configured to, in an optional step
S118, retrieve stored synchronization information corresponding to the unique

identity if the target beam identity corresponds to any unique identity that has
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previously been stored by the wireless device 13. The wireless device 13 may then
be configured to, in an optional step S120, receive data transmission using the

retrieved synchronization information.

Reference is now made to Fig. 7 illustrating a method for handling mobility
synchronization measurements as performed by the RAN node 11a according to an

embodiment.

As disclosed above the wireless device 13 in step S102 receives an indication to
perform mobility measurements. Hence the RAN node 11a is configured to, in a step
S202, transmit an indication for the wireless device 13 to perform mobility
measurements on the set of transmission beams 15a, 15b, 15¢, 15d, 15e, 15f

associated with the unique identity.

Embodiments relating to further details of handling mobility synchronization

measurements as performed by the RAN node 11a will now be disclosed.

Reference is now made to Fig. 8 illustrating methods for handling mobility
synchronization measurements as performed by the RAN node 11a according to

further embodiments.

There may be different ways for the RAN node 11a to act once it has transmitted the
indication in step S202. Different embodiments relating thereto will now be

described in turn.

For example, the RAN node 11a may be configured to, in an optional step S204a,
transmit synchronization information using the set of transmission beams associated
with the unique identity. This synchronization information may be received by the

wireless device 13 as in step S110a.

For example, the RAN node 11a may be configured to, in an optional step S204b,
transmit a message to another RAN node 11b to activate transmission of
synchronization information using the set of transmission beams 15a, 15b, 15c, 15d,
15e, 15f associated with the unique identity. This may be the case if the RAN node

11a has identified a need for a beam switch, see step S206 below.

For example, the RAN node 11a may be configured to, in an optional step S204c,

transmit a message to another RAN node 11b. The message may comprise position
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information [x1, y1] of the wireless device 13. This may enable this another RAN
node 11b to choose which transmission beams to active for transmission towards

the wireless device 13.

Further, the RAN node 11a may be configured to, in an optional step S206, identify
that a beam switch is needed for the wireless device 13. The set of transmission
beams may then be based thereon. Hence, which beams to be included in the set of
transmission beams may be based on whether a beam switch is needed for the
wireless device 13 or not. The set of transmission beams may then represent

candidate target beams for the wireless device 13.

There may be different ways for the RAN node 11a to determine which transmission
beam is to be used as the new serving beam of the WD 13. Particularly, the RAN
node 11a may be configured to, in an optional step S208, receive information of the
mobility measurements from the wireless device. The mobility measurements may
be performed as in any of steps S106a, S106b, S106c above. The RAN node 11a
may then be configured to, in an optional step S210, determine a serving beam from
the set of transmission beams for the wireless device 13 based on the received

information.

Further, when the serving RAN node 11a decides on a beam switch, it may signal
identity information, such as the cell ID and/or beam ID for the target beam to the
WD 13. The WD 13 may then use stored synchronization parameters for the target
beam when receiving data on the serving beam, as in step S120; hence no
additional coarse synchronization procedures or synchronization signaling is needed
for the beam switch. Particularly, the RAN node 11a may be configured to, in an
optional step S212, transmit identity information of the serving beam to the wireless
device 13; and in an optional step S214, transmit data to the wireless device 13

using the serving beam.

Referring back to Fig. 1, WD 13 in region 12a has an ongoing connection with RAN
node 11a on transmission beam 15a. No pilots are transmitted continuously,
indicated by the dashed lines for the remaining transmission beams 15b-f. RAN
node 11a determines that beam switch is necessary, based on measurements of the
current connection quality for the serving beam 15a. These measurements are e.g.
measurements of received quality (CQl). Based on e.g. the WD position [x1, y1] or
the current transmission beam 15a, RAN node 11a selects a set of candidate
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transmission beams. If some of the candidate transmission beams belong to RAN
node 11b, RAN node 11a sends a message to RAN node 11b to activate downlink
synchronization and reference signals for those transmission beams. Alternatively
RAN node 11a could send the WD position[x1, y1] to RAN node 11b and RAN node
11b could decide autonomously which candidate transmission beams to activate.
RAN node 11a also informs the WD 13 to start searching for the MRS/TSS signals
according to a supplied list of beam IDs. RAN node 11a and/or RAN node 11b then
transmits TSS/MRS in downlink on the candidate transmission beams. The WD 13
then synchronizes and measures on the transmission beams and reports the
measurement results to RAN node 11a. RAN node 11a may then determine to
perform a beam switch based on the measurement reports. The herein disclosed
beam ID list mechanism (i.e., the utilization of previously stored unique identities) is
used to avoid performing the synchronization every time a mobility measurement for
a transmission beam is performed. For example, according to at least some of the
herein disclosed embodiments the beam ID corresponding to each activated
transmission beam is signaled using control signaling from the serving RAN node
11a to the WD 13. The beam ID may be unique to the given beam configuration
(originating RAN node, beamforming/precoding parameters, etc.) within some
geographical area and it may contain information at least about the TSS/MRS
signals used for synchronization. For the WD 13 to also know which RAN node the
transmission beam(s) belongs to, the cell ID could also be provided with the beam
ID.

In summary, at least some of the herein disclosed embodiments describe a
procedure to reduce WD complexity in a communications network 10 with beam
forming of the downlink channel where there is no continuous transmission of
mobility synchronization and pilot or reference signals. This is achieved by denoting
the transmission beams with unique identities, such as beam IDs and cell IDs.
Mobility synchronization measurements on the transmission beams may be stored
in lookup table indexed with the beam ID and cell ID. For data transmission to the
WD 13, the RAN node may inform the WD 13 of the beam [D and cell ID before
transmitting on the transmission beam The WD 13 may then use stored

synchronization parameters for reception on these transmission beams.

The inventive concept has mainly been described above with reference to a few

embodiments. However, as is readily appreciated by a person skilled in the art,
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other embodiments than the ones disclosed above are equally possible within the

scope of the inventive concept, as defined by the appended patent claims.
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CLAIMS

1. A method for handling mobility synchronization measurements, the
method being performed by a wireless device, the method comprising the
steps of:

receiving an indication to perform mobility measurements on a set of
transmission beams associated with a unique identity;

checking if said unique identity has previously been stored by the
wireless device, and if so:

performing mobility measurements on the set of transmission beams
based on previously stored synchronization information of the set of
transmission beams, wherein said synchronization information is identified

by said unique identity.

2. The method according to claim 1, further comprising, if said unique
identity has not previously been stored by the wireless device:
performing mobility measurements on the set of transmission beams to
determine synchronization information of the set of transmission beams; and
storing said unique identity and said synchronization information of

said mobility measurements.

3. The method according to claim 1 or 2, further comprising:

receiving a beam switch command from a radio access network node
serving the wireless device, the beam switch command comprising a target
beam identity;

checking if said target beam identity corresponds to any unique identity
having previously been stored by the wireless device, and if so:

retrieving stored synchronization information corresponding to said
unique identity; and

receiving data transmission using the retrieved synchronization

information.

4. The method according to any of the preceding claims, wherein said

unique identity identifies at least one of a radio access network node and a
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transmission point from which the set of transmission beams was

transmitted.

5. The method according to any of the preceding claims, wherein said
unique identity is represented by a sequence of binary digits, and wherein
identities of single transmission beams in said set of transmission beams

share at least a subset of said sequence of binary digits.

6. The method according to any of the preceding claims, wherein said
synchronization information is determined from synchronization signals

transmitted in the set of transmission beams.

7. The method according to any of the preceding claims, wherein said
synchronization information comprises at least one of a time offset to start of
a first symbol of a first frame relative an internal clock of the wireless device,
and a frequency offset to relative a reference frequency used by the wireless

device.

8. The method according to any of the preceding claims, further
comprising, if said unique identity has not previously been stored by the
wireless device:

performing mobility measurements on the set of transmission beams to
determine synchronizatign information of the set of transmission beams,
wherein said mobility measurements are based on previously stored
synchronization information of another set of transmission beams, and
wherein said previously stored synchronization information is identified by a

unique identity of said another set of transmission beams.

9. The method according to claim 8, wherein said previously stored
synchronization information of said another set of transmission beams is
used to define initial parameters to be used during said mobility

measurements on the set of transmission beams.

18194



10

15

20

25

el 18194

23

10. The method according to any of the preceding claims, wherein said
mobility measurements further are based on reference signals transmitted in

the set of transmission beams.

11. The method according to any of the preceding claims, further
comprising;:

receiving, while in idle mode, broadcasted information; and

updating previously stored synchronization information based on said

broadcasted information.

12. The method according to any of the preceding claims, further
comprising:
transmitting information of said mobility measurements to a radio

access network node.

13. A method for handling mobility synchronization measurements, the
method being performed by a radio access network node, the method
comprising the step of:

transmitting an indication for a wireless device to perform mobility
measurements on a set of transmission beams associated with a unique
identity, and; transmitting synchronization information using the set of

transmission beams associated with said unique identity.

14. The method according to claim 13, further comprising:
transmitting a message to another radio access network node to activate
transmission of synchronization information using the set of transmission

beams associated with said unique identity.

15. The method according to any of claims 13 or 14, further comprising:
transmitting a message to another radio access network node, the

message comprising position information of the wireless device.

16. The method according to any of claims 13 to 15, further comprising:
identifying that a beam switch is needed for the wireless device, and

wherein the set of transmission beams is based thereon.
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17. The method according to claim 16, wherein said set of transmission

beams represent candidate target beams for the wireless device.

18. The method according to claim 17, further comprising:

receiving information of said mobility measurements from the wireless
device; and

determining a serving beam from the set of transmission beams for the

wireless device based on the received information.

19. The method according to claim 18, further comprising:
transmitting identity information of the serving beam to the wireless
device; and

transmitting data to the wireless device using the serving beam.

20. A wireless device for handling mobility synchronization measurements,
the wireless device comprising a processing unit, the processing unit being
configured to:

receive an indication to perform mobility measurements on a set of
transmission beams associated with a unique identity;

check if said unique identity has previously been stored by the wireless
device, and if so:

perform mobility measurements on the set of transmission beams based
on previously stored synchronization information of the set of transmission
beams, wherein said synchronization information is identified by said unique
identity.

21. A radio access network node for handling mobility synchronization
measurements, the radio access network node comprising a processing unit,
the processing unit being configured to:

transmit an indication for a wireless device to perform mobility
measurements on a set of transmission beams associated with a unique
identity, and; transmit (S204a) synchronization information using the set of

transmission beams associated with said unique identity.
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22. A computer program for handling mobility synchronization
measurements, the computer program comprising computer program code
which, when run on a processing unit of a wireless device causes the
processing unit to:

receive an indication to perform mobility measurements on a set of
transmission beams associated with a unique identity;

check if said unique identity has previously been stored by the wireless
device, and if so:

perform mobility measurements on the set of transmission beams based
on previously stored synchronization information of the set of transmission
beams, wherein said synchronization information is identified by said unique
identity.

23. A computer program for handling mobility synchronization
measurements, the computer program comprising computer program code
which, when run on a processing unit of a radio access network node causes
the processing unit to:

transmit an indication for a wireless device to perform mobility
measurements on a set of transmission beams associated with a unique
identity and; transmit (S204a) synchronization information using the set of

transmission beams associated with said unique identity.

24. A computer program product comprising a computer program
according to at least one of claims 22 and 23, and a computer readable means

on which the computer program is stored.
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ABSTRACT

There is provided a method for handling mobility synchronization measurements.
The method is performed by a wireless device. The method comprises receiving an
indication to perform mobility measurements on a set of transmission beams
associated with a unique identity. The method comprises checking if the unique
identity has previously been stored by the wireless device. The method comprises, if
the unique identity has not previously been stored by the wireless device,
performing mobility measurements on the set of transmission beams to determine
synchronization information of the set of transmission beams. The method
comprises storing the unique identity and the synchronization information of the

mobility measurements.

(Fig. 5)
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