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Description

TECHNICAL FIELD

[0001] Embodiments presented herein relate to adap-
tive beamforming scanning, and particularly to a method,
a network device, a computer program, and a computer
program product for adaptive beamforming scanning.

BACKGROUND

[0002] In communications systems, 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 sys-
tem is deployed.
[0003] For example, basic requirement for any cellular
communications system is the possibility for a wireless
device to initially request a connection setup, commonly
referred to as random access. In Long Term Evolution
(LTE) communications systems, the random access pro-
cedure comes in two forms, allowing the random access
to be either contention-based or contention-free. The
contention-based procedure comprises four-steps; a first
step of preamble transmission, a second step of random
access response, a third step of protocol Layer 2/ Layer
3 message transmission, and a fourth step of contention
resolution message exchange.
[0004] In LTE, the preamble sequences in the first step
are generated from cyclic shifts of a root Zadoff-Chu (ZC)
sequence. Sequences obtained from cyclic shifts of dif-
ferent ZC sequences are not orthogonal. Therefore, or-
thogonal sequences obtained by cyclically shifting a sin-
gle root sequence should be favored over non-orthogonal
sequences. The preamble sequence is by the wireless
device sent in a time-frequency slot towards a radio ac-
cess network node in the communication system.
[0005] Once detecting the preamble in the time-fre-
quency slot, the radio access network node would in the
second step send a Random Access Response (RAR)
on the so-called Physical Downlink Shared CHannel (PD-
SCH), and addressed by an identity (ID), Random Ac-
cess Radio Network Temporary Identifier (RA-RNTI),
which conveys the identity of the detected preamble, a
timing alignment instruction to synchronize subsequent
uplink transmission from the wireless device, an initial
uplink resource grant for transmission of the message in
the third step, and an assignment of a temporary Cell
Radio Network Temporary Identifier (C-RNTI).
[0006] In the third step, the wireless device would con-
vey the actual random access procedure message, such
as a radio resource control (RRC) connection request,
tracking area update (TAU), or scheduling request.
[0007] In the fourth step, the contention resolution
message would be sent by the radio access network
node.
[0008] It is foreseen that emerging wireless communi-
cations systems may benefit from the use of a large

number of antenna elements at the radio access node
(possibly also at the wireless device), especially in con-
junction with higher carrier frequencies than used in cur-
rent wireless communications systems.
[0009] US2008/194204A1 discloses a method for en-
hancing acquisition of a communication connection to
one or more wireless subscribers using an array antenna
comprising an acquisition beam, especially for acquiring
connections for wireless subscribers located beyond an
omnidirectional range but within beam reach of an array
antenna.
[0010] US2014/348051A1 discloses an operation
scheme of a base station, BS, and user equipment for
Random Access Channel, RACH, signal transmis-
sion/reception by dividing an RACH group into two or
more classes, based on either distance from the BS, or
signal strength of the link between the base station and
the user equipment.
[0011] Hence, there is a need for an improved recep-
tion of identification signals from a wireless device.

SUMMARY

[0012] An object of embodiments herein is to provide
efficient reception of identification signals from a wireless
device.
[0013] The invention is defined by the independent
claims. Preferred embodiments of the invention are stip-
ulated in the dependent claims. While several embodi-
ments and/or examples have been disclosed in the de-
scription, the subject matter for which protection is sought
is strictly and solely limited to those embodiments and/or
examples encompassed by the scope of the appended
claims. Embodiments and/or examples mentioned in the
description that do not fall under the scope of the claims
are useful for understanding the invention.
[0014] According to a first aspect there is presented a
method for adaptive beamforming scanning according to
claim 1.
[0015] Advantageously this method for adaptive
beamforming scanning provides efficient beamforming
scanning which enables efficient reception of identifica-
tion signals from wireless devices.
[0016] Advantageously this method for adaptive
beamforming scanning enables regions in the network
coverage having network outage to be avoided, or at least
reduced.
[0017] Advantageously this method for adaptive
beamforming scanning enables bottlenecks which may
occur in scenarios where identification signals are to be
received by a network device, such as during random
access procedures, to be resolved, or at least reduced.
[0018] Advantageously, the disclosed scanning for re-
ception of identification signals is transparent to the wire-
less devices, thus avoiding additional signaling complex-
ity between network device and wireless device, further
avoiding any change in the receiving algorithm at the
wireless device, and thus allowing a wide applicability.

1 2 



EP 3 357 270 B1

3

5

10

15

20

25

30

35

40

45

50

55

[0019] According to a second aspect there is presented
a network device for adaptive beamforming scanning ac-
cording to claim 11.
[0020] According to an embodiment the network de-
vice of the second aspect further comprises a storage
medium. The processing circuitry is configured to retrieve
a set of operations from the storage medium and to ex-
ecute the set of operations in order for the network device
to obtain the beam pattern and scan with the directional
beams.
[0021] According to a third aspect there is presented
a network device for adaptive beamforming scanning.
The network device is configured for a non-uniform di-
rectional network coverage. The network node compris-
es processing circuitry. The network node comprises a
computer program product storing instructions that,
when executed by the processing circuitry, causes the
network device to perform a method according to the first
aspect.
[0022] According to a fourth aspect there is presented
a network device for adaptive beamforming scanning.
The network device is configured for controlling a radio
access node and operation in a communication system
for accessing data and services provided by the commu-
nication system by wireless devices transmitting identi-
fication signals and further configured for having a non-
uniform directional network coverage which is propor-
tional to a coverage requirement that is different in dif-
ferent directions. The network node comprises an obtain
module configured to obtain, based on measurement in-
formation from the wireless devices, a beam pattern in-
dicating spatial directions to be scanned for reception of
identification signals of wireless devices, wherein the
beam pattern is defined by the non-uniform directional
network coverage. The network node comprises a scan
module configured to scan with directional beams in the
spatial directions according to the beam pattern for re-
ception of the identification signals of the wireless devic-
es, wherein a total time duration for scanning through all
directional beams is time-varying and determined ac-
cording to the beam pattern.
[0023] According to a fifth aspect there is presented a
communications system for adaptive beamforming scan-
ning. The system comprises circuitry defining function-
ality of at least one network device according to any of
the second to fourth aspects.
[0024] According to a sixth aspect there is presented
a computer program for adaptive beamforming scanning,
the computer program comprising computer program
code which, when run on a network device, causes the
network device to perform a method according to the first
aspect.
[0025] According to a seventh aspect there is present-
ed a computer program product comprising a computer
program according to the sixth aspect and a computer
readable medium, such as a non-volatile computer read-
able medium, on which the computer program is stored.
[0026] It is to be noted that any feature of the first, sec-

ond, 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 sev-
enth aspect, respectively, and vice versa. Other objec-
tives, features and advantages of the enclosed embod-
iments will be apparent from the following detailed dis-
closure, from the attached dependent claims as well as
from the drawings.
[0027] 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, compo-
nent, means, step, etc." are to be interpreted openly as
referring to at least one instance of the element, appa-
ratus, 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

[0028] The inventive concept is now described, by way
of example, with reference to the accompanying draw-
ings, in which:

Fig. 1 is a schematic diagram illustrating a commu-
nications system according to embodiments;

Fig. 2a is a schematic diagram showing functional
units of a network device according to an embodi-
ment;

Fig. 2b is a schematic diagram showing functional
modules of a network device according to an em-
bodiment;

Fig. 3 shows one example of a computer program
product comprising computer readable means ac-
cording to an embodiment;

Figs. 4, 5, and 6 are flowcharts of methods according
to embodiments; and

Fig. 7 schematically illustrates a beam pattern ac-
cording to embodiments.

DETAILED DESCRIPTION

[0029] The inventive concept will now be described
more fully hereinafter with reference to the accompany-
ing drawings, in which certain embodiments of the inven-
tive 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 in-

3 4 



EP 3 357 270 B1

4

5

10

15

20

25

30

35

40

45

50

55

ventive 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 re-
garded as optional.
[0030] Fig. 1 is a schematic diagram illustrating a com-
munications system 100 where embodiments presented
herein can be applied. The communications system 100
comprises radio access network nodes 130, 130a, 130b,
130c, 130d. Each radio access network node 130, 130a,
130b, 130c, 130d may be a radio base station, a base
transceiver station, a Node B, and Evolved node B, or
an Access Point. Each radio access network node 130,
130a, 130b, 130c, 130d is controlled by a respective net-
work device 200, 200a, 200b, 200c, 200d. The function-
ality of the network device 200 will be further disclosed
below. Further, the terms radio access network node and
network device may be used interchangeably throughout
this disclosure.
[0031] The radio access network nodes 130, 130a,
130b, 130c, 130d are configured for transmission and
reception to and from wireless devices 120a, 120b in
directional beams. Each wireless device 120a, 120b may
be a portable wireless device, a mobile station, a mobile
phone, a handset, a wireless local loop phone, a User
Equipment (UE), a smartphone, a laptop computer, a tab-
let computer, a wireless modem, or a sensor.
[0032] As an example, radio access network node 130
is configured for such transmission and reception in di-
rectional beams 110a, 110b, 110c, nod. Thereby, a wire-
less device 120a, 120b located in a region defined by a
directional beams 110a, 110b, 110c, 110d is able to ac-
cess data and services provided by the communications
system 100. In the illustrative example of Fig. 1, wireless
device 120a is located in a region served by directional
beam 110a of the radio access network node 130 and
wireless device 120b is located in a region served by
directional beam nob of the radio access network node
130.
[0033] In order for a wireless device 120a, 120b to ac-
cess data and services provided by the communications
system 100 the wireless device 120a, 120b establish an
operative connection to at least one of the radio access
network nodes 130, 130a, 130b, 130c, 130d. The proc-
ess of establishing such an operative connection involves
the wireless device 120a, 120b to perform a random ac-
cess procedure.
[0034] One example of a preamble sequence is con-
structed by repeating the short preamble sequence mul-
tiple times. In this way, the amount of special random-
access related processing and hardware support is sig-
nificantly reduced for multi-antenna systems, and the de-
tector is also robust against inter-carrier interference from
other uplink channels and signals. Furthermore, the pro-
posed preamble detector scheme can be used in sce-
narios with a high amount of phase noise and frequency
errors.
[0035] A radio access network node may commonly
spatially scans its serving coverage by hybrid beamform-

ing switching (a combination of digital and analogue
beamforming) during the random access time window.
In other words, a specific receiving beam usually stays
at a certain slots, e.g., 1/N of the total preamble detection
window length for a total of N directional beams, before
switching to another directional beam.
[0036] The shorter signal accumulation duration re-
duces the total received signal power, and also the signal
to noise and interference ratio of the random access sig-
nal, and thus ultimately reduces the random access sig-
nal detection success rate and coverage region where
the random access signal can be received by the radio
access network node. Thus, a receiving signal power
gain obtained by massive antenna hybrid beamforming
is reduced because of the short stay duration in each
directional beam as compared to a scenario where beam
forming is not used.
[0037] A wireless device 120a, 120b may during its
random access procedure thus repeatedly transmitting
identification signals, such as a Physical Random Access
CHannel (PRACH) sequence, and the network device
monitors for reception of the PRACH sequence in differ-
ent directions by performing scanning in directional
beams. The coverage requirements could be different in
different directions of the network device 200 owing to at
least two reasons. Firstly, some neighboring network de-
vice 200a, 200b, 200c, 200d may provide network access
in a region covered by a directional beam of the network
device 200. Secondly, there might be compared to other
directions, very few or even no requests at all from wire-
less devices 120a, 120b in a particular direction due to
environmental factors, thus causing a comparatively very
small presence of wireless devices 120a, 120b in that
particular direction. On the contrary, in some other par-
ticular directions a good network coverage is necessary
due to neighboring network devices being far away in
these other particular directions. Therefore, a scanning
procedure for reception of identification signals from wire-
less devices based on equal time duration in each direc-
tional beam and with all directional beams having equal
widths cannot match communications systems 100 with
non-uniform network coverage.
[0038] The embodiments disclosed herein therefore
relate to adaptive beamforming scanning. In order to ob-
tain adaptive beamforming scanning there is provided a
network device 200, a method performed by the network
device 200, a computer program comprising code, for
example in the form of a computer program product, that
when run on a network device 200, causes the network
device 200 to perform the method.
[0039] Fig. 2a schematically illustrates, in terms of a
number of functional units, the components of a network
device 200 according to an embodiment. Processing cir-
cuitry 210 is provided using any combination of one or
more of a suitable central processing unit (CPU), multi-
processor, microcontroller, digital signal processor
(DSP), application specific integrated circuit (ASIC), field
programmable gate arrays (FPGA) etc., capable of exe-
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cuting software instructions stored in a computer pro-
gram product 310 (as in Fig. 3), e.g. in the form of a
storage medium 230.
[0040] Particularly, the processing circuitry 210 is con-
figured to cause the network device 200 to perform a set
of operations, or steps, S102-S208. These operations,
or steps, S102-S208 depicted in Figs. 4, 5 and 6 will be
disclosed below. For example, the storage medium 230
may store the set of operations, and the processing cir-
cuitry 210 may be configured to retrieve the set of oper-
ations from the storage medium 230 to cause the network
device 200 to perform the set of operations. The set of
operations may be provided as a set of executable in-
structions.
[0041] Thus the processing circuitry 210 is thereby ar-
ranged to execute methods as herein disclosed. The stor-
age medium 230 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 network device
200 may further comprise a communications interface
220 for communications with at least one wireless device
120a, 120b and possible at least one other network de-
vice 200a, 200b, 200c, 200d. As such the communica-
tions interface 220 may comprise one or more transmit-
ters and receivers, comprising analogue and digital com-
ponents. The processing circuitry 210 controls the gen-
eral operation of the network device 200 e.g. by sending
data and control signals to the communications interface
220 and the storage medium 230, by receiving data and
reports from the communications interface 220, and by
retrieving data and instructions from the storage medium
230. Other components, as well as the related function-
ality, of the network device 200 are omitted in order not
to obscure the concepts presented herein.
[0042] Fig. 2b schematically illustrates, in terms of a
number of functional modules, the components of a net-
work device 200 according to an embodiment. The net-
work device 200 of Fig. 2b comprises a number of func-
tional modules; an obtain module 210a configured to per-
form below steps S102, S104, and a scan module 210b
configured to perform below step S112. The network de-
vice 200 of Fig. 2b may further comprises a number of
optional functional modules, such as any of an update
module 210c configured to perform below steps S106,
S108, Sio8b, S110, and identify module 210d configured
to perform below step Sio8a, a merge module 210e con-
figured to perform below step Sio8c, and a split module
210f configured to perform below step Sio8d. The func-
tionality of each functional module 210a-210f will be fur-
ther disclosed below in the context of which the functional
modules 210a-210f may be used. In general terms, each
functional module 210a-210f may in one embodiment be
implemented only in hardware or and in another embod-
iment with the help of software, i.e., the latter embodiment
having computer program instructions stored on the stor-
age medium 230 which when run on the processing cir-
cuitry makes the network device 200 perform the corre-

sponding steps mentioned above in conjunction with Fig
2b. For a hardware implementation the functional mod-
ules 210a-210f may be implemented in the processing
circuitry 210, possibly also in the communications inter-
face 220 and the storage medium 230. It should also be
mentioned that even though the modules correspond to
parts of a computer program, they do not need to be
separate modules therein, but the way in which they are
implemented in software is dependent on the program-
ming language used. Preferably, one or more or all func-
tional 210a-210f may be implemented by the processing
circuitry 210, possibly in cooperation with functional units
220 and/or 230. The processing circuitry 210 may thus
be configured to from the storage medium 230 fetch in-
structions as provided by a functional module 210a-210f
and to execute these instructions, thereby performing
any steps as will be disclosed hereinafter.
[0043] Hence, in comparison to Fig. 2a, Fig. 2b pro-
vides a functional oriented description of the network
node 200 whereas Fig. 2 a provides a building block ori-
ented view of the network node 200. The building blocks
(i.e., the processing circuitry 200, the communications
interface 220, and the storage medium 230) of the net-
work node 200 in Fig. 2a may be configured to perform
the functionality defined by the functional modules 210a-
210f of the network node 200 in Fig. 2b.
[0044] The network device 200 may be provided as a
standalone device or as a part of at least one further
device. For example, the network device 200 may be
provided in a node of a radio access network or in a node
of a core network. Alternatively, functionality of the net-
work device 200 may be distributed between at least two
devices, or nodes. These at least two nodes, or devices,
may either be part of the same network part (such as the
radio access network or the core network) or may be
spread between at least two such network parts. In gen-
eral terms, instructions that are required to be performed
in real time may be performed in a device, or node, op-
eratively closer to the wireless devices 120a, 120b than
instructions that are not required to be performed in real
time.
[0045] Thus, a first portion of the instructions per-
formed by the network device 200 may be executed in a
first device, and a second portion of the of the instructions
performed by the network device 200 may be executed
in a second device; the herein disclosed embodiments
are not limited to any particular number of devices on
which the instructions performed by the network device
200 may be executed. Hence, the methods according to
the herein disclosed embodiments are suitable to be per-
formed by a network device 200 residing in a cloud com-
putational environment. Therefore, although a single
processing circuitry 210 is illustrated in Fig. 2a the
processing circuitry 210 may be distributed among a plu-
rality of devices, or nodes. The same applies to the func-
tional modules 210a-210f of Fig. 2b and the computer
program 320 of Fig. 3 (see below).
[0046] Fig. 3 shows one example of a computer pro-
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gram product 310 comprising computer readable means
330. On this computer readable means 330, a computer
program 320 can be stored, which computer program
320 can cause the processing circuitry 210 and thereto
operatively coupled entities and devices, such as the
communications interface 220 and the storage medium
230, to execute methods according to embodiments de-
scribed herein. The computer program 320 and/or com-
puter program product 310 may thus provide means for
performing any steps as herein disclosed.
[0047] In the example of Fig. 3, the computer program
product 310 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 310 could
also be embodied as a memory, such as a random ac-
cess memory (RAM), a read-only memory (ROM), an
erasable programmable read-only memory (EPROM), or
an electrically erasable programmable read-only mem-
ory (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 mem-
ory, such as a compact Flash memory. Thus, while the
computer program 320 is here schematically shown as
a track on the depicted optical disk, the computer pro-
gram 320 can be stored in any way which is suitable for
the computer program product 310.
[0048] Figs. 4 and 5 are flow chart illustrating embod-
iments of methods for adaptive beamforming scanning.
The methods are performed by the network device 200.
The methods are advantageously provided as computer
programs 320.
[0049] Reference is now made to Fig. 4 illustrating a
method for adaptive beamforming scanning as per-
formed by the network device 200 according to an em-
bodiment.
[0050] The network device 200 has a non-uniform di-
rectional network coverage. In general terms, network
coverage of a network device 200 may be defined as the
region in which the network device 200 can provide net-
work access to a wireless device 120a, 120b. Network
access inter alia involves the network device to receive
identification signals from the wireless device 120a,
120b.
[0051] As noted above, the wireless devices 120a,
120b perform a random access procedure in order to
obtain network access. This random access procedure
involves the wireless devices 120a, 120b to transmit
identification signals. The network device 200 therefore
performs scanning for reception of the identification sig-
nals. The scanning is performed according to a beam
pattern.
[0052] The network device 200 is therefore configured
to, in a step S102, obtain a beam pattern. In this respect
the obtain module 210a may comprise instructions that
when executed by the network device 200 causes the
processing circuitry 210, possibly in conjunction with the
communications interface 220 and the storage medium
230, to obtain the beam pattern in order for the network

device 200 to perform step S102. Examples of how the
beam pattern may be obtained will be disclosed below.
The beam pattern indicates spatial directions in which
reception of identification signals is to be scanned. The
beam pattern is defined by the non-uniform directional
network coverage of the network device 200. Examples
of how the beam pattern may be defined by the non-
uniform directional network coverage will be disclosed
below.
[0053] Once the beam pattern has been obtained the
network device 200 can use the beam pattern for the
scanning for reception of the identification signals. The
network device 200 is configured to, in a step S112, scan
with directional beams 110a, 110b, 110c, 110d in the
spatial directions according to the beam pattern for re-
ception of the identification signals from wireless devices
120a, 120b. In this respect the scan module 210b may
comprise instructions that when executed by the network
device 200 causes the processing circuitry 210, possibly
in conjunction with the communications interface 220 and
the storage medium 230, to scan with directional beams
110a, 110b, 110c, 110d in order for the network device
200 to perform step S112.
[0054] This method for adaptive beamforming scan-
ning enables a conditional (i.e., conditional on the non-
uniform network coverage) unequal-time duration beam
scanning procedure for reception of identification signals
to match coverage demand in different directions of the
network device 200. Thereby, instead of equal time-spa-
tial beam scanning for reception of identification signals,
this method for adaptive beamforming scanning enables
the coverage of the directional beams to match the non-
uniform directional network coverage in the different
scanning directions.
[0055] The herein disclosed beam scanning procedure
could thereby boost the received signal quality adaptively
so as to mitigate any bottleneck caused by random ac-
cess attempts made in certain regions of the network
coverage of the network device 200.
[0056] Embodiments relating to further details of adap-
tive beamforming scanning will now be disclosed.
[0057] There may be different occasions when the net-
work device 200 is to perform the scanning for reception
of the identification signals as in step S112. For example,
the identification signals may be part of a random access
procedure. Hence, the scanning for reception of the iden-
tification signals may be part of a random access proce-
dure.
[0058] Further, there may be different types of identi-
fication signals to scan for. For example, each identifica-
tion signal may comprise a physical random access
channel (PRACH) preamble. That is, the identification
signals may be random access preamble signals, con-
structed by a number of repeated short preambles.
[0059] There may be different ways define the non-
uniform spatial network coverage. For example, the non-
uniform spatial network coverage may identify at least
two network coverage regions having mutually different
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network coverage levels. Hence, the non-uniform spatial
network coverage may comprise at least on region hav-
ing a lower network coverage than another region in the
non-uniform spatial network coverage. As the skilled per-
son would understand, the herein disclosed embodi-
ments are not limited to any particular number of cover-
age levels in the non-uniform spatial network coverage.
[0060] All directional beams 110a, 110b, 110c, nod
have a certain beam width. There may be different ways
to determine the values of these beam widths. The di-
rectional beams 110a, 110b, 110c, 110d may have beam
width values taken from a non-uniform set determined
according to the beam pattern. Hence, the directional
beams 110a, 110b, 110c, 110d may have non-uniform
beam widths, or lobes. However, in order to minimize the
risk of network coverage holes, the directional beams
110a, nob, 110c, 110d may be required to be wider or
equal than a certain minimum beam width. Hence, none
of the beam width values may be smaller than a pre-
configured first threshold value.
[0061] The scanning remains in each directional beam
110a, 110b, 110c, 110d a certain amount of time. For
example, the directional beams 110a, nob, 110c, 110d
may take time duration values for the scanning from a
non-uniform set of time duration values, where the non-
uniform set of time duration values is determined accord-
ing to the beam pattern. However, in order to minimize
the risk of network coverage holes, the scanning may
required to stay in each directional beam 110a, 110b,
110c, 110d equal or longer than a certain minimum stay
time. Hence, none of the time duration values may be
smaller than a pre-configured second threshold value. In
this respect, the network node 200 can further be con-
figured to receive identification signals in at least two fre-
quency regions in each directional beam 110a, nob,
110c, nod. In other words, the network node 200 may
scan for reception of identification signals in at least two
different frequency spectra using a single directional
beam in a single direction.
[0062] Mechanisms to determine the time duration val-
ues may be based on linear equations with parameters
defining the time duration duration proportions between
the directional beam 110a, 110b, 110c, 110d with a sum-
mation to be 1.
[0063] Different examples for determining the coeffi-
cients representing the time duration values will be dis-
closed next.
[0064] According to a first example, a constraint rela-

tion is defined as follows. Set 

for a total of n directional beams and x[k] being the stay
duration proportion for directional beam k, and a[k] being
the corresponding coefficient.
[0065] According to a second example, set a[k] : a[k+1]

= Qedge,k:Qedge,k+1, where Qedge,k is the edge quality (e.g.
measured as signal strength, signal power, signal to in-
terference and noise ratio (SINR), signal to noise ratio

SNR, etc.) of directional beam k.
[0066] According to a third example, a non-linear rela-

tion, such as  is used, where

f(y) is a non-linear function with input argument y.
[0067] Furthermore, the total scanning duration can al-
so be re-configured explicitly via a parameter or implicitly
via the default scanning pattern. That is, according to an
embodiment the total time duration for scanning through
all directional beams 110a, nob, 110c, 110d is time-var-
ying and determined according to the beam pattern. The
total duration of the scanning can thereby be adapted
according to the coverage requirement of the network
device 200.
[0068] According to an embodiment the beam pattern
is defined such that a directional beam pointing in a di-
rection of a first network coverage is to have a wider width
and/or lower time duration than a directional beam point-
ing in a direction of a second network coverage being
lower than the first network coverage.
[0069] Thereby, instead of spending equal time dura-
tion in each directional beam for scanning in different
directions, the time duration for any directional beam cov-
ering regions with poor network coverage can be in-
creased whilst the time duration for any directional beam
covering regions with good network coverage can be re-
duced. This allows the scanning to spend more time in
the directional beam covering regions with poor network
coverage than in the directional beam covering regions
with good network coverage, thereby allowing a larger
portion of the total time for the scanning to be spent where
needed the most (i.e., in the directional beam covering
regions with poor network coverage).
[0070] Further thereby, instead of equal widths of all
directional beams, the width of any directional beam cov-
ering regions with poor network coverage can be nar-
rowed to increase the beamforming gain and such that
regions with poor network coverage can be scanned by
multiple narrow directional beams whilst the width of any
directional beam covering regions with good network
coverage can be widened so as to monitor a wider region.
[0071] Reference is now made to Fig. 5 illustrating
methods for adaptive beamforming scanning as per-
formed by the network device 200 according to further
embodiments.
[0072] There may be different ways for the network
device 200 to determine and update the beam pattern.
Parallel reference is initially also made to the flow chart
of Fig. 6 illustrating an embodiment for updating the beam
pattern.
[0073] The network device 200, in a step S202, obtains
enough measurements to determine the coverage differ-
ence between each directional beams. One way to im-
plement step S202 is to perform step S104. The network
device 200, in a step S204, evaluates the coverage dif-
ferences (e.g. proportional to the coverage requirement)
between different directions (i.e. corresponding to differ-
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ent directional beams. One way to implement step S204
is to perform step S106. The network device 200, in a
step S206, determines the beam pattern based on the
coverage differences in accordance with other embodi-
ments as disclosed herein. One way to implement step
S206 is to perform step S108. Once the beam pattern
has been determined as in step S206, new measurement
information may be obtained in a new occurrence of step
S202, as indicated by the feedback step S208. An up-
dated coverage difference may then be determined
based on the thus new measurement information and an
updated beam pattern may be determined based on the
thus updated coverage difference.
[0074] Each of the steps S202, S204, and S206 will
now be disclosed in more detail. In general terms, as
noted above, steps S202, S204, and S206 may be im-
plemented by the network device 200 performing steps
S104, S106, and S108, respectively.
[0075] Details of step S202 will now be disclosed. Par-
ticularly, according to an embodiment the network device
200 is configured to, in a step S104, obtain measurement
information from the wireless devices 120a, 120b. There
are different kinds of measurement information the net-
work device 200 may obtain from the wireless devices
120a, 120b. For example, the measurement information
may be indicative of handover measurements, measure-
ment on camped on directional beams 110a, 110b,110c,
nod, pilot signal quantities, number of failed random ac-
cess attempts made by the wireless devices 120a, 120b,
or any combination thereof. Measurement reports of
handover events may thereby be obtained by the network
device 200. Specifically, when a wireless device 120a,
120b is handed over to another network device, the serv-
ing network device prior to handover may record the di-
rectional beam on which the wireless device 120a, 120b
is camping on before handover and the corresponding
last pilot signal quality report from the wireless device.
The new serving network device after handover can im-
mediately configure the handed over wireless device
120a, 120b to report the new camped on directional beam
and the corresponding pilot signal qualities of the new
serving network device. After initial random access, the
network device can configure the wireless device 120a,
120b to report the camped on directional beam and the
corresponding pilot signal quality of the serving network
device and, optionally, also to report any directional
beams and the corresponding pilot signal qualities of
neighboring network devices.
[0076] Details of step S204 will now be disclosed. After
having obtained the measurement information the net-
work device 200 may identify coverage differences be-
tween different regions of its non-uniform directional net-
work coverage. The network device 200 may thus be
configured to, in a step S106, update the non-uniform
directional network coverage according to the measure-
ment information. In more detail, the network device may
be configured to determine the pilot signal qualities at
the beam coverage edge. For instance, the beam cov-

erage edge of a particular directional beam can be de-
termined according to the worst quality reported by a
wireless device 120a, 120b when the wireless device
120a, 12b newly accesses or leaves this particular direc-
tional beam. The network device 200 may thereby be
configured to rank the directional beams according to the
edge quality.
[0077] Details of step S206 will now be disclosed. The
network device 200 may be configured to, in a step S108,
update the beam pattern according to the updated non-
uniform directional network coverage and based thereon
update the beam pattern. Particular embodiments dis-
closing how the network device 200 may update the
beam pattern will be disclosed below in relation to steps
Sio8a, Sio8b, Sio8c, and Sio8d. These embodiments in-
volve the beam pattern to be adjusted in time and/or
space according to the measurement information ob-
tained in step S104.
[0078] An embodiment for updating the beam pattern
involves the network device 200 to be configured to, in
a step Sio8a, identify which directional beam 110a, 110b,
110c, 110d of the directional beams 110a, 110b, 110c,
110d that corresponds to which measurement informa-
tion. According to this embodiment the network device
200 is further configured to, in a step Sio8b, update at
least one of a beam width value and a time duration value
of the directional beams 110a, 110b, 110c, 110d accord-
ing to the measurement information of the respective di-
rectional beam 110a, 110b, 110c, 110d.
[0079] As will be further disclosed below, updating the
beam pattern may comprise merging at least two neigh-
bouring directional beams in the set of directional beams
into one directional beam and/or splitting at least one
directional beam 110a, 110b, 110c, 110d in the set of
directional beams 110a, 110b, 110c, 110d into at least
two directional beams. In order to do so, the network
device 200 may be configured to, based on a set of di-
rectional beams from a default beam pattern, estimate if
the beam pattern results in over-dimensioned or under-
dimensioned directional beam coverage and, as a result
thereof, determine adjusted directional beams so as to
define an updated beam pattern accordingly. Properties
of the default beam pattern will be disclosed below.
[0080] According to an embodiment, where the net-
work device 200 is configured with a default set of direc-
tional beams, the network device 200 is configured to, in
a step Sio8c, merge at least two neighbouring directional
beams in the set of directional beams into one directional
beam. Merging neighbouring directional beams in the di-
rections of good network coverage enables the scanning
time to be increased in directions with poor network cov-
erage.
[0081] An example of a beam merging procedure will
now be disclosed.
[0082] For a set of directional beams to be merged,
the directional beam with the worst edge quality within
the set of directional beams is determined. The worst
edge quality (denoted Qedge,min) of this directional beam
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is then determined and compared to a predetermined
minimum acceptable edge quality (denoted Qthres) to ob-
tain a beam dimension mismatch factor (denoted Δ) as
follows: 

[0083] The beam dimension mismatch factor is then
converted from decibel scale to linear scale using a func-
tion db2lin as follows: 

[0084] Here, m represents the directional beam width
adjustment. If m ≥ 2 it is possible for the directional beam
with the worst edge quality to be merged with an adjacent
directional beam. Hence, the network device 200 may
be configured to use one widened directional beam in-
stead of two individual (narrow) directional beams for re-
ception of identification signals at such beam directions.
The stay duration in this spatially widened (merged) di-
rectional beam could either remain as one scanning slot
or be adjusted in accordance with embodiments dis-
closed herein where the directional beams 110a, 110b,
110c, 110d take time duration values for the scanning
from a non-uniform set of time duration values.
[0085] According to an embodiment, where the net-
work device 200 is configured with a default set of direc-
tional beams, the network device 200 is configured to, in
a step Sio8d, split at least one directional beam 110a,
110b, 110c, 110d in the set of directional beams 110a,
110b, 110c, 110d into at least two directional beams.
[0086] An example of a beam splitting procedure will
now be disclosed.
[0087] For directional beam k, the dimension mismatch
(denoted Δk) is defined as 

where Qthres is the minimum acceptable edge quality and
where Qedge,k is the edge quality for directional beam k.
[0088] The beam lobe width adjustment factor is then
determined according to a beam dimension mismatch
mk for directional beam k according to function db2lin as
follows: 

[0089] If mk < 1, directional beam k is under-dimen-
sioned and its beam lobe width is to be decreased (and
the number of directional beams may be increased due
to directional beam k covers a narrower region). The net-
work device 200 may be configured to use a subset of

antenna elements of the whole antenna array (possibly
a "Port") to generate an updated directional beam to re-
place a previously used directional beam generated by
the whole antenna array. The stay duration in each di-
rectional beam could either remain as one scanning slot
or be adjusted in accordance with embodiments dis-
closed herein where the directional beams 110a, 110b,
110c, 110d take time duration values for the scanning
from a non-uniform set of time duration values.
[0090] The beam pattern originally used by the network
device 200 may be a default beam pattern. The default
beam pattern may be hard-coded in the network device
200, or obtained from another network device 200a,
200b, 200c, 200d. In any initial beam scanning stage, or
upon deployment or installation of the network device
200, the default scanning pattern may be used. The de-
fault beam pattern may define equal time duration in each
directional beam 110a, 110b, 110c, nod, and/or equal
beam width of each directional beam 110a, 110b, 110c,
nod. That is, the default beam pattern may be defined
such that all directional beams have the same beam width
and the stay time in each directional beam is equal. Al-
ternatively, the default beam pattern may be defined such
that the beam widths and the stay times are set according
to a default non-uniform directional network coverage of
the network device 200. The network device 200 may
then be configured to, in a step S110, update the default
beam pattern so as to obtain the updated beam pattern.
[0091] Once scanning with directional beams 110a,
110b, 110c, 110d in the spatial directions has occurred
as in step S112, a new beam pattern may be obtained
in a new occurrence of step S102 and/or new measure-
ment information may be obtained in a new occurrence
of step S104, as indicated by the feedback steps S114,
S116. New occurrences of steps S106-S112 may then
be performed based on the new beam pattern and/or the
new measurement information. However, as the skilled
person understands, not all steps S104-S110 must be
performed until the next occurrence of step S112. Which,
if any, of steps S104-S110 to be performed depend inter
alia on the measurement information made available to
the network device 200.
[0092] In general terms, the beam pattern is deter-
mined, updated, and adjusted so as to achieve optimized
network coverage for the ensemble of wireless devices
served by the network device 200. Hence, the beam pat-
tern is not necessarily determined, updated, or adjusted
to optimize the network coverage for a specific wireless
device or to optimize the initial access procedure of such
a specific wireless device. In this respect, the operation
cycle of determining, updating, and adjusting the beam
pattern may be regarded as quite long compared to the
mobility control cycles performed by the network device
200. In general terms, the determining, updating, and
adjusting the beam pattern in the time or space domain
may therefore use long-term statistics of measurements;
the long-term statistics could represent statistics collect-
ed during minutes or hours, depending on the density
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change of wireless devices in the communications sys-
tem 100 and traffic loading variation per specific deploy-
ment of the network device 200. Hence the beam pattern
may be defined according to long-term statistics.
[0093] Particular reference is again made to the com-
munications system 100 of Fig. 1.
[0094] In this illustrative example, network device 200a
is closest to network device 200; network device 1 is the
second closest to network device 200; and network de-
vice 200d and 200c are farthest to network device 200.
The service providing network coverages in different di-
rectional beams 110a, 110b, 110c, 110d are different due
to the different neighboring distances: directional beam
110a takes the smallest coverage; directional beam 110b
takes a larger coverage; and directional beam 110d and
110c take the similar largest coverage. The resulting
beam pattern 700, as determined according to embodi-
ments disclosed herein, for this illustrative example is
illustrated in Fig. 7, in which the notation "Beam #x",
where x is 1, 2, 3, or 4, represents which directional beam
that is used by the network device 200 for scanning for
reception of identification signals, as represented by the
user data in Fig. 7, from wireless devices 120a, 120b.
Hence, in relation to Fig. 1, Beam #1 may correspond to
directional beam 110b, Beam #2 may correspond to di-
rectional beam 110d, Beam #3 may correspond to direc-
tional beam 110c,, and Beam #4 may correspond to di-
rectional beam 110a. The duration in directional beam
110a is the shortest and the beam lobe width is largest;
the duration in directional beam 110b is longer and the
beam lobe width is larger; duration in directional beams
110d and 110c take the longest duration and the beam
lobe width is the narrowest.
[0095] Advantageously the herein disclosed methods
and network device 200 for adaptive beamforming scan-
ning provides efficient beamforming scanning which en-
ables efficient reception of identification signals from
wireless devices.
[0096] Advantageously the herein disclosed methods
and network device 200 for adaptive beamforming scan-
ning enables regions in the network coverage having net-
work outage to be avoided, or at least reduced.
[0097] Advantageously the herein disclosed methods
and network device 200 for adaptive beamforming scan-
ning enables bottlenecks which may occur in scenarios
where identification signals are to be received by a net-
work device, such as during random access procedures,
to be resolved, or at least reduced.
[0098] Advantageously, the disclosed scanning for re-
ception of identification signals is transparent to the wire-
less devices, thus avoiding additional signaling complex-
ity between network device and wireless device, further
avoiding any change in the receiving algorithm at the
wireless device, and thus allowing a wide applicability.
[0099] Advantageously the herein disclosed methods
and network device 200 for adaptive beamforming scan-
ning enables a conditional (i.e., conditional on the non-
uniform network coverage) unequal-time duration beam

scanning procedure for reception of identification signals
to match coverage demand in different directions of the
network device 200. Thereby, instead of equal time-spa-
tial beam scanning for reception of identification signals,
this method for adaptive beamforming scanning enables
the coverage of the directional beams to match the non-
uniform directional network coverage in the different
scanning directions.
[0100] Advantageously the herein disclosed methods
and network device 200 for adaptive beamforming scan-
ning could thereby be used to boost the received signal
quality adaptively so as to mitigate any bottleneck caused
by random access attempts made in certain regions of
the network coverage of the network device 200.
[0101] The inventive concept has mainly been de-
scribed above with reference to a few embodiments.
However, as is readily appreciated by a person skilled in
the art, other embodiments than the ones disclosed
above are equally possible within the scope of the inven-
tive concept, as defined by the appended patent claims.

Claims

1. A method of adaptive beamforming scanning by a
network device (200) controlling a radio access node
(130, 130a, 130b, 130c, 130d) and operative in a
communication system (100) for accessing data and
services provided by the communication system
(100) by wireless devices (120a, 120b) transmitting
identification signals, the network device (200) hav-
ing a non-uniform directional network coverage
which is proportional to a coverage requirement that
is different in different directions, the method com-
prising:

updating (S106) the non-uniform directional net-
work coverage based on measurement informa-
tion from the wireless devices (120a, 120b);
updating (S108) a beam pattern indicating spa-
tial directions to be scanned for reception of
identification signals of wireless devices (120a,
120b), wherein the beam pattern is defined by
the updated non-uniform directional network
coverage; and
scanning (S112) with directional beams (110a,
110b, 110c, 110d) in the spatial directions ac-
cording to the beam pattern for reception of the
identification signals of the wireless devices
(120a, 120b), wherein a total time duration for
scanning through all directional beams (110a,
110b, 110c, 110d) is time-varying and deter-
mined according to the beam pattern.

2. The method according to claim 1, wherein the direc-
tional beams have non-uniform beamwidths deter-
mined according to the beam pattern, in particular
wherein none of the beamwidths are smaller than a
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pre-configured first threshold value.

3. The method according to claim 1, wherein time du-
ration values for scanning by the directional beams
are non-uniform time duration values determined ac-
cording to the beam pattern, and in particular, none
of the time duration values are smaller than a pre-
configured second threshold value.

4. The method according to claim 1, wherein the beam
pattern is defined such that a directional beam point-
ing in a direction of a first network coverage is to
have a wider width and/or lower time duration than
a directional beam pointing in a direction of a second
network coverage being lower than the first network
coverage.

5. The method according to claim 1, further comprising:

obtaining (S104) the measurement information,
in particular indicative of handover measure-
ments, measurement on camped on directional
beams, pilot signal quantities, or number of
failed random access attempts made by the
wireless devices, from the wireless devices;
and wherein updating the beam pattern com-
prises:

identifying (S108a) which directional beam
of the directional beams corresponds to
which measurement information; and
updating (S108b) at least one of a beam
width value and a time duration value of the
directional beams according to the meas-
urement information of the respective direc-
tional beam.

6. The method according to claim 5, wherein the net-
work device is configured with a default set of direc-
tional beams, and wherein updating the beam pat-
tern comprises:

merging (S108c) at least two neighbouring di-
rectional beams in the set of directional beams
into one directional beam, or
splitting (S108d) at least one directional beam
in the set of directional beams into at least two
directional beams.

7. The method according to claim 1, wherein the beam
pattern before updating the beam pattern is a default
beam pattern used upon deployment or installation
of the network device (200).

8. The method according to claim 6 or 7, further com-
prising: updating (S110) the default beam pattern so
as to obtain the updated beam pattern.

9. The method according to claim 1, wherein the iden-
tification signals are part of a random access proce-
dure, in particular wherein each identification signal
comprises a physical random access channel,
PRACH, preamble.

10. The method according to claim 1, wherein the beam
pattern is defined according to long-term statistics.

11. A network device (200) for adaptive beamforming
scanning, the network device (200) being configured
for controlling a radio access node (130, 130a, 130b,
130c, 130d) and operative in a communication sys-
tem (100) for accessing data and services provided
by the communication system (100) by wireless de-
vices (120a, 120b) transmitting identification signals
and further configured for having a non-uniform di-
rectional network coverage which is proportional to
a coverage requirement that is different in different
directions, the network device (200) comprising:

an obtain module (210a) configured to update
the network coverage based on measurement
information from the wireless devices (120a,
1230b), and update a beam pattern indicating
spatial directions to be scanned for reception of
identification signals of wireless devices (120a,
120b), wherein the beam pattern is defined by
the updated non-uniform directional network
coverage; and
a scan module (210b) configured to scan with
directional beams (110a, 110b, 110c, 110d) in
the spatial directions according to the beam pat-
tern for reception of the identification signals of
the wireless devices (120a, 120b), wherein a to-
tal time duration for scanning through all direc-
tional beams (110a, 110b, 110c, 110d) is time-
varying and determined according to the beam
pattern.

12. The network device (200) according to claim 11,
wherein the obtain module (210a) and the scan mod-
ule (210b) are implemented in processing circuitry
(210).

13. The network device (200) according to claim 12, fur-
ther comprising a storage medium (230), and where-
in the processing circuitry is configured to retrieve a
set of operations from the storage medium (230) and
to execute the set of operations in order for the obtain
module (210a) to obtain the beam pattern and for
the scan module (210b) scan with the directional
beams.

14. A radio access network node (130) comprising the
network device (200) according to any of claims 11
to 13, wherein the radio access network node (130)
is any of a radio base station, a Node B, an Evolved
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Node B, and an Access Point.

15. A communications system (100) for adaptive beam-
forming scanning, the system comprising circuitry
defining functionality of at least one network device
(200) according to any of claims 11 to 14.

16. A computer program product (310) comprising com-
puter code which, when run on processing circuitry
(210) of a network device (200) is configured to
cause the network device (200) to perform the meth-
od according to any of claims 1 to 10.

Patentansprüche

1. Verfahren für adaptive Strahlformungsabtastung
durch eine Netzwerkvorrichtung (200), die einen
Funkzugangsknoten (130, 130a, 130b, 130c, 130d)
steuert und in einem Kommunikationssystem (100)
zum Zugreifen auf Daten und Dienste, die vom Kom-
munikationssystem (100) bereitgestellt werden,
durch drahtlose Vorrichtungen (120a, 120b) funkti-
oniert, die Identifikationssignale senden, wobei die
Netzwerkvorrichtung (200) eine uneinheitliche ge-
richtete Netzwerkversorgung aufweist, die proporti-
onal zu einer Versorgungsanforderung ist, die in ver-
schiedenen Richtungen verschieden ist, wobei das
Verfahren umfasst:

Aktualisieren (S106) der uneinheitlichen gerich-
teten Netzwerkversorgung basierend auf Mes-
sinformationen von den drahtlosen Vorrichtun-
gen (120a, 120b);
Aktualisieren (S108) eines Strahlmusters, das
Raumrichtungen anzeigt, die abgetastet wer-
den sollen, zum Empfang von Identifikationssi-
gnalen von drahtlosen Vorrichtungen (120a,
120b), wobei das Strahlmuster durch die aktu-
alisierte uneinheitliche gerichtete Netzwerkver-
sorgung definiert wird; und
Abtasten (S112) mit Richtstrahlen (110a, 110b,
110c, 110d) in den Raumrichtungen gemäß
dem Strahlmuster zum Empfang der Identifika-
tionssignale der drahtlosen Vorrichtungen
(120a, 120b),
wobei eine Gesamtzeitdauer zum Abtasten
durch alle Richtstrahlen (110a, 110b, 110c,
110d) zeitabhängig ist und gemäß dem Strahl-
muster bestimmt wird.

2. Verfahren nach Anspruch 1, wobei die Richtstrahlen
uneinheitliche Strahlbreiten aufweisen, die gemäß
dem Strahlmuster bestimmt werden, wobei insbe-
sondere keine der Strahlbreiten kleiner als ein vor-
konfigurierter erster Schwellenwert ist.

3. Verfahren nach Anspruch 1, wobei die Zeitdauer-

werte zum Abtasten durch die Richtstrahlen unein-
heitliche Zeitdauerwerte sind, die gemäß dem
Strahlmuster bestimmt werden, wobei insbesondere
keiner der Zeitdauerwerte kleiner als ein vorkonfigu-
rierter zweiter Schwellenwert ist.

4. Verfahren nach Anspruch 1, wobei das Strahlmuster
derart definiert wird, dass ein Richtstrahl, der in eine
Richtung einer ersten Netzwerkversorgung zeigt, ei-
ne größere Breite und/oder eine kürzere Zeitdauer
als ein Richtstrahl aufweisen soll, der in eine Rich-
tung einer zweiten Netzwerkversorgung zeigt, die
geringer als die erste Netzwerkversorgung ist.

5. Verfahren nach Anspruch 1, ferner umfassend:

Einholen (S104) der Messinformationen, die
insbesondere Handover-Messungen, Messun-
gen hinsichtlich wartender Richtstrahlen, Pilot-
signalgrößen oder eine Anzahl von fehlgeschla-
genen Direktzugriffsversuchen anzeigen, die
von den drahtlosen Vorrichtungen durchgeführt
wird, von den drahtlosen Vorrichtungen;
wobei das Aktualisieren des Strahlmusters um-
fasst:

Identifizieren (S108a) welcher Richtstrahl
der Richtstrahlen welchen Messinformatio-
nen entspricht; und
Aktualisieren (S108b) mindestens eines
von einem Strahlbreitenwert und einem
Zeitdauerwert der Richtstrahlen gemäß den
Messinformationen des jeweiligen Richt-
strahls.

6. Verfahren nach Anspruch 5, wobei die Netzwerkvor-
richtung mit einem Standardsatz von Richtstrahlen
konfiguriert ist, und wobei das Aktualisieren des
Strahlmusters umfasst:

Vereinigen (S108c) mindestens zweier benach-
barter Richtstrahlen im Satz von Richtstrahlen
zu einem Richtstrahl oder
Teilen (S108d) mindestens eines Richtstrahls
im Satz von Richtstrahlen in mindestens zwei
Richtstrahlen.

7. Verfahren nach Anspruch 1, wobei das Strahlmuster
vor dem Aktualisieren des Strahlmusters ein Stan-
dardstrahlmuster ist, das bei Bereitstellung oder In-
stallation der Netzwerkvorrichtung (200) verwendet
wird.

8. Verfahren nach Anspruch 6 oder 7, ferner umfas-
send:
Aktualisieren (S110) des Standardstrahlmusters,
um das aktualisierte Stahlmuster zu erhalten.
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9. Verfahren nach Anspruch 1, wobei die Identifikati-
onssignale zu einer Direktzugriffsprozedur gehören,
wobei insbesondere jedes Identifikationssignal eine
Präambel eines physikalischen Direktzugriffska-
nals, PRACH, umfasst.

10. Verfahren nach Anspruch 1, wobei das Strahlmuster
gemäß Langzeitstatistiken definiert wird.

11. Netzwerkvorrichtung (200) für adaptive Strahlfor-
mungsabtastung, wobei die Netzwerkvorrichtung
(200) zum Steuern eines Funkzugangsknotens
(130, 130a, 130b, 130c, 130d) konfiguriert ist und in
einem Kommunikationssystem (100) zum Zugreifen
auf Daten und Dienste, die vom Kommunikations-
system (100) bereitgestellt werden, durch drahtlose
Vorrichtungen (120a, 120b) funktioniert, die Identifi-
kationssignale senden, und ferner so konfiguriert ist,
dass sie eine uneinheitliche gerichtete Netzwerkver-
sorgung aufweist, die proportional zu einer Versor-
gungsanforderung ist, die in verschiedenen Richtun-
gen verschieden ist, wobei die Netzwerkvorrichtung
(200) umfasst:

ein Einholmodul (210a), das so konfiguriert ist,
dass es die Netzwerkversorgung basierend auf
Messinformationen von den drahtlosen Vorrich-
tungen (120a, 120b) aktualisiert und ein Strahl-
muster, das Raumrichtungen anzeigt, die abge-
tastet werden sollen, zum Empfang von Identi-
fikationssignalen von drahtlosen Vorrichtungen
(120a, 120b) aktualisiert, wobei das Strahlmus-
ter durch die aktualisierte uneinheitliche gerich-
tete Netzwerkversorgung definiert wird; und
ein Abtastmodul (210b), das zum Abtasten mit
Richtstrahlen (110a, 110b, 110c, 110d) in den
Raumrichtungen gemäß dem Strahlmuster zum
Empfang der Identifikationssignale der drahtlo-
sen Vorrichtungen (120a, 120b) konfiguriert ist,
wobei eine Gesamtzeitdauer zum Abtasten
durch alle Richtstrahlen (110a, 110b, 110c,
110d) zeitabhängig ist und gemäß dem Strahl-
muster bestimmt wird.

12. Netzwerkvorrichtung (200) nach Anspruch 11, wobei
das Einholmodul (210a) und das Abtastmodul
(210b) in Verarbeitungsschaltungsanordnung (210)
implementiert sind.

13. Netzwerkvorrichtung (200) nach Anspruch 12, ferner
umfassend ein Speichermedium (230), und wobei
die Verarbeitungsschaltungsanordnung zum Abru-
fen eines Satzes von Operationen aus dem Spei-
chermedium (230) und zum Ausführen des Satzes
von Operationen konfiguriert ist, damit das Einhol-
modul (210a) das Strahlmuster einholt, und das Ab-
tastmodul (210b) mit Richtstrahlen abtastet.

14. Funkzugangsnetzwerkknoten (130), umfassend die
Netzwerkvorrichtung (200) nach einem der Ansprü-
che 11 bis 13, wobei der Funkzugangsnetzwerkkno-
ten (130) ein beliebiges von einer Funkbasisstation,
einem Knoten B, einem evolvierten Knoten B und
einem Zugangspunkt ist.

15. Kommunikationssystem (100) für adaptive Strahlfor-
mungsabtastung, wobei das System Schaltungsan-
ordnung umfasst, die Funktionalität mindestens ei-
ner Netzwerkvorrichtung (200) nach einem der An-
sprüche 11 bis 14 definiert.

16. Computerprogrammprodukt (310), umfassend
Computercode, der so konfiguriert ist, dass er bei
Ausführung auf Verarbeitungsschaltungsanord-
nung (210) einer Netzwerkvorrichtung (200) die
Netzwerkvorrichtung (200) zum Durchführen des
Verfahrens nach einem der Ansprüche 1 bis 10 ver-
anlasst.

Revendications

1. Procédé de balayage de formation de faisceau adap-
tative par un dispositif de réseau (200) commandant
un nœud d’accès radio (130, 130a, 130b, 130c,
130d) et opérationnel dans un système de commu-
nication (100) pour accéder à des données et à des
services fournis par le système de communication
(100) par des dispositifs sans fil (120a, 120b) trans-
mettant des signaux d’identification, le dispositif de
réseau (200) ayant une couverture de réseau direc-
tionnelle non uniforme qui est proportionnelle à une
exigence de couverture qui est différente dans dif-
férentes directions, le procédé comprenant :

la mise à jour (S106) de la couverture de réseau
directionnelle non uniforme sur la base d’infor-
mations de mesure depuis les dispositifs sans
fil (120a, 120b) ;
la mise à jour (S108) d’un motif de faisceau in-
diquant des directions spatiales à balayer pour
une réception de signaux d’identification de dis-
positifs sans fil (120a, 120b), dans lequel le motif
de faisceau est défini par la couverture de ré-
seau directionnelle non uniforme mise à jour ; et
le balayage (S112) avec des faisceaux direc-
tionnels (110a, 110b, 110c, 110d) dans les di-
rections spatiales selon le motif de faisceau pour
une réception des signaux d’identification des
dispositifs sans fil (120a, 120b),
dans lequel une durée totale de balayage à tra-
vers tous les faisceaux directionnels (110a,
110b, 110c, 110d) varie au fil du temps et est
déterminée selon le motif de faisceau.

2. Procédé selon la revendication 1, dans lequel les
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faisceaux directionnels ont des largeurs de faisceau
non uniformes selon le motif de faisceau, en parti-
culier dans lequel aucune des largeurs de faisceau
n’est inférieure à une première valeur de seuil pré-
configurée.

3. Procédé selon la revendication 1, dans lequel des
valeurs de durée de balayage par les faisceaux di-
rectionnels sont des valeurs de durée non uniformes
déterminées selon le motif de faisceau, et en parti-
culier aucune des valeurs de durée n’est plus petite
qu’une deuxième valeur de seuil préconfigurée.

4. Procédé selon la revendication 1, dans lequel le mo-
tif de faisceau est défini de sorte qu’un faisceau di-
rectionnel pointant dans une direction d’une premiè-
re couverture de réseau doive avoir une largeur plus
grande et/ou une durée plus courte qu’un faisceau
directionnel pointant dans une direction d’une
deuxième couverture de réseau qui est inférieure à
la première couverture de réseau.

5. Procédé selon la revendication 1, comprenant en
outre :

l’obtention (S104) des informations de mesure,
en particulier indicatives de mesures de trans-
fert intercellulaire, d’une mesure sur des fais-
ceaux directionnels de mise en attente, de quan-
tités de signaux pilotes, ou d’un nombre
d’échecs de tentatives d’accès aléatoire par les
dispositifs sans fil, depuis les dispositifs sans
fil ; et
dans lequel la mise à jour du motif de faisceau
comprend :

l’identification (S108a) de quel faisceau di-
rectionnel parmi les faisceaux directionnels
correspond à quelles informations de
mesure ; et
la mise à jour (S108b) d’au moins l’une
d’une valeur de largeur de faisceau et d’une
valeur de durée des faisceaux directionnels
en fonction des informations de mesure du
faisceau directionnel respectif.

6. Procédé selon la revendication 5, dans lequel le dis-
positif de réseau est configuré avec un ensemble
par défaut de faisceaux directionnels, et dans lequel
la mise à jour du motif de faisceau comprend :

la fusion (S108c) d’au moins deux faisceaux di-
rectionnels voisins dans l’ensemble de fais-
ceaux directionnels dans un faisceau direction-
nel, ou
la division (S108d) d’au moins un faisceau di-
rectionnel dans l’ensemble de faisceaux direc-
tionnels en au moins deux faisceaux direction-

nels.

7. Procédé selon la revendication 1, dans lequel le mo-
tif de faisceau avant la mise à jour du motif de fais-
ceau est un motif de faisceau par défaut utilisé lors
du déploiement ou de l’installation du dispositif de
réseau (200).

8. Procédé selon la revendication 6 ou 7, comprenant
en outre :
la mise à jour (S110) du motif de faisceau par défaut
de manière à obtenir le motif de faisceau mis à jour.

9. Procédé selon la revendication 1, dans lequel les
signaux d’identification font partie d’une procédure
d’accès aléatoire, en particulier dans lequel chaque
signal d’identification comprend un préambule de
canal d’accès aléatoire physique, PRACH.

10. Procédé selon la revendication 1, dans lequel le mo-
tif de faisceau est défini en fonction de statistiques
à long terme.

11. Dispositif de réseau (200) pour un balayage de for-
mation de faisceau adaptative, le dispositif de réseau
(200) étant configuré pour commander un nœud
d’accès radio (130, 130a, 130b, 130c, 130d) et opé-
rationnel dans un système de communication (100)
pour accéder à des données et à des services fournis
par le système de communication (100) par des dis-
positifs sans fil (120a, 120b) transmettant des si-
gnaux d’identification, et en outre configuré pour
avoir une couverture de réseau directionnelle non
uniforme qui est proportionnelle à une exigence de
couverture qui est différente dans différentes direc-
tions, le dispositif de réseau (200) comprenant :

un module d’obtention (210a) configuré pour la
mise à jour de la couverture de réseau sur la
base d’informations de mesure depuis les dis-
positifs sans fil (120a, 120b) et
la mise à jour d’un motif de faisceau indiquant
des directions spatiales à balayer pour une ré-
ception de signaux d’identification de dispositifs
sans fil (120a, 120b), dans lequel le motif de
faisceau est défini par la couverture de réseau
directionnelle non uniforme mise à jour ; et
un module de balayage (210b) configuré pour
le balayage avec des faisceaux directionnels
(110a, 110b, 110c, 110d) dans les directions
spatiales selon le motif de faisceau pour une
réception des signaux d’identification des dis-
positifs sans fil (120a, 120b),
dans lequel une durée totale de balayage à tra-
vers tous les faisceaux directionnels (110a,
110b, 110c, 110d) varie au fil du temps et est
déterminée selon le motif de faisceau.
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12. Dispositif de réseau (200) selon la revendication 11,
dans lequel le module d’obtention (210a) et le mo-
dule de balayage (210b) sont mis en œuvre dans
une circuiterie de traitement (210).

13. Dispositif de réseau (200) selon la revendication 12,
comprenant en outre un support de stockage (230),
et dans lequel la circuiterie de traitement est confi-
gurée pour la récupération d’un ensemble d’opéra-
tions depuis le support de stockage (230) et l’exé-
cution de l’ensemble d’opérations pour que le mo-
dule d’obtention (210a) obtienne le motif de faisceau
et que le module de balayage (210b) balaye avec
les faisceaux directionnels.

14. Nœud de réseau d’accès radio (130) comprenant le
dispositif de réseau (200) selon l’une quelconque
des revendications 11 à 13, dans lequel le nœud de
réseau d’accès radio (130) est l’un quelconque parmi
une station de base radio, un nœud B, un nœud B
évolué et un point d’accès.

15. Système de communication (100) pour un balayage
de formation de faisceau adaptative, le système
comprenant une circuiterie définissant des fonction-
nalités d’au moins un dispositif de réseau (200) selon
l’une quelconque des revendications 11 à 14.

16. Produit de programme informatique (310) compre-
nant un code informatique qui, lorsqu’il est exécuté
sur une circuiterie de traitement (210) d’un dispositif
de réseau (200), est configuré pour amener le dis-
positif de réseau (200) à réaliser le procédé selon
l’une quelconque des revendications 1 à 10.
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