190 DANMARK (10)  DK/EP 2870801 T3

(91)
(49)

(80)

(86)
(86)
(87)
(86)
(87)
(30)

(84)

(73)

(72)

(74)
(94)

(96)

(12) Overseettelse af
europeeisk patentskrift

Patent- g
Varemaerkestyrelsen
Int.Cl.: HO04 W 48/16 (2009.01)

Oversaettelsen bekendtgjort den: 2021-03-29

Dato for Den Europaciske Patentmyndigheds
bekendtgorelse om meddelelse af patentet: 2021-03-10

Europaeisk ansggning nr.: 12783371.3

Europaeisk indleveringsdag: 2012-09-18

Den europaeciske ansggnings publiceringsdag: 2015-05-13
International ansggning nr.: SE2012050984

Internationalt publikationsnr.: WO2014007713

Prioritet:  2012-07-06 US 201261668465 P

Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

Patenthaver: Telefonaktiebolaget LM Ericsson (publ) , 164 83 Stockholm, Sverige

Opfinder: BALACHANDRAN, Kumar, 5783 San Antonio Street, Pleasanton, California 94566, USA
HUI, Dennis, 1019 Havre Court, Sunnyvale, California 94087, USA
BALDEMAIR, Robert, Honnorsgatan 16, SE-170 69 Solna, Sverige

Fuldmaegtig i Danmark: Zacco Denmark A/S, Arne Jacobsens Alle 15, 2300 Kgbenhavn S, Danmark
Benaevnelse: Transmitter til transmittering af opdagelsessignaler, modtager og fremgangsmader deri

Fremdragne publikationer:
WO-A1-2012/007838
WO-A2-2008/033985
WO-A2-2008/075264
WO-A2-2008/087595
US-A1- 2009 232 126
US-A1- 2011 205 969



DK/EP 2870801 T3



DK/EP 2870801 T3

DESCRIPTION

TECHNICAL FIELD

[0001] Embodiments herein relate to a transmitter, a receiver and methods therein. In
particular, embodiments herein relate to the transmittal of discovery signals to the receiver.

Background

[0002] Communication devices such as User Equipments (UE) are enabled to communicate
wirelessly In a radio communications system, sometimes also referred to as a radio
communications network, a mobile communication system, a wireless communications
network, a wireless communication system, a cellular radio system or a cellular system. The
communication may be performed e.g. between two user equipments, between a user
equipment and a regular telephone and/or between a user equipment and a server via a Radio
Access Network (RAN) and possibly one or more core networks, comprised within the wireless
communications network.

[0003] User equipment are also known as e.g. mobile terminals, wireless terminals and/or
mobile stations, mobile telephones, cellular telephones, or laptops with wireless capabillity, just
to mention some examples. The user equipments In the present context may be, for example,
portable, pocket-storable, hand-held, computer-comprised, or vehicle-mounted mobile devices,
enabled to communicate voice and/or data, via the RAN, with another entity.

[0004] WO 2008/033985 A2 may disclose a method and a system for transmitting beacon
signals. A base station for a cell may generate and transmit a primary synchronization signal
and a secondary synchronization signal, which may be used by UEs for initial cell search at
power up. The base station may also generate and transmit one or more beacon signals,
which may be used by the UEs for neighbor cell search to detect for neighbor cells. The
number of beacon signals to transmit and the set of subcarriers usable for each beacon signal
may be determined based on the system bandwidth.

[0005] US 2011/205969 A1 may disclose a method and apparatus having a beamforming
antenna beamforming antenna configured to generate a plurality of directional antenna beams.
A discovery beacon Is generated for use In associating with a wireless transmit/receive unit
(WTRU). The discovery beacon i1s transmitted to a plurality of sectors using coarsely focused
directional antenna beams

[0006] WO 2012/007838 may disclose a high-rate WiFI wide band wireless access point
(WBAP) aggregating a plurality (n) of narrow band channels to manage wider bandwidth
channels and manage wireless stations (STA) of different generations occupying different
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channel bandwidths.

[0007] US 2009/0232126 A1 may disclose a method in an access node where a WiF1 access
point can transmit omni-mode and directional-mode, In a wide-band mode using a plurality of
narrowband channels and in a narrowband mode, wherein a single narrowband channel could
be utilized for device discovery. Each wide-band channel contains a plurality of narrowband
channels. Once a device (cf. UE) I1s associated with the network, it can occupy a wideband
channel and utilize high data rate beamformed directional data communication.

[0008] The wireless communications network covers a geographical area which is divided into
cell areas, wherein each cell area being served by a network node such as a Base Station
(BS), e.g. a Radio Base Station (RBS), which sometimes may be referred to as e.g. eNB,
eNodeB, NodeB, B node, or BTS (Base Transceiver Station), depending on the technology and
terminology used. The base stations may be of different classes such as e.g. macro eNodeB,
home eNodeB or pico base station, based on transmission power and thereby also cell size. A
cell 1s the geographical area where radio coverage is provided by the base station at a base
station site. One base station, situated on the base station site, may serve one or several cells.
Further, each base station may support one or several radio access and communication
technologies. The base stations communicate over the radio interface operating on radio
frequencies with the user equipments within range of the base stations.

[0009] In some RANSs, several base stations may be connected, e.g. by landlines or
microwave, to a radio network controller, e.g. a Radio Network Controller (RNC) in Universal
Mobile Telecommunications System (UMTS), and/or to each other. The radio network
controller, also sometimes termed a Base Station Controller (BSC) e.g. in GSM, may supervise
and coordinate various activities of the plural base stations connected thereto. GSM Is an
abbreviation for Global System for Mobile Communications (originally: GroupeSpéecialMobile).

[0010] In the context of this disclosure, the expression Downlink (DL) I1s used for the
transmission path from the base station to the user equipment. The expression Uplink (UL) Is
used for the transmission path in the opposite direction i1.e. from the user equipment to the
base station.

[0011] In 3rd Generation Partnership Project (3GPP) Long Term Evolution (LTE), base
stations, which may be referred to as eNodeBs or even eNBs, may be directly connected to
one or more core networks.

[0012] UMTS Is a third generation mobile communication system, which evolved from the
GSM, and is intended to provide improved mobile communication services based on Wideband
Code Division Multiple Access (WCDMA) access technology. UMTS Terrestrial Radio Access
Network (UTRAN) Is essentially a radio access network using wideband code division multiple
access for user equipments. The 3GPP has undertaken to evolve further the UTRAN and GSM
based radio access network technologies.
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[0013] According to 3GPP/GERAN, a user equipment has a multi-slot class, which determines
the maximum transfer rate in the uplink and downlink direction. GERAN Is an abbreviation for
GSM EDGE Radio Access Network. EDGE is further an abbreviation for Enhanced Data rates
for GSM Evolution.

[0014] The past 30 years have seen a tremendous improvement in the state of Information
and Communication Technologies (ICT), formally led by the Computing and the
Telecommunications industries. This improvement is most felt in the increase in global Internet
traffic, which has been conservatively predicted to reach a ten-fold growth from 2010 levels by
2016. Other forecasts by Cisco predict an increase In traffic of as much as a 92% cumulative
annual growth rate; this amounts to a 700-fold increase in traffic by 2020.

[0015] A majority of this traffic growth Is expected to come from the increased consumption of
video on mobile networks, as well as a net increase In subscribers transitioning to mobile
broadband even as the fixed and mobile networks converge to provide end-user experience
that I1s indistinguishable in many environments. Added to this, it has been predicted that the
mobile broadband industry will get most of its growth in the number of connections from the
widespread Iintroduction of Machine Type Communication (MTC) devices that will drive the
Machine-to-Machine (M2M) market for applications from diverse industries such as Ulilities
(e.g. Smart Grid), Automotive (e.g. Intelligent Transportation), Health care. Apart from these
Industries, the broad area of Industrial Automation 1s expected to create new business
opportunities In a variety of industries such as Agriculture, Mining and Exploration, Oil and
Natural Gas Distribution, Residential and Building Automation etc. Estimates of the number of

devices vary widely from our own declamation of an increase from 35 billion subscriptions to 50
billion connected devices.

[0016] One key development that is inevitable I1s a merging of fixed and wireless networks In
what has been termed as the Fixed Mobile Convergence (FMC).

[0017] There Is still some scope for a part of the predicted traffic increase to happen due to
network build out in areas of the world not covered by mobile broadband. However, it I1s also
true that much of the increase In data traffic will happen based on the kind of activities people
engage In over the Internet, such as the transition of video services from broadcast networks
to online video sources. This leads to our conviction that the bulk of Internet traffic increase will
happen In areas that are already served by cellular networks.

[0018] Table 1 below Is a generational classification of broadband cellular technologies. The
table uses an accepted and correct technical classification, while it iIs acknowledged that
Industry and media may often use a more sensational approach to distinguishing a generation.
With the Introduction of LTE and all indications of LTE being the sole surviving cellular
standard, it is now possible to identify a true convergence of mobile radio technologies.

Table 1 generational classification of broadband cellular technologies. The data rates are In
orders of magnitude and the numbers are approximations.
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International International Mobile IMT-
Telecommunication Telecommunciations 2000 § Advanced
Union (ITU) T (IMT-2000)

Classification /
Generation
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Technology Examples

CDMA2000/evD { IEEE

component
of EIA/TIA-
136

LY
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)
EIATIA-95 {WIMAX rel.
—---1 1 -
Type Digital Digital Digital

Channelization <100 MHz

KHz
MHz MHz MHz MHz

Data rates <10 kb/s §{<1 Mb/s/cell {< 100 <1 Gb/s/cell
juser Mb/s/cell

Services \oice Voice/data {Voice/Data {Data (voice
telephony Included)

[0019] The US National Broadband Plan aims to create new allocations for mobile, fixed and
unlicensed broadband access of up to 500 MHz of spectrum below 5 GHz by 2020 (FCC,
"Connecting America: The National Broadband Plan,” at http://www.broadband.gov, Mar.
2010.) Currently 547 MHz has been designated as flexible use spectrum for wireless
broadband, of which roughly 170 MHz is available to cellular and Personal Communications
Service (PCS) operators. With the existing allocations of 547 MHz of spectrum Iincluding the
recent Advanced Wireless Services-1 (AWS-1) auctions, this should give the mobile industry
over 800 MHz of spectrum to improve their ability to handle more users and newer services.
Even with such largesse, it i1s inconceivable that system capacity for cellular networks will
iImprove by an order of magnitude Iin the future without significant reengineering of the way
networks are deployed.

[0020] It should be noted that the lack of spectrum has driven wireless network deployment In
two directions.

[0021] Firstly, every system has improved throughputs as well as spectral efficiency over the
previous generation using a variety of technological approaches such as

» a reduction In cell size through densification of the network, the development of
Heterogeneous networks (hetnets) as a means of boosting capacity and bitrates,
o deployment of additional spectrum,
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e packet data based on the Internet Protocol (IP),

e wider bandwidths,

e |link adaptation using adaptive modulation and coding, and Hybrid-Automatic Repeat
reQuest (HARQ),

 higher order modulation schemes,

e antenna techniques such as beamforming and Multi-input Multi-Output (MIMO),

e advanced receiver architectures such as Successive Interference Cancellation (SIC),
multi-stage SIC, joint demodulation,

o advanced network procedures such as interference coordination.

[0022] These techniques have provided the means to Iincrease peak spectral efficiencies per
link to as much as 15 b/s/Hz. Of course, the observed cell spectral efficiencies vary according
to the radio environment and the interference level and typically are of the order of 1-3 b/s/Hz
on average.

[0023] Secondly, systems such as LTE that may operate over channel bandwidths of up to 100
MHz do so with the aid of carrier aggregation. Aggregation of carriers cannot be done
arbitrarily and radio requirements become very complicated when specifying the particular
combinations of carrier bandwidths that may be used to populate a band or combined across
bands.

[0024] Given the state of spectrum allocations for mobile systems, it is of interest to see If the
evolution of modern mobile networks may proceed beyond 4G. The objective of such an
evolution would be to improve data rates by yet another order of magnitude over the last
generation, and to moreover do this under the assumption of a dense deployment of
Infrastructure nodes providing radio links to mobile users. Such a network would also need to
do be deployed with much larger spectrum allocations, typically operating under conditions of
low to moderate mobility. The reach of such a network would span indoor locations as well as
densely populated urban centers.

[0025] Today's cellular communication occurs largely in frequency bands below 3 GHz in what
we term as an interference-limited environment. While LTE may operate over bandwidths of as
much as 100 MHz by design, the future radio access system we envisage would operate over
bandwidths of the order of 1 GHz. Clearly, such a system could not operate in bands below 3
GHz. The lowest band where the mobile industry may home for spectrum parcels that exceed
the 10-40 MHz of contiguous allocations typical for the industry is probably above 3 GHz. Of
the regions of spectrum that are most promising for the mobile industry, the cm-Wave (CMW)
region from 3-30 GHz and the mm-Wave (MMW) region from 30-300 GHz may be considered
as being particularly interesting for the next generation mobile systems.

[0026] Table 2 is a link budget for a pair of radios that are configured to operate in two modes.
By the term "radios” when used herein I1Is meant devices comprising both transmission and
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reception functions. The first mode Is a low data rate mode using low antenna gain and the
second mode Is a high data rate mode using high antenna gain. It is well known that such a
variation in antenna gain may be obtained by using active antenna solutions composed of
many antennas integrated with a set of radio chains that are at most equal in number to the
number of antenna elements. The conducted power from the transmitters are transferred to
the antenna elements through a transfer matrix that may adjust the phase and optionally the
amplitude of the transmitter outputs so as to create a resultant directivity pattern for the
antenna array that may either have a high gain or a low one. Typically, the tradeoff in such an
arrangement 1s between the spatial region covered by the antenna, which Is large for a low
effective array gain, and is narrow when a high gain i1s chosen.

Table 2 Link budget at 40 GHz for a pair of radios that is able to trade off data rate for antenna
gain. A free space propagation loss model has been used for illustrative purposes. Shadowing
losses are meant to represent all possible additional propagation losses. Some common losses
such as those at the transmit and receive switch may have been ignored.

Case 1 link budget {Case 2 Link budget
Ix Power: P_TX 20 dBm 20 d Bm

3000000000000000000000000000000000000000000000000000000000000Cﬁiiﬁiiﬁiiﬁiiﬁiiﬁiiﬁim 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Equwalent Isotroplcally 22 d Bm 34 d Bm
Radiated Power (EIRP)
Noise power: K1B -84 dBm -84 dBm

Rx Antenna Gain: G R 14 dB

050§§0§§0§§0§§0§§0§§0§§0§§0§§0‘50‘50‘50‘50§§0§§0§§0§§0§§0§§0§50‘50‘50‘50‘50‘50‘50‘\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

Carrler-to-N0|se Ratio (C/N) §-3 dB (0.1 b/s/Hz) 14 dB (5 b/s/Hz)
needed

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Required recelved power -/2 dBm -61 dBm
Path loss budget 94 d Bm 95 dBm

[0027] In a system that transmitter wise relies on narrow beams to obtain the required link
budget a problem is to enable a receiving device to find the transmitting system, i.e. to make
the receiving device aware of the presence of the system.

[0028] In traditional cellular systems such a signal is typically transmitted with a very wide
beam pattern thus enabling receiving devices in the coverage area of the wide beam to detect

the system.

[0029] In a system that relies on high-gain transmitter beamforming to achieve the required
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link budget a wide beam may not convey sufficient energy into a given direction for a receiving
device to detect the system. In |IEEE 802.11ad standard this problem is solved by beamforming
a wideband discovery signal into one particular direction and in a Time Division Multiplexing
(TDM) fashion cycle through different transmit directions to cover the complete area of interest.

[0030] A problem Is that this solution cannot be applied to an envisioned Super-Densed
Network (SDN) wherein also narrowband devices should be capable of accessing the system
since they cannot receive a wideband discovery signal.

SUMMARY

[0031] The invention is set out In the appended set of claims.

[0032] An object of embodiments herein Is to provide a way of improving the performance In a
communications network.

[0033] According to a first aspect herein, the object is achieved by a method in a transmitter
for transmitting discovery signals to a receiver. The transmitter and the receiver are comprised
IN a radio communications system. The transmitter transmits two or more discovery signals
over two or more directions, wherein the each discovery signal is configured to span over a
fraction of a carrier bandwidth.

[0034] According to a second aspect herein, the object is achieved by a transmitter for
transmitting discovery signals to a receiver. The transmitter and the receiver are comprised in
a radio communications system. The transmitter is configured to transmit two or more
discovery signals over two or more directions, wherein each discovery signal is configured to
span over a fraction of a carrier bandwidth.

[0035] According to a third aspect herein, the object is achieved by a method in a receiver for
recelving discovery signals from a transmitter. The transmitter and the receiver are comprised
IN a radio communications system. The receiver receives from the transmitter at least one of
two or more discovery signals that have been transmitted into two or more directions wherein
each discovery signal is configured to span over a fraction of a carrier bandwidth.

[0036] According to a fourth aspect herein, the object is achieved by a receiver for receiving
discovery signals from a transmitter. The transmitter and the receiver are comprised in a radio
communications system. The receiver is configured to receive from the transmitter at least one
of two or more discovery signals that have been transmitted into two or more directions,
wherein each discovery signal i1s configured to span over a fraction of a carrier bandwidth.

[0037] Since two or more discovery signals are transmitted over two or more directions and
since each discovery signal spans over only a fraction of the carrier bandwidth, the receiver is
enabled to detect a wideband carrier even if the receiver 1s a narrowband receiver, 1.e. a
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receiver supporting only a fraction of the total carrier bandwidth. This results in an improved
performance In the communications network.

[0038] An advantage of embodiments herein is that a narrowband receiver i1s enabled to camp
on a sub-band without first camping in the center of a wideband carrier, which center may be
unknown to the narrowband receiver on beforehand.

[0039] A further advantage of embodiments herein is that a wideband receiver is enabled to
scan multiple directions at once thus speeding up the discovery process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] Examples of embodiments herein are described In more detall with reference to
attached drawings in which:

Figure 1 1s a schematic block diagram illustrating embodiments of a communications system;
Figure 2a is a flowchart depicting embodiments of a method in a transmitter;

Figure 2b I1s a schematic block diagram illustrating embodiments of a transmitter;

Figure 3a is a flowchart depicting embodiments of a method in a receiver;

Figure 3b I1s a schematic block diagram illustrating embodiments of a receiver;

Figures 4a and 4b schematically illustrate active antenna arrays that are beamformed into low
gain and large coverage, and high gain and narrow coverage, respectively;

Figures 5a, 5b, and 5c schematically illustrate embodiments of transmitter (Figures 5a, 5b) and
receiver (Figure 5c¢) representations for a four antenna element linear array with two antenna
ports;

Figure 6 Is a schematic representation of a 16 element planar antenna array;

Figure 7 schematically illustrates discovery signals for different directions (sectors) multiplexed
INn an FDM fashion;

Figure 8 schematically illustrates discovery signals for different directions multiplexed In
frequency;

Figure 9 schematically illustrates discovery signals for different directions multiplexed In
frequency and repeated over time;

Figures 10a and 10b schematically illustrate discovery signals for different directions
multiplexed In frequency and repeated over time. In Figure 10a, the discovery signals are
repeated twice immediately after each other, and in Figure 10b, the discovery signals are
rotated and transmitted periodically;
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Figure 11 schematically illustrates discovery signals for different directions multiplexed in TDM
fashion and transmitted over the same sub-band; and

Figures 12a and 12b schematically illustrate discovery signals for different directions
multiplexed in TDM fashion and transmitted over different sub-bands.

DETAILED DESCRIPTION

[0041] Embodiments herein will be exemplified in the following non-limiting description.

[0042] As part of developing embodiments herein, a problem will first be identifled and
discussed.

[0043] It I1s proposed to create the next standard to operate over bandwidths that range from
100 MHz to 2.5 GHz In dense deployment and over frequency bands that allow the use of
beamforming to establish near Line-of-Sight (LoS) links between communicating radios.

[0044] The resulting system may be used In a variety of scenarios, e.g. Point-to-point
communications for short range radio systems such as Access to Network links for a Future
Radio Access (FRA) system that provides very high speed wide area connectivity, and
backhaul links between densely deployed infrastructure nodes that provide a high throughput
pipeline to a network operator's core network, which core network may connect to the Internet
and provide access to data and multimedia services.

[0045] Competing standards for Millimeter Wave (MMW) communications, e.g. the IEEE
802.11ad standard, operate over the whole channel bandwidth. In the example of the |EEE
802.11ad standard, the whole channel bandwidth I1s 2 GHz. A design for a Super-Dense
Network (SDN) operating in the Millimeter Wave bands should however enable devices
supporting less than the full channel bandwidth to find and operate on a wider carrier, e.g. a
device supporting 200 MHz should be able to operate on a 2GHz wide carrier. The |EEE
802.11ad standard and other MMW standards did not have this design guideline and therefore
the developed discovery signals are not applicable for the SDN system.

[0046] Figure 1 schematically illustrates embodiments of a radio communications system
100. The radio communication system 100 may be a 3GPP communications system or a non-
3GPP communications system. The radio communications system 100 may comprises one or
more of radio communications networks (not shown). Each radio communications network may
be configured to support one or more Radio Access Technologies (RATs). Further, the one or
more radio communications networks may be configured to support different RATls. Some

examples of RATs are GSM, WCDMA, and LTE.
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[0047] The radio communications system 100 comprises a radio network node 102. The
radio network node 102 may be a base station such as an eNB, an eNodeB, Node B or a
Home Node B, a Home eNode B, a radio network controller, a base station controller, an
access point, a relay node which may be fixed or movable, a donor node serving a relay, a
GSM/EDGE radio base station, a Multi-Standard Radio (MSR) base station or any other
network unit capable to serve a user equipment or another radio network node comprised In
the cellular communications system 100.

[0048] Further, it should be understood that the radio network node 102 is one example of an
access node (not shown) comprised In the radio communication system 100. VWhen used
herein the term "access node" represents a transition between the access link (between the
user equipment and a network owned resource) and the backhaul which is typically confined to
operator or network owned and managed resources. Embodiments herein may be applied to
sets of peer radio entities as well and is equally applicable to an ad hoc network composed of
user entities alone, where a master radio may send a discovery signal and a slave device may
try detecting the discovery signal, without specifying the role of a master or slave to any
particular device type.

[0049] The radio communications system 100 comprises further a transmitter 103. The
transmitter 103 may be comprised In the radio network node 102. However, it should be
understood that the transmitter 103 may be comprised in any other access node.

[0050] Further, the radio network node 102 provides radio coverage over at least one
geographical area 104, which herein sometime is referred to as a cell 104.

[0051] The radio communications system 100 comprises further a user equipment 106. The
user equipment 106 Is located within the cell 104 and is served by the radio network node 102.
Further, the user equipment 106 transmits data over a radio interface to the radio network
node 102 in an uplink (UL) transmission and the radio network node 102 transmits data to the
user equipment 106 in a downlink (DL) transmission.

[0052] The first user equipment 106 may be e.g. a mobile terminal or a wireless terminal, a
mobile phone, a computer such as e.g. a laptop, a tablet pc such as e.g. an IPad™, a Personal
Digital Assistant (PDA), or any other radio network unit capable to communicate over a radio
ink In a cellular communications network. The first user equipment 106 may further be
configured for use In both a 3GPP network and in a non-3GPP network.

[0053] The radio communications system 100 comprises further a receiver 107. The receiver
107 may be comprised In the user equipment 106 or in a node such as an access node.

[0054] Further, it should be understood that the access node, such as radio network node, and
the user equipment may each comprise both a transmitter and a receiver. Thus, In some
embodiments, the receiver 107 may be comprised in a second access node, such as a second
radio network node (not shown).
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[0055] Embodiments herein relates to different designs of a directional discovery signal.

[0056] A first design multiplexes In the frequency-domain discovery signals for multiple
directions into the same symbol. Each discovery signal spans only a fraction of the total carrier
bandwidth and thus enabling narrow bandwidth devices to detect the wideband carrier.

[0057] Figure 7 schematically illustrates how discovery signals for different directions, I.e.
sectors, are multiplexed in a Frequency-Division Multiplexing (FDM) fashion. Each discovery
signal spans over only a fraction of the total carrier bandwidth to enable narrowband devices
comprising a receiver 107 to find the discovery signal. By means of the received discovery
signal, the receiver 107 detects the transmitter 103. Further, by means of the received
discovery signal, the receiver 107 may detect the radio communications system 100. A part of
the total carrier bandwidth may be divided into a number of sub-bands. Figure 7 will be further
discussed below.

[0058] In a second design only one discovery signal Is transmitted in a symbol. As In the first
design this enables narrow bandwidth devices to detect the wideband carrier. Compared to the
first design, the second design provides for an increase In the power radiated into a given
direction and thereby increases the coverage area.

[0059] A method In the transmitter 103 for transmitting discovery signals to a receiver 107
will now be described with reference to Figure 2a.

[0060] As previously mentioned, the transmitter 103 and the receiver 107 are comprised in the
radio communications system 100.

[0061] The method comprises the following actions, which do not have to be performed in the
order stated below, but may be taken in any suitable order. Further, actions may be combined.

Action 201

[0062] In order for the receiver 107 to discover the transmitter 103, the transmitter 103
transmits at least one discovery signal, e.g. two or more discovery signals, over one or more
directions, e.g. two or more directions. The one or more directions may be selected from a
predetermined set of possible directions. The at least one discovery signal may be comprised
IN a symbol. In some embodiments, two or more discovery signals are transmitted in a single
symbol. However, two or more discovery signals may be transmitted in two or more symbols.
The symbol may be an OFDM symbol, but it may also be a symbol according to other OF DM-
like schemes such as pulse-shaped OFDM, Isotropic Orthogonal Transform Algorithm OFDM
(IOTA-OFDM), filter-bank OFDM, wavelet modulation, etc, or any system that separates its
carrier bandwidth into multiple sub-bands. Further, the at least one discovery signal Is
configured to span over a fraction of a carrier bandwidth. Thereby, the receiver 107 may detect
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a wide bandwidth carrier even if the receiver 107 1s a narrow bandwidth receiver.
[0063] The at least one discovery signal may be a synchronisation signal.

[0064] The carrier bandwidth may be separated into sub-bands. In some embodiments, a part
of the carrier bandwidth Is separated into sub-bands. Further, the carrier bandwidth may be In
the range from 100 MRz to 2,5 GHz. Such a carrier bandwidth i1s herein sometimes referred to
as a wide carrier bandwidth. Furthermore, the at least one discovery signal may be configured
to span over one sub-band.

[0065] In some embodiments, the transmitter 103 multiplexes Iin the frequency-domain a
plurality of discovery signals for a plurality of directions, and transmits the multiplexed plurality
of discovery signals in the single symbol or in two or more symbols.

[0066] The transmitter 103 may transmit the at least one discovery signal together with
Information relating to at least one of. information indicating a beam direction, 1.e. a signal
direction, Information indicating a frequency offset to the carrier centre and information
Indicating the transmitter 103.

[0067] Further, the transmitter 103 may transmit the at least one discovery signal into an
Independent direction. By the expression "independent direction” when used herein Is meant a
direction that is different from a direction of a second discovery signal. The second discovery
signal may be the same discovery signal as a first discovery signal or it may be a discovery
signal different from the first discovery signal.

[0068] The transmitter 103 may further, over time, cyclically transmit the at least one discovery
signal into different directions.

[0069] In some embodiments, the location of the signaling sub-band may not be known to the
narrowband devices, e.g. the receivers 107, beforehand, and the radio front-ends of some
narrowband devices, e.g. receivers 10/, may only be able to receive from a limited number of
sub-bands. Therefore the transmitter 103 may periodically change the frequency location of
the signaling sub-band, whereby each narrowband device may be allowed to detect the
discovery signal by listening to a fixed sub-band all the time.

[0070] To perform the method action In the transmitter 103 described above In relation to
Figure 2a, the transmitter 103 may comprise the following arrangement depicted in Figure 2b.

[0071] As previously mentioned, the transmitter 103 and the receiver 107 are comprised In a
radio communications system 100.

[0072] The transmitter 103 comprises an input and output interface 210 configured to
function as an Interface for communication In the communication system 100. The
communication may for example be communication with the receiver 107.
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[0073] The transmitter 103 1s configured to transmit at least one discovery signal, e.g. two or
more discovery signals, over one or more directions, e.g. two or more directions. The one or
more directions may be selected from a predetermined set of possible directions. The at least
one discovery signal may be comprised in a symbol. In some embodiments, two or more
discovery signals are transmitted in a single symbol. However, two or more discovery signals
may be transmitted in two or more symbols. As previously mentioned, the symbol may be an
OFDM symbol, but it may also be a symbol according to other OFDM-like schemes such as
pulse-shaped OFDM, IOTA-OFDM, filter-bank OFDM, wavelet modulation, etc, or any system
that separates its carrier bandwidth into multiple sub-bands. The transmitter 103 may comprise

a transmitting circuit 212 configured to transmit the at least one discovery signal. Further,
the at least one discovery signal is configured to span over a fraction of a carrier bandwidth.
Thereby, the receiver 107 may detect a wide bandwidth carrier even If the receiver 107 Is a
narrow bandwidth receiver.

[0074] The at least one discovery signal may be a synchronisation signal.

[0075] The carrier bandwidth may be separated into sub-bands. In some embodiments, a part
of the carrier bandwidth Is separated into sub-bands. Further, the carrier bandwidth may be In
the range from 100 MHz to 2,5 GHz. Furthermore, the at least one discovery signal may be
configured to span over one sub-band.

[0076] In some embodiments, the transmitter 103 Is further configured to multiplex Iin the
frequency-domain a plurality of discovery signals for a plurality of directions, and to transmit
the multiplexed plurality of discovery signals in the single symbol or in two or more symbols.
The transmitter 103 may comprise a multiplexing circuit (not shown) configured to perform the
multiplexing.

[0077] The transmitter 103 may further be configured to transmit the at least one discovery
signal together with information relating to at least one of. information indicating a beam
direction, Information indicating a frequency offset to the carrier centre and information
Indicating the transmitter 103. In some embodiments, the transmitting circuit 212 i1s configured

to transmit the at least one discovery signal together with information relating to at least one of:
Information indicating a beam direction, information indicating a frequency offset to the carrier

centre and information indicating the transmitter 103.

[0078] Further, the transmitter 103 may be configured to transmit the at least one discovery

signal Iinto an independent direction. As previously mentioned, by the expression "independent
direction” when used herein 1s meant a direction that 1s different from a direction of a second

discovery signal. The second discovery signal may be the same discovery signal as a first
discovery signal or it may be a discovery signal different from the first discovery signal.

[0079] In some embodiments, the transmitter 103 Is configured to, over time, cyclically transmit
the at least one discovery signal into different directions.
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[0080] Embodiments herein for transmitting discovery signals to a receiver 107/ may be
Implemented through one or more processors, such as a processing circuit 214 in the
transmitter 103 depicted in Fig. 2b, together with computer program code for performing the
functions and/or method actions of embodiments herein.

[0081] It should be understood that one or more of the circuits comprised In the transmitter
103 described above may be integrated with each other to form an integrated circuit.

[0082] The transmitter 103 may further comprise a memory 216. The memory may comprise
one or more memory units and may be used to store for example data such as thresholds,
predefined or pre-set information, etc.

[0083] A method In a receiver 107 for recelving discovery signals from a transmitter 103 will
now be described with reference to Figure 3a.

[0084] As previously mentioned, the transmitter 103 and the receiver 107 are comprised in the
radio communications system 100.

[0085] The method comprises the following actions, which do not have to be performed in the
order stated below, but may be taken in any suitable order. Further, actions may be combined.

Action 301

[0086] The receiver 107 receives, from the transmitter 103, at least one discovery signal, e.g.
two or more discovery signals, from one or more directions, e.g. two or more directions. The at
least one discovery signal received by the receiver 107 may be at least one of two or more
discovery signals transmitted from the transmitter 103. The at least one discovery signal may
be comprised In a symbol. In some embodiments, two or more discovery signals are received
In a single symbol. However, two or more discovery signals may be received Iin two or more
symbols. As previously mentioned, the symbol may be an OFDM symbol, but it may also be a
symbol according to other OFDM-like schemes such as pulse-shaped OFDM, IOTA-OFDM,
filter-bank OFDM, wavelet modulation, etc, or any system that separates its carrier bandwidth
Into multiple sub-bands. Further, the at least one discovery signal is configured to span over a
fraction of a carrier bandwidth. Thereby, the receiver 107 may detect a wide bandwidth carrier
even If the receiver 107 1s a narrow bandwidth receiver

[0087] The at least one discovery signal may be a synchronisation signal.

[0088] The carrier bandwidth may be separated into sub-bands. In some embodiments, a part
of the carrier bandwidth Is separated into sub-bands. Further, the carrier bandwidth may be In
the range from 100 MHz to 2,5 GHz. Furthermore, the at least one discovery signal may be
configured to span over one sub-band.
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[0089] In some embodiments, the receiver 107 receives the at least one discovery signal
together with information relating to at least one of. information indicating a beam direction,
Information indicating a frequency offset to the carrier centre and information indicating the
transmitter 103.

[0090] The receiver 107 may further receive the at least one discovery signal from an
Independent direction.

[0091] In some embodiments, the receiver 107 cyclically, over time, receives the at least one
discovery signal that has been transmitted into different directions.

[0092] In some embodiments, the location of the signaling sub-band may not be known to the
narrowband device, e.g. the receiver 107, beforehand, and the radio front-ends of some
narrowband devices, e.g. recelvers 107, may only be able to receive from a limited number of
sub-bands. Therefore the transmitter 103 may periodically change the frequency location of
the signaling sub-band, whereby the receiver 107 may be allowed to detect the discovery
signal by listening to a fixed sub-band all the time.

[0093] To perform the method action In the receiver 107 described above In relation to Figure
3a, the receiver 107 comprises the following arrangement depicted in Figure 3b.

[0094] As previously mentioned, the transmitter 103 and the receiver 107 are comprised in the
radio communications system 100.

[0095] The recelver 107 comprises an input and output interface 310 configured to function
as an interface for communication in the communication system 100. The communication may
for example be communication with the transmitter 103.

[0096] The receiver 107 iIs configured to receive, from the transmitter 103, at least one
discovery signal that has been transmitted into one or more directions. Further, the receiver
107 may be configured to receive, from the transmitter 103, at least one of two or more
discovery signals that have been transmitted into two or more directions. The at least one
discovery signal may be comprised in a symbol. In some embodiments, two or more discovery
signals are received In a single symbol. However, two or more discovery signals may be
received In two or more symbols. As previously mentioned, the symbol may be an OFDM
symbol, but it may also be a symbol according to other OFDM-like schemes such as pulse-
shaped OFDM, IOTA-OFDM, filter-bank OFDM, wavelet modulation, etc, or any system that
separates its carrier bandwidth into multiple sub-bands. The receiver 107 may comprise a
receiving circuit 312 configured to receive the at least one discovery signal. Further, the at
least one discovery signal is configured to span over a fraction of a carrier bandwidth.

[0097] The at least one discovery signal may be a synchronisation signal.

[0098] The carrier bandwidth may be separated into sub-bands. In some embodiments, a part
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of the carrier bandwidth is separated into sub-bands. Further, the carrier bandwidth may be In
the range from 100 MHz to 2,5 GHz. Furthermore, the at least one discovery signal may be
configured to span over one sub-band.

[0099] In some embodiments, the receiver 107 is further configured to receive the at least one
discovery signal together with information relating to at least one of: information indicating a
beam direction, information indicating a frequency offset to the carrier centre and information
Indicating the transmitter 103. The receiving circuit 312 may be configured to receive the at
least one discovery signal together with information relating to at least one of. information
Indicating a beam direction, information indicating a frequency offset to the carrier centre and
Information indicating the transmitter 103.

[0100] The receiver 107 may be configured to receive the at least one discovery signal from
an independent direction.

[0101] Further, the receiver 107 may be configured to, over time, cyclically receive the at least
one discovery signal that has been transmitted into different directions.

[0102] Embodiments herein for receiving a discovery signal from a transmitter 103 may be
iImplemented through one or more processors, such as a processing circuit 314 in the
receiver 10/ depicted In Fig. 3b, together with computer program code for performing the
functions and/or method actions of embodiments herein.

[0103] It should be understood that one or more of the circuits comprised in the receiver 107
described above may be integrated with each other to form an integrated circuit.

[0104] The receiver 10/ may further comprise a memory 316. The memory may comprise one
or more memory units and may be used to store for example data such as thresholds,
predefined or pre-set information, etc.

[0105] Figures 4a and 4b schematically illustrate active antenna arrays that are beamformed
Into low gain and large coverage, and high gain and narrow coverage, respectively. The active
antenna arrays may be comprised in embodiments described herein.

[0106] Figures 5a, 5b, and Sc¢ schematically illustrate embodiments of the transmitter 103
(Figures 5a, 5b) and the receiver 107 (Figure 5c) comprising a four antenna element linear
array with two antenna ports. Adjusting the phase and gain of the antenna elements may
shape and steer the resulting antenna pattern. The antenna elements are spaced a fraction of
a wavelength apart. In Figures 5a-5c, some components such as filters have been omitted.

[0107] Figure 5a schematically illustrates embodiments of the transmitter 103 when having an
analog gain and phase adjustment. The transmitter 103 comprises four antenna elements
501a. Further, the transmitter 103 comprises four phase adjustment circuits 503 to which the
antenna elements 501a are connected. In Figure 5a, a ground plane 502a is illustrated, which
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ground plane 502a is configured to function as a mirror to avoid beams back to the transmitter
103. The transmitter 103 comprises also two Power Amplifiers (PA) 504a to each of which a
pair of phase adjustment circuits 503 is connect. A signal from the transmit chain will be power
amplified at the PA 504a and then separated into two signals and fed to respective phase
adjustment circuit 503. The respective phase adjustment circuit 503 will adjust the phase of the
respective signals. Thereafter the two signals will be transmitted from the respective antenna
elements 501a.

[0108] Figure 5b schematically illustrates embodiments of the transmitter 103 having digital
gain and phase adjustment. The transmitter 103 comprises four antenna elements 501b.
Further, the transmitter 103 comprises two Power Amplifiers (PA) 504b to each of which a pair
of antenna elements 501b is connected. In Figure 5b, a ground plane 502b is illustrated, which
ground plane 502b is configured to function as a mirror to avoid beams back to the transmitter
103. The ground plane 502b i1s comprised In the transmitter 103. Each PA 504b is connected to
a mixer 505b comprised In the transmitter 103. Further, the transmitter 103 comprises two
Digitial-to-Analog converters (D/A) 506 and two gain and phase adjustment circuits 50/b. Each
gain and phase adjustment circuit 507b 1s connected to a respective mixer 505b via a
respective D/A 506.

[0109] Figure 5c schematically illustrates embodiments of the receiver 107 with receive
beamforming. It should be understood that when the gain and phase of signals collected by a
set of antennas are adjusted and then combined after the gain and phase adjustment, the
resultant combined signal may appear as if from a particular set of spatial directions. If the gain
and phase adjustment was made In a way where the receiver assumption of direction matches
with the actual received signal, receive beamforming is obtained.

[0110] As illustrated Iin Figure 5c, the receiver 107/ comprises four antenna elements 501c, a
ground plane 502c¢ and four Low Noise Amplifiers (LNA) 508. Each antenna element 501c is
connected to a respective LNA 508. The ground plane 502c i1s configured to function as a
mirror to avoid beams back to the receiver 107. The receiver 107 comprises further four
mixers 505¢, four Analog-to-Digital converters (A/D) 509 and four gain and phase adjustment
circuits 507c¢. Each gain and phase adjustment circuit 507c¢ i1s connected to a respective mixer
505c¢ via a respective D/A 509. Further, the transmitter comprises a combiner 510 to which
each of the gain and phase adjustment circuits 507c I1s connected. The signals received from
the antenna elements 501c are first amplified by LNA 508, downconverted into baseband
signals by the mixer 505c, digitized by A/D 509, and then scaled accordingly by gain and phase
adjustment circuits 507c before being (coherently) combined into a single baseband signal.

[0111] Further, Figure 6 I1s a schematic representation of a 16 element planar antenna array
that may be comprised In embodiments described herein, such as the receiver and the
transmitter. As mentioned above, the antenna elements 601 are spaced a fraction of a
wavelength apart. In Figure 6, the antenna elements 601 are spaced half a wavelength a part,
l.e. lambda(A)/2. However, It should be understood that they don't have to be spaced half a
wavelength a part, 1.e. lambda(A)/2.
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[0112] Some embodiments will now be described in more detalil.

Discovery Signals for different directions FDM/TDM multiplexed

[0113] As previously mentioned, Figure 7 shows an example of discovery signals for different
directions, e.g. sectors, multiplexed in a FDM fashion according to embodiments herein. The
carrier bandwidth 1s separated into sub-bands and in each sub-band a discovery signal Is
transmitted beamformed into an independent direction or into a number of directions. The
number of directions Is sometimes few, 1.e. less than the total number of beamforming patterns
possible. Most of the sub-bands will contain discovery signals pointing into different directions,
but a number of sub-bands may comprise discovery signals pointing into the same directions.
This may be useful if there are directions that are more "Important” than other directions. By
the expression "Important directions” when used herein iIs meant directions that are more likely
to have receivers 107, e.g. user equipment 106, that may be connected to. The likellhood may
be determined by prior knowledge gathered during previous connections. Note that not the
complete carrier bandwidth needs to be devoted to discovery signals. A part of the carrier
bandwidth may be used which part may be divided into sub-bands carrying discovery signals.

[0114] Figure 8 schematically illustrates discovery signals for L different directions that are

multiplexed In frequency according to embodiments herein. The directions are denoted
Direction 1, Direction 2, ..., and Direction L in Figure 8. The sub-bands SB4, SB», ..., SB

carrying discovery signals may be consecutive, as in Figure 8, but they don't have to be. The
discovery signals may span over a fraction of the total carrier bandwidth, as shown in Figure 8.
However, it should be understood that the discovery signals may span over the complete
carrier bandwidth.

[0115] In a simple case, the same discovery signal may be beamformed and transmitted In
each sub-band, i.e. the same discovery signal may be transmitted into the different directions.
In some embodiments, information 1s conveyed together with the discovery signal. The
Information may comprise e.g. information indicating the beam direction, information indicating
the frequency offset to the carrier center, information indicating an access node comprising the
transmitter 103. The access node may be a radio network node 102 such as a base station.
Further, as previously mentioned, the access node may comprise a radio, L.e. both a
transmitter and a receiver.

[0116] Transmission of multiple discovery signals, one for each direction, may be especially
beneficial If the radiofrequency design does not permit to combine Power Amplifier (PA) power
of many PAs Iinto one direction. In other words, the transmission of multiple discovery signals
may be beneficial when only one or few PAs may be combined to radiate into a direction. In
one particular design of antenna arrays for a base station comprising a radio transmitter 103,
multiple PAs are associated with particular pointing directions by integrating the PA and a one
or more antenna elements into a single radio transmitter, cf. Figures 5a and 5b. In general,



DK/EP 2870801 T3

such an arrangement may impress signals of identical amplitude into the antenna elements
associated with the radio transmitter, while the phase relationship between the signals being
radiated out of those same elements would be determined by antenna spacing and optionally
by phase shifters that precede each element. In a design with multiple PAs each PA is typically
rated at a fraction of the output power of the transmitter and only the combined power
achieves maximum output power. If only the power of a few PAs may be combined into a
particular direction It makes sense to transmit discovery signals Into other directions

simultaneously since the power available for other directions may anyway not be reused In
another direction.

[0117] Some implementations may prefer not to concentrate the full power on a fraction of the
carrier bandwidth. This design also accommodates such limitations.

[0118] In embodiments wherein the receiver 107 1s a narrowband device, which listens to one
sub-band it may be located at any direction relative to the transmitter 103. The transmitter 103
may therefore cycle the transmitted discovery signals. That Is, over time, discovery signals
pointing into multiple directions may be transmitted in a sub-band, cf. Figure 9 for a graphical
llustration.

[0119] Figure 9 schematically illustrates discovery signals for different directions multiplexed In
frequency and repeated over time according to embodiments herein.

[0120] A device, such as receiver 107, capable of receiving multiple sub-bands may
simultaneously listen to multiple sub-bands, 1.e. directions, and thus speed up the discovery
process. It Is apparent that the same arguments regarding the association of PAs with antenna
elements In the transmit direction described above hold for the receive direction Iin a reciprocal
fashion, where the receiving aperture of multiple antenna elements may be increased by
combining signals from a particular direction before or after low-noise amplification, cf. Figure
5c. The outputs of each low noise amplifier would typically be down-converted into baseband
or intermediate frequency signals and digitized individually for digital beamforming of multiple
groups of associated antenna elements.

[0121] If the energy radiated into one direction is insufficient to enable reliable detection at the
receiver 107 the received energy needs to be Increased by accumulating across multiple
discovery signals instances. The discovery signals for a particular direction may either be
repeated several times In a row or periodically repeated. Both options are shown In Figures
10a and 10b, respectively.

[0122] Figures 10a and 10b schematically illustrate that discovery signals for one particular
direction may either be transmitted (twice Iin Figure 10a) immediately after each other, and
transmitted periodically, respectively, according to embodiments herein. A receiver 107 that
may not detect a single-shot discovery signal may accumulate across multiple repetitions.

[0123] Although Figures 9, 10a, and 10b only show a natural ordering from 1 to L when cycling
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through different directions over different sub-bands, there i1s no limitation whatsoever in using
any permutations of such ordering when cycling through different directions. Indeed, having
some differentiation between the orders may help to create a color code for individual access
nodes, each of which comprises a transmitter 103, so long as the choice of sequences may
ensure low probability of collision between signals radiated from several access nodes.

Discovery Signals for different directions TDM multiplexed

[0124] According to some embodiments, an alternative design is to use a discovery signal, e.g.
a narrowband discovery signal, which Is always located at the same signaling sub-band, e.g.
centered on the total carrier bandwidth. Cf. Figure 11 that schematically illustrates discovery
signals for different directions, e.g. sectors, multiplexed in TDM fashion and transmitted over
the same sub-band. In such a design, each device, e.g. each receiver 107, may first find the
central sub-band and may then later on be moved to other sub-bands. However, as illustrated
In Figure 11, the discovery signal does not have to be located in a sub-band centered on the
total carrier bandwidth.

[0125] The discovery signal points into one direction or into few directions. By few directions Is
herein meant fewer directions than the total number of beamforming patterns possible. The
total number of beamforming patterns possible is the total number of directions in which the
transmitter 103 may point. To cover all directions the transmitter 103 cycles through different
directions and transmits discovery signals.

[0126] In one simple exemplary implementation, an access node comprising the transmitter
103, has 2 analog interfaces feeding to independent PAs that are connected to 2 of 8 possible
sectors that are defined by the radiation pattern of 8 horn antennas. The two sectors are
addressed using a switching matrix that couples the PA outputs to particular directions. This
means that two sectors may be simultaneously radiated from at a particular transmission
Interval. The two sectors correspond to two addressable antenna ports that may be addressed
INn 4x/=28 different ways. Each sector may have a unique discovery signal so that sectors may
be identified at the receiver 107 and so that interference from multiple directions is avoided.

[0127] If the output power of multiple PAs may be combined to radiate into the same direction
this design Is particularly attractive since it allows for such power combining. If implementation
allows, the full power of a single PA may be focused into one sub-band, and thereby increasing
the radiated power into the given direction further. However, it should be noted that

Implementation limitations may suggest not concentrating the full power of one PA into a single
sub-band.

[0128] If the energy received with a single discovery signal is insufficient the receiver 107 may
Increase the received energy by accumulating across multiple signals. As described above
under the section "Discovery Signals for different directions FDM/TDM multiplexed”, the
discovery signal covering the same direction may be repeated a few times in a row or
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periodically transmitted. Such repetition may allow coherent combining of discovery signals as
well as it may aid in synchronization. Combining discovery signals across wide separation of
time would proceed non-coherently and may have to assume that fine time synchronization
has been achieved through other means.

[0129] The discovery signals transmitted into the different directions may either be identical or
different. In the latter case some information may be conveyed with the discovery signal. Some
non-limiting examples of such information are an indication of the direction the discovery signal
IS transmitted into, information indicating the transmitter 103 or Indicating an access node
comprising the transmitter 103 may be comprised, and information indicating the cycling
sequence may also be comprised, which may indicate the next direction to be transmitted in or
additionally defining the transmitter 103 or the access node comprising the transmitter 103 as
well.

Discovery Signals for different directions TDM multiplexed. Frequency Hopping

[0130] In some embodiments similar to some embodiments described above under the section
"Discovery Signals for different directions TDM multiplexed”, in each time instance one
direction or only a few directions are illuminated by the discovery signal at a signaling sub-
band. Further, TDM is used to multiplex the remaining directions. The only difference between
embodiments described In this section and embodiments described above under the section
"Discovery Signals for different directions TDM multiplexed”, i1s that in the embodiments

described In this section frequency hopping i1s employed for the signaling sub-band, cf. Figures
12a and 12b.

[0131] Figures 12a and 12b schematically illustrate discovery signals for different directions,
l.e. sectors, multiplexed in TDM fashion and transmitted over different sub-bands. Further,
frequency hopping Is applied, 1.e. the frequency sub-band used for the discovery signal
changes over time. The mapping of directions to sub-band changes over time since some
receivers 107 may not be able to receive the total carrier bandwidth. To make sure also those
receivers 107 may receive the discovery signal all directions are transmitted from each sub-
band over time. In Figures 12a and 12b two frequency hopping periods are shown with
changed sub-band to direction mapping. In this example, the frequency hopping pattern is the
same across periods. However, it should be understood that the frequency hopping pattern
may be changed.

[0132] Frequency hopping implies that the frequency position of the discovery signal changes
over time. In other words, the discovery signal i1s swept across different sub-bands, one at a
time. Similar to embodiments described above under the section "Discovery Signals for
different directions TDM multiplexed”, this design allows power to be focused Into a given
direction thus increasing the coverage area of the discovery signal. A drawback Is that the
latency for discovery may be larger due to the lack of knowledge of the signaling sub-band at
the narrowband devices.
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[0133] As previously mentioned, in some embodiments, the location of the signaling sub-band
may not be known to the narrowband device, e.g. the receiver 107, beforehand, and since the
radio front-ends of some narrowband devices, e.g. receivers 10/, may only be able to receive
from a Iimited number of sub-bands, therefore changing, e.g. periodically changing, the
frequency location of the signaling sub-band allows each narrowband device, e.g. receiver
107, to detect the discovery signal by listening to a fixed sub-band all the time.

Cycling through different directions

[0134] In some embodiments described above, cycling through different directions has been
described. It should be understood that cycling through the different directions and transmitting
discovery signals may either be done equally frequently into all directions or more often into
some preferred direction. The latter i1s advantages If one knows that devices, e.g. receivers
107, are more often located along some directions or if one knows that devices, e.g. receivers
107, allocated in a given sector are more sensitive to latency requirements.

Seguence design

[0135] The receiver 107 may not be aware of which discovery signal, 1.e. which direction, it Is
currently receiving and needs therefore to correlate the received discovery signal with all
possible discovery signals. It Is therefore important that different discovery signals may be
processed efficiently and do not require duplicating processing instances.

[0136] In a simple case, the same discovery signal is transmitted in all directions. However, If
some Information should be conveyed alongside with the discovery signal the same signal may
not be transmitted.

[0137] One option Is to transmit a unitary sequence, e.g. sequence having constant magnitude
of each sequence sample, and map the sequence samples to the subcarriers of the discovery
signal. Due to its constant magnitude, such sequence has a low peak-to-average power ratio
and thus facilitates energy-efficient radio transmissions. For the different directions, the
sequence Is mapped with a different cyclic shift to the subcarriers. If the original sequence Is
denoted by X, the sequence mapped to the subcarriers of discovery signal for direction d Is

then Xaq) mod v+ V@nd Aqy are the sequence length and the cyclic shift applied for direction d ,

respectively.
One particular choice of unitary sequences is Zadoff-Chu sequences given by

z,(n)= 63{13("“ i%* un(n + 1))

and

z (n) = exp(m j% ufz2)
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for odd and even sequence length N, respectively. j Is the imaginary unit sqrt(-1), u is the root
sequence index, and 0 <n< N -1.

[0138] Another choice of unitary sequences Is the Frank sequence, given by

z (1) = exp(— ] i ka! )

forn=kM+ 1 N=M? 0<n<N, Mis an integer, j is the imaginary unit sqrt(-1), k and / are
Integer numbers, and v is the root sequence index.

[0139] The Frank sequences may be combined with the Zadoff-Chu sequence to enlarge the
avallable set of different discovery signals. Both Zadoff-Chu and Frank sequences have perfect
periodic auto-correlation and thus minimize the uncertainty in time synchronization.

[0140] Although the description above contains many specifics, they should not be construed
as limiting but as merely providing illustrations of some presently preferred embodiments. The
technology fully encompasses other embodiments which may become apparent to those
skilled in the art. Reference to an element in the singular is not intended to mean "one and only
one" unless explicitly so stated, but rather "one or more.”" Moreover, it iIs not necessary for a

device or method to address each and every problem sought to be solved by the described
technology for it to be encompassed hereby.

[0141] VWhen using the word "comprise” or "comprising” it shall be Interpreted as non-limiting,
In the meaning of consist at least of.

[0142] VWhen using the word action/actions it shall be interpreted broadly and not to imply that
the actions have to be carried out in the order mentioned. Instead, the actions may be carried

out In any suitable order other than the order mentioned. Further, some action/actions may be
optional.

[0143] The embodiments herein are not limited to the above described examples. Therefore,
the above examples should not be taken as limiting the scope of the invention, which is defined
by the appending claims.
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Patentkrav

1. Fremgangsmade, der udferes af en radionetvaerksknude (102) til transmit-
tering af opdagelsessignaler til en brugerindretning (106), hvor radionetveerks-
knuden (102) og brugerindretningen (106) kommunikerer over en baerer med
en beererbandbredde | et 3GPP, 3rd Generation Partnership Project, -radio-
kommunikationssystem (100), og hvor fremgangsmaden er kendetegnet ved:
- transmittering (201) af to eller flere opdagelsessignaler over to eller flere ret-
ninger,

hvor hvert opdagelsessignal er konfigureret til at speende over en brakdel af
beererbandbredden, hvor baererbandbredden er delt i delband, og hvert af de
to eller flere opdagelsessignaler er konfigureret til at speende over et delband.

2. Fremgangsmade ifelge krav 1, hvor transmittering (201) af de to eller flere
opdagelsessignaler yderligere omfatter:
- transmittering af de to eller flere opdagelsessignaler | et enkelt OFDM-sym-

bol.

3. Fremgangsmade ifalge krav 1, hvor transmittering (201) af de to eller flere
opdagelsessignaler yderligere omfatter:

- transmittering af de to eller flere opdagelsessignaler i to eller flere OF DM-
symboler.

4. Radionetveerksknude (102) til transmittering af opdagelsessignaler til en
brugerindretning (106), hvor radionetvaerksknuden (102) er konfigureret til at
kommunikere med brugerindretningen (106) over en beerer med en beerer-
bandbredde i et 3GPP, 3rd Generation Partnership Project, -radiokommunika-
tionssystem (100), kendetegnet ved, at radionetvaerksknuden (102) er konfi-
gureret til

at transmittere to eller flere opdagelsessignaler over to eller flere retninger,
hvor hvert opdagelsessignal er konfigureret til at speende over en brakdel af
beererbandbredden, hvor baererbandbredden er delt | delband, og hvert af de
to eller flere opdagelsessignaler er konfigureret til at spaende over et delband.
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5. Radionetvaerksknude (102) ifelge krav 4, hvor radionetveerksknuden (102)
endvidere er konfigureret til at transmittere de to eller flere opdagelsessignaler
| et enkelt OFDM-symbol.

6. Radionetvaerksknude (102) ifelge krav 4, hvor radionetveerksknuden (102)

endvidere er konfigureret til at transmittere de to eller flere opdagelsessignaler
| to eller flere OFDM.

7. Fremgangsmade, der udfares af en brugerindretning (106) til modtagelse af
opdagelsessignaler fra en radionetvaerksknude (102), hvor radionetveerksknu-
den (102) og brugerindretningen (106) kommunikerer over en baerer med en
beererbandbredde i et 3GPP, 3rd Generation Partnership Project, -radiokom-
munikationssystem (100), og hvor fremgangsmaden er kendetegnet ved.

- modtagelse (301) fra radionetveerksknuden (102) af mindst et af to eller flere
opdagelsessignaler, der er blevet transmitteret 1 to eller flere retninger, hvor
hvert opdagelsessignal er konfigureret til at speaende over en brekdel af baerer-
bandbredden for at gare det muligt for brugerindretningen (106) at detektere
beereren, og hvor baererbandbredden er delt i delband, og hvor hvert af de to
eller flere opdagelsessignaler er konfigureret til at spaende over et delband.

8. Fremgangsmade ifalge krav 7, hvor modtagelse (301) af det mindst ene af
de to eller flere opdagelsessignaler yderligere omfatter:

- modtagelse af det mindst ene af de to eller flere opdagelsessignaler | et enkelt
OFDM-symbol.

9. Fremgangsmade ifelge krav 7, hvor modtagelse (301) af det mindst ene af
de to eller flere opdagelsessignaler yderligere omfatter:

- modtagelse af to eller flere opdagelsessignaler i to eller flere OFDM-symbo-
ler.

10. Brugerindretning (106) til modtagelse af opdagelsessignaler fra en radio-
netveerksknude (102), hvor brugerindretningen (106) er konfigureret til at kom-
munikere med radionetveerksknuden (102) over en beerer med en baererband-
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bredde | et 3GPP, 3rd Generation Partnership Project, -radiokommunikations-
system (100), kendetegnet ved et modtagelseskredslab (312), der er konfi-
gureret til fra radionetvaerksknuden (102) at modtage mindst et af to eller flere
opdagelsessignaler, der er blevet transmitteret | to eller flere retninger, hvor
hvert opdagelsessignal er konfigureret til at speende over en brekdel af baerer-
bandbredden for at gere det muligt for brugerindretningen (106) at detektere
beereren, og hvor bandbredden er delt i delband, og hvor hvert af de to eller
flere opdagelsessignaler er konfigureret til at speende over et delband.

11. Brugerindretning (106) if@lge krav 10, hvor modtagelseskredsiabet (312)
endvidere er konfigureret til at modtage det mindst ene af de to eller flere op-
dagelsessignaler i et enkelt OFDM-symbol.

12. Brugerindretning (1006) if@lge krav 10, hvor modtagelseskredsiabet (312)
endvidere er konfigureret til at modtage to eller flere opdagelsessignaler 1 to
eller flere OFDM-symboler.
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