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Notice

This translation is machine-generated. It cannot be guaranteed that itis intelligible, accurate,
complete, reliable or it for specific purposes. Critical decisions, such as commercially relevant or
financial decisions, should not be based on machine-translation output.

DESCRIPTION JP2017503386A

10 Network nodes, wireless devices, and methods in them to send and detect syne signals and
related information, respectively.

{0001}

15 The present disclosure generally relates to a network node and a method at a network node
for transmitting a first synchronization signal and related information message to the wireless
device for synchronization of the wireless device with the network node. The present
disclosare also relates generally to wireless devices and methods in wireless devices for
detecting a first syne signal and refated informational messages. The present disclosure
further relates, in general, te computer programs for performing these methods, and
computer-readable storage media on which these computer programs are stoved.

10002}

25 Comumunication devices such as terminals are also known, for example, as user devices {UEs),
wireless devices, mobile terminals, wireless terminals and / or mobile stations. The terminal is
capable of wireless communication in a cellular communication network or wireless
communication system, which is sometimes referred to as a cellular wireless svstem or cellular
network. This communication is, for example, between two terminals, between a terminal and
a telephone, and / or with a radio access network {(RAN] contained within a cellular
communication network and, in some cases, with one or more core networks. It can be done
hetween the terminal and the server via,

{0003}
35 To mention some other examples, terminals are also sometimes referred to as mobile phones,

mobile phones, laptops, or surf plates with wireless capabilities.
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as The terminal in this context is portable, pocket-momnted, handheld, or built-in computer
capable of communicating voice and / or data with another entity, such as another terminal or
server, via, for example, a RAN. | Or an in-vehicle mobile device.

[0004]

43 The cellular communication network covers a geographical area divided into a plurality of cell
areas, and each cell area is a base station, for example, "eNB", "eNodeB", "NodeB” depending on
the technology and term used. Served by a radio base station (RBS), sometimes referred 1o as a
“B node”, or BTS {base station}.

The base station may be a base station of various classes, such as a macrn eNodeB, a home

o
2

eNodeB, or a pico base station, based on the transmit power and the cell size due to the
transmit power. A cell is a geographic area where radio coverage is provided by a base station
at a base station site. A base station located at a base station site may serve in one or several
cells. Inn addition, each base station may support a single or several conununication
technologies. The base station conununicates with terminals within the range of the base
station via an air interface that operates at radio frequencies. In the context of the present
disclosure, the term downlink (DL} is used for transmission lines from base stations to mobile
stations. The expression uplink {UL} is used for transmission lines in the opposite direction, ie.

from mobile stations to base stations.

{0005}
51 In the Long Term Evolution (LTE) of the 3rd Generation Partnership Project (3GPP), base
stations, also known as eNodeB or eNB. may be directly connected to one or more core

networks.

{00086}

67 The 3GPP LTE Radio Access Standard was developed to support high bit rates and low
fatencies for both uplink and downlink traffic.

ao In LTE, all data transmission is controlled by the radio base station.

{0007}

73 The development of 5th generation {5G) access technology and air interference has only just
begun, but there are already early publications on potential candidate technologies.

7s One candidate for a 5G air interface is to scale the bandwidth N times over the current LTE,
which is limited to a handwidth of 20 MHz (MHz), with a duration of 1 / N, where LTE-Nx.
Abbreviated as.

7 A typical value is N = 5, which results in a carrier with a bandwidth of 100 MHz and a slot

length of 0.1 ms. This scaling-based approach allows many features in LTE to be reused in
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LTE-Nx, siimplifying standardization tasks and allowing rense of technical components.

{0008]

&4 The expected carrier frequencies of 56 systems can be much higher than current 3G and 4th
generation {4G) systems, and values in the 10.80 GHz range are being considered.

ge At such high frequencies, an array antenna as shown in FIG. 1 can be used to achieve coverage
through beamforming gain. FIG. 1 shows an example of a 5G system including three
transmission points (TP}, namely transmission point 1 (TP1)}, transmission point 2 {TP2},
transmission point 3 {TP3). and UE. Each TP uses beamforming for transmission. Since the
wavelength is less than 3 centimeters {cmy), an array antenna having a large number of
antenna elemenis can be housed in an antenna housing having a size similar to that of today's
3G and 40 base station antennas. The total area of the antenna array that achieves a
reasonable link budget is typically about A4 paper.

(0009

o7 Since so many antenna elements are involved in beam forming, the beam is usually highly
directional, resulting in a beamforming gain of 20 decibels {dB) or more.

oo That is, each beam has a relatively narrow horizontal and / or azimuth angle, and a half-radio
intensity beam width (HPBW) of § degrees is not uncommon. Therefore, it becomes necessary
to cover one sector of the cell with as many beams as possible. Beamforming can be thought
of as intended for a single wireless device or a group of wireless devices in similar geographic
locations when signals are transmitted over such a narrow HPBW. This can be seen as in
contrast to other beam shaping techniques, such as cell shaping, where cell coverage is
dynamically adjusted according to the geographic location of a group of users within the cell.
Beamforming and cell shaping use similar techniques in that one signal is transmitted from
multiple antenna elements and complex weighting is applied to each of these antenna
elements individually, which will be deseribed herein. Beamforming and beam recognition in
the embodiments are related to a narrow HPBW that is essentially intended for the location of

a single wireless device or ferminal.

{0010}

3¢ In some embodiments of the present specification, a system with a plurality of transmission
nodes will be considered, and each node will be equipped with an array antenna capable of
generating a large number of narrow beams of the HPBW.

117 These nodes can, for example. use one or more LTE-Nx carriers to achieve total transmission
bandwidth in multiples of hundreds of MHz and 10 gigabytes (Gbit / s} in the downlink. It

brings about the above peak user throughput.
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{0011}

123 In the LTE access procedure, the UE first searches for a cell using the cell search procedure,
and when it detects an LTE cell, it decodes the information necessary for registering in this
cell.

126 If the UE is already connected to a cell. it will alse need to identify a new cell to find a
neighboring cell. In this case, the UE may report the detected neighboring cell 1D and some
measurements to its serving cell in preparation for handover. Unique primary sync signal
(PSS} and secondary sync signal {8SS} may be transmitted from each eNB to support cell
search. These synchronization signals are used for frequency synchronization and time
synchronization. That is, the receiver of a wireless device, such as a UL is tuned to a signal
transmitted by a network node, such as an eNB. The PSS contains information that allows the
wireless device in LTE to detect the 5 ms titning of the cell, as well as the cell ID within the
celt ID group. SSS allows wireless devices in LTE to obtain frame timing and cell ID groups.
The PSS can be composed of a Zadoff-Chu series with a series length of 63, which is mapped
to 64 central subcarriers. However. the center, the so-called DC subcarrier, is not used. There
may be three PSSs corresponding to the three physical layer IDs in LTE. The §SS is composed
of two M-seguences each having an interleaved sequence length of 31, and different SS8s
can be obtained by applying different cyclic shifts of each of the two M-sequences. The two
M-sequences may have a total of 168 valid combinations representing cell ID groups. When
PSS and SSS are combined, there can be a total of 504 physical cell IDs in LTE.

{0012}

35 Onee the cell is found, the UE can proceed to subsequent steps to associate with this cedl.

148 This cell may then be known as the serving cell of this UE. After the cell s found, the UE will,
for example, have system information {(PBCH) in a physical broadcast channel (PBCH) known
as the Master Information Block {MIB}. which is at a time frequency position relative to the
PSS and SSS locations. SI) may be read. The Sl cortains all the information a wireless device
needs 1o access a network using a random access procedure. When the MIB is detected, the
system frame number (SFN) and system bandwidth are known. The UE may notify the
network of its existence by transmitting a message on a physical random access channel
{PRACH).

{0013}

(57 When there are multiple antennas in a cell, each antenna transmits an individually encoded
message to a wireless device, or UL, which increases capacity by a multiple of the
transmitted layer.

t60 This is well known as MIMO transmission, and the number of layers transmitted is known as
the rank of transmission. Beamforming conventionally corresponds to transmission rank 1.
At transmission rank 1, only one encoded message is transmitted, but is (ransmitted

simuitaneously from all antennas individually beamformed complex weighted for each
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anterma. Therefore, in beamforming, only a single laver phvsical downlink shared channel
{(PDSCH) or an evolved physical downlink control channel (EPDCCH) is transmitted in a single
beam. Since this beamforming transmission is also possible in LTE, after the UE is associated
with the cell, a set of channel state information reference signals {CSI-RS} with N = 1. 2, 4 or
8 is the measurement reference in the UE. The UE will be able to report suitable rank 1 Nx1
precoding vectors that include beamforming complex weighting based on CSI-RS
measurements. The precoding vector can be selected from the codebook of rank 1 precoding
vectors. In Rel-8, 16 rank 1 precoding vectors are defined. and in Rel-12, a new codebook is
designed with 256 rank 1 precoding vectors.

{0014}

(78 As described above, the "beam” can be regarded as the result of applying a specific precoding
vector to the one-layer signal transmitted over the plurality of antenna elements.

178 Here, generally, each antenna element is amplitude-weighted and phase-shifted. or the same,
but the signal transmitted from the antenna element is muitiplied by a complex weight.
When the antenna elements are arranged not only on a straight line but also in two or three
dimensions, two-dimensional beamforming in which the beam directing direction is movable
in both the horizontal angle and the azimuth angle is possible. References may also be made
to three-dimensional {3D) beamforming in which variable transmission power is also taken
innto account. Further, the antenna elements of the antenna array may be configured with
different polarizations, and as a result, the polarization state of the transmitted
electromagnetic wave can be dynamically changed by adjusting the antenna weighting.
Therefore, a two-dimensional array having elerments having different polarizations can
ensure a large degree of freedom in beamforming depending on the antenna weighting. A
particular set of precoding weights produces a particular bean in azimuth, elevation, and

W

polarization and power, and is sometimes referred to as the "beam state.

{0015}

iva The most flexible implementation would be to use a fully digital beamformer, where each
weighting can be applied independently of each other.

198 However, in order to reduce the cost, size, and power consumption of the hardware, some of
the weighting functions may be placed in the hardware using, for example, a butler matrix,
and the other parts may be controlled in the software. For example, the elevation angle may
be controlled by a Butler matrix implementation and the azimuth may be controlled in
software. The problem with beamforming by hardware is that it involves switches and phase
shifters that are expected to have some switching latency, so it is not possible to achieve
instantaneous beam switching.

{0016}
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206 The PBCH is transmitied using a commmon reference signal {CRS) as a demodulation reference.

207 Since the PSS, SSS, and PBCH channels are intended for any UE that attempts to attach to a
cell, they are typically transmitted over wide cell coverage, for example using 120 degree
sectors. Thus, in LTE, beamforming is not performed on such signals, for example, because of
the risk that PSS and 888 may appear in the side lobes or even appear in the null direction of
the beamforming emission pattern. As a result, synchronization faiture for the cell or MIB
detection failure will occur,

{0017}

215 Existing methods of transmitting sync signals from network nodes to wireless devices are
designed to achieve wide coverage at frequencies lower than the transmission carrier
frequencies expected to be adopted in future systems.

2i2 When such a current method is applied to a communication system using a high frequency
carrier such as a carvier scheduled to be adopted in a fufure 5G system, it may lead to
innumerable synchronization failures.

{0018}

=25 An object of the embodiments herein is to provide an improved approach for a network node
to transmit a synchronization signal for synchronization between the wireless device and the
network node and for the wireless device to detect such a synchronization signal. This is to
improve performance in wireless communication networks,

2z In some embodiments, the network may use beamforming te transmit a sync signal to a
wireless device.

{0019]

23¢ According to the first aspect of the embodiments of the present specification. this object is
achieved by a method of transmitting a first synchronization signal and a related information
message to a wireless device, which is performed by a network node.

zz7 This is done for synchronization of wireless devices and network nodes.

23¢ Network nodes and wireless devices are operating within a wireless communication netwaork.

23¢ The network node transmits the first synchronization signal at least once at the time-
frequency position in each of the N OFDM symbols in the N OFDM symbols in the subframe.

241 N is 2 or more,

#42 The network node sends a relevant information message at a predefined time-frequency
position within the OFDM symbol for each transmission of the first sync signal.

24¢ The predefined time-frequency position is relative to the time-frequency position of the first
sync signal.

248 The relevant information message is associated with the first syne signal.
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{0020}

250 According to a second aspect of the embediments herein, this object is achieved by a method
of detecting a first syne signal and refated information message transmitted by a network
node, performed by a wireless device.

253 This is done for synchronization of wireless devices and network nodes.

25¢ Network nodes and wireless devices are operating within a wireless communication network.

255 The wireless device detects the first syne signal.

zs6 The first synchronization signal is transmitted by the network node at least once at the time-
frequency position in each of the N OFDM symbols in the N OFDM symbols in the subframe.

2se N is 2 or more,

256 The wireless device detects relevant information messages at a predefined time-frequency
location.

261 The predefined time-frequency position is relative to the time-frequency position of the first
synchronized signal detected.

253 The relevant information message is associated with the first sync signal.

26¢ The wireless device acquires subframe timing and / or frame thming by detecting the index

contained in the relevant information message.

{0021}

26 According (o a third aspect of the embeadiments herein, this object is achieved by a network
node configured to send a first sync signal and related information messages (o a wireless
device.

272 This is done for synchronization of wireless devices and network nodes.

#73 Network nodes and wireless devices are configured fo operate within wireless communication
networks.

275 The network node is configured to transmit the first synchronization signal at least once at
the time-frequency position in each of the N OFDM symbols in the N OFDM symbols in the
subframe.

z7s N is 2 or more,

7o The network node is configured to transmit a related information message at a predefined
OFDM symbol, i.e., a predefined frequency position at a time position, for each transmission
of the first synchronization signal.

2s2 The predefined time-frequency position is relative to the time-frequency position of the first
sync signal.

#g¢ The relevant information message is associated with the first sync signal.

{0022}
288 Accarding to a fourth aspect of the embodiments herein, this object is achieved by a wireless

device configured to detect a first syne signal and related information messages configured
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to be transmitted by a network node. Will be done.

201 This is done for synchronization of wireless devices and network nodes.

202 Network nodes and wireless devices are configured to operate within wireless communication
networks.

z03 The wireless device is set to detect the first syne signal.

205 The first synchronization signal is set to be transmitted at least once at the time-frequency
position in each of the N OFDM symbols in the N OFDM symbols in the subframe.

297 N is 2 or more.

z08 The wireless device is further configured to detect relevant information messages at a
predefined time-frequency location.

zo0 The predefined time-frequency position is relative to the time-frequency position of the first
synchronized signal detected.

a2 The relevant information message is associatad with the first sync signal.

son The wireless device is further configured to acquire subframe timing and / or frame timing by

detecting the index contained in the refevant information message.

10023}

svs According to a fifth aspect of an embodiment of the present specification, an object of the
present invention comprises an instruction to cause at least one processor to perform a
method performed by a network node when executed on at least one processor. Achieved by

computer programs.

s According to a sixth aspect of an embodiment of the present specification, an object of the
present invention is a computer camprising an instruction to cause at least one processor to
perform a method performed by a network node when executed on at least one processor.

The program is achieved by a computer-readable storage medium stored on it.

10025]
z2z According to a seventh aspect of an embodiment of the present specification, an object of the

present invention comprises an instruction to cause at least one processor to perform a
method performed by a wireless device when executed on at least one processor. Achieved

by computer programs.

(0026

226 According to an eighth aspect of an embodiment of the present specification, an object of the
prasent invention coniprises an instruction to cause at least one processor to perform a
method performed by a wireless device when executed on at least one processor. The
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program is achieved by a computer-readable storage medium stored on it

{0027}

ae By repeatedly transmitting the same first sync signal within the N OFDM symbols in the
sublrame, the wireless device sends the first sync signal and related information messages on
at feast one of the symbols used. Increased likelihood of detection.

ssn Therefore, a method for a wireless device to synchronize with a network node, optimized for a
high frequency carrier using a narrow beam, is provided.

s41 This may be done using beamforming.

24z For example, the network node transinits the same first syne signal by scanning each OFDM
symbol with a new beam or the like so that the wireless device can perform the first sync
signal and the association in at least one of these beams. Increased likelihood of detecting
informational messages.

x46 In an embodiment utilizing beamforming, the first sync signal and related information
messages are transmitted in nuidtiple beams so that the network node can successfully detect
the first sync signal and related information by the wireless device. Does not need to know
which beam is suitable for the wireless device.

0028

253 Further advantages of some of the embodiments disclosed herein are discussed below.

{0029}
a7 Examples of embodiments herein will be described in more detail with reference to the
accompanying drawings,

{0030}

soz2 Itis a schematie diagram which shows the example of the 5G systern which has 3 TPs.

a3 it is a schematic block diagram which shows the embodiment in a wireless communication
network by some Embodiment.

263 It is the schematic which shows the embodiment of the method in the network node by some
Embodiment.

ss7 1t is the schematic which shows the embodiment of the method in the network node by some
Embodiment.

asv It is the schematic which shows the embodiment of the method in the network node by some
Embodiment.

s71 1t is the schematic which shows the embodiment of the method in the network node by some
Embodiment.

s7a2 1t is the schematic which shows the embodiment of the method in the network node by some
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Embodiment.

a7a 1t is the schematic which shows the embodiment of the methad iy the network node by some
Embodiment.

s7v {tis the schematic which shows the embodiment of the method in a wireless device by some
embodiments.

gre It is a flow chart which shows the embodiment of the method in a wireless device by some
embodiments.

ast It is a schematic diagram which shows the embodiment of the method in a wireless
communication network by some embodiments.

sg3 it is a schematic diagram which shows the embodiment of the method in a wireless
communication network by some embodiments.

2as It is a block diagram of a network node set according to some embodiments.

ase 1t is a block diagram of a wireless device set according to some embodiments.

10031}

200 First, for one or more problems related to using at least some of the prior art solutions as part
of the solutions according to the embodiments of the present specification and which can be
addressed by the embodiments of the present specification.  would like to clarify and

consider i

10032}

397 Embodiments herein generally compare to typical 3G and 4G systems in which the number of
antenna elements on the transmitter and / or receiver stde operates at frequencies befow 3
(GHz, for example at higher carvier frequencies above 10 GHz. It is related to the fact that it
can increase significantly.

g1 Insuch a system, the increased path loss can be compensated by beamforming.

doz If these beams are narrow, a large number of beams will be required to cover the coverage
ared.

{0033]

407 Embodiments herein are likewise generally related to the following facts:

soe That is, since synchronization and system information must be transmitted in narrow
horizontal and azimuth beams to maintain cell coverage and link reliability, how to transmit
such signals, as well as the user. The question is how a terminal, such as a wireless device,
finds a cell, that is, how to perform a cell search, and how to synchronize the time and
frequency of the network.

413 Further, when system information is transmitted using beamforming, how to obtain this
information from the network and how to obtain symbol and subframe synchronization are

also problematic.
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10034}

419 One of the problems addressed by embodiments herein is optimized and synchronized
detection of synchronization signals by wireless devices in wireless communication networks
that use high frequency carriers that suffer greater path loss than low frequency carriers. A
method of transmitting a synchronization signal from a network node to a wireless device so
that synchronization faitures due to signal detection failures are reduced.

10035]

4z7 For example, when using beamforming, one of the specific problems addressed by the
embodiments harein is in systems using high frequency carriers, which are required to
achieve cell coverage and to achieve synchronization and transmission of basic system
information. A method using a narrow beam that may be required to provide a high
beamforming gain.

{0036}

435 Often, for networks, for example, one or more, each transmitting a transmission point (TP}
beam, such as during initial access by a wireless device, or when the wireless device is
searching for additional cells. For the network node controlling the transmission point (TP}, it
is not possible 1o direct the beam with the signal required for such an operation towards the
wireless device.

440 This is because networks, such as network nodes, are not informed of beams or precoding
vectors that are useful for a particular wireless device.

{0037}

445 Therefore, in a network, such as a network node, there may be problems with how to transmit
synchronization signals and basic system information, such as MiBs, to wireless devices in
systems where beamforming takes place.

{0038}

a5t As a result, for wireless devices, how o synchronize the time and frequency with respect to
the cell, how to acquire system information, and how to perform a handover operation
become problems.

{0039}

#57 Furthermore, how wirveless devices can achieve frame and subframe synchronization,
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respectively, and also orthogonal frequency division multiplexing (OFDM) symbol
synchronization is a complex issue.

10040}

463 Further consideration will be given to such issues below.

{004 1}

w7 Considering a set of TPs. each TP is capable of transmitting a large number of different bears
by using an array antenna, and the beams have different main lobe pointing directions and /
or transmission polarization states. be able to.

10042]

«r3 A given beam can be represented by a particular precoding vector, in which case the signal is
replicated for each antenna element and transmitted with amplitude and / or phase
weighting applied.

478 Such weighting selection can determine the beam. and thus the beam directivity or "beam

state”.

{0043}

452 The choice of multiple beams transmitted from the TP is typical of 5C systems deployed at
higher carrier frequencies above 10 GHz, where the antenna is composed of multiple
antenna elements to achieve large array gain. obtain.

133 However, a large number of beams can be applied to improve coverage, even in systems
operating at lower frequencies, such as below 10 GHz, with the drawback of increasing the

overall size of the antenna due to the longer wavelengths.

10044}

ae0 At higher carrier frequencies, the aperture size of each element, which is a function of the
carrier frequency, is smaller than that of a conventional cellular carvier frequency, fe. a
system operating at a maximum of 5 GHz, but an antenna array consisting of multiple
antenna elements. It can be used to compensate for this.

499 In addition, large antenna gains, including complex weighting of beamforming, are required to
overcome path loss at higher frequencies.

a0 Due to the large array gain and the large number of antenna elements, each beam produced is
rather narrow, typically only 5-10 degrees, and in some cases even narrower, depending on
the design of the array antenna, in terms of HPBW.

499 Usually, two-dimensional beamforming is desirable in which the beam is movable in both the
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horizontal and azimuth directions at the same time.
so1 By adding transmission power to the variable heam, it is possilile to controf the coverage of
the 2D beam, and a 3D beamforming system can be realized.

10045]

sos Beamforming will also be required for these signals. as synchronous channels and, for
example, broadcast control channels that carry basic system information to access cells may
alsorequire large array gains.

10046}

512 Synchronization is the cornerstone of access to wireless communication networks.

513 Synchronization can be performed at several levels.

s Initial time-frequency synchronization may be required to tune the receiver to the OFDM time
frequency grid used by the resource element, such as OFDM symbol boundaries.

s1e Synchronization may then be required to detect subframe boundaries as well.

517 For example, in LTE, with a standard cyclic prefix {CP} length, one subframe consists of 14
OFDM symbols.

sio In addition, it may be necessary to detect the frame structure so that the wireless device
knows when a new frame will start.

sz1 For example, in LTE, one frame is composed of 10 subframes.

10047}

s25 Embaodiments herein describe methods that allow the use of multiple transmission beams
performed by a network, such as a network node, while at the same time providing any of
the following:

sz That is, for example, rapid cell detection, system information acquisition, and symbol,
subframe, and frame synchronization for wireless devices that may attempt to connect to
cells served by the network node.

s31 The proposed method can also seamlessly implement various implementations in networks,
such as those in network nodes and those in wireless devices.

saz This is important in some implementations that use analog beamforming networks, where the
beam switching time with the analog components is too long and is within the time between
the two OFDM symbols, that is, within the CP length interval. This is because switching at
may not be possible.

saw Also, in implementations in wireless devices, for example, cell search computing power may
be limited, so in addition to the possibility of increased access delay, the frequency of cell

search is {ess than once for each OFDM symibol. Access to is not unnecessarily restricted.
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{0048}

533 Next, embodiments will be described in detail with reference to the accompanying drawings
showing examples of the claimed subject matier.

x4 However, the claimed subject matter can be implemented in many different forms and should
not be construed as being limited to the embodiments described herein.

547 Rather, these embodiments are provided with the intent to ensure that the disclosure is
complete and complete and that the claims are fully communicated to those skilled in the art.

s40 1t should also be noted that these embodiments are not mutually exclusive.

sse The components of one embodiment can be fmplicitly assumed to exist / be used in another

embodiment,

(0049

sss FIG. 2 shows a wireless communication network 200 in which the embodiments of the
present specification can be implemented.

ss7 The wireless communication network 200 includes, for example, LTE Frequency Division
Duplex (FDD}, LTE Time Division Duplex (TDD), LTE Half Duplex Frequency Division Duplex
{HD-FDD), which is called Long-Term Evolution (LTE}. In addition to LTE operating in
unlicensed bands, Broadband Frequency Division Duplex (WCDMA), Universal Terrestrial
Radio Access (UTRA) TDD, Global System for Mobile communications {GSM) Network, GSM /
Enhanced Data Rate for GSM Evolution Access networks {GERAN} networks, EDGE networks,
networks consisting of any combination of radio access technologies {RAT} such as multi-
standard radio (MSR) base stations, multi-RAT base stations, any 3rd Generation Partnership
Project (3GPP) Cellular It can be a network suich as a network, a WiFi network, @ Worldwide
Interoperability for Frequency Division (WhMax}, a 5G svstem, or any cellular network or

systen.

{0050}

571 The wireless communication network 200 includes a transmission point, that is, a TP210.

g7z The transmission point 210 transmits one or more TP beams.

s73 The transmission point 210 serves, for example, an eNB, an eNedeB, or a base station such as
a home node B, a home eNodeB, a femto base station, a BS. a pico BS, or a device or machine
type communication device in the wireless communication network 200. It may be any other
network device that can.

577 In some particular embodiments, the transmission point 210 can be a fixed or mobile relay
node.

s79 The wireless communication network 200 covers a geographical area divided into a plurality
of cell areas, and each cell area is served by one TP, but even if one TP serves one or several
cells. Alternatively. one cell may be served by multiple TPs.

ssz In the non-limiting example shown in FIG. 2, the transmission point 210 serves cell 220.

s23 The transmission point 210 may be a transmission point of various classes, such as a macro
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eNodeB, a home eNodeB, or a pico base station, based on the {ransmission power and the cell
size due to the transmission power,

sse Typically, the wireless comimunication network 200 includes more cells similar to cell 220,
each of which is served by one or more TPs.

sss For simplicity, FIG. 2 does not show such a situation.

s8¢ In the present specification, the transmission poini 210 may be referred to as a network node
210.

so1 The network node 210 controls one or more TPs, such as one of the network nodes 210.

{005 1}

sei The network node 210 may support a single or several communication technologies, and may
be named according to the technology and terminology used.

sor In 3GPP LTE, network nodes 210, which may also be referred o as eNodeB or eNB, may be
directly connected to one or more petworks 230,

10052}

suz The network node 210 may communicate with one or more networks 230 via the link 240.

{0053}

soi There are several wireless devices in the wireless commumication network 200,

se7 In the example scenario of FIC. 2, the wireless device 280 is {llustrated as the only wireless
device.

aov The wireless device 250 may communicate with the network node 210 via the wireless link
260,

{0054}

s14 The wireless device 250 is, for example, a wiveless communication device such as a mobile
terminal, a wireless terminal and / or a UE also known as aanobile station.

s1s This device has a wireless function, that is, it is possible to communicate wirelessly in a
wireless communicaiion network 200, which is sometimes referred 1o as a cellular wireless
system or a ceflular network.

sio This communication can occur, for exaniple, between two devices, between a device and a
telephone, and / or between a device and a server.

ezt This communication may take place, for example, via a RAN contained within the wireless
communication network 200 and, in some cases, one or more core natworks.

{0055}
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sz To merntion some other examples, the wireless device 250 may also be referred to as a mobile
phone, mobile phone. or laptop with wireless capabilities.

s2a The wireless device 250 in this context is voiced, for example, via a RAN, with other entities
such as a server, laptop, personal digital assistant (PDA), or tablet computer, sometimes
referred to as a wireless surf plate. And / or wireless interfaces such as portable, pocket-
mounted, handheld, computer-embedded or in-vehicle mobile devices, machine-to-machine
{M2M) devices, printers or file storage devices capable of communicating data It may be a
device equipped with a device, or any other wireless network device capable of
communicating via a wireless link in a cellular communication system.

a5 Further examples of various wireless devices such as the wireless device 250 that can be
served by such a system are machine-type communication (MTC) devices such as modems or

Sensors.

{0056]

s First, in relation to FIGS. 2 to 8, embodiments of the method performed by the network node
210 and the wireless device 250 will be described in more detail by way of example.

533 Next, in connection with FIGS. @ and 10, a summary of specific actions performed or may be
performed by the network node 210 and the wireless device 250, respectively, to carry out
these examples will be described in particolar.

[0057]

549 In embodiments herein, a first sync signal, such as a PSS, is sent from a network node 210 to
a wireless device 250 within one subframe or within N separate OFDM symbols that span
muldtiple subframes. | N times may be repeatedly transmitted.

asz 1t is not necessary for the N times of transmission to occur in adjacent OFDM symbols, and it
may he every other OFDM symbol, or it may be further expanded and within separate
subframes or {rames.

sss The TP, such as the network node 210 or TP210, may change one or some of the
transmission-related parameters such as azimuth, horizonial angle, transmission power, or
polarization state for each PSS transmission opportunity.

sse A given set of all these possible transmission parameters is defined here as a beamforming
state.

sen Therefore, the network node 210 or TP210 scans the 3D beamforming and polarization space
in up to N beamforming states, and the network node 210 or TP210 has a UE such as the
wireless device 250 at any of these 3D positions. The same PSS may be transmitted in each
state so that it can be synchronized.

se¢ After such N transmissions are performed, the 3D scan may be performed again from the
beginning, and the value N may be specified within the standard range as required by the
wireless device 250. Alternatively, the system information may be transmitted to the wireless

device 250, or may be obtained prior to access to the 5G carrier through signaling on a
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legacy systern such as LTE.

see This PSS may be retrieved from a large set of sequences by the network noede 210, similar to
the PSS used in LTE, and upon detection of the PSS, the wireless device 250 will be given a
physical cell 1D, such as the physical cell ID of cell 220, Information about may be given.

arz PSS may also be used by the wireless device 250 for coarse time-frequency synchronization.

s73 It should be noted that the embodiments described herein are not limited to the use of PSSs
that are the same as or similar to those used in LTE, and quite different designs or sequence
lengths may be considered.

10058

sra A UE such as the wireless device 250 may successfully detect PSS when the beam state is
used at a suitable position for one or several of the N different beam states, and the LTE type
PSS may When used, a physical cell ID such as the physical cell 1D of the cell 220 may be
acguired.

eg3 The network node 210 or TP2 10 may also carry refevant information messages such as $S8
at known locations relative to PSS

s Thus, when the PSS within a particular OFDM symbol has already been detected by the
wireless device 250, the wireless device 250 can also find the associated 58S at another time
and / or frequency position relative (o the PSS, ..

ags The SSS may then be transmitted by the network node 210 in the same beamforming state as
the associated PSS.

seg One way to do this is for the network node 210 {o transmit a PSS-multiplexed SSS within the
same OFDM symbiol, as shown in FIG.

sy2 Another alternative is to divide the SSS into two parts so that each part is on either side of the
PSS to achieve PSS and §8S transmission that is symunetrical with respect to the center
frequency. Can be considered.

{0059

sos FlG. 3 shows an example in which PSS and SSS are transmitted by the network node 210 at
different frequency positions or subcarrier sets within the same svmbol in a subframe
composed of 14 OFDM symbols.

7o1 For example, in order to scan the beam at horizontal and azimuth angles, different beam
states (B1 ...

73 B14) may be used,

ros Further, the PBCH carrying the system information may also be transmitted by the network
node 210 in the same OFDM symbol as the associated PSS and SSS, divided into both sides of
the PSS in this example.

07 Thus, in some embodiments, one or more PBCHs may be associated with one PSS,

7os Note that the system bandwidth may be wider than that shown in this figure.

roo Here, only the concept of PSS / 885 / PBCH frequency multiplexing is illustrated.
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71 The OFDM symbol may also include other controf signaling or shared data channels outside
or on hoth sides of the frequency band carrying PSS / 88§ / PBCH.

7i2 A network / TP, such as a network node 210 or TP210, may transmit each OFDM symbotl
using a separate beamforming state in this configuration.

i3 Alternatively. the network node 210 or TP210 transmits the PSS / SSS / PBCH portion of the
OFDM symibol in the first beamforming state, eg, the rest of the OFDM symbols on either side
is separately selected, Le. the first. It may be transmitted in a beamforming state different
from the beamforming state of.

ris In this way, for example, while PSS / §8S / PBCH are frequency-multiplexed to the shared data
channel, these, i.e. PSS / 555 7 PBCH, can use separate beams or beamforming states.

723 In some embodiments herein, an SSS and one or more PBCHs associated with, or transmitted
together with, a particudar PSS are referved to herein as a message associated with the PSS,

i.e. an informational message. May be collectively referred to as.

{0061}

rzo However, unlike PSS, each SSS may contain information about subframe timing, such as
subframe offset and / or frame offset relative to the 8SS time position.

73t Therefore, different secondary synchronization (SS) sequences may be transmitted by the
network node 210 for each OFDM symbol, and therefore up to N different SSSs may be used
by the network node 210,

31 By detecting which S8 sequence is transmiitted within a particular OFDM symbol, ie. the
"series index”, the wireless device 250 preliminarily between the relative position of the
sequence index and OFDM symbols and the subframe boundary. At least subframe
synchronization can be obtained with a defined unique mapping.

733 Therefore, subframe synchronization is achieved in the sense that the wireless device 250 can
know the start and end positions of the subframe.

740 The SSS may also be used by the wireless device 250 1o obtain frame synchronization, which
may require the use of additional 5SS sequences.

74z It only subframe synchronization is required, or if PSS /7 SSS is transmitied in only one
predefined subframe within that frame, then in all subframes carrying the SSS, the network
node 210 The same SSS may be used repeatediy.

7¢5 On the other hand. if the wireless device 250 may also require frame synchronization by SSS,
the separate subframes within that frame use a unique 58S sequence so that the relative
distance from the detected OFDM symbol to the frame boundary can he obtained. May need
to be.

10062}
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7s2 The 58S used in the embodiments herein may or may not be equal to the LTE 58S

7sa Since there are only 168 §8Ss in LTE, this number because different SSSs can be used for each
beam depending on the network node 210 when SSSs are used for subframe synchronization
in addition to time-frequency synchronization. May not be enough.

7se However, it is also possible to specify a larger set of SSSs.

757 Such a set of SSSs can be defined as an extension of the LTE SSS in various embodiments by
transmitting an additional cyclic shift combination of two interleaved M sequences from the
network node 210 for each OFDM symbol. ..

oo In another embodiment, the network node 210 may use the LTE SSS in combination with at
least a third sequence or reference signal, eg, a reference signal used in demodulating PBCH.

{0063}

7e5 In addition, to acquire system information, the PBCH may be transmitted by the network node
210 in the same beam as the SSS, and thus within the same OFDM symbol, at a known
location relative to the SSS and / or the PSS, Good.

768 The PBCH may be transmitted with a demodulation reference signal located within the same
OFDM symbol as the PRCH.

77a That is, the reference signal for PBCH demodulation and the PBCH itself are precoded with
the same beamforming weight vector, that is, the same beam state.

772 Therefore, the wireless device 250 cannot interpolate channel estimates across OFDM
symbols that use different beam states.

sr4 Therelore, in a sense, these reference signals are beam-specific.

{0064

778 In one embodiment, the network node 210 transmits the same PBCH information for each
transmission opportunity within the [rame.

780 In an embodiment implemented in the wireless device 250, the wireless device 250 may
accumulate multiple transmissions from the network node 210, eg, multiple OFDM symbols,
and thus PBCH with wudtiple beams, including system information. The reception
performance of the PBCH is improved.

754 In some cases, in order to accurnulate the energy of PBCH detection, the wireless device 250
may detect one signal in multiple beams, detect PSS with sulficient power, and then use the
associated PBCH in the same beamn. ..

787 However, the channel estimation in the implementation on the wireless device 250 will need
to be repeated at each OFDM symbol because beame-specific RS can be used.

7as In this way, in addition to the beamforming gain, coherent reception combining of a plurality
of beams, which can further extend Mib reception by the wireless device 250, may be
possible.

792 In a further embodiment, the wireless device 250 may also discard the PBCH reception in the

OFDM symbol or beam with poor PSS detection performance so that the noise estimation is
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not captured in the energy accumulation of the PRCH.

{0065]

7ox With 3D beams, the wireless device 250 may detact PSS within mudtiple OFDM symbols
because coverage may overlap due to overlapping beam patterns or multipath reflections of
propagation channels.

sot In this case, the implementation in the wireless device 25Q estimates which of the
successfully detected OFDM symibols contains PSS detection with the highest reception
quality and subframes to ensure good synchronization performance. Only that OFDM symbol
may be employed when determining and / or frame timing.

gos Using less than N and / or wider beams for PSS is also an embodiment of an finplementation
on the network / TP side, such as the network node 210 or TP210 side.

so7 Here, N is a specified upper limit of the number of beams supported by the 5G network, and
in this case, there are a plurality of beams having a sufficient possibility that the wireless
device 250 detects PSS.

=10 By using wider beams, the coverage of each beam is narrowed, but in some cases, such as in
small cells, coverage is less important.

si2 This embodiment with a wider beam has the advantage that faster PSS detection is possible
and that a standard LTE cell search algorithm with relatively low complexity can be reused in

the wireless device 250.

{0066}

sig A further advantage of at least some of the embodiments described herein would be that the
wireless device 250 would not have to search the beam at the time of initial PSS detection.

s20 That is, the wireless device 250 can be normally detected only when the 3D beamforming
state coincides with the position of the wireless device 250 in the cell 220.

sz2 Therelore, at least in this early stage of PSS detection, the use of the beam is independent of
the wireless device 250.

a2¢ See the example in FIG. 3 for how PSS / 855 and PBCH can be transmitted by the network

node 210 in the embodiments described.

{0067}

aze In an alternative embodiment of the method described above, the same SSS sequence may be
transmitted in each of the OFDM symbols / beam states used, while frame and / or subframe
offsets may be explicitly indicated by the PBCH in the associated OFDM symbol. Good.

gz2 Therelore, in this embodiment, MIB detection by the wireless device 250 may be required
before frame synchronization can be achieved.

s34 This embodiment has the advantage that it repeats within all OFDM symbols and only one SSS
is used or consumed per TP, while the wireless device 250 has a MIB change per OFDM
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syiibol, Le. multiple beams. The drawback is that cohierent combining across spans cannot be
applied.

s3s Further, in order to notify the wireless device 250 which of the maximum possible N beam
states was used in a particular OFDM symbol, the beam index n = {1.. . ., N} may be
transmitted.

41 The PBCH may also include explicit signaling of subframe offsets and / or frame offsets.

g2 In some embodiments, the beam state n need not be notified to the wireless device 250, vet
this offset signaling is the information required for the wireless device 250 to acquire
subframes and / or frame synchronization. Is provided.

{0068]

s38 In a further alternative embodiment, the SSS may be used by the wireless device 250 to detect
the subframe offset, and the PBCH may be used by the wireless device 250 to detect the
frame offset.

g5t Thus, the PBCH message may be the same for all OFDM symbols 7 beams in one subframe,
but may need to change from subframe to subframe because the frame offset changes.

33 See the figure below for an example.

s5¢ This embodiment may require up to 14 different SSSs, but this set of S§8s may be repeated in
the next subframe.

ss6 This is sufficient as the SSS is only used to obtain subframe timing,

{0069}

soe FIG. 4 shows an example of 14 OFDM symbols subframed.

ast In this case, the PSS and 888 are transmitted by the network node 210 within separate
symbols. applying a time offset. in this case a time offset of one slot or seven OFDM symbols.

g6z Further, the PBCH carrying the system information is also transmitted by the network node
210 in the same OFDM symbol as the associated PSS and 888, in a divided manner on both
sides of the PSS in this example.

ass Note that the system bandwidth may be wider than that shown in this figure.

as7 Since only the concept of PSS 7 PBCH or 888 / PBCH frequency multiplexing ts Hustrated
here, the OFDM symbol may also include other control signaling or shared data channels.

gee A network / TP, such as a network node 210 or TP210, may transmit each OFDM symbol
using a separate heamforming state in this configuration.

871 However, in this example, the same beamforming state is used for the symbols Kand k + 7 in
the subframe.

g3 CTTR=0, ..., 629D,

g7¢ Therefore, a UE such as the wireless device 250 can detect the PSS in the OFDM symbol k
because of the advantageous beamforming state, and can obtain the same beamforming state
with the symbol kK + 7 when detecting the S§§ and PBCH.

a7z Thus, for each OFDM symbol in each slot, eg B1., To scan the beam by the network node 210,
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eg at horizontal and azimuth angles. .. ..

s7e Different beam states such as B7 may be used.

sso The advantage of separating PSS and SSS in time, for example, by 7 OFDM symboels, is that
both PSS and SSS can be used to improve fregquency synchronization as compared with the
embodiment of FIG. That is.

gsz This is more difficult with the configuration of FIG. 3 because the same OFDM symbols are
used for PSS and SSS.

{0070}

ss¢ FIG. § shows an example of positive detection of PSS at OFDM symibol k = §, and thus SSS and
PBCH detection at OFDM symbol k = 12, by the wireless device 250

son This is because the network node 210 or TP210 uses the same beamformer state at symbols
k=5and k = 12, so that the wireless device 250 is at least SSS, or if each SSSis a different
embodiment. By acguiring the subframe offset Delta S = 12 from any of the PBCH
information to the start of the subframe.

go¢ In FIG. 5, the subframe offsel in the present specification is referred to as a “symbol offset”

{0071}

sss FIG. 6 shows an example of positive beam detection by the wireless device 250 at OFDM
symbols k = &, PSS, and k = 12, SSS within subframe n.

so0 The wireless device 250 acquires subframe offsets and frame offsets from 888 detection and /
or PBCH detection.

quz In FIG. 6, the subframe offset in the present specification is referred to asa  “symbol offset” .
and the frame offset in the present specification is referred to as a  “subframe offset” .

ang It an alternative embodiment, the wireless device 250 may use the SSS for subframe offset
detection and the PBCH for frame offset detection.

sos Therefore, the PBCH message is the same for all OFDM symbols £ beams in one subframe, but
may need to change from subframe to subframe because the frame offset changes.

{0072

211 In FIG. 6, a plurality of subframes are used so that the network node 210 or TP210 can use
more than 7 beam states. ie N» 7, in the scanning procedure.

9:3 In this example, assuming that the number of subframes used is n, N = 7n beams can be
scanned.

s15 If so many beams are not needed and it is determined that N <8 is sufficient, then this cell
acquisition procedure, je, time-frequency synchronization and cell 1D detection, is single by
the wireless device 250. Only subframes may be used.

9i4 In this case, the frame offset can be a predefined value rather than being explicitly

propagated by the network node 210,
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a20 Therefore, this value may be obtained by reading the standard specification and may be
selected, for example, zero or 9. as the first or last subframe within the frame.

100734

gzs The number of beam states used by a TP, such as a network node 210 or TP210, is the
maximum number supported by current standards because the offset is transmitted by the
SSS and / or PBCH according to the configurations described in the embodiments described
herein. It can be less than N.

o2o In addition, since the wireless device 250 is informed of the precoding weighting that defines
the beam state, any beamn shape or precoding weighting can be performed on the PSS, SSS
and PBCH in this conliguration.

axe This Is one advantage and gives the degree of freedom in the wireless communication
network 200,

w39 Therefore, embodiments herein provide a flexible approach that can be applied to operational
scenarios and actual implementations of network nodes 210 or TP210 in deploving 56
multi-antenna 3D beamforming systems. Can be provided.

sy An advantage of at least some embodiments herein may be that the PSS and SSS and / or
PBCH are transmitted by the network node 210 within the same OFDM symbol.

a39 This may be necessary when analog beamforming is performed on the transmitter side.

w0 in this case, the precoding weighting of beamforming is wideband only.

a7 On the other hand, in the digital implementation of the beam former, different beams can be
used depending on the frequency band.

923 Hawever, this solution does not include a specific implamentation of beamforming in TP, as
implementations can vary significantly from product to product, even within the same
vendor, depending on the TP vendor. It can be achieved by embodiments of the present

specification.

{007 4]

es0 In a further embodiment at the network node 210 or TP210, it is possible to relax the
implementation at the network node 210 or TP210 by not transmitting PSS and the like with
each OFDM symbol.

g5z This is useful, for example, when the switching time or precoder weighting settling time is
long.

ass Therefore, the same approach in the embodiments herein also allows for this kind of relaxed
operation.

es7 Since the subframe and frame offset are individually acquired by the wireless device 250 for
each OFBM symbol used, it is not necessary for the network node 210 {o use all the OFDM
symbols for transmission.

asn Whether PSS or the like is transmitted with all OFDM symbols or every other OFDM symbol
as in the example below does not depend on the wireless device 250,
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pez This is because the wireless device 250 simply fails to decode the PSS in the OFDM symbol
where transmission by the network node 210 does not occur.

1007 5]

pe7 FIG. 7 shows an example implementation in a relaxed network node 210 or TP210 where
oty every other OFDM symbol is used by the network node 210, as a result of which the TP
beamforming hardware is You will have enough time to switch beams.

g70 In the example shown here, only 7 beams can be scanned in one subframe.

{00761

974 In the above-described embodiments, general aspects of the embodiments described herein
have been described.

o76 Further embodiments below describe extensions that loosen the implementation in the
wireless device 250 when the processing pewer of the wireless device 250 is Hmited.

{00771

agt FIG. 4 shows how the PSS and the SSS can be separated by one slot.

owz However, as long as the time between PSS transmission and SSS transmission by network
node 210 is known to the wireless device 250, one, for example, network node 210 or
TPZ210, further separates PSS and SSS by several subframes, You may.

{0078]

ags If the bandwidth of the PSS is much narrower than the system bandwidth, the PSS can be
detected by the wireless device 250 in the time domain using the downlink sample value
signal prior to the Fast Fourier Transform (FFT) operation.

aur However, 585 and PBCH can be detected in the frequency domain by the wireless device 250
after the FFT aperation on the wideband signal, which may require a little more processing
power on the wireless device 250 side. so wireless. The device 250 may need to buffer the
entire wideband signal within each OFDM sviibol until the PSS detector for a given OFDM
symbol finishes detecting.

o6 Therefore, if the time between PSS detection and 888 / PBCH detection is extended, buffering
of alarge number of OFDM symbols by the wireless device 250 becomes unnecessary, which
is useful.

sov The embodiment shown in FIC. 4 enables such a mechanism by transmitting the PSS and the
SSS so that the network node 210 sandwiches the seven OFDM symbols between the PSS and
the SSS.

ooz Therefore, in the implementation in the wireless device 250, the PSS can be searched using

the time domain signal, and after the PSS is normally detected, the FFT operation is
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prepared for the OFDM symbaol transmitted after 7 QFDM symbols. This allows for looser
implementation in the wireless device 250,

10079}

rooe In a further embodiment of the implementation in the wireless device 250, the time between
PSS transmission and 888 transmission using the same beam by the network node 210 is
longer than the slot duration.

oz The SSS may be transmitted by the network node 210 after a few subframes.

103 However, it is assumed that this delay time is well known by the specifications.

014 The wireless device 250 may be aware of the same OFDM symbol using the same PSS 7 SSS /
PBCH transmission and the delay before the beam condition reoccurs, and therefore waiis
for this delayed OFDM symbot to arrive. . FFT may be performed to detect SSS and PBCH.

w17 Alternatively, the wireless device 250 may provide periodicity in the beam scan so that the
standard specification allows the same beam to be known to be reused after a certain
period of time, and this value is also defined in the standard specification. It may depend on
the maximum number N ofl

teei Therefore, in this embodiment of the implementation in the wireless device 250, the wireless
device 250 takes advantage of the periodicity of the same signal transmission by the
network node 210 and the use of the same beam state by the network node 210 and uses

may be executed at the second opportunity to detect SSS and PBCH.

100801

aza I a further embodiment, the wireless device 250 may notify the network node 210 or
TP210 which beam was used to synchronize with the network node 210 or TP211D,

ozt Such notifications transmit, for example, additional system information blocks, configuration
of wireless device 250, or scheduling of uplink and downlink shared data channels in
subsequent downlink transmissions from network node 210 or TP210 to wireless device
250. Can be uselul in doing so.

{0081}

tons Then, according to the detailed description provided with the example, the wireless device
250 executed by the network node 210 is sent a first svnchronization signal and a related
information message for synchronization between the wireless device 250 and the network
node 210. An embodiment of the method will be described with reference to the flow chart
shown in FIG.

o3 For the sake of facilitating an overview of the method, the details previously described in the
examples are refrained from being repeated here, but any of the details described may
apply to the description provided with respect to FIG.
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ro45 As already mentioned, the network node 210 and the wireless device 250 are operating
within the wireless communication network 200,

s FIG. 8 shows a flow diagram of actions performed or may be performed by network node
210 in the embodiments herein.

{0082}
053 The method may include the following actions, which may be performed in an appropriate
order different [rom those described below.

{0083}

was Action 801 A network node to allow the wireless device 250 to synchronize with the
network node 210, Le. to allow the wireless device 250 to obtain subframe timing and 7 or
frame timing in the signal transmitted by the network node 210. As shown in FIGS. 3 to 6,
210 transmits the first synchropization signal at least once at the time-frequency position
in each of the N OFDM symbols in the N OFDM svinbols in the subframe.

a3 N is 2 or more as already mentioned.

10084]
067 The first synchronization signal may provide a time structure with a minimum time scale up
to a medinm thne scale, such as OFDM symbol timing, and a time position of the second

synchronization signal.

10085]

073 The first synchronization signal may be PSS as described above, or an eguivalent
synchronization signal.

wrs In the detailed description so far, PSS has been used as an example.

iove However, any reference to PSS in the embodiments herein shall be construed to apply

equally to the first synchronization signal.

{00886}
tos1 In some embodiments, the network node 210 may perform transmission by utilizing

beamforming.

{0087}
toss In some embodiments, such as those utilizing beamforming, different beam states are used in
at least two of the N OFDM symbols, as described above.
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{0088]

o0y Different beam states may be used for each of the N OFDM symbols.

{0089}

tows In some embodiments, the N OFDM symbaols are discontinuous OFDM symbols.

10090}

roge Action 802 Similarly, in order to allow the wireless device 250 to synchronize with the
network node 210, in this action the network node 210 has an OFDM symbol for each
transmission of the first synchronization signal, as shown in FIGS. 3-6. Send relevant
information messages at the predefined time-frequency positions within.

1303 The predefined time-frequency position is relative to the time-frequency position of the first
sync signal,

105 The relevant information message contains information associated with the first
synchronization signal, t.e., associated with the first synchronization signal for
synchronization purposes.

1i08 That is, the relevant information message cortains information that may allow the wireless
device 250 to obtain subfranies and / or frame timings.

{0001}

riis In soroe embodiments, the relevant information message comprises a related second syne
signal.

1115 The second syne signal wiay provide a time structure from a medium time scale {o a large
time scale, such as subframe and / or frame timing.

1117 The second synchronization signal may be an 555 as described above, or an equivalent
synchronization signal.

111g In the detailed description so far, 5SS has been used as an example.

11z0 However, any reference to SSS in the embodinients herein shall be construed to apply
equally to the second sync signal.

{0092}
1125 The related information message may include a related PBCH.

1126 In these embodiments, the relevant information message may include the PBCH alone or in

addition to a second sync signal, such as the 555
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{0093}

1131 In some embodiments, the associated PBCH further comprises relevant system information.

10094]

1135 In some embodimerts, the network node 210 may perform transmission by utilizing
beamforming.

137 In these embodiments, where the first syne sigual is transmitted in a beam state, the related
information message may be transmitted using the same beam state as the first sync signal
associated with the related information message.

{0095]
(143 In some embodiments, the relevant information message is different for each QFDM symbol
to which the relevant information message is transmitted.

{00986}

1145 The relevant information message may include an index.

1129 The index may be a number that contains a predefined unigque mapping between the relative
position of the OFDM symbol and the subframe and / or frame boundaries, allowing the
wireless device 250 to obtain subframes and / or frame timing. Become.

{0097

155 In some of these embodiments, the index is a series index as described above.

{0098}
(159 In some of these embodiments, the subframe timing can be obtained by detecting the index
with the wireless device 250.

(0099]

363 The series index may include an index representing a series within a set of possible series.

1185 For example, in embodiments where the relevant information message contains a second
synchronization signal associated with it, the sequence index can be an index for at {east

one of the possible synchronization sequences that uniquely maps to the subframe offset.

{0100}

171 In embodiments where the relevant information message includes the relevant PBCH, the
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index may specify a subframe offset and / or frame offset.

{0101}

1es In some embodiments, the related information message is the same for each OFDM symbol
in which the related information message is transmitied within a subframe, and the related
information message is a subframe in which the related information message is transmitted
within a transmission target frame. Dilferent for each frame.

150 In these embodiments, where the relevant information message includes an index, the frame
timing can be obtained by detecting the index with the wireless device Z50.

{0102}

185 In some embodiments where the relevant information message contains a related 888 and
the index is a series index, subframe timing can be obtained by detecting the series index
contained in the related SSS by the wireless devive 250, possible.

{0103}

1191 In some embodiments where the refevant information message contains a related 558 and
the index is a series index, frame timing can be obtained by detecting the series index
contained in the related SSS by the wireless device 250. obtain.

{0104}

197 In somwe embodiments where the related information message contains related system
information, the frame timing can be obtained by detecting the index contained in the
related system information by the wireless device 250.

{0105

1203 Next, the embodiment of the method of detecting the first synchronization signal and the
related information message transmitied by the network node 210 for synchronization
between the wireless device 250 and the petwork node 210, which is executed by the
wireless device 250. This will be described with reference to the flow chart shown in FIG.

207 To facilitate an overview of the method, the details described so far will not be repeated here,
but any of the details described may apply to the description provided with respect to FIG.

1209 As already mentioned, the network node 210 and the wireless device 250 are operating
within the wireless communication network 200.

1211 FIG. 9 shows a flow diagram of actions performed or may be performed by the wireless
device 250 in the embodiments herein.
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{0106}

215 The methad may include the following actions, which may be performed in an appropriate
order different from those described below.

1218 While all actions may be performed in one embodiment, only some actions may be
performed in other embodiments.

{0107]

1223 Action 901 The wireless device 250 is the first step in obtaining subframe timing and / or
frame timing in the signal transmitted by the network node 210, that is, in order for the
wireless device 250 to synchronize with the network node 210. Detect the sync signal.

(z26 As already mentioned, the first sync signal is transmitted by the network node {210} at least
once at the time-frequency position in each of the N OFDM symbols in the N OFDM symbols
in the subframe. ing.

rar0 N is 2 or more.

1233 As discussed above, in some embodiments, the network node 210 may utilize beamforming

to perform transmission.

{0110}

242 In some embodiments, this action can be performed, for example, when the wireless device
250 is simultaneously searching for different TP beams using a procedure similar to LTE
cell search.

{0111

tzex Action 902 To ensure good synchronization performance, in some embodiments, the
wireless device 250 may discard the detected OFDM symbols transmitted by the network
node 210, as described above,

r251 This behavior can occur if the detection of the first sync signal in the discarded detected
OFDM symbols is inadequate based on the threshold.

tz53 For example, this threshold may be based on the estimated signal-to-noise ratio of the
detected OFDM symibols.

izs5 That is, the wireless device 250 does not have to take into account the discarded OFDM
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symbols in order to obtain sobframes or frame timings.

{0112}

1260 Action 903 The wireless device 250 detects the relevant information message at a
predefined time-frequency position.

tza2 The predefined time-frequency position is relative o the time-frequency position of the first
synchronized signal detected.

ize¢ The relevant information message corresponds to the one described above.

1265 Therefore, the relevant information message is associated with the first synchronization

signal.

{0113}

1zva Again. as mentioned above, in some embodiments, the relevant information message includes
a related second sync signal.

1272 The second syne signal can be SSS.

{0114}

1zve Detecting velated information messages may include matching the series of detected related
information messages with one of a set of possible information message sequences.

r27a As already mentioned, this set of possible informational message sequences can be the SSS§
specified in LTE.

{0115]

1z83 In some embodirnents, the relevant information message coruprises the relevant PBCH, as
described abave.

tza5 In some of these embodiments, the associated PBCH further comprises relevant system

information

{01186}

zeo The velevant information message contains an index.

10117]

1294 In some of these embodiments, the index is a series index.

{0118]
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za8 In some embodiments, the series index comprises an index representing a series within a set
of possible series.

{0119]

1303 Action 904 The wireless device 250 acquires subframe timing and / or frame timing by
detecting the index contained in the relevant information message.

(305 This is because the index contains a predefined and unique mapping between the relative
position of the OFDM symbol and the subframe and / or frame boundaries.

{0120}

taro In some embodiments, the relevant information message is different for each OFDM symbol
in which the relevant information message is transmitted by the network node 210.

zi2 In these embodiments. the subframe timing can be obtained by detecting the index by the
wireless device 250.

{0121}

:z17 In some embodiments, the related information message is the same for each OFDM symbol
in which the related information message is transmitted by the network node 210 within a
subframe, and the related information message s transmitted by the network node 210. It
differs for each subframe transmitted within the target frame.

z2: It these embadiments, the frame timing can be obtained by detecting the index by the
wirelass device 250.

0122

326 In some embodiments, the relevant information message comprises a related §88.

327 In these embodiments where the index is a serigs index, the subframe timing can be nbtained
by detecting the series index contained in the associated SSS by the wireless device 250.

{0123}

33z I some embodiments, the relevant information message comprises a related 888

(333 In these embodiments where the index is a series index, frame timing can be obtained by
detecting the series index contained in the associated 8SS by the wireless device 250.

{0124}
338 In some embodiments, the relevant information message includes the relevant system

information, and the frame timing can be obtained by detecting the index contained in the
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relevant system information by the wireless device 250,

{0125]

1394 Action 905 In some embodiments, the network nede 210 utilizes beamforming to perform
the transmission of a first sync signal and a related information message, the wireless
device 250 sends a message to the network node 210. May be good.

t3¢47 This message provides information about which of the beams beamformed by the network
node 210 {o send the first sync signal and related inforrmation message was used for
synchronization by the wireless device 250, [t may be included.

1350 For example, the time-frequency position of the transmitted message may be used to imply
tell the network node 210 which beam was used by the wireless device 250.

{0126]
355 In seme embodiments, the information in this message may inclutle a beam state index of the

beam used for synchronization by the wireless device 250.

{0127}
1360 The wireless device 250 may send this message, for example, as a randons access preamble
containing sequence and / or time frequency resources as determined by the index of beam

state used.

10128]

ras6 Thus, embodiments herein provide an approach that addresses the above-mentioned
problems by repeatedly transmitiing a new beam for each OFDM symbol such that the
network node 210 scans the same, eg, PSS, obtain.

388 The instantaneous beam used in a given OFDM symbol may be unknown to the wireless
device 250,

1z71 The wireless device 250 performs a blind search in the time domain, eg, PSS, to obtain
OFDM symbol timing, which may be a prerequisite for converting the received signal to the
frequency domain prior to subsequent processing by the receiver. be able to.

374 Upon detecting the PSS, the wireless device 250 can find the SSS and, for example, PBCH, at
a position relative to the PSS,

szee Unlike the case of PSS, 888 and / or PBCH may be different for each OFDM symbol.

saey With this configuration. in the wireless communication network 200, the wireless device 250
can acquire a symbol offset, that is, a subframe offset as referred to herein, and a frame
offset.

t3s0 In some embodiments, this can be a network in which beamforming takes place.
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{0129]

i3a¢ FIG. 10 is a flow diagram illustrating an example of a methed performed by the wireless
device 250 according to some embodiments herein described with reference to FIG.

1386 The numbers on the right side of the figure indicate the correspondence with the actions
described in FIG.

¢3¢ In the figure. the wireless device 250 is represented as "UE",

t3sg In FIG. 10, the subframe offset as referred 1o in the present specification is expressed as

“symbol offset (subframe boundary)” .

1391 In this particular example, the first sync signal is the PSS, the relevant information message
contains the second sync signal, which is the SSS and PBCH, and the network node 210 has
already performed transmission using beamforming. ing.

t3e In this figure. the beam is represented as being identified by “Bi".

101304

13ga 11 and 12 are schematic diagrams showing at least some of the methods in the network
node 210 and the wireless device 250 according to some embodiments of the present
specification, each of which has been described for some actions in FIGS. 8 and 9,
respectively. is there.

1402 The numbers on the left and right sides of the figure indicate the correspondesnice with the
actions described in FIGS. 8 and 9, respectively.

109 In both figures, the network node 210 or TP210 is referred to as the "network /
transmission point” and the wirveless device 250 is referred to as the "UE".

106 Further, in both figures, in this case, the index which is a series index is represented as
“index §".

1908 FIG. 11 is a schematic diagram illustrating some actions in one of the enibodiments
described herein in which subframes and frame timings are determined by SSS.

re10 Note that PSS, 8SS, and PBCH do not necessarily have to be transmitted in the sarne OFDM
symbol.

1412 It should also be noted that in this embodiment, the wireless device 250 may accumulate
PBCH across several OFDM symbols, as the PBCH remains the same for each OFDM symbel.

1414 Ins the particular example of FIGS. 11 and 12, the first sync signal is PSS, the relevant
information message contains a second sync signal that is SSS and PBCH, and the network
node 210 utilizes beamforming. Sending is already in progress.

+417 In both figures, the beam state index is represented as identified by "Bi".

{0131}

1321 FIG. 12 iflustrates some actions in one of the embodiments described herein in which the
subframe timing is determined by the SSS and the information for determining the frame
timing is contained in the PBCH, It is a figure.
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423 Note that PSS, SSS, and PBCH do not necessarily have to be transmitted in the same OFDM
symbol.

426 In this figure, the index is represented as “index j* for the series index in SSS and "k” for the
index in PBCH.

{0132]

t431 To perform the actions of the methods described above in connection with FIGS. 8, 11, and
12, the network node 210 is directed to the wireless device 250 for synchronization of the
wireless device 250 with the network node 210. {tis set to send a first sync signal and
related information messages.

11435 The network node 210 has the following configuration as shown in FIG.

336 As already mentioned, in some embodiments, the network node 210 may be configured to
transimit using beamnforming.

1438 The network node 210 and the wireless device 250 are configured to operate within the
wireless communication network 200,

1423 Some of the detailed descriptions below are the same as previously mentioned in connection

with the actions described for Network Node 210 and will not be repeated here,

{0134}

1425 The network node 210 may be configured to transmit the first synchronization signal at least
once at the time-frequency position in each of the N OFDM symbols in the N OFDM symbols
in the subframe.

1451 N is 2 or more.

10135]

1455 This may be performed by transmit module 1301 within network node 210,

{01386}

1456 In some embodiments, for each transmission of the frst synchronization signal, the network
node 210 is further configured to fransmit a relevant information message at a predefined
time-frequency position within the OFDM symbol.

ra62 This predefined time-frequency position is relative to the time-frequency position of the first
sync signal.

1483 The relevant information message is associated with the first sync signal.
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{0137}

1408 This may also be performed by transmit module 1301,

{0138}
a7z The first synchronization signal can be a PSS
{0139}

1478 In some embodiments, the relevant information message comprises a related second sync
signal.

1478 The secaond syne signal can be 888

{0140}

ra82 In some embodiments, the relevant information message comprises a related PBCH.

{0141}
1456 In some embodiments, the network node 210 is further configured to use different beam
states at least two of the N OFDM symbols.

10142}

1401 This may also be performed by tramsmit module 13Q1.

{0143]
405 In some embodiments, the network node 210 is further configured to use different beam
states for each of the N OFDM symbols.

[0144)

tsoo This may also be performed by transmit module 1301,

10145}

tsoa In some embodiments, the network node 210 transmits a first syne signal in a beam state
and uses the same beam state as the first syne signal associated with the velated
information message. It is further set to send.
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{0146}

510 This may alse be performed by transmit modale 1301,

{0147]

519 In some embodiments, the associated PBCH further comprises relevant system information.

{0148}

1518 In some embodiments, the relevant information message is different for each OFDM symbnol
in which the related information message is configured to be transmitted by the network
node 210, the related information message includes an index. and the subframe timing is
wireless. It can be obtained by detecting the index by the device 250.

{0149]

525 In some embodiments, the related information message is the same for each QFDM symbol
in which the related information message is set to be transmitted within a subframe by the
network node 210, and the related information message is the related information message.
Different for each subframe set to be transmitted within the transmission target frame by
the network node 210, the relevant information message contains an index, and the frame
timing can he obtained by detecting the index by the wireless device 250, is there.

{0150}

134 I some embodiments, the relevant information message includes a refated SSS, the index is
a series index, and the subframe timing can be obtained by detecting the series index
contained in the related $88 by the wireless device 250.

{0151}

rs¢0 In some embodiments, the relevant information message includes a related SSS, the index is
a series index, and the frame timing can be obtained by detecting the series index contained
in the related 5SS by the wireless device 250.

10152]

54 In some embodiments, the relevant information message includes the relevant system
information, and the frame timing can be obtained by detecting the index included in the
related system information by the wireless device 250,
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{0153}
552 In some embeodiments, the series index comprises an index representing a series within a set

of possible series.

{0154]

1557 In some embodiments, the N OFDM symbols are discontinuous OFDM symbols.

{0155]

1s61 An embodiment of the present specification for transmiiting a first synchronization signal
and a related information message to the wireless device 250 for synchronization between
the wireless device 250 and the network node 210, for example, using beam forming. It can
be jmplemented by computer program code for performing the functions and actions of the
embodiments of this specification in conjunction with one or more processors such as the
processing module 1302 in the network node 210 shown in FIG.

ts67 The program code described above may also be provided as a computer program product,
eg, in the form of a data carrier, carrying computer program code that executes the
embodiments of the present specification when loaded into the network node 210.

1570 One such carrier is the form of a CD ROM disc.

1571 However, other data carriers such as memory sticks are also suitable.

ts72 The computer program code is further provided as pure program code on the server and

may be downloaded to network node 210,

10156}

1577 The network node 210 may further include a memory module 1303 that includes one or
more memory devices.

(578 The memory meadule 1303 may be arranged to be used to sinre data associated with an
application performing the methods herein when executed at network node 210.

1581 The memory module 1303 may commuinicate with the processing module 1302,

1ssz Any other information processed by the processing module 1302 may be stored in the

memory module 1303.

{0157]

rss7 In some embodiments, information may be received from, for example, wireless device 250
through receive port 1304,

589 In some embodiments, receiving port 1304 may be connected to, for example, one or more
antennas within network node 210.

1591 In other embodiments, the network node 2 10 may receive information from another
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structure within the wireless communication network 200 through receive port 1304.
t593 Since the receiving port 1304 may communicate with the processing module 1302, the
receiving port 1304 may then transmit the received information to the processing module
1302.
1598 Receiving port 1304 may be configured to receive other information as well.

10158]

qa00 The information processed by the processing module 1302 in connection with the
embodiment of the method of the present specification may be stored in the memory
module 1303, which may include the processing module 1302 and the receiving port 1304
as described above, May communicate with.

{0159

so7 The processing module 1302 may be further configured to transmit or transmit information
through the transmission port 1305 to the wireless device 250 or another node in the
wireless communication network 200, and the transmission port 1305 may be vonfigured
to transmit or transmit information to the processing module 1302 and another node in the
wireless communication network 200. i may communicate with the memory module 1303,

{0160}

515 A combination of analog and digital modules, eg, stared in memory, and / or software and
functions as described above when the module 1301 described above is executed by one or
more processors such as the processing module 1302, It will also be appreciated by those
skilled in the art that it may refer to one or more processors configured with / or firmware.

e300 One or more of these processors and other digital hardware may be included in a single
application specific integrated cirenit {ASIC), or some processors and various digital
hardware may be individually implemented. It may be distributed across several separate
components, regardless of whether they are integrated into a system-on-chip {So().

{0161}

ts2o Therefore, the method for network node 210 according to the embodiments described
herein will perform such an action as performed by network node 210 as described herein
when executed on at least one processor. Each is executed by a computer program product
that includes an instruction. i.e.. a software code portion. to be executed by this at least one
ProCessor.

631 The computer program product may be stored on a computer-readable storage medium.

ts3z The computer-readable storage medium on which the computer program is stored performs

such actions as performed by the network node 210 described herein when executed on at
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least one processor. May include instructions to be executed by the computer.
(635 In some embodiments, the computer-readable storage medium may be a non-temporary
conmputer-readable storage medium.

10162}

te20 To perform the actions of the methods described above in connection with FIGS. 9, 10, 11,
and 12, the wireless device 250 is configured by the network node 210 to synchronize the
wireless device 250 with the network node 210. It is set to detect the first synchronization
signal and related information messages that are set to be sent to.

1644 The wireless device 250 has the following configuration as shown in FIG.

1645 In some embodiments, the network node 210 may have already performed transmission
utilizing beamforming.

547 The network node 210 and the wireless device 250 are configured to operate within the
wireless communication netwaork 200,

re30 Some of the detailed descriptions below are the same as previously mentioned in connection

with the actions described for the wireless device 250 and will not be repeated here.

{0163}

1s5¢ The wireless device 250 may be configured to detect a first syne signal.

1655 The first synchronization signal is set by the network node 210 to be transmitied at least
once at the time-frequency position in each of the N OFDM symbols in the N OFDM symbols
in the subframe. ..

was N is 2 or more.

10164}

te62 This may be performed by the detection module 1401 in the wireless device 250.

10165]

e85 In some embodiments, the wireless device 250 is further configured to detect relevant
information messages at a predefined time-frequency position.

(68 The predefined time-frequency position is relative to the time-frequency position of the first
synchronized signal detected.

sszo The relevant information message is associated with the first synce signal.

{01686}

t574 This may also be performed by detection module 1401.
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{0167}

tors The first synchronization signal can be a PSS,

{0168}

tss2 In some embodiments, the relevant information message comprises a related second sync
signal.

o8¢ The second syne signal can be 553,

{0169

ses In some embodiments, detecting a related information message invelves matching the series
of detected related information messages with one of a set of possible information message
sequences.

{0170}

is9¢ In some embodiments. the relevant information message comprises a related PRCH.

{01714

rsaq In some embodiments, the associated PRCH further comprises relevant system information.

10172}

702 The relevant information message contains an index.

{0173}
706 The wireless device 250 may be configured to acquire subframe timing and / or frame

timing by detecting an index contained in the relevant information message.

{0174}

715 This may be performed by the acquisition module 1402 in the wireless device 250.

{0175}
715 In some embodiments, the relevant information message is different for each OFDM symbol
in which the relevant information message is configured to be transmitted by the network

node 210, the relevant information message includes an index, and the wireless device 250
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indexes, It is further set to acquire subframe timing by detection.

{0176]

1722 This may also be performed by acquisition module 1402.

{0177}

726 In some embodiments, the related information message is the same {or each OFDM symbol
in which the related inforisation message is set to be transmitted within a subframe by the
network node 210, and the related information message is the related information message.
Different for each subframe set to be transmitted within the frame to be transmitted by the
network node 210, the relevant information message contains an index, and the wireless
device 250 gets the frame timing by detecting the index. Further set.

{0178}

(735 This may also be performed by acquisition module 14G2.

{0179
rr3e In some embodiments, the relevant information message includes a related 555, the index is
a series index, and the wireless device 250 is farther configured to acquire frame timing by

detecting the series index contained in the related 355 ing,

101804

1745 This may also be performed by acquisition module 1402

{0181}

1720 In some embodiments, the related information message includes related system information,
and the wireless device 250 is further configured to acquire frame timing by detecting an
index contained in the related systers information.

10182}

1753 This may also be performed by acquisition module 1402.

{0183}

1759 I some embodiments, the series index comprises an index representing a series within a set
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of possible series.

{0184]

1764 In some embodiments, the wireless device 250 may be configured to discard the detected
OFDM symbols set to be transmitied by the network node 210, the first of which is within
the discarded detected OFDM symbols. The detection of the synchronization signal of 1 is
insufficient based on the threshold value.

{0185]

1771 This may be done by the discard module 1403 in the wireless device 250.

10186

res In seme embodiments, the wireless device 250 may be configured fo serst a message to
network node 210, which message is to send a first sync signal and related information
message to network node 210. It contains information about which of the beams
configured for beamforming by the wireless device 250 was used for synchronization.

{0187}

r7e2 This may be performed by the transmit module 1404 in the wireless device 250.

{0188]

r7s6 An embodiment of the present specification for detecting a first synchwonization signal and a
related information message transmiited by the network node 210 for synchronization
between the wireless device 250 and the network node 210, for example, using beam
forming. . In conjunction with one or more processors, such as the processing module 1405
in wireless device 250, shown in FIG. 14, may be implemented by computer program code
for performing the functions and actions of embodiments of this specification.

1752 The program code described above may also be provided as a computer program product,
eg, in the form of a data carrier, carrying computer program code that executes the
embodiments herein when loaded into the wireless device 250.

795 One such carrier is the form of a CD ROM disc.

1706 However, other data carriers such as memory sticks are also suitable.

1797 The computer program code is also provided as pure program code on the server and may

be downloaded to the wireless device 250.

{0189}

12-05-2021 43 IPR2022-00468
Apple EX1016 Page 1592



