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Notice 
This translation is machim"--generatt>tL It cannot be guaranteed that it is intelligible, accurate, 

co1nplete, reliable or fit for specific purposes. Critical decisions, such as cornrnercially relevant or 

financial deci.sions, should not be based on rnachine-translation output 

DESCRIPTION JP2017503386A 
10 Net\vork nodes, \-vireless devices, and rnethods in thern to sto-nd and detect sync signals and 

related information, respectively. 

!0001]

1s The present disclosure generally relates to a network node and a method at a net.work nodr, 

for transmitting a first s:ynchron.ization signal and related information message to the wireless 

devhx.• for synchronization of the \�'irekss device with the network node. The present 

disclosure also relates generally to \.Vireless devices and met.hods in \Vfre!Hss devices for 

detecting a first sync signal and related informational messages, The present disclosure 

further relates, in gm1eral, to computer programs for performing thPse methods, and 

comput.er�readable storage med.ia on vvhich these computer prograrns are stored. 

[0002] 

2s Comrmmication devices such as terminals are also knovvn, for example, as user devices (UEs), 

\Vireless devices, mobile tenninals, wireless t.E•rrninals and / or n1obile stations. The terminal is 

capabk> of vdn.'less co.mrnunkat!on .in a cellular communication network or win.iless 

communication svstern. ,-vhlch is sornetimes referred to as a cellular wireless svstem or cellular 
J • 

� 

netv.,rork. This cornmunicalion is, for examph.>, between two terminals, bd\veen a terminal and 

a telephone, and / or vvith a radio access nenvork (RAN) contained ·within a cellular 

cornrnunicaUon net\:vork and, ln some cases, vvith one or more core nen.vorks, It can be done 

betv1-'een tJw terminal and the server via, 

[0003] 

J6 To mention some other examples, terminals are also sonwtimes refern:id to as mobile phorn.•s, 

mobile phones, laptops, or sud plates with 'iiVirnless capabilities. 
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38 Ttm terminal in this contf:>xt is portable, poch�t--rr101..mwd, handheld, or built-in computer 

capable of cornrnunicating voice and/ or data \Vith another entity, such as another terminal or 

SE:�rver, via, for example, a RAN., Or an in--vehide mobile device. 

[0004] 

-11 Tht':' cellular communkatlon nen.vork covers a geographical area divided into a plurality of ceU 

areas, and each cell area is a base station, for exarnple, "eNB", "eNodeB", "NodeB" depending on 

the technology and term used. Served by a radio base station (RBS), sonH,'tirnes referred to as a 

"B node", or HTS (base station). 

48 The base station mav be a base station of various classes, such as a macro eNodeR a horne 
✓ 

. . 

eNodeB, or a pico base station, basHi on the transmit pO\ver and the eel! size drn.� to the 

transmit po1,,ver. A cell .is a geographic area \vhere radio cow'rage is providt.>d 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. In addition. each base station rnay support a single or several cornrnunication 

technologies. The base station con1municates 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 dm-vnlink (DL) is used for transmission lines frmn base stations to mobile 

stations. The exprnssion uplink (UL) is used for transmission lirn:�s in the opposite direction, Le. 

from mobile stations to haM>: stations. 

[0005] 

GJ In tlx� Long n�rrn Evolution (LTE) of the 3rd Gem�ration Partnership Project (3CPP), base 

stations, also kno,.vn as eNodeB or eNB, may be directly connected to one or more con� 

net\vorks, 

[0006] 

67 The 3GPP LTE Radio Access Standard \-Vas developed to support high bit rates and knv 

latencies for both uplink and dm,vnlink traffic. 

!'i9 In LTE, all data trnns.m.ission is controlled by the radio base station. 

[0007] 

n The development of 5th generation {SG) access technology and air interference has only just 

begun. but there are already t.>arly publications on pote1tial. candidate technol.ogies. 

?-'i One candidate for a 5G air interface is to scale the barn:hvidth N thnes over the current LTE, 

\Vhich is limited to a bandwidth of 20 l\1Hz (l\H-Iz), ,.vith a duration of l / N, vvhere I.TE-Nx, 

Abbreviated as, 

78 A typical value is N "' 5, vvhich results in a carrifir \Vith a bandwidth of 100 iv1Hz and a slot 

length of O. l rns, This scaling�based approach allows many featun:'s in LTE to be mused in 
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LTE-Nx, simplifying standardization tasks and allo,,;ving reuse of tt�chnical cornpommts. 

[0008! 

8,1 The 1:�xpecu.>d carrier frequencies of 5G systems can be much hlght.'r than current 3G and 4th 

generation {4G) systems, and valrn,•s in the 10-80 GHz rangt� am being considered. 

86 At such high fly_,quencies, an array antenna as shovm in FIG. 1 can be used to achieve coverage 

through bearnforming gain. FIG. 1 shmvs an exarnple of a 5G systern including three 

transmission points (TP), nanu,,J.y transmission point l (TPl), transrnission point 2 (TP2), 

t.ransmission point 3 {TP3). and UE. Each TP uses bearnfnnning hx transrnission. Since the

vvavelength ls less than 3 centimeters (cm), an array antenna having a large nurnber of

antenna elements can be housed in an antenna housing having a size similar to that of today's

3G and 4G base station antennas. The total area of the antenna array that achieves a

reasonable link budget is (ypica!ly about A 4 paper.

[00091 

97 Since so many antenna elements are involved in bean1 forming, the bearn ls usually highly 

din.'ctional, r1:'stilting in a b1:.�amfonning gain of 20 dedbds (dB) or more, 

w; That is, each beam has a relatively narrovv horizontal and/ or azimuth angle, and a half-radio 

intensity beam width (HPBVV') of 5 degrees is not uncommon. Therefore, it becomes necessary 

to cov1:.'r one s1:'ctor of the cell vvith as many beams as possible. Beamfonning can be thought 

of as intended for a single \<VinJess device or a group of \'Virdess tkvices in similar geographic 

locations \Vhen signals are transmitted over such a narrow HPB\V. This can be Sf}en as in 

contrast to other beam shaping techniques, such as cell shaping, \vlwre cd! coveraw� is 

dynamically adjusted according to the geographic location of a group of users ,vithin the cell. 

Bearnfonning and cell shaping use sirnilar techniques in that one signal is transmitted from 

nmltiple antenna elements and complex v.'eighting is applied to each of these antenna 

elmnents .indiv.idually. viihich v,,m be described herein. Bearnformi.ng and beam recognition in 

the ernbodiments are related to a narrow HPB\V that is essent:iaUv intended for the location of 
• - - - - ._J • 

a singh:! \•Vin:dess dfWice or terminal.

[0010] 

114 In some embodiments of the pres1�mt sp1�ciflcation, a systern with a plurality of trans1nission 

nodes 1..vlll be considered, and each node will be equipped with an array antenna capable of 

gerwrating a large munber of narrow beams of tJw HPBVV. 

nl These nodes can, for example. use one or more LTE-Nx carriers to achieve total transmission 

bandvvidth in nmltiples of hundreds of l\.4Hz and 10 gigabytr<S (Gbit / s) in Um downlink. It 

brings about the above peak user throughput. 
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[00 l l] 

12;:i In the LTE access pron�dure. the UE first searches for a cdl using the cidl search procedure, 

and when it detects an L TE cell, it decodes the information necessary for registering in this 

eel!. 

126 If the UE is already connected to a cell. it \Vlll also need to ide-ntify a rn.'\V cell to find a 

neighboring ct•lL In this case, t.ht• DE may report the detected neighboring cell ID and some 

rneasurements to its serving cell in preparation for handover, Unique prirnary sync signal 

(PSS) and secondary sync signal (SSS) may be transmitted front 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 UE, is tuned to a signal 

transmitted by a nen .. vork node, such as an eNB. The PSS contains information that allmvs the 

,vireless device in LTE to detect the 5 ms t.irning of the cell, as vvell as the cell ID ,.vithin the 

cell ID group. SSS aUovvs wireless devices in LIE to obtain frame timing and cell ID groups, 

The PSS can be composed of a Zadoff.Chu series vvith a series length of 63, which is mapped 

to G4 central subcarriers. Huwever. 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 SSS is composed 

of t\vo M-seqm�nces each having an interleaved sequence length of 31, and different SSSs 

can be obtained by applying different cyclic shifts of each of the tvvo !Vi-sequences. The two 

I'vl-s1:.'quences may have a total of 168 valid combinations representing cell ID groups. vVhen 

PSS and SSS are combined, there can be a total of 504 physical cell IDs in LTE. 

[0012] 

us Once the c1:.�ll is found, the UE can proceed to s-ubseqmmt steps to associate \Vlth this cdL 

1413 This Cf.'ll may tlwn be known as the M�rving cell of this UE. After the cell is found, tlw UE ·will, 

for exa1nple, have s_ystem information (PHCH) in a physical broadcast channel (PBCH) knovvn 

as the f\..faster [nformation Block C�HB). vvhich is at a tirne frequency position n�lative to the 

PSS and SSS locations. SD may be read. The SI conlains all the information a \Vireless device 

needs to access a net\'vork using a random access procedure. Wht.>n the l'v:UB is detected, the 

system frame number (SFN) and system bamhvidth are knmvn. The UE may notify the 

network of its existence by transmitting a nwssage on a physical rando.m access channel 

{PRACH), 

[0013] 

1s1 \Vhen there are muhlp!e antennas in a cell, each antenna transmits an individually encoded 

.message to a wireless device, or UE. ·which .increases capacity by a rnultipfo of the 

transmitted layer. 

mo This ls \-veil kno\vn as tvmv10 transmission, and the number of laym-s transmitted is known as 

the rank of transmission. Beam.forming conventionally corresponds to tnmsrnissi.on rank J, 

At transmission rank I, only one (mcodt>d messag(� is transmitted, but is transmitt(�d 

simultaneousl_·;,.i frorn all antennas individually hr,amfonm�d complex ,.vdghted for each 
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antmma. Thernfore, in hearnforrning, only a singk1 layer physical dov ... nHnk sharnd chanm�l 

(PDSCH) or an evolved physkal dovvn!ink control channel (EPDCCH) .is transmitted .in a single 

beam. Sinn� this beamfonning transmission is also possible in LTE, after tilt:� UE is associated 

vvith the cell, a set of channel state information reli.�n.!nce signals (CSI-HS) ,vith N °
0, 1. 2, 4 or 

8 ls the measurement reference in the UE. The UE will be able to report suitable rank 1 Nx 1

precodlng vectors that include beamforming complex weighting based on CSI"'RS 

rneasurements. The precoding vector can be selected frorn the codebook of rank l precoding 

vectors. In Rel-8, 16 rank 1 prncoding vectors are defined, and in Rel--12, a n1:nv codebook is 

designed \•Vith 2 56 rank l prncodi.ng vectors. 

[0014] 

1 m As described above, the "beam" can be regarded as the result of applying a specific precodlng 

vector to the one-fayer signal transmitted over the plurality of antenna elements. 

ns Here, generall_y, each antenna element is amplitude-weighted and phase-shifted, or the sarne, 

but the signal transmitted from the antf:.mna element is multiplied by a cornplex vveight. 

\Nhfm the antenna elenmnts are arranged not only on a straight Hne but also in two or three 

dimensions, two~d.imensional beamforrn.ing in \Nhkh the beam directing direction is rnovahle 

in both thf:' horizontal angk� and the azimuth angle is possible. Rt:�forences may also be made 

to three-dimensional {3D} beamfr)fTning in which variable transmission power ls also taken 

into account. Further, the antenna elements of the antenna array may he configured with 

diffen.'nt polarizations, and as a result, the polarization statt:� of the transmitted 

dectrcnnagrmtic wave can he dynarnically changed by arUusHng the antenna \Nt�.ight.ing. 

Thf.�refore, a two•ditrn.msional array having ek}nwnts having diffenmt polarizations can 

ensure a large degn.'f:' of frel".x!om in bf:'atnforming dept'nding on tilt.� antenna w1c.�ighting. A 

particular set of precoding \Veigbts produces a particular beam in azirnuth, elevation, and 

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

100 I 5] 

NJ The most flexible implementation vvoul.d be to use a fully digital bt.�amfonner, whf're E',Kh 

\•veighting can be applied independently of each othtir. 

196 Hoi.-vever, in order to reduce the cost, size, and power consurnption of the hardware, some of

the ,.veighting functions may be placed in t!w han:hvare using, for exa.mp!e, a butler matrix, 

and the other parts rnay be controlled in the sofhvare, For example, the elevation angle rna __ v 

be controlled by a Butler rnatrix implementation and the azimuth rnay be controlled in 

softvvare, ThE' problem vi-'ith beamfonning by han.hvare ls that lt involves S\Vi.tches and phase 

shifters that are expected to have some switching latency, so it is not possible to achieve 

instantaneous beam S\Vit.ching. 

!001 G]
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200 The PBCH is transmlttf:1d using a cornrnon rnft�renn=>. signal (CRS) as a demodulation rnforenu�. 

201 Since the PSS. SSS. and PBCH channels are intt.>nded for any UE that ath'mpts to attach to a 

crdL they are typically transmitt(?d over \Viele cell coverage, for example using 120 degTee 

sectors, Thus. in LTE, beamforming is not performed on such signals. for exarnple, because of 

the risk that PSS and SSS may appear in the side lobes or even appear in the null direction of 

the bt•amforming ernission pat.tern. As a result, synchronization failure for the cell or !vlIB 

detection failure v,.rlll occur, 

[00:l 7! 

2w Existing methods of transrnitting sync signals from netvvork nodes to vvireless devices are 

designed to achieve wide coverage at frequencies lmver than the transmission carrier 

frequencit:•s expected to be adopted in future systems. 

21.
9 \Vhen such a current method is applied to a communication systern using a high frequency 

carrier such as a carder scheduled to he adopted in a future SG system, it ma_y lead to 

innumerable svnchronization failures. 
_.• 

!0018]

?25 An oI-�ject of the embodinwnts herein is to provide an improved approach for a IH"t\vork node 

to transmit a s.ynchronization signal for synchronization between the wireless device and the 

nd.,Nork node and for the 'oNirekss device to detect such a synchronization signat This is to 

improve perfonnance in v<ilrdess communication net\,vorks. 

2w In some embodinwnts, the network may HSt:� lwarnfornfrng to transmit a sync signal to a 

wireless device. 

[0019] 

2s1 According to the first aspect of the embodiments of tlw prnst.mt spedfkation. this ol�ject is 

achieved by a rnethod. of transmitting a first s_ynchronization signal and a related infrxmation 

message to a ,x,,,ifeless device, vvhich is performed by a nehvork node, 

28? This is done for synchron.ization of vvirE•less elev.ices .and net.work nodes, 

zas Net,.vork nodes and 'Nlreless devices are operating vvithin a ,vireless communication network. 

23D The net.work node trnnsrnits the first synchronization signal at least once at tJw tirne--

frequenc_y position in each of the N OFDM symbols in the N OFDiv1 symbols in the subfrarne. 

211 N is 2 or more. 

242 The network node sends a relevant information message at a predefined time-frequency 

position within the OFDf\..J symbol for each transmission of the first sync signal. 

244 The prndeflned tirne-frequency position is relative to the time-frequency position of the first 

sync signal. 

241, Till� n�levant information message is associated ,vith the first sync sign.at 
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[0020J 

250 According to a second asp1:.'ct of the embodiments herein, this object is achieved by a method 

of detecting a first sync signal and related information message transmitted by a network 

node, performed by a \Virdess device. 

2tis This is done for synchronizati.on of wireless devices and net\vork nodes. 

2s1 Net\vork nodes and \Vireless devices are operating wlthln a vvireless connn1mlcation network 

255 The ,vireless device detects the first sync signal. 

25(, The first synchronization signal is transmitted by the netvvork node at least once at the time-

frequency position in each of the N OF[Hvl syrnbols in the N OFIJf·vl syrnbols in the subfranw. 

2ss N is 2 or more. 

2tin The \•Vireless device detects relevant infonnation messages at a predefined Urne-frequency 

location. 

2m The predefined time-frequency position ls relative to the time-frequency position of the first 

synchronized signal detected. 

w:i The relevant infonnation message is associated with the first sync signal. 

2M The \-Vireless device acquires subframe timing and i or frame timing by detecting the index 

contained in the relevant infonnation message. 

[0021! 

2B[i According to a third aspf:'ct of the ernbodiments herein, this object is achieved by a net\vork 

node configured to send a first sync signal and related information messages to a \,vireless 

device. 

21.2 This is done for synchronization of \Vireless devices and network nodes, 

27.:i Network nodes and vvire!ess devices are configured to operate within vdreless conu11tmication 

net\vorks, 

275 The net.work node is cont1gml'd to transmit dw first synchronization signal at least once at 

the time-frequency position in each of the N OFD1vl syrnbo!s .in the N OFD1vl symbols .in the 

subframe. 

l?i:l N is 2 or more. 

zm The net•,;vork node is configured to transrnit a related information message at a predefined 

OFD!\·1 symbol, i.e., a predefined frequency position at a time position, for each transrnission 

of the first synchronization signaL 

282 The predefined time-frequency position is relative to the time-frequency position of the first 

s31nc signal. 

2H-1 The relevant information message is associated with the first sync signaL 

[00221 

288 According to a fourth asp1:.'Ct of the embodiments hen:dn, this object is achieved by a \Virek�ss 

device configured t.o detect a first sync signal and related information messages conflgurnd 
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to bt' transrnit.t.ed by a net.\vork node. \Vill bt� dorm. 

w1 This is done for synchronization of \'virekss devices and netvmrk nodes, 

w2 Netvvork nodE:�s and ,.vireless d1:.�vices are configured to operate \'Vithin wirekss communication 

net.,vorks. 

z,9, The w.irdess device is set to detect the first sync signaL 

ws The firs!. synchronization signal is set to be transrnHted at least. once at Um Ume-freqm,ncy 

position ln each of the N OFrnvl symbols in the N OFDM symbols in the subframe. 

2M N is 2 or more. 

2r;s The \-vireless dt•vice is furtht•r configured to detect relevant information messages at a 

predefined time-frequency location. 

300 The predefined time-.frequency position is relative to the time--frequency position of the first 

synchronized signal detected. 

302 The relevant information niessage is associarnd ,vith the first sync signaL 

JoJ The ,vireless device is further configured to acquire subframe timing and/ or frame timing by 

detecting the index contained in the relevant inforrnation message, 

[00231 

:ms According to a fifth aspect of an f:'tnbodiment of the prPsent specification, an o
b

ject of the 

present invention cornprises an instruction to cause at least one processor to perform a 

.method performed by a net\vork node when executed on at least one processor. Achieved by 

computer programs. 

!0024]

:us According t.o a sixth aspect of an embodlrnent of the present specification, an object of the

present invention is a cmnputer comprising an instruction to cause at least one processor to 

perform a method performed by a netvvork node \vhen executed on at least. one processor. 

The program is achieved by a computE•r-readab!.e storage medium stored on it 

100251 
322 According to a seventh aspect of an embodiment of the present specification, an object of the 

present invent.ion comprises an instruction to cause at !east one processor to perform a 

method performed by a ,1vfreless device vvhen executed on at least one processor, Achieved 

by computer programs. 

[0026] 

32g According to an eighth aspect of an embodiment of the present specification, an object of the 

pn.!sent invention compris1:.,s an instrnction to cause at lEiast one prou•ssor to perform a 

method perfonned by a Vi.'indess device vvhen executed on at !east one processor. The 
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program is achievt:>d by a cornputer•n,•adable storage medium stored on it. 

[0027! 

SJt> By repeatedly transmitting the same first sync signal wlthln th1:.' N OFrnvr symbols in tlw 

subframe, the wireless devict' sends the first. sync signal and related lnforrna!.ion rnessages on 

at least one of the symbols used. Increased likelihood of detection. 

33.9 Therefore, a rnethod for a \Nireless device to synchronize with a network node, optirnized for a 

high frequency carrier using a narrow bearn,. is provided. 

:141 This may be done using bearnforrning. 

342 For example, the net,.vork node transmits the same first sync signal by scanning each OFD:rvI 

symbol \•Vith a new twam or the like so that. the wireless device can perform the first sync 

signal and the association in at !east one of these bearns, Increased likelihood of detecting 

informational messages. 

:wi In an embodiment utilizing bearnfonning. the first sync signal and related infonnation 

messages are transmitted in multiple beams so that the netvvork node can successfully detect 

the first sync signal and rdated information by the \-vireless device. Does not m�ed to know 

which heaxn is suitable for fhe v.rireless device. 

[0028] 

35;; Further advantagt'S of sonw of the embodinwnts disclost":-d herein are discussed bf.•lo\-v. 

!0029]

3.',l Examples of embodirnents herein \-viH he described in more detail with reference to the 

accompanying dravvings. 

!0030]

362 It is a schematic diagram i,.vhich shovvs thl' E�xarnple of the 5G systi�m vvhich has 3 TPs. 

3133 His a schematic block d.lagram \'Vhich shovvs tJw ernbod!rnent in a wireless communicaUon 

rn.>t\'Vork by some Embodiment. 

365 It. is the sdwmatic which shows the embodiment of the method in the network node by some 

Embodiment 

367 It is the schematic \Vhich sl1m:vs the embodiment of the method in the nehvork node b_y some 

Embodiment. 

369 Jt is the schen1atic vvhich shm-vs the embodiment of the method in the net\'vork node bv some 
,. 

Ernbodiment. 

.n.1 It .is the schematic which shuws the embod .irnent of the method .in the network node by some 

Embodinumt 

373 It is the schematic \Vhich shm0vs the embodinwnt of Um method in the nehvork node by some 
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Embodiment. 

315 It is the schematic which shovvs t!w embodiment of the method in the network node by some 

Emboditmmt. 

3i7 H is the schematic ,vhich shm¾·s the embodiment of the rnNhod in a wireless devke by s<H11(�

embodiments. 

37D It. is a flow chart which shmvs the embodiment of the method in a v,,ireless device by some 

embodiments, 

381 It is a schematic diagrarn \iVhich shmvs the ernbodiment of the method in a wireless 

communication netvvork by some embodiments. 

:m.:i It is a schematic diagram which shm:vs the embodirnent of the rnethod in a 'Nireless 

communication network by some ernbodiments .. 

385 It. is a block diagram of a net.work node set. according to sorne embodiments. 

381.i It is a block diagram of a vtirdess device set according to some embodiments. 

[0031! 
3WJ First, for one or more problems rnlated to using at least some of Um prior art solutions as part 

of the solutions according to fhe ernbod.irnents of the present specification and ,vhich can be 

addrnssed by th1:' embodiments of the prnsent specification. r would like to clarify and 

consider iL 

[00:12J 

:1m Einboditrnmts !x�rein generally compare to typical 3G and 4G systems in vvhich the number of 

antenna 1:.'lements on tlw transmitter and / or receiver side op1:•rates at freqmmcies belov,1 3 

GHz, for exarnple at higher carrier frequendes above 10 GHz, It is related to the fact that it 

can increase significantly. 

,101 In such a system, tbe increased path loss can be compensated by beamforrning. 

402 If these beams are m .uTOvv, a large number of beams v1dH be required to cover the coverage 

area. 

[0033J 

,101 Embodiments herein are Hkevvise generaHy related to the following facts: 

,mH That is, since synchronization and system inforrnation must be transmitted in narrmv 

horizontal and azimuth beams to maintain cell coverage and link reliability, hmv to transmit 

such signals, as \-vd! as the user. The question is hm..v a terminal, such as a ,,vireless d(ivice, 

finds a cell, that is, hmv to perform a eel! search, and how to synchronize the time and 

frequency of the lWlVi-'Ork. 

41:-J Further, when system information is transmitted using beamform!ng, how to obtain this 

information from the net\ivork and how to obtain symbol and subfratrn.• synchronization are 

also problematic. 
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!0034]

J.w Orw of the problems addressed by embodiments herein is opt.irn!zed and synchronized

detection of synchronization signals hy \.Vireless devices in w. irekss communication networks 

that use high frt•quency carrk>rs that suffer greater path loss than lmv frequency carriers. A 

rnethod of transmitting a synchronization signal frorn a net,vork node to a ,vireless device so 

that synchronization failures due to signal detection fr-lilures are reduced. 

[0035J 

c121 For example, wht>n using beamformlng, one of the specHk problems addresst•d by lhe 

embodiments herein .is in systems using high frequency carriers, \.Vhlcb are required to 

achieve cell coverage and to achieve synchronization and transmission of basic systern 

inforrnation, A method using a narrow bearn that rnay be required to provide a high 

beamforming gain. 

!0036]

.435 Ohen, for rmt\.vorks, for example, one or rnore, each transmitting a transmission point fTP)

beam, such as during initial access by a v,dreless device, or \:v·hen the vdrekss device is 

searching for additional cells. For the 1x�twork node controHing tilt:� transmission point (TP), it 

is not possiblt) to dirnd the hemn vvith the signal required for such an operation towards the 

wireless device . 

. 140 This is because nervvorks, such as network nock�s, arP not informed of beams or precoding 

vectors that are useful for a partin.ilar ·wireless device. 

[0037] 

··H.5 Therefore, in a network, such as a netvvork node, there may be problems vvith hmv to transmit

S)-111ehronization signals and basic system inforrnatlon, such as tvHBs, to wireless c.h.•vices in 

systems where bearnformtng takf.•s p.lacf.'. 

[0038] 

.-1s1 As a result, for \vireless devices, hmv to synchronize the tirne and frequency \•Vith respect to 

the cell, how to acquire system information, and how to perforrn a handover operation 

become problems. 

!0039]

.1st Furthennon,', hm'\1 \•Vireless devices can achie1u,• franw and subframe synchronization, 
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respectively, and also orthogonal fn,�quency division multiplexing (OFD!'v1) symbol 

synchronization .is a con1p!ex issue. 

[0040! 
4{,3 Further consideration 'WlH he given to such issues below·. 

!004 l]
-4/Jl Considering a set of TPs. each TP is capable of transrniu.ing a large nurnber of different beams

by using an array antenna, and the beams have different main lobe pointing directions and/ 

or transmission polarization states. be able to. 

[0042] 
J?:i A given beam can be n.�presented by a particular precoding vector, in ·which case the signal is 

replicated for each antenna rdernent and transmitted \'Vith amp!itmle and / or phr.N" 

weighting applied. 

,rm Such \Vf.'ighting seh:?Ction can dN1:.�rrnine the beam, and thus the beam directivity or "beam 

state". 

[0043] 
,1s1 Tlw choice of multiple beams trnnsmitti.:_�d from the TP is typical of 5G systems deployf}d at 

higlx•r carrk�r frequenci1:.�s above 10 GHz, ,.vben� tlw anh.mna is composed of multipk? 

antenna elements to achieve large array gain, obtain. 

484 l-fovvever. a large number of beams can be applied to ilnprove coverage, even in syste1ns 

operating at lower frt'quencies, such as belo\v l 0 GHz, ,vlth the drawback of increasing the 

overall size of the antenna due to the longer wavelengths. 

10044! 
490 At higher carrier frequencies, the aperture size of each elernent, which is a function of the 

carrier frnqrn'ncy, is smallt>r than that of a conventional cellular earlier fn,'(}1.Jency, Le., a 

system operating at a rnaxinmm of 5 GHz, but an antenna army consisting of rnultiple 

antenna elements. It can be used to compensate for this. 

4!M In addition, large antenna gains, including complex weighting of hearnfonning, are required to 

overcorne path loss at higher frequencies. 

4D6 Due to the large array gain and the large number of antenna elernents, t�ach beam prod1:1u0,d is 

rather narro\<v, typically only 5-10 degrees, and .in son1e cases even na1TO\.\'t.ir, dept.mdlng on 

the design of tht.� array antenna, in tHms of HPB\V . 

. 1DD Usually, t.\vo-dhnensional beamformlng ls desirable in which the beam is movable ln both the 
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horizontal and azirnuth directions at the same tinw. 

501 By adding transmission power to the variable beam, it is poss.ihle to control the coverage of 

the 2D beam, and a 3D b(?arnforming syst(?tn can be realized. 

[0045] 

.';ou Beamforrning vvill also be required for these signals, as synchronous channels and. for 

example, broadcast control channels that carry basic systern information to access cells may 

also require large array gains. 

[0046] 

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

5JJ Synchronization can be performed at several levels. 

SH Initial time-frequency synchronization may be required to tune the receiver to the OFDM time 

frequency grid used by the resource element such as OFrnvt sy1nbo! boundaries. 

516 Synchronization may then br,: rT:quired to cfotPct sobframP boundaries as ,.veH . 

. ';17 For example, in LTE. vv.itb a standard cyclic prefix (CP) length. Qne subframe consists of 14 

OFmv1 symbols. 

s.i.9 ln addition, it rnay be necessary to detect tht� frarne structun:' so that tlw wirnless device 

kno\vs when a .rn.'\V frame will start. 

521 For t�xampk\ in L TE, one frame is compos(?d of 10 subframes. 

!0047]

s;ts Embodirnents herein describe methods that allov,.c the use of rnoltiple transmission beams

performed by a netvvork, such as a net\:vork node. vvhile at the same time providing any of 

the following: 

.';28 That ls, for E'xample, rapid cd] detection. systern infornmtion acquisition, and symbol, 

subframe, and frame synchronization for vvireless devices that may attempt to connect to 

cells served bv the netvvork nodEt .. • 
s31 The proposed method can also seamfossly .impfo1rn.int various irnplernentations .in networks, 

such as those in network nodes and those in \-Vireless devices. 

533 This is important. in some impltmwntations that use analog bearnforrning networks, \Vhere the 

beam S\Vitching time \Vith the anafog components is too long and is \.Vithin the time between 

the t\vo OFDM syrnbols, that is, w"ithin the CP length interval. This is because s\-vitching at 

.may not be possible. 

S:H Also, in implementations in ,,vireless devices, for example, cell search computing power nmy 

be limited, so in addition to Hw: possibility of increased access dday', the frr,qmmcy of cell 

search is less than once for E'ach OFDl\'1 symbol. Access to is not unnecessar.ily restricted. 
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[0048] 

s:n Next. embodiments vvlll be described in detail \Vith reference to the accornpan_ying drawings 

shO\-ving examples of th(? claimed subject matter. 

S45 l-lo\vever, t.he claimed subject matter can be irnplernented ln rnany difli:�rent forrns and should

not be construed as bdng limited to the embodinwnts described lwrein,

:"J.17 Rather, these embodiments are provided with the intent to ensure that the disclosure is

cornplete and cornplete and that the dairns are folly con1n11.u1icated to those skilled in the art

54.
9 It should also be noted that these embodirnents are not mutually exclusive.

550 The cornponents of orw ernbodimt•nt can be implicitly assurned to exist / be used in another 

embodiment, 

[0049] 

555 FIG, 2 shO\-vs a vvireless communication net\-vork 200 in which the ernbodiments of the 

present specification can be implemented. 

S57 The wireless communication l1E.!t\-vork 200 includes, for example, LTE Frequency Division 

Duplex (FDDJ, LTE Time Division Duplex (TDD), LTE Half Duplex Frequency Division Duplex 

(HD~FDD), vvhkh is called Long~TerTn Evolution (LTE). In addition to LTE operating in 

unlic1:.'nS1:.'d bands, Broadband Frequency Division Duplex (WCDl'vIA), Universal Terrestrial 

Radio Access (UTRA} TDD, Global Systern for l\.-1ohi1e communications (CSi\.·f) Network. CSi\.·f / 

Enhanced Data Rate for GSl\.-1 Evolution Access net,.vorks (GERAN) networks, EDGE networks, 

nd.,Norks consisting of any combination of radio access technologies (RAT) such as multi

standard radio (t\.-tSR} base stations, rnulti-RAT base stations, any 3rd Gerwrat.inn Partnership 

Project (3GPP) Cellular It can be a network such as a network, a vViFi network, a \Vor!dwide 

Interoperability for Freqm?ncy Division {\Vl\·fax}, a 5G system, or any cellular net\vork or 

system. 

[0050] 

511 The ,virnless communication network 200 includes a transmission point, that is, a TP2 l 0. 

572 The transmission point 210 transmits on<,� or more TP bearns. 

Si'3 The trans.m.lssion point 210 serves, .frff example, an eNR an fiNodeB, or a baMi station such as 

a home nod.e B, a home eNodeB, a femto base station, a BS, a pico BS, or a device or machine 

type cormmmication device in the wire!t•ss communkaHon net\.vork 200. It may be any other 

network device that can, 

577 In some particular embodiments, the transmission point 210 can be a f1xed or mobile relay 

node, 

sm The w.ireless communication net,-vork 200 covers a geographical area divided into a plura!Hy 

of cdl areas, and each cell an,:a is served by mm TP, but. even if om� TP serves one or several 

cells. Alternatively, one cell may bt.• served by multipfo TPs. 

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

SR3 The transmission point 210 may be a transmission point of various classes, such as a rnacro 
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eNmfoB, a horne eNodeB, or a pico base st.at.ion, based on tht� transmission power and the cdl 

size due to the transrnission pO\ver, 

5813 Typically, the wirek�ss communication net\vork 200 includes more cdls similar to cell 220, 

each of vvhich is served by one or more TPs, 

58..", For s.imp!idty, F1G. 2 does not shm-v such a situation. 

5SD In the prest•nt SfWcifkatlon, the transrnission point 210 may be reft.•n'f.0 to as a nef\.vork node 

210. 

@1 The net\'Vork node 210 controls one or more TPs, such as one of the net\vork nodes 210. 

[0051J 

595 Thf.� network node 210 may support a single or several communication technologies, and may 

be named according to the technology and terminology ust.>d. 

5M In 3GPP LTE, netv,.cork nodes 210, \Vhich may also be referred to as eNodeB or eNB, rnay be 

directl_y connected to one or more net\-vorks 230. 

[0052] 

602 The nd\'Vork node 210 may communicate ·vvith one or more net\'vorks 230 via the link 240. 

[00531 

uo6 There are sr�veral ,.vireless dev"ices in the wireless comn:mnicat.ion net\.vork 200. 

Go1 In the exan1pk� scenario of FIG. 2, the win_:_�less deviw 250 is lllustratt�d as the only wireless 

device. 

609 The wireless device 250 rnav cmT1municatti vvlth the net,vork node 210 vla the vvireless link 
.-' 

260, 

!0054]

t,u The \-vlreless dt•vice 250 is, for example, a v.'ireless cornrmmication device such as a mobile

terminal, a w.irdess terminal and / or a l/E also kno,,vn as a .mobile station, 

Gw This device has a \vireless function, that ls, it is possible to communicate \Virelessly in a 

,vireless communication netvvork 200, vvhich is sometirnes referred to as a rnllular \-Virel.ess 

svstem or a cellular network 
.., 

6J.
9 This communication can occur, for example, betvveen t\vo devices, between a device and a 

tek>phone, and / or betvveen a (k.•vice and a server, 

621 This communication may take place, for example, via a RAN contained vvithin the wireless 

communication rmt\•Vork 200 and, in sorne cases, one or rnon:' con:' 1mt\-vorks, 

!0055]

12-05-2021 15 IPR2022-00468 
Apple EX1016 Page 1564



/J2f
i To rnent.ion sonm otl-mr exarnples, the \:Virelf�ss dtwiu=>. 250 may also be referred to as a mohih� 

phone, mobile phone. or laptop \.Vith vvireless capabilities. 

62s ThE:� \,virnfr.,ss device 250 in this context is voiced, for exampk via a RAN, \·Vith other entities 

such as a server, laptop, personal digital assistant (PDAL or tablet computer, sornet!rnes 

referred to as a wireless surf plate. And/ or \Vireless interfaces such as portable. pocket

mounted, handheld, computer-embedded or in-vehicle mobile devices, machine--to--machine 

(M2M) devkes. printers or fHe storage devices capable of connn1mlcating data It may be a 

device equipped \Vith a device, or any other wireless net\vork device capable of 

communicating via a wireless link in a cellular communication system, 

685 Further examples of various \Vireless devices such as the wireless device 250 that can be 

served by such a system are machine-type cornrnunication Gv1TC) devices such as rnodems or 

sensors. 

[0056] 

t-41 First, in relation to FKS 2 to 8, ernbodiments of the nwthod perfonned by the net\vork node 

210 and the \Vireless device 250 will be d(:\ScribPd in morn detail by \'Vay of examph 

Hs Next in connection vvith FIGS.Hand 10, a stm1rnary of spedtk actions perfQrmed or may be 

perfonned by the rwrvvork node 210 and the wirde&s device 250, respectively, to carry out 

these examples vdll be described in particular. 

[0057] 
G4f

! In embodiments herein, a t}rst sync signal, such as a PSS, ls sent from a network node 210 to

a ,.virefr.,ss device 250 within otK subframe or within N separate OFDrv1 symbols that span

multiple subfrarnes .. N times may be repeatedly txansrnitterL

c-;52 It is not Hf.!Cessary for the N times of transmission to occur in adjacent OFD!vf symbols, and it

may be every other OFo t'v1 symbol, or it may be further expanded and vvithin separate

subframes or frames.

655 The TP, such as the network node 210 or TP210, rnay change one or some of the 

transmission--related paramett�rs such as a:z1rrn1t.h; horizontal angle, transmission pO\'l1l'ff, or 

polarization state for each PSS transrnission opportunity. 

658 A given set of all these possible transmission parameters is defined here as a bearnfonning 

state. 

1360 Therefore, the netvvork node 210 or TP210 scans the 3D bearnforming and polarization space 

in up to N beamformlng states, and the net\vork node 210 or TP210 has a UE such as the 

vidn.>!ess device 250 at any of these 3D positions. nw same PSS rnay be transrnitted in each 

state so that it can be svnchronized. 
v' 

rJM Aft.er such N transmissions are performed, the 3D scan may be performed again fron1 the 

beg.inning. and the value N may bE• specified \'Vithin frw standard range as required by the 

wirek,ss device 250, Alternativt,Jy, tht' system information may bt• transmitted to the \Virdess 

device 250, or n1<1)1 be obtained prior to access to the SC carrier through signaling on a 
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legacy system such as LTE. 

i56fl This PSS rnay be retrieved from a large set of sequences by the net\V(H"k node 210, sl.m.ilar to 

the PSS used in LTE, and upon detection of the PSS, the vdre!ess device 250 \-Vill be given a 

physical ce1l ID, such as the physical cell ID of cell 220. Information about rnay be given. 

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

1>73 It. should be nott•d that the t>tnbodiments described herein are not limited to the use of PSSs 

that are the same as or sirnilar to those used in LTE, and quite different designs or sequence 

lengths may be considered. 

[0058J 

r;m A l.JE such as the \-vireless devict' 250 may successfully detect PSS \vhen the beam state ls 

-used at a suitable position for one or several of the N different beam states. and the LTE type

PSS may \Vhen used, a physical eel! ID such as the ph_ysical cell ID of the cell 220 may be

acquired,

683 The network node 210 or TP2 l 0 may also carry relevant infcinnation messages such as SSS 

at known locations rnlative to PSS, 

u8s Thus, ,vhen the PSS vv.ithin a particular OFDM syrnbol has ah-Pady been detecwd by the 

wirek�ss devkf:.' 250, the 'oNireks..s device 250 can also find tlw associated SSS at another time 

and / or frequency position ndative to the PSS, __ 

688 The SSS may then be transmitted by the network node 210 in the same beamfonning state as 

tht� associated PSS. 

uw; Orm way to do this is for thf� rn�tvvork node 210 to transmit a PSS�mu!tiphxed SSS \Nithln the 

same OFmv1 symbol, as shrnvn in FIG_ 

6,h' Another alternative is to divide the SSS into two parts so that each part is on either side of tht� 

PSS t.o achieve PSS and SSS transmission that is synunetrical with respect to the center 

frequency. Can be considered. 

!0059]

t,r;s FIG. :3 shov./s an example in \Vhich PSS and SSS are transmittt�d by the neti..Vork node 210 at

dHTerent frequency positions or subcarrk>r sets \-Vithin the same symbol in a subframe 

composed of 14 OFDfvi syrnbols. 

701 For example, in order to scan the beam at horizontal and azimuth angles, different beam 

states (Bl ... 

mJ B14) may be used. 

nu Further, the PBCH carrying thE1 system .information n1ay also bEi trnnsmitted by thEi nEitvvork 

node 210 .in the same OFDi\·1 symbol as the associated PSS and SSS. divided into both sides of 

the PSS in this exarnple. 

?O? Thus, in some embodiments, one or more PBCHs may be associated with one PSS. 

70fl. Note that the system bandvv'idth may be \Vlder than that shown in this figure. 

?OD Hern, only the crmu�pt of PSS / SSS / PBCH frequency multiplexing is illustrated, 
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7w The OPDM symbol may also include other control signaling or shared data channels outsirfo 

or on both sides of the frequency band carrying PSS / SSS / PBCH. 

,u A rwtwork / TP. such as a netvvork node 210 or TP2 l 0, may transmit each OFDl\.·1 symbol 

using a separate beamforming state in this configuration. 

1.u Alternatively, the net\vork node 210 or TP2 l O transm.its the PSS / SSS / PBCH portion of the 

OFDivt symbol in the first bt>amfonning state, eg, the rest of the OFD!'v1 symbols on either side 

is separately selected, Le. the first It may he transmitted in a heamforrning state different 

from the beamforming state of. 

718 In this way, for example, whi.le PSS/ SSS / PBCH are frequency-multiplexed to the shared data 

channel, these. i.e. PSS/ SSS / PBCH, can use separate beams or hearnforrning states. 

[0060] 

,2J In some ernhodiments herein, an SSS and one or more PBCHs associated with, or transmitted 

together vvith, a particular PSS are referred to herein as a rnessage associated Vlith the PSS, 

i,e. an informational n1E.!Ssage, f\-fay be collectively refr�rred to as. 

!0061]

72D l-fr_1,.vever, unlike PSS, each SSS may contain inforrnation about subframe timing, such as

subfrarne offset and / or frame offset relative to the SSS time position,

131 Then.,fore, different secondary synchronization (SS) sequences may be transmitted by the

network node 210 for each OFDM symbol, and then�tixe up to N <Htli-rent SSSs may be used

by the network node 21 0.

?3-t By detecting \Vhich SS sequenu' is transmitted v,;ithin a particular OFDrv1 symbol, Le. the

''series index'', the \-vireless device 250 preliminaril_y betvveen the relative position of the

sequence index and OFD:tvr symbols and the subfrarne boundary, At least subfranw

synchronization can be obtained \Vith a defined unique mapping.

?38 Tlwrefore, subframe synchronlzatkm is achieved in the sense that the ,virekss device 250 can

know the start and end positions of the subframe,

740 The SSS rnay also t-w used hy thEi vvindess devlcf.> 250 to obtain frame synchronization, which

.may require the use of additional SSS sequences.

742 If only subframe synchronization is required, or if PSS / SSS is transmitted in only one

predefined subframe within that frame, then in all subframes carrying the SSS, Urn net\-vork

node 210 The same SSS .may be used repeatedly.

745 On the other hand, if the wireless de·vice 250 may also require frame synchronization b_y SSS, 

the separate subframes v,,tthin that framE' use a unique SSS sequence so that tJw n_ilatlve 

distance from the detected OFDrvl svmbo! to the frame boundar-v can be obtained. Ivlav need 
.,_, .... .) 

to be. 

!0062]
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752 The SSS os1:�d in t.ht� ernbodinmnt.s herein may or may not bl"- equal to the LTE SSS. 

153 Since there are on!v 168 SSSs ln LTE, this number because different SSSs can be used for l'c.Kh � . 

beam dep1:mding on the nervvork node 210 vvhen SSSs are uSt:�d for subframe synchronization 

in addition to time-frequency synchronization. �fay not be enough. 

756 Hovvever, it is also possible to spedf\r a larger set of SSSs. 

757 Such a set of SSSs can be defined as an extension of the LTE SSS in various ernbodirnents by 

transmitting an additional cyclic shift combination of two interleaved 1'v1 sequences from the 

network node 210 for each OFDrvi syrnbol. .. 

mo In another embodiment, the neti.-vork node 210 may use the LTE SSS in combination \Vith at 

least a third sequence or reference signal, eg, a reference signal used in demodulating PBCl·L 

[0063] 

765 In addition, to acquire system information, the PBCH may be transmitted by the net\vork node 

210 in the same beam as the SSS, and thus \,vithin the sanw OFDM symbol, at. a knovvn 

location relative to thE.! SSS and / or the PSS. Good, 

7Ml The PBCH rnay be transmitted with a dernodulation rd1.'<rence signal located within the sarne 

OFD!vl symbol as the PBCH. 

110 That is, the refo?renc1:' signal for PBCH demodulation and the PBCH itself are precoded with 

the same beamforming \•\'eight vector, that is, Um same beam state. 

772. Therefore, the vvireless dev.ice 250 cannot. .interpolate channel estirnates across OFDl\..-1

symbols that us1:' different bE:�am states.

?l4 Therefore, in a sense, these n�ti�n:mce signals am beam-specific.

[0064-] 

17s In one embodiment, the netvvork node 210 transmits the same PBCH information for each 

transmission opportunity vdthin Hm frame, 

?so In an mnbodirnent imolemented .in the ,,vire!ess device 250, the \Nirnkss device 250 nmv 
f ,, 

accumulate mulUp!e transmissions from the network node 210, eg, multiple OFD!vf symbols, 

and thus PECH v1dth multiple beams, including sysh•rn information. Ttm rt.�ceptlon 

performance of the PBCH is improved. 

784 In some cases, in order to accumulate the energy of PBCH detection, the \-Vireless device 250 

may detect. one signal in multiple beams, detect PSS \\11th suHldent. pov1c'er, and then use the 

associated PBCH .in the same beam ... 

787 Hmvever, the channel estimation in the implementation on the \•Vire less device 250 \Vill need 

to be rqwatE'd at each OFDrvl symbol because bem.n-spedfk RS can he used, 

nm Jn this vvay, in addition to the bearnforming gain, coherent reception combining of a plurality 

of beams, which can further extend :t\1llb rnception by the v.rirek,ss device 250, may be 

possible. 

m2 In a furth1:'r t'mbodiment, tht� \iiiirnless dmllce 250 may also discard the PBCH rnception in tlw 

OFDM symbol or beam v,dth poor PSS detection perforrnann� so that the noise estimation is 
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not capturnd int.hi� enf:'rgy accumulation of the PBCH. 

[0065! 

ms With 30 beams. the w.ire!ess device 250 may ck'ti:.'ct PSS \Vithin nmltipk OFDiv1 symbols 

because coveragt' may overlap due to OVl'rlapplng beam patterns or multipath reflections of 

propagation channels. 

sm In this case, the lmplementallon in the \•vlreless device 250 estimates which of the 

successfully detected OFDrvI syrnbols contains PSS detect.ion \.vith the highest reception 

quality and subframes to ensure good synchrnnization perforrnance. Only that OFD�.-1 syrnbol 

may be employed when determining and l or frame tirning. 

805 Using less than N and / or vvidm beams for PSS is also an embodiment of an lrnplmmmtallon 

on tlx� net1,.vork / TP side. such as the net\vork node 210 or TP2 l 0 side. 

so1 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 bearns having a sufficient possibility that the wireless 

device 250 ck.!tf.!cts PSS. 

81() By using vl"ider beams, the covr,:rage of each beam is narrowed, but in some cases, such as in 

srna!l cells, coverage is less .important. 

su This 1:.'mbodiment \Vith a wider bNlm has the advantagt:� that faster PSS detection is possible 

and that a standard LTE cell search algorithm \Vlth relativdy low compJr,x.ily can be reused in 

the v'>'ire!ess device 250. 

[00661 

sis A further advantage of at least some of the embodiments describ12�d herein would be that the 

\•Vire!ess device 250 vvould 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 bearnforming 

state coincides vdth the positi.on of t.hl' wireless device 250 in drn cell 220. 

822 Tlwrefore, at least in this early stage of PSS detection, tlw use of the bemn is independent of 

the vdreless device 250. 

s2.1 See i.he exampl<,! in FIG. 3 for hovv PSS / SSS and PECH can be transmitted by the network 

node 21 0 .ln the embodiments descr.ibed, 

[0067] 

s2.9 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 OFDlV1 symbol. Good. 

83? Thernfore, in this embodinwnt, tvHB detection by the wirnless device 250 may be required 

before frame synchronization can be achieved. 

ss-1 This 1:.!mbodiment has the advantagl� that it repeats \'Vithin all OFD:rv1 symbols and only one SSS 

is used or consumed per TP, while the vdrnless device 250 has a t'vHB change per OFrnvl 
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symbol, Le. multiplt� beams, The drawback is that coh(->.rf.mt combining across spans cannot be 

applied, 

s3s Further, in order to notify the vvireless device 250 \'vhich of the maximum possibk N beam 

states vvas used in a particular OFDt\·1 symbol, the beam index n -,, {L __ .. , N} may be 

transmitted. 

8-11 The PBCH may also lnduch,, explicit signaling of subframe offsets and / or frame offsets,

812 In some embodiments. the bearn state n need not be notified to the vvireless device 250, yet

this offset signaling is the information required for the wireless device 250 to acquire 

subfrarnt•s and / or frnrne synchronization, Is provided. 

[0068] 

s1s In a further alternative embodiment the SSS may be used by the wirdess devke 250 to detect 

the subframe offset and the PBCH may be used by the wireless device 250 to detect the 

frame offset 

851 Thus, the PBCH nwssagc:.! may be the same for all OFDM symbols/ beams in one subfranw, 

but rnay rmed to change frorn subframe to subframe br,cause the frame offset changes. 

8Ss See the figure belo,v for an example. 

ss-1 This 1:.'mbodiment may require up to 14 different SSSs, but this St:�t of SSSs may be repeated in 

the next subfrarne. 

8.'iO Th.is is sufficient as the SSS is only used to obtain subfrarne timing. 

[00691 

st>'o FIG. 4 shows .an example of 14 OFD!'vi symbols subframecL 

@1 In this case. the PSS and SSS are transmitted by the network node 210 ,vithin separate 

symbols. applying a time offset. in this case a tirne offset of one slot or seven OFDM symbols, 

863 Further, the PBCH carrying the systt•m inforrnatlon ls also transmitted by the net\•Vork node 

210 in the same OFrnvi s_ymbol as thE• assodated PSS and SSS, in a divided manner on both 

sides of the PSS in this example. 

&M Note that the system handvddt:h may hE! vVi.dE>r than that shmvn in this figure, 

s1;7 Since only the concept of PSS/ PBC:H or SSS / PBCH frequency multiplexing ls Hlustrated 

here, the OFDl'v1 symbol may also include other control signaling or shared data channels, 

8MJ A netv./ork / TP, such as a m>tvvork node 210 or TP2 l 0, may transmit each OFDivI symbol 

using a separate beamfonning state in this configuration. 

s11 Hmvever, in this example, the same bearnforming state is used ft)r the syrnbols k. and k. + 7 in 

the subframe, 

873 c c -c k = 0 . . . . , 6 c� ·9" Z0 .:, 

874 Thernfore, a UE such as the v,drekss device 250 can ddt�ct the PSS in the OFDl\,1 syrnhol k 

becm.1sE' of the advantageous bearnfonning state, and can obtain the same bearnfiJnning state 

with the symbol k. + 7 \-vhen detecting the SSS and PBCH. 

ST? Thus, for each OFDtvt symbol in each slot, eg B 1., To scan the beam by' the network node 210, 
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eg at horizontal and azimuth angles. __ .. 

sm Diffr�rent beam states such as B7 may be used.

sso ThE:� advantage of separating PSS and SSS in time, for E:�xample, by 7 OFDfv1 symbols, is that 
both PSS and SSS can be used to improve frequency synchrnn!zat.ion as nJJnpared \-vit.h th(� 

embodiment of FIG. That is. 
sss This is more difficult wilh llm configuration of FIG. 3 because the same OFD!'v1 syrnbols are 

used for PSS and SSS. 

[0070! 

sss FIG. 5 shows an exarnple of posifrve detection of PSS at OFD1vl symbol k "' 5, and thus SSS and 

PBCH detect.ion at OFDfl..l symbol k c:c:c 12, by the wireless device 250. 

s90 This is because the netvvork node 210 or TP2 l 0 uses the sarne beamformer state at symbols 

k "" 5 and k "' 12, so that the \-Vireless device 250 is at least SSS, or if each SSS is a different 

embodiment By acquiring the subfrarne offset Delta-'S 00, .l 2 froin any of the PBCH 

information to the start of the subframe, 
HM In FIG. 5, the subframe offset in the prnsent specification is referred to as a "symbol offset" 

!0071]

89.'3 FIG, 6 shows an example of positive beam detection by the ·wireless devtce 250 at OFD1vl 

symbols k = 5, PSS, and k = 12, SSS >vvithin subfranw n. 
uoo The \•Vireless device 250 acquires subfranw oHsets and frame offsets frorn SSS detection and / 

or PBCH detection, 

902 In FIG. 6, the subframe offset in the present spE:�d:fication is n�forred to as a ''symbol offset" 
and the frame offset in the present specification is referred to as a "subfrmne offset'' , 

mn In an alternatiVE.! embodin1E.!nt the vdreless device 250 may use the SSS for subfrarne offset 

detection and the PBCH for frarne offset detection. 

906 Tlwrefon.', the PBCH rrmssage ls the same for all OFDl\.-1 symbols / beams in one subfrarri.e, hut 

may need to change from subfrarne to subframe because the frame offset changes. 

[00721 

91} In FIG, 6, a plurality of subframes are used so that the netv1c'ork nodf,' 210 or TP.210 can use

more than 7 beam states, ie N> 7, in the scanning procedure,

9JJ In this example, assuming that the mnnber of subframes used is n, N"' 7n bearns can be 

scanned. 

me, Jf so .many beams are not needed and it is determined that N <8 is sufflcient, then this cell 
acquisition procedure, ie, tirne-frequency synchronization and cell ID detection, ls single by' 

the wirek>ss device 250. Onlv subframes mav be used, 
,.. �: 

918 In this case, tl1E:� frarm� offset can bt� a predefined value rather than being explicitly 

propagated by the rmtv,lork node 210. 
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uw Thernfore, this value may be obtained by rnadlng Hw standard specification and may b�� 

s1:�lected, for example, zero or 9. as the first or last subfrarne within the frame. 

[0073! 

925 Thf.� number of beam st.ates used bv a TP. such as a network node 210 or TP210, i s  the � . . 

rnaximurn number supported by current standards because the offset is transmitted by the 

SSS and / or PBCH according to the configurations described in the embodirnents described 

herein. It can be less than N. 

9W In addition. since the ,vireless device 250 is infonned nf the precoding ,veighting that defines 

the beam state. any beam shape or precoding weighting can be perfonned on the PSS, SSS 

and PBCH in this configuration. 

932 This is one advantage and gives the degree of freedom .in the \Vlreless cornrmmkation 

network 200. 

ti:N Therefore, embodiments herein provide a flexible approach that can be applied to operational 

scenarios and actual implementations of network nodes 210 or TP210 in deploying 5G 

rnult.i~ant.enna 31) beamforrning systems. Can be provided. 

us;-- An advantage of at least some embodhnents herein may he that the PSS and SSS and / or 

PBCH are trnnsmittt�d b.'l the netvvork node 210 within the same OFDl\.·1 symbol. 

a3D This rnay be m�cessary \•vhen analog beamforming is performed on the t.ransrnltt.l"r side. 

a40 In this case, the precoding vve.ighting of bearnforming is \Videhand only. 

£M1 On the other hand, in the digital impk�mentation of the beam former, diffenmt beams can be 

us<,•d (fopending on the frequrmcy hand. 

913 Hmvt'ver, this solution dm�s not include a s1x�dfic impkmwntation of beamforming in IP, as 

implementations can vary significantly from product to product, f.�Vf.'!1 \Vithin the same 

vendor, depending on the TP vendor. It can be achieved by ernbodirnents of the present 

specification. 

!007 4]

f1so In a furt.ht•r t>n1bodhnent at the net\vork node 210 or TP210, H is possible to relax Um 

.implementation at the netv.wrk node 210 or TP210 by not transmitting PSS and the Hlrn vv.itb 

each OFDM symbol. 

9.53 This is useful, for example, i,.vhen the svvitching time or precoder weighting settling time is 

long. 

955 Therefore, the sarne approach in the embodiments herein also allows for this kind of relaxed 

operation, 

!hl Since the subfrmne and frame offset are individually acquired by the \Vireless device 250 for 

each OFDM symbol used, it is not necessary for thP nPr\'Vork node 210 to use all the OFDl\.-1 

symbols for transmission. 

960 \-'Vhether PSS or the like is transmitted with all OFDrvt symbols or every other OFDM symbol 

as ln the exarnple bekn.,v does not depend on the \'Vireless device 250. 
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%2 This is because the v,1ireh�ss dmilce 250 sirnply fails to decode the PSS in the OFDl'v1 symbol 

where transmission by the net\vork node 210 does not occur. 

[0075! 

9{'7 FIG, 7 shows an example implementation in a relaxed network node 210 or TP210 where 

onlj.r every other OFDM symbol ls used by the netJ.vork node 210. as a result of \Vhich the TP 

beamforming harthvare is You \•Vill have enough tirne to switch bearns .. 

f1m In the example shown ht>re, only 7 beams can be scanned in one subframe. 

[0076] 

914 In the above-described embodiments, genera! aspects of the embodiments described here.in 

have been described. 

976 Further ernbodirnents belovv describe extensions that loosen the irnplernentation in the 

\Vireless device 250 vvhen the processing puwer of the vv.irdess device 250 is limited. 

!0077]

aR1 FIG, -:I shrnvs hov1-' the PSS and the SSS can be separatNl by om� slot 

aH2 However, as long as the tirne bet1Neen PSS transrnission and SSS transrnission by network 

node 210 is knovvn to tl1(? ·vvirnless d1:.�vke 250, one, for example, network node 210 or 

TP210, fi..1rther separah�s PSS and SSS by SE:\Veral subframes. You rnay. 

[0078] 

Y8s If the bandwidth of the PSS is much narro\ver than the system bamhvidth, the PSS can be 

dett•ct.ed by the \,virdess device 250 ln the time domain using the d<.nNnlink sample valuE:� 

signal prior to the Fast Fourk.1r Transform (FFr) operation, 

9Y.1 Hovvever, SSS and PBCH can be detected in the frequency dornaln by the vvireless device 250 

after the FFT (lperation on the vvkfoband signal, \'Vhkh may require a little more proces.<::ing 

po\ver on the 'i-virnless device 250 sid�\ so vvireless, The device 250 may need to buffer the 

entire ,videband signal vvithin each OFD}v'l syrnbol until the PSS detector for a given OFDl'vi 

symbol finishes detecting. 

991; Therefore, if the thne bet,,veen PSS detection and SSS / PBCH. detection is extended, buffering 

of a large number of OFD!'vf symbols by the \Vireless device 250 becomes urmecessar:y, which 

.is usefoL 

9,99 The embodiment shovvn in FIG. 4 enables such a mechanism bv transmitting the PSS and the 
.... I.,.. 

SSS so that the net\.vork nodr,: 210 sandwiches Um seven OFDM symbols hr,t\-veen the PSS and 

the SSS. 

wo2 Then.>fore, in the implementation in th1:.' ,vin,!ess devirn 250, the PSS can be st�arched using 

the time domain signal, and after the PSS is normally dr'tlx:ted, the FFT opr,raHon is 
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prnpared for the OFDrvl symbol transrnHtl�d after 7 OFmvI symbols, This alfo,,;vs for looser 

implementation .in the vvlre!ess device 250, 

[0079! 

wo9 In a further ernbodirnent of the implementation in t.he vliirefoss device 250, the time between 

PSS transmission and SSS transmission using the same beam by the netJ.vork node 210 ls 

longer than the slot duration. 

1012 The SSS may bt• transmitted b3t tht• m•t\.'V<.lrk node 210 after a fev,t subframes. 

101s Hm-vever, it is assumed that this delay time is ,vdl knovvn h_y the specifications. 

JOJ.1 The wireless device 250 may be avvare of the same OFDtvi syrnbol using the same PSS/ SSS / 

PBCH transrnission and tht• delay before the beam condition reoccurs, and therefore ,.vaits 

for this delayed OFD!'vl syn1bo! to arrive,, FFT may be performed to detect SSS and PBCH, 

1011 Alternatively, the \Vireless device 250 may provide periodicity in the beam scan so that the 

standard specification allmvs the same beam to be known to be reused after a certain 

period of time, and this value is also dffined in the standard specification It rnay depend on 

the maximum number N of 

w;n Therefore, in this embodhnent of the Irnp!ernentation in the wireless devi.ce 250, the \Vire less 

cfovice 250 takes advantage of the periodicity of the same signal transmission by the 

network nock 2 .10 and the use of the same br,am state hy the nehvork node 210 and uses 

the time domain signal on the first opportunity. Then, PSS may he detected, and then FFT 

may be 1:.'Xf:'Cuted at tlw S(?Cond opportunity to detect SSS and PBCH. 

!0080]

102g In a further ernbodiment the \Vire less device 250 nwv notifv the networl, node 210 or • 
., .J 

TP2 l0 vl:'11ich beam vvas used to synchronize ,vith the network node 210 or TP2 H), 

ws1 Such notifications transmit, for example, additional system information blocks, configuration 

of wireless device 250, or sdmduHng of uplink and dm.vnHnk shared data channels i.n 

subsequent dovvnlink transmissions from net\vork node 210 or TP210 to \Vireless device 

250, Can be useful in doing so. 

[0081] 

wss Then, according to the detailed description provided with the example, the wireless device 

250 executed by the net,.vork node 210 is sent a first synchronization signal and a related 

information message for synchronization bet\-Vl>(m the ,:vlreless device 250 and the network 

node 210. An embodiment of the method \VHI be described vv. ith reference to the flow chart 

shmvn in FIG. 

101.:i For the sake of facilitating an ovE•rvk•w of t.h(i method, the details previ.ously descr.ibed in the 

examples are refrained from b(>ing repeated hrire, but any of th(• details described may 

apply to the ,foscription provided ,.vHb rnspect to FIG. 
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HWl As alniady ment.iont>d, the net\.vork node 210 and tJw \Virnless device 250 are opf�rnting 

\Vithin the \.Vireless communication netvmrk 200, 

w-1s FIG. 8 shcn.:vs a f1m,\' diagram of actions performed or may be perfonm�d by net\•vork node

21 () in the embodjrnents herein. 

[0082] 

1053 The method may include the follovving actions, which may be perforrned in an appropriate 

order different from those described belov.'. 

[0083] 

w5s Action 801 A netvvork node to allow the \Virekss device 250 to synchronize with the 

net\'Vork node 210, Le. to allow the \Vireless device 250 to obtain subframe liming and / or 

frame timing in the signal transmitted by the net.,1vork node 210. As shown in FIGS. 3 to 6, 

210 transmits the first synchronization signal at least once at the tirne-frequency position 

in f�ach of the N OFDM symbols in tlw N OFDl\.-1 symbols in the subframe. 

wu3 N is 2 or nmre as already mentioned. 

[0084] 

war Tht� first synchronization signal may provide a timt� structure with a minirmnn tim0 scale up 

to a rnediurn tirne scale, such as OFDM syrnbol timing, and a t.inw position of the second 

synchronization signal. 

[0085! 

wn The first synchronization signal may be PSS as described above, or an equivalent 

synchronization signal. 

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

wru Ho\•Vever, any refenmce to PSS in the ernhodlrrnmts htc•n�in shall be construed to apply 

equally to the tlrst synchronization signal. 

[0086] 

WfH In some embodiments, the ne1,.vork node 210 may perform transmission by utilizing 

beamforming, 

[0087] 

Wfl.6 In some i:.,mbodlments, such as those utilizing beamforming, diffo:rent beam states are llSt�d in 

at least tv,'o of the N OFDl\,-1 symbols, as described a hove. 
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!0088]

1091 Different t.wam states may he usNi for each of the N OFDrVl symbols, 

[0089] 

10.95 In some embodiments, the N OFrnvI symbols are discontinuous OFD!vf symbols. 

[0090J 

wm:l Action 802 Similarly, in order to allm,v the \•virelt�ss device 250 to synchronize with Urn 

nenvork node 210, in this action the netvmrk nodt.' 210 bas an OFDiv1 symbol for each 

transmission of the first synchronizallon signal, as shown in FIGS. 3--G. Send relevant 

Infonnat.ion 1nessages at the predefined tirne~frequency positions within. 

no:, The predefim·xl time~frequency position is relative to the tinw-frequ.ency position of the first 

sync signal. 

110s The relevant infonnation message contains information associated "vith the first 

synchronization signal, i.e., associated \Vith tlw first synchronization signal for 

synchronizat.lon purposes. 

1 W8 That .is, the relevant information message contains. inforrnat.ion that .may allow the vvirele:::.s 

devi<X' 250 to obtain subframes and / or frame timings. 

!0091]

n 13 In sorne embodiments, the relevant information rnessage cornprtses a related second sync

signal.

.111:, The StKtmd sync signal may providl� a time structun,� from a medium time scale to a large

time scale, such as subframe and / or frame timing.

1111 The second synchronization signal may he an SSS as described above, or an equivalent

synchronization signal.

n w In the detailed description so far, SSS has been used as an example,

1120 H(nvever, an)'' reference to SSS in the embodiments herein shall be construed to apply

equally to the second sync signal.

[0092! 

112s The related information message may include a related PBCH. 

112,, In these embodlrmmts, the rdevant information message may includr, Um PBCH alone or in 

addition to a second sync signal, such as the SSS, 
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[OOH3l 

11;:i1 In some embodiments, the associakd PECH further comprls,,s relevant syste.m information. 

[0094! 
.t 135 In sorne ernbodlments, the netv\?ork node 210 may pmi'orrn transrnisslon by utilizing 

beamformlng. 

1 JJ7 In these embodirnents, ,vhere the first sync signal is transmitted in a bean1 state, the related 

lnfonnat.ion message may be transmitted using the same beam state as the first sync signal 

associated ,vith the related information message. 

[0095] 
11-13 In some embodiments, the relevant information message is different for each OFD�A symbol 

to which the relevant information message is t.ransnrit.t.ed. 

[0096] 

11-18 The relevant information message may include an index.

ii-HJ The index rnay b� a number that contains a predefined unique mapping hr,t\-veen the relaHvr, 

position of the OFDM symbol and the subframe and/ or frame boundaries, alkn-ving the 

\rVin:'less deviu., 250 to obtain subframes and ./ or frame timing. Beco1m�. 

!0097]
nss In sorne of these ernbod.irnents, the index is a series index as described above,

[OOH8J 
115ti ln some of these embodiments, the subframe timing can be obtained by detecting the index 

vdth the wireless device 250. 

[0099] 
1 w,,1 The series index may include an index representing a series within a set of possible series. 

1 ws For example, in embodiments \-Vhere the relevant information message contains a second 

synchronization signa.1 associated \-Vith it, the sequence index can be an index for at least 

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

[0100] 
1 .i ?1 In embodhnm1ts where the relevant information nwssage indudt�s the relevant PBCJ-t the 
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index may srwd(y a subfrarne offset and / or frame offset 

[O 1 Ol! 

J.171.i In some embodiments, the related information message is the same for each OFDivi symbol 

in which the related information message is transmitted within a subframe, and the related 

information message Is a subframe in \.Vhkh the rdated information rnessage is transmitted 

,,vilhin a transmission target frame. Different ft)r each frarne. 

1180 In these embodiments, \Vhere the relevant information message includes an index, the frame 

timing can be obtained b)t detecting the index \1Vith the ,virdess device 250. 

[0102] 

1185 In some embodiments \vhere the relevant infonnation message contains a related SSS and 

the Index is a series index, subframe timing can be nbtained h_y detecting the series index 

contained in thE.! rE.dated SSS by the wireless device 250. possible, 

[0103] 

J.L<J.1 In some ernbodiments \;vhere the rdevant information nmssage contains a related SSS and 

the index is a series index, frame t.hning can be obtained by detecting the seri.es index 

contained in the related SSS by the \�lirek�ss c.kvice 250. obtain. 

[0104] 

1 .rn7 In sorne embodiments \¾'here the related information message contains related system 

infornmtion, the frame timing can be obtained by dete<.:ting the index contained in the 

related systern informatlon by Hm vdreless device 250. 

!O 105]

120;.i Next the embodirnent of the method of detf.ictlng the first synchronization signal and the 

related. information message transmitted by the net\vork node 210 for synchronization 

betwet>n the wireless device 250 and the net\vork node 210, which is executed by the 

vvireless device 250. This \Vill be described vdth reference to the flow chart sho\.vn in FIG, 

1201 To facilitate an overvie\v of the method, the details described so far will not be repeated here, 

but any of the details described ma,y apply to the description provided with respect to FIG, 

J 20H As already mentioned. the netvvork node 210 and the wireless elev.ice 250 are operating 

\-vithin the \Vireless communication rn�t\-:vork 200. 

12.11 FIG, 9 shm-vs a flrn.v diagram of actions performed or may be performed by the ,vireless 

ck�vice 250 in the (�mbodiments hen�in. 
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[0106J 

12.10 The method may include the follovving actions, vvhkh 1nay be perfonned in an appropriate 

order different from those described belovv. 

121s Vi/hile all actions may be performed in one embodiment, only some actions may be 

performed in otht•r t>nlbodirnents. 

!0 107]

u2s Action 901 The \Vireless device 250 is the first step in obtaining subframe timing and/ or

frame timing ln the signal transmitted by the netvvork node 210, that is, in order for the 

wireless device 250 to synchronize with the network node 210. Detect the sync signal. 

1226 J\ s already mentioned, the first sync sl gnal is transm.i tted by the network node (21 0) at I east 

once at the time-frequency position in each of the N OFDM symbols in the N OFDl'vi symbols 

In the suhfran)e, inr.1. 
'·' 

!0108]

1233 As discussed abovP, in some ernbodirnents, the network node 210 may utilizr, bearnfonning 

to perform tram,mission. 

[01091 

123s Again, as aln.•ady mentioned, tht� first sync signal can be a PSS. 

[011 OJ 

1212 In some embodiments, tbls action can be perforrned, for exarnp!.e, \Vhen the win.'less device 

250 is simultaneously searching for different TP beams using a procedure similar to LTE 

cell search. 

[O 111 l 

124s Action 902 To ensure good synchronization performance, in some embodiments, the 

,,vireless device 250 rnav discard the detected OFrnv1 svmbols transmitted bv the net,vork 
.... .._J ..... 

nmfo 210, as described above, 

1251 This behavior can occur if the detection of the first svnc signal in the discarded detected 
.... I.,.. 

OFDl\.'1 symbols is inadequate based on the thrnsho!d, 

1253 For example, this threshold rna_y be based 011 the estimated signal-to-noise ratio of the 

dt�tH:ted OFDrvI svmbols. 
,, 

12:;s That is, the wireless device 250 does not have to take into account the discarded OFD1vl 
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symbols in order to obtain suhfranws or frame timings. 

[O 1 :I 2! 

1260 Action 903 The \Vireless device 250 detects th!,.• n.•levant .information message at a 

predefined Ume --frequency position. 

12u2 The predefined time-frequency position is relative to the time-frequency position of the first 

synchronized signal detected. 

12M The relevant. information message corresponds to the one described above. 

1ws Therefore, the relevant information message is associated ,vit.h the first S)'llchrnnizat.ion 

signal. 

!O 113]

nm Again. as rnentioned above. in sorne embodhnents, tlw relevant infotrnation message Includes

a related second sync signal. 

127;,i The second sync signal can be SSS. 

!Ol :14]

12n, Detecting related information messages rnay include matching the series of detected rel.ated 

information mf:.'Ssaw:?S with otK of a set of possible information message seqmmces. 

127B As already mentioned, this set of possible lnfonnational message sequences can be the SSS 

specified in LTE. 

[0115! 

.t28J In sorne ernbodiments. the relevant information rnessage cornprises the relevant PBCH, as 

described above, 

1ws ln some of these embodiments, the associated PBCH further comprises relevant system 

infonnat.ion. 

[O 116] 

12uo The relevant information message contains an index. 

[0117! 

129.J In some of these ernbodiments, the index is a series index. 

!01 :18]
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t2tiB In sorne ernbodirnm1ts, the series index cornprises an indt�x rnpn�senting a si:�rii:�s \'Vithin a set 

of possible series. 

[0119! 

.t3o3 Action 904 The 'Wireless devl.rn 250 acquires subframe timing and/ or frame liming by 

detecting the index contained fn the relevant infonnation rnessage. 

1sos This is because the index contains a predefined and unique rnapping between the relative 

posit.ion of the OFDl\il syrnhol and thi:• subframe and / or frame boundaries. 

[0120] 

1;:;10 In some embodiments, the relevant information message is different for each OFDi':vI symbol 

in \Vhich the relevant information message is transrnitted b_y the net\vork node 210. 

n12 ln these embodiments. the subframe timing can he obtained by detecting the index by the 

vllireless device 250. 

!0121]

n17 Jn some ernbodiments, the related infnrrnation message ls thP sanm for each OFDfvl syrnbo1 

in \.Vhich the related infonnation message is transmitted by the net,.vork node 210 ,,vithin a 

subframe, and the relat(?d information message is transmitted bv the net\'vork node 210. It 
A._. ._J 

differs for each subframe transrnittr�d \'Vithin the target frame. 

1s21 In these embodiments, the frame Urning can bt� obtained by detecting the index by the 

,,vireless device 250. 

[O 122] 

1326 In some embodiments, the relevant information message comprises a rdated SSS. 

is21 ln these embodirnents where the index is a series inde,x, the subframe timing can be obtained 

by detecting the series index contained in thf> associated SSS by Hm wireless device 250. 

[O 123] 

1sJ2 ln son1e embodirnents, the relevant information message comprises a related SSS. 

1sJ:'l In these embodirnents where the index is a series index, frame timing can be obtained b_y 

detecting the series index contained in the associated SSS by the \'Vlre!ess dev.ice 250, 

[01241 

:sJs In some i:.,mbodiments, the relevant information message lnclucfo:s thEi rekwant system 

information, and the frame Urning can be obtained by' ddPcHng thP irnfox contaim�d in tlw 
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relevant. syst.em information by the vvin:�tess devic(� 250. 

[0125! 

JJN Action 905 In some embodiments, t.he network node 210 util.izes bea.mforming to perform 

the transmission of a first. s:y·-ric signal and a rela!.t.•d information message, the wireless 

devke 250 sends a message to the netvvork node 210. l\fay be good. 

1s-17 This message provides information about ,.vhich of the bearns beamformed by the net,-vork 

node 210 !.o send dw first sync signal and related infonnation message \.Vas used for 

synchronization by the \Virdess device 250. It inay be included, 

nso For example, the time--f rnquency position of the transmitted message may be used to imply 

tell the net.\-'./ork node 210 \Vhich beam ·was used bv the v,,ireless device 250 . 
... 

[O 126] 

J.355 In some embodiments, the infonnation in this mess.age may include a beam state index of tbe 

beam used for synchronization by the \'Virekss device 250, 

!O 127]

noo The \Vire!ess device 250 ma_y send this rnessage, for example, as a randorn access prea.mhle

containing SE:?qmmce and / or time frequency resources as dl�tcrmined by the indi�x of bt.•am 

state used. 

[O 128] 

iaM, Thus, embodiments. herein provide an approach that addresses the above-mentioned 

problems b:y n•peatedly transmitting a new bearn for each OFDM symbol such that the 

rwtwork node 210 scans the same, eg, PSS, obtain. 

1sMi The instantaneous beam used in a given OFDtvf symbol rnay be unknown to the vdreless 

dtwice 250. 

rrn The wireless devln.i 250 perfor.rns a bl.ind st.>arcb in the time domain, eg, PSS, to obtain 

OFfHvl symbol timing, which may be a prerequisite for converting the received signal to the 

frequency domain prior to subst•quent processing by the receiver. be able to. 

1sn Upon detecting the PSS, the wireless device 250 can find the SSS and, for example, PBCH., at 

a position relative to the PSS. 

n;v1, Unlike the case of PSS, SSS and / or PBCH may be diffenmt for each OFD1vl syrnboL 

nn Vi/lth this configuration, in the ,-vireless communication netvvork 200, the wireless device 250 

can acquire a symbol offsr,:t, that is, a subframe offsd as referred to herein, and a frame 

offset 

::mo In some t'tnbodiments, this can be a net\vork in \.vhich beamforming takes place. 
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[01291 

us4 FIG. 10 is a flow diagram illustrating an example of a mt�thod perfornH:�d by the vvireless 

tkvice 250 according to somt� ernbodiments herein desuibed with reference to FIG. 

JJSl.i The munbers on the right side of the figure indicate the correspondence with the actions 

described in FIG. 

1sHs ln the figure. the vvireless device 250 is represented as ''UE". 

1 s#.9 In FIG. 10, the subframe offset as ref erred to in the present specification is expressed as 

"symbol offset (subframe boundary)" 

189.! In this part.icular example, the first sync signal is the PSS, the relevant infrmnation rnessage 

contains the second sync signal, vvhich is the SSS and PBCH, and the netvvork node 210 has 

already performed transmission using bt•arnforming. ing. 

t3IN In this figure. the beam is repn:senkd as being identified by "Bi". 

[0130! 

l39B 11 and 12 are schernatic diagrarns sho1;ving at least some of the methods in Um 1mt\,vork 

node 210 and the vvireless devke 250 according to some embodiments of the present 

spt.•cification, 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 correspondence vdth the 

actions described in FIGS. 8 and 9. respectively. 

140.1 In both figures, Hrn net\,vork nrn.fo 210 or TP210 is n�ferred to as the ''net\vork / 

transmission point'' and t!w vtlreless devlce 250 is referred to as the ''UE". 

1406 Furtht'r. in both figures, in this cast\ the index which is a M�rks index is representt�d as 

"Indexj", 

1408 FIG. 11 is a schematic diagram illustrating sonw actions in one of the embodiments 

described herein in vvhich subfrarnes and frame timings are detennined by SSS. 

rno Not<'! that PSS. SSS. and PBCH do not rwcessarily have to be transn1itt(id in tJw sarne OFDfvl 

symbol. 

/412 lt should also b<:! noted that in this embodirnent, the wireless dt•vice 250 may accumtilate 

PBCH across several OFDrv1 symbols. as the PBCH remains the sarne for each OFDl\,1 symbol. 

14 J.1 In 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 bearnfonning. Sending is already in progress, 

u 11 In both figures, the beam state index is represented as identified by "Bi" .. 

[O 131 J 

1.u1 FIG, 12 illustrates some actions in one of the mnbodirnents described herein in wl1ich the 

subframe timing is detennined by the SSS and thEi information for determining tfo:i franw 

timing is contained in the PBCH. It is a figure. 
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t.J2-1 Note that. PSS, SSS, and PBCH do not. n1:>cessarily haw� to bt� transmlttf.:•d in the sanw OFDi\.-f 

symbol. 

1426 In this figure. the index is reprnsented as "indexf for tilt:� series index in SSS and "k" for the 

index in PBCl-L 

[0132] 

l4JJ To perform the actions of the methods described above in connection \Vith FIGS. 8, 11. and 

12, the network node 210 is directt�d to the vvireless (fovice 250 for synchronization of the 

wireless device 250 \Vith the network node 210. It is set to send a first sync signal and 

related. information messages. 

us5 The network nodt• 210 has t.ht• folloi,ving configuration as shmvn in FIG. 

t n6 As already .mentioned, in some embodiments, the netvwrk node 210 may be configured to 

transmit using bearnforming. 

1438 The net.work node 210 and the v,iireless device 250 are configured to operate within the 

vllireless communication l1E.!t\-vork 200.. 

!0133]

1443 Sonw of the detailed descriptions below are tlw same as prevtous!y mentioned in conm�ciJon

with the actions described for Net'INork Node 2] 0 and vdll not be repeated here. 

[01341 

14-18 The net\vork node 210 may be configured to transmit tlu.� first synchronization signal at least

once at the t.irne~frequency position in each of the N OFDrvl S)'lnbols In the N OFDf'v·l S)Tnbols 

in the subfrarnE.!. 

us1 N is 2 or rnon•, 

!O 135]

1465 This rnay be performed by transrnit mndufo 1301 v,dthin network norfo 210.

[01361 

1459 In some embodiments, for each transmission of the first synchronization signal, the nervvork 

nmfo 210 is further conflgured to transmit a relevant infonnation message at a predefined 

time-.frequency position vvithin the OFDJ\1 symbol. 

1-16:c.i This predefined tim<,•~frequency position is rnlaHvr• to the tiTnf,\~freqoency position of the first

sync signal. 

l#H The reh.�vant information messagt� is associated with the first sync signal. 
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[0137J 
14138 This may also be performed by transmit module 130 l. 

[0138] 

u72 The tlrst synchronization signal can be a PSS, 

[O 139! 

14715 In some embodiments, the relevant information message comprises a related second sync 
signal. 

1 ns The second sync signal can be SSS, 

[0140! 

1-18;.i In some embodinwnts, the relevant information nmssage comprisr-s a related PBCI-L 

!O 14 l]

14su In so1T1e embodiments, the netvvork node 210 is further configured to use different beam 
statf.'S at least two of the N OFDfvi symbols. 

!0142]

rnn This may also be performed by transrnit rnodule 1 30 I.

[0143] 
U95 ln some embodiments, the netvvork node 210 is further configured to use different beam 

st.ates for each of the N OFDl\'1 syrnbols, 

[O 144] 
1soo This may also be perfonnecl by transmit rnodule 1301. 

[0145! 

1so-1 In some embodinwnts, the net\vork node 210 transmits a first sync signal in a beam state 
and uses the same beam statE• as the tlrst sync signal associated with the rE'lated 
information message, It is furthm' set to send, 
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[0146J 
1 s.

1

0 This may also be performed by transmit module 130 l. 

[O 14 7] 
1su ln sorne embodiments, the associated PHCH further comprises relevant systern information. 

[0148! 
1518 In some embodiments, the relevant information message is different for each OFDl'vi syrnbol 

in which the related information message is configured w be transmitted by the nf.'lViiork 

node 210. the related information message includes an lndt.'X. and the subfranw timing is 

,,vireless, H can be obtained by detecting the index by the device 250. 

[0149] 
1s2s In sorne embodiments, tbe related information rnessage is the sarne for each OFDM S)'mbol 

in \-Vhich thE:? rdated information message is set to be transmitted \Vithin a subframe by the 

network notk 210, and thr,: related information message is Um rdah�d information nmssage. 

Different for each subframe set to he transmitted within the transmission target frarne by 

the network node 210, the relevant information message contains an index, and the frame 

timing can be obtained by detecting tlw index by thE" \'Virdess dm---Jce 250, is Hwre. 

[0150! 
1534 In some embodiments, the relevant information message includes a related SSS, the index is 

a series index, and the subframe timing can be obtained by detecting the series index 

contairwd in the related SSS bv the V\.'lrt.'less dev.ice 250, 
,.• 

10151! 
1540 In some embodiments, the relevant information message includes a related SSS, the index is 

a series index, and the frame timing can bt• obtained by detecting Urn series index contained 

in the related SSS by the wireless device 250, 

[0152! 
154,, In some embodinwnts, the relevant information nmssage includes the rdevant systmn 

information, and the frame timing can be obtained by detecting the .index included .in the 

n>lated sysrnm information by the \•Vireless device 250..
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[01.53J 

1ss2 In some 1:.'mbodiments, tlw si:.�rk's index comprisBs an index representing a series ,vithin a s1:.�t 
of possible series, 

[0154] 
1557 In some embodiments, the N OFrnvI symbols are discontinuous OFD!vf symbols. 

[Ol55J 

.1sr;1 An embodirnent of the present specification for transmitting a firs!. synchronization signal 
and a related information n1essage to the \Virek>ss device 250 for synchronization betweBn 
the ,.ivireless device 250 and the net\-vork node 210, fix exarnple, using bearn fr)rming .. It can 
be hnpleinented b_y cornputer program code for performing the functions and actions of the 
embodiments of this specification in cor1junction \Vith one or more processors such as the 
processing module 1302 in the net\vork node 210 shm.vn in FIG. 

1su/fhe prograin code described above .may also be provided as a computer program product, 
f.'g, in the form of a data carrier, carrying computE:�r program code that executes tl1E:� 
embodiments of the present specitkation \.:vhen loaded into tlw ndvvork node 210, 

1 slo One such carrier i& the fonn of a CD ROl\-1 disc, 
157.1 Ho\<\1E:�Vt�L other data carrfors such as memorv sticks an� also suitable, ' . . . . . . ,.) 

1s72 The ccnnputer program codt; is further provided as purn program cmf r:, on the server and 
mav be dovvnloack�d to network node 210. 

,, 

[0156! 

tsnThe network node 210 may further include a rnernory module 1303 that includes one or 
more memorv dev.lces, 

,, 

1 sni The memor:y rnodule 1303 ma)r he arranged to he used to store data associated vvith an 
application perfonning tht� methods herein wtwn t�Xt�cuted at rwtwork node 210, 

1ss.1 The memory module 1303 may communkatfi v,dth the processing modu.le 1302, 
1ss2 Any other Information processed by the processing rnodule 1302 rna_y be stored in the 

memory module 1303. 

[0157! 

J58l In some embodiments, information may be received from, for example, \V.ireless device 250 
through receive port 1304, 

/589 In some embodiments, receiving port .1304 may he comwcted to, for (ix,.unpfo, one or mor(i 
anttmnas vdthin net\,vork node 210. 

15.9.1 In other mnhodiments, the network node 210 nta)l receive information frorn another 
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structure vi1ithin the Viin�h�ss comrmmication network 200 through n�ceive port 1304, 

15g3 Since the receiving port 1304 may communicate with the processing module 1302, the 
rnc1:.'iving port 1304 ma.y then transmit the recdved information to the processing module 
1302. 

J591.i R1xeiving port l 304 may be configured to receive otht'r information as well.. 

!0158]

l uoo The information processed by the processing module l 302 in cmmedion vvHh the
ernbodiment. of the method of the present specification ma_y be stored in the rnernory 
module 1303, vvhlch may include the processing rnodule 1302 and the receiving port 1304 
as described above, ]\fay communicate vvith. 

[O 159] 

wm The processing rnodtik� 1302 may be further configured to transmit or transmit inforrnatlon 
through the transmission port 1305 to the ,.virdess device 250 or another node in the 
,vireless communication network 200, and the transrn.ission port 1305 may be configured 
to transmit or transrnit information to tlx? processing moduk 1302 and anotllt:?r noc.k in the 
vdrdess communication nr,:t\•Vork 200, H may communicatr, \'Vith the memory modufo 1303. 

[OlGOJ 
11,1s A combination of analog and digital modules, eg, stornd ln memory, and/ or softwarn and 

functions as descrH)t:?d abo-ve wlxm the modulE' 1301 described above is ext?cuted by one or 
rnore processors such as the processing module 1302, It will also be appreciated by those 
skilled in the art that it n1ay refer to one or more processors configured with / or firnr,,vare, 

HWl One or morri of these processors and other digital hanhvare may be included in a single 
application specific integrated circuit (ASIC}, or some pron.issors and various digital 
hardware may be individually implemented. It may be distributed across several separate 
cornponents, regardk!ss of tvhether t.trny are integrated Into a system-on-chip (SoC). 

[O I G 1 J 
rnJ.:6 Therefore, the rnethod for net\vork node 210 according to the embodiments described 

herein \Vil! perfonn .such an action as performed by net,vork node 210 as described herein 
v ... '1-wn E'xecuted on at least one processor. Each Is executed hy a cornputer program product 
that includes an .instruction. Le .. a sothvare code portion, to be executed by this at least one 
processor, 

rn:-i1 The computer program product may be stored on a computer-readable storage medium. 
l6J2 The compurnr-readable storage medium on ,vhich the computer program is stored performs 

such act.ions as performed by the netvvork node 210 described herein whm1 executed on at 
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k�ast. one procrissor. ]\/lay inch.Hfa instructions to lx� t�xecut!".d by the computm-. 

t635 In some embodiments, the compukr-readabie storage medium may be a non--temporary 

computer--rnadable storage nx�dium. 

[O 162] 

1610 To perfbrm the actions of thr: rnethods described above in connection v.ith FIGS .. 9, 10. l .l, 

and 12, the i,vlreless device 250 is configured by the network node 210 to synchronize the 

vvireless dt•vice 250 \Vit.h t.ht• m•twork node 210. H ls set to detect the first synchronization 

signal and related Information rnessages that are set to be sent to. 

16N The wireless device 250 has the fol!mving configuration as shtm,,-1 in FIG . 

. H'i45 In sorne ernbodimt•nts, the netvvork node 210 may have already performed transrnlssion 

uti!iz.ing beamforming. 

ui-17 The net\-vork node 210 and the vdreless device 250 are configured to operate within the 

wireless cmnmunication netvmrk 200, 

u;4g Some of the detailed descriptions belrnN are the same as previously mentioned in connection 

\-vith the actions tkscribed for the '>''iiireh�ss device 250 and vvil! not hr, ff'f.lf:'ated hen:<. 

!O 163]

J!JS4 The \Vireless device 250 ma_y be configured to detect a first sync signal. 

wss Tlw first synchronization signal is SN by tht� netvvork node 210 to bt� transn1ittt.•d at least 

once at the time-frequenc)' position in each of the N OFDt'v1 symbols in the N OFDrvI symbols 

in the stibframt' . ., 

1 t,:',8 N is 2 or more. 

[O 164] 

rn1,2 This ma:it be performed by the detection modul.e 1401 .in the \:Virefoss device 250. 

101651 
1661.i In some embodiments, the vdreless device 250 is further configured to detect relev�-mt 

information messages at a predefined tirne-frequency position. 

t61;s The predefined tirnEA'requency position is relative to the time.frequency position of the first 

synchronized signal detected. 

l!no The relevant information nwssage is associated \Vi.th tJw first sync si.gnaL 

[O l G6} 

!674 This may also be performed by dmt!ction moduki 1401. 
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[01671 

1678 The first synchronization signal can be a PSS. 

[0168] 

rns2 ln sorne embodiments, the relevant information message comprises a related second sync 

signal. 

1 m,1 The second sync signal can bt• SSS. 

[0169] 

t6ss In some embodiments, detecting a related lnfonnation message involw>s rnatching the M'rk's 

of detected related information messages vvith one of a set of possible infonnation message 

sequences. 

[0l 70J 

u,g4 In some embodiments, the r1:'levant information nwssage compris1:•s a related PBCH. 

[017 ll 

rn,iB In sorne embodltnents, the assodatf!d PBCH further comprises rdevant systmn information. 

[O 172] 

1 To2 The relevant information nwssage contains an index. 

[0173] 
1706 The \'Vireless device 250 may be config1.1r1:�d to acquirf.' subfranm timing and/ or frame 

timing by df.>tecting an index contained in the relevant information 1nessage. 

[017 4] 
1711 This may be performed by the acquisition module 1402 in the \•Vireless device 250. 

[0175] 

t :1n ln scu.1w embodiments, the relevant information message is dHlerent for each OFDl'v1 symbol 

in \Vhich th(� rnlevant information message is configurnd to be transmitrnd by the network 

node 210, the rehwant information rnessage includes an index, and the wirnless device 250 
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indexes, It is further srit to acquirn subfranm Hming by df.�tf.�ction, 

[Ol 7G! 

1122 This may also be performed by acquisition moduk• 1402, 

!01771
l7Z6 In some embodiu1ents, tl'H,, related information message is the same for t�ach OFDM symbol 

in \Vhich the related infonnation message is set to he transmitted within a subframe by the 

network node 210, and the related information message is the related information message. 

Different for each subframt' set to bt' transmitted within the frame to be transmitted by the 

net\vork node 210, the relevant information message contains an index, and the w. irek>ss 

device 250 gets the frame tinting by detecting the index. Further set 

[O 178] 

17:,i.s This ma_y also be performed by acquisition rnodule .l 402, 

[O 179] 
1 r:;g In somf:' embodim1:.•nts, the relevant information messagt.' includes a wlated SSS, the index is 

a series index, and the v,rireless device 250 is further configured to acqnirn frame timing by 

detf.�cting tlw series index contained in the related SSS, ing, 

[0180! 
.t 745 This rnay also be performed by acquisition module 1402. 

!O 181]
1 i'-NJ In some embodirnents, the related information nwssage includes related system infonnation, 

and the wireless device 250 is further configured to acquire frame timing by detecting an 

index contained in the related systern inforrnatiott 

[0182! 

1755 This may also be performed by acquisition module 1402, 

!0183]
1759 In some ernbodiments, the series index comprises an index repn:$enting a seriHs ,.vith_in a set 
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of possible series. 

[O 184-! 

1764 In some embodiments, the wireless device 250 may be configured to discard the detected 
OFDl\-1 symbols set to be transmitted by the network node 210, the tlrst of \Vhich ls vliith1n 
the discarded detected OFDM symbols. The detection of the synchronization signal of 1 is 
insufficient based on the threshold value. 

[Ol85J 

!771 This rnay be done by the discard rnodul.e 1403 In the wireless device 250. 

[O 186] 

1 i'75 In some embodiments, the ,,vireless device 250 :may be configured to send a :message to 
net\vork node 210, vAiich mr,:ssage is to send a first sync signal and related information 

i-nessage to net\vork node 210. It contains information about which of the beams
configtirf:'d for beamforming by the vvireless device 250 \•Vas ust:�d for synchronization.

[01871 

tl82 This may be perfonned by the transmit moduh� 1404 in the \-virdess device 250. 

[O 188] 

1 Tso An embodiment of the present specification for detecting a first synchronization signal and a 
related information message trnnsmHted by the net\'Vork node 210 for synchronization 

between the \<vireless dev.lcE1 250 and the net,..vork node 2] 0, for (ixampfo, using bNun 
forming. , ln conjunction vvith one or more processors, such as the processing module 1405 
in \-\1irelc•ss device 250, shown in FIG. 14, n1ay be implemented by cornrmtt�r program cod(• 
for performing thE1 functions and actions of e1nbm.H.rnents of this specification. 

1 rn2 The program code described above may also be provided as a cornputer program product, 
eg, in the form of a data ca:rrit•r, carrying computer prograrn code that executes the 

embodiments herein \-\1hen loaded into the wireless device 250. 
17.95 One such carrier is the form of a CD ROM disc 
J?�ll, Hov,.1E1ver, other data carriers such as memory sticks are also sultable. 

J 797 The co.rnputer program code .is also provided as pure program code on the server and may 
be dovvnloaded to the wireless device 250. 

!0189]
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