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COMMUNICATION CONTROL DEVlCE, COMMUN!C/.\TlON CONTROL METHOD, 
TERMINAL DEVICE, AND lNFOR:M.AT!ON PROCESSfNG DEVICE 

lnventor(s): 

Applicant(s ): 

M!ZUSAVVA NISHIKI [JP]_:: (71<.::� iffi) 

SONY CORP [JPJ:: (1/=.-�:it�t±) 

Classification: � internatlonal:H04W16/28; H04W72/04 
� cooperative: H04B7l0617 (EP, KR, US); H04L5!0023 (EP, KR, 
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t 

KR
.1 

US}; H04L5/0073 !EP
t 

KR US}; H04L5/0048 iEP, US); H04L5/0053 (EP, 
US) 

Application 
number: 

W02014JP71244 2014081 ·1 Global Doss!er 

Priority number JP20130197005 20130924 
{s): 

Also published 
as: 

CA2924029 (A1 l CN105557049 IA) CN105557049 (B} 
EP3051906 (A 1 ) EP3051906 (

A

4) nmre 

[F�roblen1} To tn;3ke ft posslb!e t(} keep 
lnt�1n\$r�1nct�:· fron1 iner{1as�nf�� v·./hile 
rez�tidn9 the load associated with 
h�.�"'f'-;$,�...,\�·.�.:-.... ir;..-.; t"1::::'-,-·,d� r�-�� ..... ;-..... 1 T��, .... : ....... ·\·•r.::.r;;tS� ..... .-, �,,,.,� : ,:,_.,,:s,,,•�· ,,,,,_<.,lA>s>j , i:,◊ :!: •<:-<• ,<_,,,, 

pro\tkit:��� Cl cornrr:un�caUc·n c:c·ntro! ::.i:::.)\t�ct:� 
prt)\.tirJt�rJ v-lith thg foflnv�llntJ: .Ben acquisihon 
unit th,�t acqutres ce!l•·ld��ntfyin[J 
lnforrr�auon aHocated to an �n{Hv�(it}8J 30 
bt�an·1 frJrn1:::.?d by c1 d:r:::.?chonal antt�nna 
bat is G<':i!X,ible of forminq 30 tieams: and 
;3 control unn t}l�:H that:. on the iJasis of 
sa�d c��?ir ... :til�ntify:nq �nton-r!ahc·n� con:trQls 
the transrnission of' a refBrer-:ce slgna� vja 

.:-....,. �r-.. .:-f:: 
::,:•;:-,':.. ::S �:,::,:�. ;-,:�����::�❖ �:�.,-: ... � .. -:.',:���:·;i::,:i:�:•:.::.:::��-;_�;::,::; �-:,::�:-;..� :::� 

��):,:-(;:-;·;,,'\.<::�:$ ]$ -�•:., ❖t: ���'�$�-:;?::�;:;_':• '--'l:-°! ."- �{":-:':f:-'»�--
�,:❖� : :,;:,.-.:,.;..::S,;-:-: �, :..�.:;:� .._::,: •. ,, �:} !:,.�_•'.:,.\.� •:::::-"":�'>;{:.<:;."- :-:�� =� ;\ $-::i::..::�-:--:..� 

:.:%�:--::::�'.}:::-:-':�::.:...%:.:._"X: �}:�.::;:.-x;:;:;�t�;:� ��:-.,;,;.,�: 
::,:;;;:,.�. :::.:.:·:, �.i:;;;-: -�x;:o:�•:.i::,:;-;r.� ::.·�:$"•:�-.:: ;: ·x.� �:��:-.;: x--: -: ;�=-� ::::�::�:;�::;:::::;,•:-:::-.��,r 

suci: u:at the n.:lerence s:ignal �s transn1�tted us�ng a .sp�;::cdfic resource b!ock fron1 the 
set G:� a\•'aHab!e resr)urce b!oct-:;s. 
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COMMUNICATION CONTROL DEVlCE, COMMUN!C/.\TlON CONTROL METHOD, 
TERMINAL DEVICE, AND lNFOR:M.AT!ON PROCESSfNG DEVICE 

Claims not available for WO2015045658 (A 1} 

Claims of corresponding document EP3051906 (A1) 

A high quality text as facsimile in your desired language may be available 
amongst the following family members: 

G.1-\2924029 (A1} CN10S5ff!049 CA\ EP3051906 (Al) JPvV02D'!5045658 iA1\
f{FU02223418 iB1l US2016218786 (Ai) EP3448-W5 !All_ ,JP2020036354 {A.} 

�- :·;��:t•:NJ?;t s:�3t,.,.��:, 
+ ::::.;;:n1s. rr�:=:-

The EF'() doe�� not accept arri respo·nslt1lHty ft;r the accuracy' r:l d��ta ��nd infonr:ation 
(n,�g�natn9 frt!fn of.her author�ties th.an the EPO; in particutar i the EPO does not 
9uarantee t}l�:H they· ;3r�· cornpiete. �Jp��toc�{j;Jte t"Jf fa for specific purposes, 

·1. l-\ cornn1unlcauon control apparatus con��pris�n9�
an acquis�tlon unit configured to acquire ceH identif�.cation �ntOn11ation assigned to .an
lnd�vldual n1ree�dirn��nsiG·nal br��rn forrn:��t�: by a t1h·��Ghonaj antr�nna capabl�:: of ft;n1·1�n9
a three.,.fjfr1�H:�ns�on.ai bearr�; and
a contro� unit eonfii�turt:�d to control trart;n1iss.ion \)f a ref.t:!rencf.� t�ig-na� p�i:rtorrned us�nt1
t�·1e individual thrt�t� .. d�rr:i�r-:sional b��an:� on tht� basjs of th�� Gl�ij kil�ntification �n-fonT:ation �
v,:-her:eln tf1a control un�t. tJ)ntrG�s the trru1srr::ission so that t.he reference si9r1:�� �s
transrnitted in Et Bn1ited porUon of avcdlat.:�e res�Jurce }JhJck:s.

2. Thf� C(H1'1tYB.H1�G.ation controt appar;-1t.us acc�Jrd�n9 tf:J cia�rn 1,
\-\:·herein the Hrnlted portion of th:e a.va.Ha.b�e� resource blocks ts a resource bloc!...: or

3. The con:rnurdcation control apparatus ac.con:Hn9 to cJain1 2:
vvtit�:rt:�in thi:! contrQl un�t contro�s tra.nsrnit�sk.1n of s·yst,i:rn infonr:f�tion pt::rrorrne<1 u·�;in9
th�� individual three �cnrn��ns�onal tH::�n-1 so that tht� systt�n1 �n-forrnation for tht� irH.HvkhJa!
thre·a--d�rnens}onaJ �]B(�rn is transrnltted �'-ilthln a Hrnited perk.xi of ti�T:e�

4 The cnrnrnunic:aU::.)n contro! appar��tus ��cGr::n-J�nq to r;!��irn 2: 
v,the·reln the C(H:t.ro! tH1�t. Ct)ritro�� transrr::iss!on of a S'lnchron�zat�on signal per�\;rn;ed 
usdng the fncH··./fduai tt�ireec�dknens�onal be;Jrn so tt1at the synchronization s�gnai for t�1e 
indhnd(t3! three-ditnt:Jns�o-r1a1 !::-earn �s transrnittt:!d \•Vithin .:3 nrnit-Od pt�riod of tirl:e. 

5. Tl1e cornrY1tH1�catk;,n co-ntroi ;)pp�)ra.tus �:;ccorcBng to (:.!airYl 2.
\,vhere:n the control ur1it contro�s transn:tssion of �nfonl:ation �n<hcating the hrr:itec
pgnot1 of hrne.

6. ·rhe corr:rnunic.;:.)th:n1 control apparatus ac.conJ�ng to c!airn 2 i

\:vhf:rt�ln thr1 ��n1H��d period of' th"nt� is t���tt::rrnin��d fl.n- ��ach Gt:�n. anc1 �s tHff��n:�nt frcrn a

htlps:i/world\vide.espac.enet.comipub1katkmDetails/claims?CC"°WO&NR"°20 l 50456.. 202.1 /04/ l 3 
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7. The GOff,n1un1c8fo'.!n cGntro! apparatus accon:Hng to c!ahYi 2,
vvt1e-reln the Hr-nHed period of un1c.� !s a. Hnttect port�on of radio fr:arrH.��s £ 

8 ... r�·1f� c:on·:rntu1tc�1tinn cnntroi apparatus acc.f.:rd� ng to eiah1·1 "1,
yvt��erein the �in1lted porUon of the a:V;�llab�t� rB-sourc® blocks i$ a resour�:e b�ock. or 

9. The cornrnun1crifo:m c;:mtro! appara.t\.is I'lccon:iing to c!airn S,
vvhe-rc�in the control un�t contro!s transrri:ission cl a rnaster inforn1ation t!ock pc.�rforrn<-�(i
us�ng the �nzjj\/�duai thre��-�cHrnens�onr�:f bearn .. and 
\•Vherein the rn:ast.er lnforrr�abon btock contains fr1ft)r�T1.ahon in;:�h::.atin�1 a bandvikitf: of the 
!irnited portion of the 8\/s:.J8ble frequency band.

·10 The cnrnrr:unh:::atiG·n cont.ro! appar��tus aeGord�n�1 to r;!airn J:
V·/hereln the Ct)nt.ro! un�t. cc::ritnJ�s transrniss!on c{ a S)''Sten1 inforrnation block pertorrned
using U:e individual three---d�rcH:.�ns�ona.f t)earn, and
\:vhf:rt�ln thr1 systr1n1 infc-rrnaUon b!nr:.k CG·ntain�) �nft)nnatlon �nd�cahn�i U1�� av·aHab!e

··� 1. Th�:! cornrr:unicaUc·n contro! app:ara tu�; accorzi�nt1 to c!airn �1.
v,:-hereln tf1a ceH �(ienhficahon inforrn:at�on is dffterent fro�T: ceH \;:1entifk:.atit)n �nforrr:ation
;3ssi9ned to an adjacent (:eH, in a resource allocation pattern tOr a ret€rern::e s�gnaL

·t 2. l
'a

'he e.o�TH1H.H1�Gi�tion r):)r-:trr)t apparatus accor<:.Hng to ch3�tTl � .. 
\•vherein the contn-Jl un�t eontro�s transrnission of �nforn-1:�tion for si>ec�f:ling the Hn�:�ted
poruon o� u:e ;9\l�.Uab�e re.�source blocks,

·13. ,,.,,_ comrnunk:ation contrn! method comprising:
acqulrlnfl Cf.}i! �d�·ntification infonr::at�on assigned to an !ndht!dut�! three-�[�irrH1nsion;3;
t)earn forrr�E.�d by a dlrt�.cJ�onai 8ntenr:-a capat)le of forrning a 1�1ree---dirru;::nsiona� be .an1�
and
ccntroH�n9. by a processor. transrn�ssion of a: refBrence� sif�nai perforrned usin9 U:e
incHvldt.t���! u·u·ee�·din·10·nsional befH1·1� on thE� basjs est the ceH jdenUficaUon jnforrnauon.
v-ihHr�1\n n1�1 rgferr1ne�� si9nal rs ha.nsrnH.t��d in a nrnitt:�d portion of HvaHHb!H rr��)otn-cr�
b�oc.ks.

·14_ A terminal appmatus comprl:�inq:
an acqulsg\on unlt. cr}nfigured tG� �--ii�1en a base station configure�:j to co:r1tro�
transn1�ssion of a reference s�g:naf pe�iorrr�ect t.ising an indi\ddua� three-�dln1ensiona�
bean1 forn-1ed by· a d:rect�onaf ant€.�nna. capsbk�� of forn1in�] a H1ree---ditnen.s�ona� tH:.:an1. 
on th�.$ t}c:.�=;i�) of c��H k1��nUfieah�.:.;n inf<.HrnaUQn ass�gned tn thr� inc�hllliua� H1rf�f�� 
dirY1ensiona i bearn = transn1�ts inforrnat!on ior specifyin9 a i!rnitt.�d portion of avaHa�}le 
resource· biocks �n \vhich H1e reference signal is transir:itt�;;d. ac:qujre the infonr:ahon .; 
and 
a cmnmunkatkm contml unit .:xmflgured to nwasurn the reference signal transmlHed in 
U1e Hrnited portion of tt1e ;-:.1va�i;-:.1ble rfasoun::.c.� blocks. 

·15, The terfnin(�l :apparatus (�c-cordln[] to :..:t�hT1 ·;4�
\1Vhe-reln the Hn1hed portion of the avcdlable rest1lffCe tJ!tH::ks is a resc�urce bic�ck or
ret;ource tdocks. \•Vithin a HrnHf.'3d pt$riorJ of tin1��?. ar:ci
\•Vhereln the infon1·1ation for spec.lf��in9 t .he lirnitefj portion of tr:€ ��\.tailab�e re�=;oun:�e
blocks contains inforrnaUon incfo:::Jsting the lirnlte,:l period of tin1e,

·w The terrr,ina! :apparatu�� accord1n9 ki d;;�im �4.
vvhe-rt�ln th�� �irnh�d portiori of th:e ;�vall;�b�e resource �J!ocks is a resource bkJc.k or
resource blocks vvithin :1 limited porti,:,n of an avaliat,!e frequency b,1nd, ano
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wherein the informatlon for specifying the iirnlte,:l portion of ti1e available resource 
bk:H.::ks contains l nforrnauon lrH.:Hc8ting a band\•Vidth of the un,aea poruon or tt1e ava�!abh!� 
frequency b�:H1d. 

�!l. ·rt1e terrnin8! apparatus 8ccordl ng to c�airn "16, 
\:vhf:rt�ln }nforn1atnn ;ntjit�1tn9 thr� t)andvvk.H.h of thH hrnlttN.1 portion of u·1t:� aval�abfr� 
freqw�ncy !x,1nd is contained iri a mast�r information bioc!< tnJnst0iUed using the 
inclivk:luai three-dimensionai t:,,aam, 

·)8, The tern�int�d ;app,3rat.t;s accon:Hnt] to c�airl1 ·11,
vvhe-rc�in the acqL��sl tion unit v:.then a systzH11 infon-r1ation b�ock containing irrf(1rrnation
lnd�Gi"�tin�1 the l:landvlidth of the <.�\lr�·il<.=§b�e fn.�quenc�/ band i�� tran�ffn�tted using t�Te
lndhddual: thraa--dknenslonal be.arn� acqukes the int(1rrnaton contained in the Sfstern
lnforrnation bto.ck. anc�
\·vherB:n the c:on:rnunic��tion controi unit contro�s rad io cornrr:unicat1on p{:!r��J�Tne{i by· H1e
terrrdna! apr}aratus so u·�at ��.r-: aHrx:ated radkJ resource \Nithin the avaHab!e -frequency 
b;�nd is used. 

·is. A communication control rndhod compnsin9:
\•Vhen a base st.1tio•n confiqured to txJntroi transn1h�s�on of a reference s\1na! perfz1rrned
using an individual three.-.din1cH1s�onaJ bean�� 1-=on-rH.��d by a cHrectional antenna capable of
forrnin9 £: thrt:�t:��t�in·1i�:·nsional befH1·:� on the t\asis ot cen kienUflcaUon inforrnatk.1n
ass�gned ti) the inzihdti\�aJ three--dirnensionai tH��.ani. t.ransrnits inforn1at.�on for spec.ffying
;3 t�rnited porUon of availab�e resour(:e blocks in ·vvhich the reference signal is
transrnittt�d; acquinng t11e lnforn;a.Uon� ancl
rneasurino: t}y a process.Gr: the reference s igr:��i tr��nsrnitted in the !irnitezj pr>rUon of tr1e
av�'l:Habk, resource b!ocks.

20 }\n jnfr_;rrnation pf()Gessin9 <.�pp<.�r��tus cnn1pr�slng: 
a �r�erno�./ conf\;iured to ston� a progr;3;n� and 
one or n1orf.} processors (:apat)le of exeGuting u·1e prograrn (

vvl1en:.�1n Hr�e pn,9ran-1 E.�xecutes 
Yvhen a b��se st.jUon confi&11�red to cGntro! transn1ission of a reference signal perft)rn1ed 
us�ng an individual three.-.dfr11cH1s�ona.i bean�� ton·Y�ed t)y a cHrectiona! antenna capab!e of 
f�Jrrning a u·:ree�din·10·nsional bean·=� on the basjs est ceH �denUf icaUon jnforrnauon 
ass�gned to thf; intt"/H�1uai thn���� ... dirlH::nsionai t1t:�<'JJ:r\ transrnlts jr:fcrrnaUon -f{n- spec:jfyh·19 
-� t�rn�teti pcHi}on of <�v;�il<�b�e fBsourt�.B blocks In \:�./hlch the reference signa! �s
transrnitteti; aequ:rtnq t1·1f.� intcfrna.UQn� anfl
rne��surino u·�e reference sl9na� tf��ns.rr::itte,j in the H�Tdted portk)n of the av��Hab���
resource block.s.
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COMMUNICATION CONTROL DEVlCE, COMMUN!C/.\TlON CONTROL METHOD, 
TERMINAL DEVICE, AND lNFOR:M.AT!ON PROCESSfNG DEVICE 

Description not available for WO2015045658 (A 1} 
Description of corresponding document: EP3051906 (A1) 

A high quality text as facsimile in your desired language may be available 
amongst the following family members: 

CA2924029 (A1) CN105557049 {Al EP:3051906 {All JPW020·15045658 (.A. 1 i 
KR!OZ:2234113 {81). US201621S786 {A 11 EP344$1051A1 l JP2020036364 fA} 

The EPO does not accept any responsibility for the accuracy of data and information 
originating from other authorities than the EPO; in particular, the EPO does not 
guarantee that they are complete,. up-to�date or fit for specific purposes, 

f000·1} Ttr�E.� prest:�nt dtsc!o.sun;.� re�ates to cornrnun�cation control apparatuse.s 1

con1rnunieation ccntn.1i rngU·1ods� terrninai apparatus�::r�. anc1 �nforrnation proc��sr�in�1 
apparatuses. 

[0002] i\ tec}1niquc} <..'.BHed 1�bea.ir:ton11inff1 h;;.1s in recent years t£���n v-/�de�y knO\•Vn� \-v}1i(:t'·J 
ls used b�f a t;ase station havin9 a plurahty o:� antenna e!r;:rr:ent�� to forrn a beafrl f�hTH.-3d 
at a ten1·1inaJ t1pp.aratus using t��ie p!uraHty of antenna e�ernents. For e��arr:pie, Lon9 
·Te-rr-n Evo\.Jion {LT-E} rc.�lease ·i O spec.J�fas th;;.1t a bas€ station is equipped \:Vith ei�1}1t
antenna.s,

[0003] i\ccording to tH.��arnforn1�n:tJ:, a bean1 ;;.1\n1ed in a desireci direction �s ·torn:eti by 
rr}uH:piy:n9 a s�9nal or t:!act1 ant,ann:a t:�h::rn::)nt tYy a \:ve�t1ht eoefhc�ent For f.�::-<.arnpi{� .. jn 
L�rE.� a trHTn�nal �pp�ratus sr�ii�Gts a rgcornn1end�::d :set frcrn s�::ts of \:V��l9f1t co��fflclent:s 
(�.e c : precod�n9 rnat.r\ces} Gt)ntained in .a code t1ook; on the t1asis of rec.ept.�on of a 
refe-n.��nce signal -transrrdttcH.:i by ;-:.1 base station: and not!fiBs 1}1e base staUon of the 
recr;rnrrier:ded set i\lterr::�thre\-� .. a t���se station G��k;u!��tes a set o-f \·\•'et;ht Goe-ffk;ients 
on the basis of recapt�on of a reference si9nal transrnitted t1y a terrn�na� apparatz�s. 

f0004] For ��>=:an1plB, F}atBnt LJtt:ffatt:rt:� �1 incHcah�:s that a terrnina! apparatus ·seit�cts a 
desired set frorn �:;ets G·f \Ve�9t·1t coeffic:!ents. containezj in a r.:z;de �_;ooi<: ��nd ·feeds tr1�� 
des�red set back to a base staton{ so that a set [;f \:veig�1t coe·tricients can be t1€\:<ibly 
deterrnined� 
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Technica! Prob!em 

[00061 t�k::'.:Vt�-..t�1r ! acecrding to H1f� bacl<.9round art jnc:luzijn�1 thr� at:1ovr� tr�ef1nk1u�� 
described �n Patent lJterature ·1; an �ncrease in the nzHnber of antenna elen1ents 
possessed by a base station rna�i !J�� ac.con1pfH1ieci by an incn.:�asB �n load invoh . .-·t.�d in 
tlearnf(:1rn·1in9 .. A.�:; an exarnpfe .. an increase· in H ... :e nurnber cl ��nh�nna eh�nH:�nts is
accornpanied by an increase in the nurnber of \:Vei9ht coeffic�ents, \Vf:ich in turn 
increas�·s a proc�·ss for ca�ct:Iatlng tt1e set of \v€dgt1t cooft1cients� 

[0007] H Gr>utd be envl�==-��9e(� tha( �n op:.ler to n�rJur;e the incre��se �n the �oad .. a cen :n ·s 
.3ssltiried to ;;l_n individut':i! beam so friat a comrnunicaticn region corresponc!!n9 to the 
t)earn (Le�.�. re9�or1 .covered by -U1e bearn) is nand�ed as a v�rtuai c�:!L �·iW\·'./�:;/er. the 
nurnbgr or rH:soureg anc•cation path:!rns foJ a cr1n"'��pHciflc n::f��n:u1cr� s�9ncJJ {C:RE�) H1Ht js 
transrnjtted for e:acf: ceH (Le.� patterns of atlo·caUon cl resource e!ernents tt) a c:R�-; in a 
resource bloc��) is Iin1�tect and therefore� interference rnay occur bet'.:veen C:R�;s_ /\San 
t:�x*l;Tlph.:!� �ntl�rfi:�tl�ncr�? n·1ay QCcur bt:�h:v��?E:n: a (�RS tran·�-;r1"1ittf.?d us�ng f� bearn and a (:Rs 
transmitted in an adjacent ce!L 

fOOOa] VVit11 111�� abovB ln rnlnc�� �t is desirabh? to prov�rh� an arrangerr:-t��nt eapable cl 
redue.in9 an incrBas.e in th€ �nterference vvhHe reduejn�1 �oa,i invz}�ve::.j in bearnfGrrn�n�1-

[0009} f\ccording to the present di:sGh1sure. there �s prov�ded ;::� con1n-1unication t�ontroi 
;�pparatus inc!u(iing: l�n acquis�Uon t.H)it Gonfigured to acquire cen �cientifi¼�tk.)n 
ir1"fc.:n11ation assignt:�d to an �ndi..,./�dua.f thre·e·---din1E.�nsionai t)ean1 fon11E.�d by a dirE.�ctionai 
antenna capabfe of forrn\ng: a tf1ree�-d�rn:enslonai be��r1"1; and a cz;ntroi un�t configured to 
control transrnission of a referenc�� s�tJn:a! pfarforn:eti us�ng U·1B indi"-lidua� U1ree� 
dirnensionf:.l bean·1. on u·:e basis of thE� cen ich�:nhfh::-f�lion intorrr�f�hon. ·rhe c:ontrt:1 unH 
eontro�s U1�1 transn1lssinn so th�t U1�� r��1\:!rr�-=nc�1 �)\Jna� i:s tran�)rnh'ted in a nrnHt:�d portion 
of a\.�all:at"le resoun::e bk.;c.ks 

[00·1 O] .Acemdin9 to frw present r:Hsdoswe, there is provkjezj a cornmunin�t!on confro! 
:�nethod inc�uziing: acqulr�ng t:.e�� lz�ent�ficatlon �nft1rir:ation assigned to an indiv�dua� 
tt)re.·e,-cHn1ens�onai �Je�:;rn fi)rrneo iJ!/ a Olre(;t\onal antenna c��P��ble of forn1ing ;� three,• 
dirnen.sion�.l bt:�8n1. B.nd controHing� tri a proct:ssot transn1�.ssk:H1 01,: a re'ft�::rE.�nce signal 
p�.$f1�nnned usin9 H1t? ind�vitiuB� thn.�i�-z�irnensinnai b::}an\ on the t)aslr; of th::} c:eH 
ldentlficatlon inforrn;-:.1tlon� Tl:e ref��tence signal �s transn1itteci !n a Hrniteci porth:.:�n of 
avaHalJ!e resource bloc�:s. 

[Q0·1 ·11 i\ct:.on:Hng to t��1e pre1;ent cHsc.k::s;.�re= ther:a is prO\tkjezj <� terrrl�n.ai app::.�r��tus 
inciucHnfl: an acqulshlon un�t cc�nngured to, ;vt��en ;� b;asB St{]t!on configun��cj to contr()� 
tr::�nsrnission of a referenc€ s�9na.t perforrned: usjn9 an jnd1\1k1u��j thre��-.. (Hrner:sk:::1aj 
bean� 1-=orn�1ad by :a dlrecUonaJ anter::r::a capabie cl forrnin�1 a tf:ree•,din·:ens�on.ai bearr1, 
on the basis of ceH identifcation infon11auc�n assigned to the ir"Hjiviijua� three,­
di;Tl�:!n��ionai t:Hi?arn;. trf:nsrr:�ts intcfrnati<)n f<)r sp��r;itying a lirr:H-ed porhon or f�\,..aHf�b!�� 
resource block�:; �n \1vhk:h th€· reference si�}·1al rs tr��r:srr:it:te<:J 1 acqujre the irn\)rrn��tion .: 
ic:Hid a comn1unks:1tkm contn:::! unit configured to rneasure tM reference signal 
tra.nsn1itted in tht� hn:�tt�d port�on ot tt1e· ava:i!abh�:: rBsourcB bk).cks. 

[0012] l\c.cordjr;g to the present di:sr:tosure, there �s provided ;:3 corrn11unh::.ation control 
rnetho�j inck�ding: \·vhen a base station conflgured to �::ontroi transiriission of a reference 
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sdgnai perforrned tJSing ;�n lncHvldtJal th:ree�·dhYH?.ns�onai bean1 forn1ec� by a ijkectiona� 
antenna. capat)!e of forrn:ng: a H1n;.�€.� ... .::1�ir::s;;·nsk)na� be.an,� on th€.� t)asis of cE.�n idE.�nUficauon 
infcny�;�tion ;3�si9ned to the �ndh/�du;�l thr�·�· .. cHrnensiona� becHT1, tn3nsrnits �nfcn11aUon 
for spt,cilying a !irdtBd pr>rfo::in cf available rc.,scurct, blocks in 'Nhlch th-s rn!E:rt,nc-s 
s�gnaJ is tran.srnitted� acqu�rh19 u1,;; inforrnation� and n1�:asunng, b�l .a �H·ocBssor, i�,E.� 
rf:fHtt:'ncr1 si9nat hansrngh�:-d in tht� hrnitt�d portion of H1�� d\.•'HHabl�:: n::sourct:: bk;cks. 

[00'13] .. �ccorrHnti to tht:� prf::s.l�n:t t�i��c!QsunJ.; u·it�re �s provh:h�:d an irH\.)rrr�f�lion process�n9 
apparatus includin9: a n·H:;rncry conhqur��d to storH a pn.:\;ran\ an�J ont� or rnorH 
processors c.ap:ab�e of e�:ec:utln[1 tf1e proqn:�rn The prt)gra�T1 B}(ecute�\ V'ihen a base 
station configuted to control transn1ission of a referBnct} si9nai perforrnBd using an 
lndhd(h.t�! three .. ,dknens�G·nal t�earn fr}:Tn:e(�: by a fJirect�onaj antenna G��rn�b!e of fonr:ing 
a three .. �:ifr1�H��nsion.a! bean\ on the t�asis o-f ceH identification inforrnaton ass�9ned to the 
lncHvlchJat U:ree�·din1enslonai bearn� tn:.�nsrnits inforrnaton for specif�:ling a Hn1Hec{ portion 
or avadabit:� resource blocks �n \.vh!ch the n.:�r��.HfHlG�) sit1na� is transrnHtB{( acquirir\1 ttl�:! 
lnfGrrnaUor\ and rne��.�==-urin9 the reference s!gnaj transrnated in the Hrnjted portion o-f the 

[00·14} l-\s dc�scribe-d abO\le, accon:Hng to the prBstu1t cHsck}StJre}� £Hl incre:�ast� in the 
int�)n\�f�)nCt�:· can bl� n.:�duc.�1::.i vvhih�:· !oati invohn.$t1 in bearntorrr�lr\1 can bl� rt$t1ueed. Nott$ 
t! .. 1at the effects dascr�be{i abo:../e are not necessarH:i lfrrlited, and .a�on9 "�vHf: or inste.ad 
01;: tt1e �-fh:.=:·cts� any effect t!1at �s des�n�ct to be intn:1ch .. a::ed in the present specification or
othl$f �:!f:\:�ct; tt1at c.::u1 be i�·>::pt$Ctt::d frotr:: H1t:: pn:£:st�nt specification tYHi\i tJ�:£: extublh�c t 

roo�i 51 
[ HG. ·n F!G. ·1 is <'m nustrathie c.Ha.gram for ,:iescrlbing a rel:1tlonsh1p between the 
pos�tion of f.H:1ch antenna e!ernent and the thr�e .. -cHrnensionai cHrec�th::H: of a }::eartt 
f FiG. 2] F�G� 2 is 8n �HustraUve d:a.gr arn for -:h:.:scru,�ng an Bxarnp�e of a tE.�ct1nique of 
us}ng \!V"fllf1f:t. coeff�c�ents for t1earnforn·::ing, 
[ FH3. 3-] F�G� 3 is an Hk�strative chatJrarn for describing an exan1p�e o·t a ceH forrneci by a 
sector anh;Jnna. 
[ F!(3 4] F�C3. it is an iHushativ�1 dia{Jran1 for dHserR)�n\1 an �$xarnp�i:: of an .irnprovt�.nH�)nt 
in galn by<� bearn. 
r F!(3. 51 F�(;� 5 is an illu��tra.thlf:: ::.i:a.9rarri for df!·t;crUJing an ex�:�rnp!l� or�:� r>.�:tato:1t;hip 
tletvveen the nun-1t1er G.f Hntenna ete·n:e.nts. Hnd the peak o-f ��n antenna G��in. 
[ FH3. 6] F�G. 6 ts an Hlustrafi\te r.:.iL��1rt�n1 f"t)f" describing a first exair:p!e of a resource 
aHocaUon pattern for a c:Rs� 
l F!G. 7j HG. ? )$ an mustrative ,.tagrs:in1 rx describing a second exarnplc.i of a resource
aHocathJn patt��rn for a c:.R.S.
[ Ftl�. 8] F:�G� 8 is an iHusttaUve d�a.gr;;.1n1 fot th�}scrit��n9 £{ c:;:�n in .a case \.•vherB a signal is
not transmitted t..:sing a hn:.:1:.H.:lirnensional be2m.
[ F�C?. 9] F�c;. r� rs an iHustrahvr� dia.qrarn for dr��)GrUJ�n9 a c,r�g jn a cH:se \·\•'f1��re a sjgnai is
transrnitted using a tf1ree .. d\rnensionat bearY1.
[ Fie.:;. ·103 F�G� ·10 is an Hk�strative diatJrarn shov').-�n9 an Bxarnp�e of a scht.�n:atic
c.onf\�uratlon of�� cornrnunlcaHon systern according to ��n ernbodfrnent c:4 tr:€ present
disG!osure
[ HG. ·1 ·11 F!G. 11 is an HusttJiUve. dlagrnrn for describlng an exarnple of a t!1ree-­
dhTH.:!ns,ionai t:Hi?arn tornlt:�d t)·y a bat��1 t;tatior L 

[ F!G. 12] FH3. ·12 �s ��n �HustraHve c.taqrarn ·tor describing an ex��tTlp��� of trar:stTliss�on
w1d reception of a signa! in a thre.e--d.imens!,:.ma! beant
l F!G. 1 Jj HG. ·13 is a bkH.::k diagram s!,owing an E,xaff,ple of a c:onngunition of a base
stabon ae.cordino to an en:b{)C.trnent of the· present rHsek)StHe.
[ HG. "141 F!G. l4 is an Uustrative dla.gram for describing an exar0p!e cf racilo fran,es in
which a CRS is tmnsrnilted using ;J thre.e.--dimensk)nai bean-,.
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[ FH3. ·15] F�G� ·15 is an Hi�Jstrati\le cHagrarn f()f' des�::rlbing an eX;:)rnp�e of;:) frequency 
b�nd in \--vhk:/1 a CF<)3 �.s transrnitt,;;d us�ng a three�dh11E.�nsionai !:)eatn, 
[ Ft(-:;_ ·16] F�G. ·is �s a b�ock dlagn�rr1: sho\Nlng an e}o3rnpie of ;:3 configurabon of a 
tern:�nal apparatus accon:iing to an ernbodin:1ent of the prt.�sBnt (��sck)surB. 
f Fi(3. �17] F � G � '"! 7 is a fk)vvcrtart sho'--�ving an exan1ph!� 01,: a sctH;::rn.ath.:: 1,:k:r¥v of a nrst 
con1rnunieation controi prnr:.gss in a. base stat:cn according to an r�n1L1othrnr�nt of u·1t:� 
present (Hsciosure. 
[ F�c:;. ·1 aJ F·.-�c;. ·18 is a n()\•vchart sr1ovvin9 an £:x·an·1plf.� or a sef1{�rr�f�lic fl0\1�.} of a seeond 
eornn1un\cahon control pro·cess �n a. ba.sg !�talion acc:onJ!n9 to an ��rnbozijn1��nt of tht� 
present disdosure. 
[ Ft(.;. ·1 £( F � G. ·19 is a ftovvch;-:.1rt s���ov:.dng an exarnpie of a sct1E.HY1 aiic fh:J\�J of a thin:i 
Gon1rnunk:.atk)n cr)ntro! process. in �� base statGn ��ccordir:g ft"> an en1bor.Hrnent o-f the 
present disdosure. 
[ FH3. 20] F�G� 20 is a t1ov,/(:!1�ui sh()\,Ving an exan1p!e c�f a schen1atic flovv of a fourH1 
con1rnun:catk)n cc�ntroi proces�� �n a. t;at::.t:� station *1ccording to ��n en1bc�cHrnent {rf tht:� 
present disclosure. 
[ Ft(; c 2'·]] F�(;_ 2·1 ts(� fk:":¼VC:hart. 5�10\•Ving an 8Xi�fnple of a schernatic ft0\�1• of a fifth 
cc.:rnrr�unlc8Uon control pn::c€.�ss �n a ba.se stat:on accord in�] to .an �H11bod�n,�H1t or tt1B 

[ FH3. 22] F�G- 22 �s a fk.::\1\"Ct1att shovvin9 an exan·1pie f}f a sch•e�T1atic flo...,�v of a sixth
corY1rnunication ccn1trol process �n a. basfa st;;.1fon Bccording to £Hl en1bocHrnent Qf the 
Pf{�S�i?nt d isc:iot� u fri?. 
[ FtC� c 2':3] F�C;. 23 is(� flo�vc:hart s���O\•Ving an exarnp!e of a sc-hernatic fto\:V of a 
cornrnunlc�auon control process �n a. terrnirHl� apparatus according to an ernbod�rnent of 
t}1t� pr�:!t-;.ent disclosure_. 
[ F!G. 24] FH3. 24 �s a bk)Gt�: dia9r��rr:: Hlustratlr:g a first exarr:p!e of a schern��tiG
conf:;1ur.atk;n of .an ef�B f.t) ��/r1�ct�1 trH� technok)SlY according to the pres.ent ztsciosure
t11ay be s;ippk.:d.
[ F!(3 25] r.:-�(1. 25 is a b�ock ziiaqra.rI:- i�Justr<.�Un9 a sec:onli ex��n1ple of�� sct1ernatic
configuration of an eNB to \Nh�ch the tec!1nok1g:l accon:nng to the present ci�sciosure
rrn,,y be app!iEKi.
f Fi(3. 26] F�G� 26 is 8 t)!oc�: d�.agrarn Hlustratng .an t:.xarr:p!e o·f a ·s.ct1��rnauc. 
corrf:f1uration of a srn��rtphone to v-..-t1lch the techn�:-:�ogy ��ccording to the present
disc!OSL:f€} n1ay- be �1ppHfad.
l F!G, 27J F-�G. 27 is a biock dlagra.fY":: i!lustrat:ng f�n e;-..:arnp;e Gf a .sc:hen1atjc
eonflfJuraUon or a car navitJahon apparatus to Vih�ch thr� tt�rJH1G!(>�tl atx.:-z;rl1in�1 to thH
pre·sent cHsclosute n7�3y be appHed.

[00·16] Hereinaftet: (;��) prefetreo ernb(}(lirr�ent(s) 01� the present cnscJosure �-vH! be 
described in detail \:\t�th reference tc.� thE.: appended dfG\,v�ngs, in H1�s specification and 
tr1e zirftl•lin9s: i:!!ern��nts that t:ave i�ut;stantLail'/ the sHrnt� funct�on .and ��t\�Gtur::} f::re 
denotc�d v�l�th the san1e refc}tence signs. an�:i: repeatt.�d e:x:pianahon is on,..�itted. 

[0017] .. �Jso: in thfJ pn;}si:=nt sp��·c�fir:.atk.H1 and thH acc.crnpan��An9 drav·./�nt1s� f11��f1"H::nts 
��lt�\dng substanU��Hy the sa�lH�� h.n1cth:.Jn;:�J c:onf:qt.ffabcn rnay be di��tingujshezj frorn each 
0U1er by· tiiffE�rent alphabet�c.at !etters added to u·1e san,..�€} reference� sign. For exarnp!t\ a 
plurailty of' e�en-1ents h��\l�n9 subst�:$nba�jy the· sarne functional confi9ur��gon ��r�� 
disUngu�shed frt)fn eaz:��1 other \:\,t1en nec.essar:r Hke terrn�n.ai apparatuses 200.A� 2008, 
an�j 200C� t✓ote that \•'--rhen a p�uraBty of e!ernents having substantany the sarne 
:1unct�on£:l: confit1uraUon tio not t·::a\le to kiE: partcu�ar�y tiisUn9tJ�s!·1�i:d frorn earJ1 ott1f.�r� 
these e!ernents are �n(llc.ated or-:.ty by the s��rne reference s��Jn. FcH· ex��n1p!e� \�A·1en the 
terrnfnat ,;3pparatus�·s 200/\. 2008. a.r-Hj 200C do not ha� ..... e to be pan�cuiar\,.. 
disOngt.frsJ:ed ·fron1 €.�aci1 0U1ec n1ese terrnir1a1 apparatuses are sin1pl�l ref�::-red to as 
terrnina! appanmise�� 200. 
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·1. 
2, Sctr�ernatlc c.onfig:uratlon Of Con:n1�u1:catiC.H) 
3. C�onfiguraton t)f 8�3��� :Staton
4. c:-onfiguratlon c.1r .. rern1in;-:.1l ..-l\pparatus
5. Fl:O\/i/ (.)f Process
S. AppHcatkm Exc:rnpl��s
6. ·1. l1..f:Jf::4�c(�tjon Exi:H1;p�es Regarding B•ase �":;tation
t).2. lo..pp!�eaUo·n E.Karflp�e�� Re9a.r<i:n9 T��"=rrninai .ApparattJt;
T Conclusion

[0019} FksUy .. trends reiabn9 to be�rn:forrr1lntL cHscuss�ons refatin�1 to t1earnfonr:in9� an;j 
probferr:s r�·lating to bearnton�olng \NlH t�e {jezcdbed \:vah reference to FH3. ·1 to Fi(":;, 9 , 

roo201 Given the recer1t \:\t�des.pn.��sd us�� of rnobH�� d.ata ct:rnn1unicaoon terrninais� it is 
Lfft1��nUy nt�c�tssary to atjtjrf:-ss i�xpk">sivHly inert:�<-.tsln9 tra-ffk� -ro thj�) �::nc ( U1�� 'rhh'd 
c;anar(1tjon Partnersf1�p PnJject (3{3PP) ls studtfr19 techniques of increas�n9 
corY1rnunication capac�ty� such a.s n·1�JHi'a"user n::uH�ple"a'�nput and n,..�ua!pie-�output (!\/1li"a' 
rv�lfv1{))� eoordinah�·d fr:uttipolnt trarn;n1isslon/n�:r;epUon {C:ofv1f)}, and U·H� H�te. 

[002·1] L TE reiea-se ·t O sper�ifle·s that a base station �s eqldppef3 Vlith eigt1t antennas. 
·rt1erBfore, tht:� :c3ntt$nnas can tJt:: u.st::d tfJ :act1�f�Vt$ eight ... ia:�.ter ntJ�tiph� ... input ancJ n1uaipit$­
output (fvm-.JC)) in frlB casi=: of s;n9!:2;,--user !'</1\MO {SU--i\,mv10j. Eight--iayer MlMO is<�
tecflnlque of spat.lr:�Hy rnultp.iexin9 Bi9ht. separate strei�rns .. }\k�.�o i fotff••user t\vo--t.a:ler

[0022] Tt�rn1in�3� apparatu�es tiave only ;3 srnan sp�3ce for accorrHTK1d;:3ting �3ntennas. 
an\j Hrnite,j processing capabH�ty, ;Jn{j U::erefore� it �s difficult h:1 increase the nurnber 01� 
antennas in a terrr:fn8! .app.aratus. rv1ea.nvvnd€.�� rec�;::nt adv·ances �n antenn.a n10lu:ting 
tec.f1no!ogy have rn.a.de it poss�b!e to pn:)\dde about ·;oo antennas in a base st��tion. 

too2;3J His e.xpected that a base station thus f�qujppt��d ..,.�.·�th about �100 ant::.:nnf�s \·�.-iu
ha\t�1 a narrov-/gr h�lf ... \.-vh:Hh {an anq;�� at \,vhich th�� ant��nna �1ajn ls -<3 dB) of a bearn 
fonY:ed by the :antannt�s. In ott�1er vvGrds, it ls expected that it \:�./IH be poss�b�e to fcrrn a 
sh�lrp !Jt�:·c:rn_. ?v1e:reov{�r� th�1 arranq�1n·H.:�nt of anh�:nna {��er1'H�:nts on a p�ane \•VH! aHo;.�.· !�Jr
:�onriaHon of �=l bearn aln:ed ln a c.ie·:sired three-... dnT':fH ... :s�onaj direchon. a h��s been
proposeti that such <.r� b��;3n7 akned' in a t��H,ee ... zihr1ensionai (i�rBction is used to tn.1nsrn�t a 
s�gn��� to a spec�fic tHJH,jing loc�:ste{j hJgher th��n �l base st�ltiort 

[0024] ... c.J�Jo� thr: }f:Gr(:��;e in tl1e nurI:-i)(:r Qf antt�nnas ;�Hn\:\•:�) for en �ncree��f� in thf; 
nurnbc�r of f\.•ll}"a'f:AHvlC) users. \,\:'h:en: U1e nurrt1Jc.�r of antBnnas o·t a tBrrrdnai apparatus is 
tv-io� u·:e na;Tlber ot spaUal��/ separated stre�lrn.s js l'.ND ror e.aci•;: t::.:rrn�n.ai app��ratus: and 
thgr�1forg. it is rnore tf�asonab!f� to inc.rf�aSfj fhr1 nurnbHr of i\AlJ'-'i\AJi\:11() u��Hrs than to 
Increase tf1e nun,1�Jet of 1;trearns fGr eac.r�1 terrnina� t�ppt�r��tus. For the .atKJve vt�rious 
reasons, b€�an1forn1lnfl in (h:-r�\•n��nk of L·'"rE ls expech.:�d to be advanced. 

[0025} As?;. t��1e nurnber G.f antenn>�S increases. a sharper bearri can b�� forrned,. anzi rT10:r�� 
s.ector-s can t>e· fon11e,j. an.�j th.eref()re� the nurnber of users rnu�tiple�:<ed per base siation
C�ln b{? lnGf�):3StSt1�

[0026] The Viei9ht c.G·effiG.�€nt r.lf each antenna e!ernent for bearn-fornHn9 is represented 
b�-/ a cornpl:ex nurn!:Jer. This \l•i!H tH:1 sp�·r:ifc;3Hy described vvhh reference to Fi(;_ ; 
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[0027] F!G, 1 ls <=Hi rnus:trative dlJsgrarn for de.scriblng � relationship behveen the 
position of eaci1 8ntenna e�€.�rn,;;nt 8J:.d -U1e three---dH1!�H1Sionat dH\-ection of a be.an1. 
R_eferrfr'lg to FH3. ·1 � ${ ... io\�vn are ;3ntenna �·�ernents ;:3r ranged �n a g rhJ pattern. i\lso !

s.ho�vn are t';vo orthogon;-:.1! ax:fas _){ and y on a p�ane on \:\-t1�ci1 U1e antenna Blen1ents are
ptaced� and an  axis z perpencHC�ila.r to U1e p!anE.�- �·iere. th€.� d�rect�on of a bean1 tot)�;::
ft)nl:r1d rs rHpresr1nt�1{! by� fnr exan1pi�\ an antJ�t� ph� (C;rH��k j,r�ttr�r) anti an an�J�t� tht�ta
((3reek it�tter). The £H19le ph� (Gn::H1�<. �etter) is an ang�e bet�:\l&en the xy'"pl�3ne
ec;Tlpont:�nt or tt1ri? bl�afr: ::.i�r.action and u·::£: z-axh�. ,AJso� tt1�i= angie theta zc;reei"' ieth.�r) h�
an an9�t� bgtvJfH:;n tht� bearn dhectio·n and thr�-= z . ..,piant�. !n th�s cast� .. -f{n- ��xarnp�H. the 
V•led9ht coafth:Jant \lrr\ n of an anter::r1 a e�ernBnt that is n1--th in tf:e x--.axis direct ion and 
n�th in  U:e- y�a>ds chrc.H:�uon n1ay be repres.c.H1te(� as 1t,no\.-vs. \/ rn � n 0 �� f _:;; exp j 2 -rrf / c 
rn _,.,__ ·1 d x sin e tX)S· �') ·t n .,.,. ·1 d '/ sin e sin \b 
�n·1age av(1i}ab�e on {\()r�9jna! docurn:enf' 

[0028] tn the above forrnuia .. f ls a frequene�r ��nd {� �s H:€ ��pee,1 of nght i\�so_. j fs the 
knagin��f'/ unit t)f a corr:piex nurnber. l�.Jso. dxis an �n terva� betvveen each antenna 
eten1E.�nt ln Hr�e ;<:••axis dlre.�c:t�or\ and dy is an :nt�::·vai b�:h�..-BBn eact1 antenna eierl:ent in 
thg y<Tax\s t1�r��ction . �Jote that H1�� r:.oop.Jjnatt��� of an antt�nna e!��rnt�nt ar�� rHpr��s�::nt��c1 
as fo!!m-vs x "' rn ••• 1 ,:1 x, y"' n •• ·1 d y 
!rnagc� available on {)Clr�gin;-:.1! docuir::enf'

[0029} i\ftef t� de-ske<l thre�· .. •cHrne·nsi(lna] c{irec·tion has been deterrnined� the Vle�gt;t 
ccH:rtlcit�r-n of t:�acr1 arnenni:l t${t:�n1r:nt c·ar� be obtainBt� on H1e ba�-;is t:}f the c.Hrectic�n and 

(00301 F�G. 2 is an Hfustr8U\•'G· d�8grarn fr.ff descru,ing an ��xan1p�e c�f a tE.�chnique tn-: 

us�nq \-··./eight c:oefficfents for be<.�rl1ft;rn·ling. R.��rerring tn F!C:3. 2 .· �� transrnjss�on s19na� 
73 corn�spond�n9 to e�tJ�� ;3nter1:na B�err1:ent 7·1 is c.ornp�e-�<-•rnuHlpHed �1�l the \Vt��g!1t 
coefnc�ent 75 of the antenna e�ernent 7·1, ·'"rherea-ftec the transrni�;sion �;i9nai con:ph?.x�­
r"nu!t:pHed by- Hr�e V•/e�gt1t coefncient 75 :s transrr:iHed 'fron1 tt1B antenna e!erl:�;::nt ·r .. i, For
ex��r1"1p!e� the cornp}ex n�1uiHpHcation of the \.•velght coefficient 75 is perforrne(i on a 
di;iita! signaL 

[003 �i 1 ,c.Jn1ou9h an �n::arnp!f� or tr1e technlqu�� of c-alcuiatln9 �•\li:!\Jht eot�fficit�nh� 1·1as 
been descrit�et!, the :'/ieight coeff cient c.a�c.u!at.ion technique �s not HrTlited tZ1 this. 
\iariou�� ea�eoiagon te·ehniq:Jt:��� rnay bt� ClppU(;i":.�bli::, 

(Beamforrning tn L TE) 

(00321 8t:�8n1forrr!lng in LTf� :s rougf1�y dlvidE.�d �nto scf1errH:.:·s in vvhicn precoding ba·se-d 
on B eoderJoO!<; is u%:d 8M sd,emm� in \Nhich precodln9 not b,�sed on e c,:xleboo\<; !S 
used, .A.!so, thfa schen1t}S �n v·lh�ch preco�Jing basB(i Of"'i a C()(iBbook �s us{-3{j lncludt� 
cl:osed--·foop tecr1ntque.s and open ... foop tecnniqu�;;s, 

[00331 .,C.,tx.:ordinG t.o g€ner{�i bea.fnforrnlnt�� ��n incre��s€ In tt·H� rn .. Hnber c:4 ��nt€rH:a 
elen·1ents possasse(i by (� base station rnay- tB aCC()n1paniezi by· .an incre.as•e in Io.ad 
!nv�::lvect h'--; t>earnforn1ing. i\s an e}{arnp�e: an increase in t}1e nurnber of antenna
t�!�);Tlt:�nts it� aecon�pan�eti t1y an int�ff);�lst:: :n tt1e nurnt1f.�r of \1�•}f.��9nt coi�tfhji�nts. \•vhlch �n
turn incre£�SBS a procBss for ca�cutat�nn the set cl \:vej�Jht coeffk�ients. in of! ... :er \.'"it">rds�
!oact increases in tern1s of a process perfon�ned b�:l a tenriinaJ appar;:)tus (1r a base
station� t\s another E.�xan1ple 

1 
an �ncn;;·asE.� ir1 tne nurl:b�;::r 01,: antenna �:::ien1ents �.s

accnrnpan�erJ t:1y an increase in th:e· siz:e· of a (:z;debe:ok� and therefore 1 it is neGessary ft">
anoc>�te rnore radio rBsource� for nGtficaton c-f a reccn�'1rnended set of \1velght
coefficients� resu�Ung in ;�n increase �n ry.verhe;:)d� !n ot}1er \-vords. !O;:)d �ncre;:)Ses in
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[0034] a ci1uid be t�rr�:-is�3ged th;1t = �n on:i�-r to reduce the �ncrease in U;e io�3(3. �3n 
lnd�vldua! three�chrnensional bearn (Le,� a bearn airrit�d �n a three-(fin1enz�!onai (nrecUon) 
is as.signed a cen lD .so -U"'�at a cornrnunlca:tion region corresponding to th€.� three� 
(Hrn��rrs}onai bearn (L�t � � re9�c·n CO\lerf)d tly thr� t1��arn} �s t·1andi��ti as a v�rh.iH� cr�IL :tn 
th�s ca:t:��� R;r ex�3n1pit�� it could be env\s;�g�•d: that a b�3se stabon transn:its a c�:Rf� for an 
inci�vic�u�l! three�.::.lin·1i�:·nsional b•aan·: usin9 tr1��"= inti�\tjziuai thr{�{�---d�rr:-t:!n ·�;jonai t1f.":arn.
f\t1orr1C:\.tHr� f:or f:xarnr)h�\ H could bg i:!nv·isa9��d H1at a bas�� �)h�hon transn1lts a 
�rynchron�zaton sign(�!� systerr1 lnforrnat.ion� or the Uke ffJr the inzih.t\ziz�a� three•• 
dhYH:H1siona! bearn L:slnfl t!1e incHvidua� three�(nrnt.�nsiona! bearrt Tht.� s:/nchn:Jn�zaUon 
s�gnai cGntalns. f'or BX��.n:pk�� a prlrnary s.ynct·1rcn ... dzaUGn siqnal {Pf)S) ��r:d a secondary 
syT:G��1roniz:aton si9na! (S�)S}- ,.¼Jsc': tf1B systBrn �nforrnat�on cont.a�n�\ for e}(arnp!e; a 
rnaster inforrnation block (l\:1lB} 8.r::e� a sy-stern in·f(1n11ation b�ock (SIB\ 

[00:15] For e;\arnpfe. a terrn�nat app��ratus� vvfH:�n entering a eorrn-nlH:k:atk)r: regiGn {Le .. -
.3 v�rtu(�! cell) correspt)nd�rig to ;i three.,d\rnens�on .a� bearn� is syr1c.hronized z�s�ng a 
syncrin;;nizs;it:cn $/gn8! tt8nsrnitte.,d q:sing U1;;:: t!'H\:.it><1iff,!.':,n$iona! b€'.am, and acquin.'.is 
sy:stt�n1 inforrnation tr�nsn·:�tti�d using n1�� ti·1rt::f� . ..,t1inH:u1slona! bHfu1·t �rt·1t::n::afh::r .. the 
terrn�n(1i apparatus rneasures a (;R.S transrnHtezi usin9 the three--dirnensionai t1e.arn, 
and ff t}1e rnE�asure-n�ent result satisfies a pret�eterrn�ned concHtk)n: sBrK�s a report on 
U-1t� n·1��?£:surl�n-H:!nt tQ a t)ast:� stat�on:. ·rn::)rE:attE:r� fiJr eKarnpie, th�� bas�i= staUon perforrns 
han�:iover of the tern7in(�! apparatus to the Ct)flHT1tff1�cahon reg�on (Le.,. a virtu.a� ceH). 

f00�16] For ��>=:an1p!B, :c3 basB stat�on rnuttiplit$S a {iO\,vnhnk S{gna! to a tt:ffn1�na� apparatus 
tiekm9in9 tG ;_� virtual cell corresporKlin9 to ;_� t.hree--f.Hfnensionai beam by a ,,vei9ht 
coeffiejent� and trr�nsn�its ti�1a dovvnHnk sit1nri� us�no the three•�fj�n�1ensional bei�fn. r�ote 
u-1at a b8se stat:on rnay- n:uitlply an upHni·{ slgna� frorl: u:�;:: t�:rn1�n .a! apparatus b�l .a
V•/ej9ht coeH1GiBnt to perfo-rrn an upHnk be<.�rnfonn�ng process.

[0037] The s�z:.e of a set\l]Ce area of a base st.ath)n (i.e.� ifH� sfa::e of.::� oeH} in the 
background a�i �s <..'.Btcutateo fron;: transrnlss.ion loss characterisUcs �n a frt�quency �:)an�J 
used. Note that acceptatJ�e tr�1n.sn-1ission loss �s c .aicui.ated frorr: th•E� n�:;c,l:ss�)ry 
rHcephon povJt:ff of a terrnina� appa.ratus 1 H1H lranr�n1�sr�k;n po\ver cf a bas�� �)tahon, th�:: 
9ain of <-,i trnnsmissioniteception antennJ, Jnd the ilke. 

[0038] l\ c::Rs. transrnltted tl)l a base station in �� dovvnHnk �nckJfJes a s\1r:��i ser.iuence
that js uniquely- detern7ined on the basis of<-� ceH !D assigned to each base station. :6... 
terrn}n�:�i .;��pparatus n:easures U1e �nten:si�l of a receh/e[� C�RS 111at is tr;�nsrrdtted by a 
b�se sta.bon in a dovvnhr1k 1 and H 1 tor €.�xan:plt$� H1e recBptk:H1 �nt�H1sHy for a cBrtain c:E.�n 
exGfH:!d�=; a prf}dt}ti�rn·:�ned intensity� sendi� B report to tt·1{: b;�s{: ��tation. ·rher::.1aftfH: th::.1 
base stat�on decides to perforn1 tt·:.1ndovc.H� ot the terrnina� apparatus to u:e cBrtain cen� 
:\Jr exan·1pie. ln other \vords1 tt1e pO)i\/er of transrn�.ssk::n of .a CF{S affects tt1(? siz�;; of a 
s�:':t\t\ce ar�1a. 

[0039} FGt example, a lx;i:se station fhat ls !ocated at the center of a ce!l and provides a 
s.ervice to the· enUre ce·i l Mas a nonc,{jirectona! antenna. The nt1:1�-d�rect�t1:1a! antenna is
an ant��?nrH:t u·:at h��s. n.o t�ir�1ctivity on tt1e· horr��onta! pl.*1nf.� anti radlat{�S r*1<lio \·'l�':.E,..es
uniforrnly- in an d�rec.t�ons. 'T

l
-it:: s�i:e G.f H �:;ervice are:a fonrted by �� non,.,directiona!

antenna is c{etern1ined by ti�:e transrnission po\ver of a base stat(1:1 ;�nd transn1ission 
ic.:ss. 

[0040] 1-\h>o, for exarnp!�� �r: an ;:�sf1a \,\lhen� ;3 !arge nurnber of terrnjnai ;:3pparatuses are 
pre.sent such as an urban area, a base staUon is �ocated at a positon vvttere t�1ree �::ens 
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(also ref�-rred to as s.eciors) n1eet: �nsteact ()f being iocatec� ;:)t t�1e <:-enter of a �::eiL l.\s a 
result ) a .single b8se sta t�on c8n pn:r-:/id€.� a ser\:·fce to thneB cens. ln StJch a casE.�: tt1B 
b;�:t:�� stat�on has (� �t�c:t�)r antenna. for radlaUng radio V/aves to the three cens. 1 ... he
sector antE�nna is in1piernfanted by prO\lldlng a n,..�etal rt.�flBctor on a back surfact} o·f a 
dip ole a.n ter1r1a. /\ specific t:�xarnple o·f a c.�e·�! ·h)nr:�;::d b·y a sector antenn.a ¥vi!! nov·,/ b�;::
deserlbHd r...:vlU1 rgf'err1ne�� to Fie;. 3. 

[004·11 FH3. :3 is an iHustrathli�:· ::.iia9rfHri for dt::!;crUJin9 an f.�::-<-f�rnp�{� cl f� c��u torrn{�d by a 
s�1ctor antenna. Rt�f�1rr�n9 to F!(3. :1 t n1�� bgani Vlit1th ( .. go c1��9n:n:�s to 60 zif:\1f��f�s) of a 
sactor ante��t1 for forn�ing t��iree ceHs (sectors) is sho"�vn The be.arn v· .. ddth �s defined by 
a v�ddth at \''./hich the gah1 o"f ;-:.1n antenr::a ls "a>3 (i8. By airning suc�1 a bean: in thre$ 
(HrectlGns: thrBB c€Hs are forn:ed. The sir.es of the trHee fornH�d ceHs ��re deterrnjr:ed �_;y 
the transn:tssion po��/er of a base station and transrrlission �oss_. 

(00421 t--Je:te t11at a t�er�-.:�lct:� arf:a corrt�sponding to r:�dio \•vav�t5 g�Jnt:�r:�tt:�d '---V�thc�ut 
bearnforrnlr:�1 �s here�n refBrred to as a non-,.{trect�onaj area. TrH9 ra,�io V'i��ves rrtr'1)'\ fGr 
e}::arnple, be non-<Hrectionat radio \Vaves radiated by a rh:)n--cHre-cth::n1ai antenna or a 
se,.:tor bearn racH�ted by a sector 8nt,;;r:-na. ;;H�;::rnat�vel�l� H1e radio \•Va\:·E.�s rna·y be 
radiatgti by a portion of a piuraHty of antennc-1 t��Hn·ients poss�::r�sf�ti by· a tiln:�chona� 
antenna� t✓ote that the non--dlrec:tlf..1n:a� are.a can be saki to be a set\dce area t.he size of 

f004�1] .A sBr\dc:e an,:�a (i'::orru11unicatr)n: re91on) corresponding to a .si�:arp bearn: suct1 .as 
a u·iree,.-dhT1Bnsk)r:��.l be��rr:: is �-H?rein reterre<.1 tG �l�� �� ,1irf�{�tk)n;:�l are<�. Tt·H: h1tensity of 
radk:> vvaves in �1 non--cHreetional �1re;� incre��s.Bs as one approacfH�s the centef of i� c.eB

i

and decreases a.s or1e approaci1es thE.� perip11�;::ry of a c�:U. fv1E.�anv·,/hH�:� H1e inten.sity of 
razj�o vla\..-es in a direct�on��J are·a �s rn��intaine·d re!��tivel:l unlf(srnt 

[0044} H is e){:pected t.hat a three·�thrnenslona! tH:�arn is radiated tO\:van:� �� f1igh posHion 
(e .. fl�{ an uppt}t poshlon of a t1lghe'ar�s�� bu!�dlng} .. '"rherefon.�\ for exarnplt.�: a ttuBB'a' 
dirnensional bean·1 n·1ay a�so re.ac�·1 a �-1ig�·1 posit�on �n an .ad)acE:nt ceH (e.g .. an upper 
pos}tion of a high�ris�� buHdin9 �n an a.djact::nt ef�l�}. Sp�::c:�fiGa!iy· 1 thH H1rf�f��d�rnt�nsionH! 
bean� rn<�Y re:ach <3 non--direr.:tlon:a� a:. rea of ra.n ;�zijac.ent ceg or a ;:Hrect�ona� area of an 
adJ*lCt�:nt Gl�i!. Tt1r;.?rt:!f<)n�·� a u·:n,:�e ... -t�in-1t�:·nsiona� b{�arr: rr�f�.'/ causf.? inlerterenc�� in an
adJa(:ent c.e�!� teadino to a dec:re·a:se in the qu<�Hty cl r::ornrnunk:atk>r:

1 ttH� c.apacity of 
communk::.at.ion of a user, Gr tt~1e Hk:e. 

[0045] i\s a t�fafH1·1 becon��es sh:arper� tht� encH·gy of rad�(1t.e:�d ra(HO \�/8\/BS is rnore 
concentrated. and u·:e-ret�Jre� H1e gain incre�t:�es. ·rt1is ·¥vHl no\v t�t: desc:rjbed in greatt:r 
detai! Vt/}fh re��r��nce to F�C3. it 

[0046} F�G. -4 is an iHustrati\le d�agran1 for descrit��ng an €.?(arnp!e of an !rn proven1ent in 
9ain �JY' a be�7$n-t Referr�ng to FtG. 4 � <� po·:sitk.H1 77 V-iher€ ��n antenna is provkied is 
sf1G\¾�rt For e:x:arnple; \1\.1hen t� non:--dlrec:tlonaJ antenna is pn_)\/�ded .at the pt)sition 77; 
rad�o \�raves radiated t>y the non:�-cHrec:i\ona! antenna rea(t� a sphedca� region 78. 
l\�1eanvvhi!e 1 vvhl�n a t��r.actiona! antt:�nna capabft:! of fon1"1ing a three-dirnensionai tH�:arn is 
provided at the po�:;lbon 77� radio \Vaves h<.�\-�in9 a radiation an9le theta {Gr��ei< lefter) 
that are radb3ted by· t}¥fe dire(;tona� antenna (Le.� a tt1ree-�ijfr11ensiona! bearn ha� ..... ing t}1e 
radiaUon angle th:c.�ta U1at k;. ·forrned by U1e directiona� .ant�H1na} rE.�act1 a re�1ion 79 .. �r�1us� 
as a tlBarn t}ecz;tTlBS· :si�-:��.rper� a re9ion that is reacrH�d by razj�o '--�aves becornes 
n;�rn.1�ver t 

so that the t�n��rg:y of the radio \Vav-es is c.oncentr�3ted �ntc �3 narrovver reg�on_ 
/\s an exarnp�e: \.•vhen the antenna gain ()f ;J non-�Okectona! antenn;:) for radiating r;:)dio 
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\-va'./es that can reach the spheri(:a� region 78 is one, the antenna gain c:; o·f a cHrecUonaJ 
antenna. �or fonr:in9 a three---rHrn€.�ns:ona� t)f;;"an1 �1avt1g the radiation ��u1�1ie u:eta is 
re·pn�senti�d as "f;JHovvs. G -:-:· 2 ·1 ... co� £:) 
�r-na9e avaBabk�� on ��origh1al docL:rnenr: 

[0047} f��Jte that as th� nun1bt�r G-f antenna e!e!Trents cf .:.1 d�rectiona! {:�ntennc; inGrec;ses i

tr1�i? tiirt�ctonai a.ntt:!nna <.:an fnrn-1 a sharp��r bt$an·t in r;tner 'l-l◊f{is� ff�; H1e nt.n11t1{;.?r of 
antenna H�grnent:s or a dirf;Gt�G·nal a.nt��·nna incr��as�::r�. the p��Hk of the 9Hfr1 of H1�� 
directionaf antenna �s \rnptO\"ed. l\ spBcif\c exarrlpie of this \ViH no\�/ be desc.ribed Viitf: 
re-ferenct� to F�c;_ 13 . 

[0048} F�C�� 5 is an Hiustr(�thfe d�agr.arr1 for zh��sc.r�b�n9 an tt:<.arnp�e of a reiatonship 
be t\,v��·n the nurnber of antenna elernents and t}1e peak of t}1e antenna gain, Referring 
to Fie;__ 6 � �� grapi1 indicath19 U1e a.nh�·nna g:ain \·vith n.:��;pect to H1e nurnber of :�nt�:!nna 
efen1en ts is st:o\,vn. ri�-:us .. as u·1e nun·1ber (t antenna e!ernenfs inGreas��s: the r::.e���t cl 

[0049} l-\s dc�scribe-d abO\le, in gener;:.1! !JzH:H11-forn·1in9, an �rJcrBase in the nurnbBr o f  
ant�i?nn£: l��en·1�i?nts po��si�·s��•a<i t: rt a t):3s£:· statk.1n n·1ay be accornpan:l�::i by an inerf.::asr:� �n 
load lnvt)hled }n bearnforrr1ing. For exarnple: a pr()Cess ft)r calcu�aUn9 a set of V'ieight 
coefficients increases� �n ot!1er V•.lords, load lntre;:)Ses in terrns of a process pen�orrned 
by a tBn11inai app:c3ratus or a bi3.St:: station. ?{\h-;o .. for {�:xarnp��t it is n.t:!c:essary to aHocah�: 
rnore radio re�:;ources for nobf�cabon of�� recotTlrnenziezi set of \l•/et;ht Goe:<flGients� 
resultln9 �n an increase in overhe;�zi !r.: other \vorzi's� k1i�ti increi�Ses �n terrns tJf n�ti�o 

[0050] l\�st\ as de$crjbed above� ;t could bt� env�saged that� in order tc re�:iuce the 
Increase �n U:f.} !o��d:. l�n in,jivi,j�Jai !Jearn is assigned a ceu ![3 sc that a ccn1r-r1��n�catk>n 
region corn:.�spor1d:r1g to tr�e be.�arn (Le., a: re.:.gi-:H1 CO\/ered by the tH:.:arn) is �,andh�::d .a.s a 
v}rtua! ceH. fr: tf1}s (;:�se = fGr exarnple: �t could t1e env·isaged that a base s tation transrnits
a c:.f�S: for an indl\lkh.l;:.11 three'a"chrnens!ort:.1! tiearn using the in(frvi(h.Ja! U·1ree"a'cHrnensiona!
bean·1. �110P?over: ror fJxarflp�e., H co�lld be envk�f�ged that a t�ase stath::n transrr�jts a
sy,nchron}zaton si9na! c��- 9- -. a r:·sr.; and a r.;sr.;J� sysh::n1 lnforrnaUcn {��-t1·� Hn i\AJ8 anti
-�n S�B\ or t��1a Hire for tf1e �ndhi�du3J t��ffee-•tihY1ensiona! bean\ us�ng the �ndhdr.ht�3i
thrl��)---di;Tlt:�nt�ionai t::ri?arn.-

(OOS ·11 !·ic�v€.�ver. th€.� tn . .:tnbef of resourc.�e· aHoc.ation p�th��rns h,r �1 Cf�S tt�n$n1�ttBd for 
e.�aef1 c.��H (Le.� pattern�; of aHG·GHbon of resource e��HlTt�nts to a C�P.�S in a r::}source btock}

interference rn�ly' occur b6tv·:..-e-en a CR.f.-3 tr�1nsrnrtted us�ng a beaiT: and a CR.f� 
transrnitt(id in an f.K1Jaci'Jnt Gi�l!. 

[Ooi·5;2J f\11ore specHlcan·y-:. for exfH11ple= 504 signal sequences (Le.: signal st.�qut.�nces
c.orrespondin�� to 504 ceg tc�s) are prepared as signa� sequences: :\)r �� CRS�
fv1ean�•vhHa, only sb{ aUocat.ion patterns are pn��pared as a resoz�rce anoc.ation pattern
for a CRS (Le .. a pattern of shift in the frequency direction}, lt is easy to det<2rrnlne ce!l
H)s ��c that n�:·sour,)i? anoca.Uon patterns for a (J.:�z.; do not overlap bet'---V����n bas�i=
stations and U:ereb�f a;.,loki int.erferenc€· beb.:veen CRSs. HG'--fVever.. \t�tH�n a �arge nlHr:ber
of beams :1re assigned ,tffer<2nt <:,e!! !Ds, any of the bean-,s and an adja,:::ent c<2!l rnay
h�ve u-1e SfH11e restH.Jtce 8Hoc8Uon pattE.�rn for a Cf��;. ·rt1er\-e1.:ore, 1�1�:re �s 1�1�: po.ssibWty
t�Tr�t interference occurs ber'l/€·€·n c:R�ss. /'� spBGific exatTlph� o-f a resol�rGe a!locatJon
p;3ttern "fer �3 c::R:S vvj�i novv t;e d�scribed \•vith reference to FJf3. 6 and FIG. 7 .
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[00:):3} F�(L 6 �s an Hiustrathle d�agrarn for describing a f�rst exarnp!e of a resou rce 
aHocaUor1 pattt:�rr1 fof 8 CJ"<.S, F-�e-f€.�rnng to FIG, 6 , tv'lO resoun.::E.� blocks -83 arrangE.�d sh;J�: 
b�-/ side in t�,t� t irne dirt�cgor: h ... i a sub-•frarnt� e·1 a re shO\:Vr L Each resource block 8:3 has
a \•vidU1 of one slot (Le.•:• se\len: C)FDf\•l syrnbo�s} in the tirnB cHn.:� c tiorL l\iso, Bac�1 
resource b�ock 83 tr�as a v•/:dU"'� 85 of --i2 sub ... carrh;::rs in ti1�;:: 'frE.�quenc·y direction., l\ radio
rf:sourGf: f:av�ng a \.-vhJth of oni� ()FC)fv1 in tht:: fln1�� ,dlrr�ct�on anc1 a vl!C1th cf cnt:� sut1TI 
carrh��r fr; the frequency· d�n�c:t�on is refern�d to ;:3s �3 resource e�ernent �3on:e resource 
t:���:!n1{�nt�-; containr;.?d in f.?ach n�:·sourc��"= blot�k a�1 are anoc.<Jted tor f� c:RS, and H1 {� CRS h; 
transrn�tted using U1�1 aHocatfHJ n��soure�� i:!le rnHntr�. Spt:Hjfic.ai�:t� cf resource H�t�n1t:�nts 
correspon�Jin9 to the first ()F[}!\l} syrrfr)o! in Bach resource bk.;,ck i t�./-/O resource eiernents 
separate-cl fror-n faach other b\l six sub�ca rders. are aHocatec� -for a CRS . ./\!so, of 
resource eierner:ts cr)rresponc.1in9 to the thirc.1 OFD�1� syrnbo! in the resotH{)e �_;;o::j<: t'-.fVo 
resource e�ernents separate{i fr orn each other bf sLx sub-•carr�ers are aHocated for a 
(::Rt.;� �n trds exarnple� a CRf:?, is transrnltte;j: using resource erernents 87i\-�87F. 

[0054] FH3. 7 �s an �Hustr��Uve c.1i��9rarn for desc ribing a s.e con,� exarr:p!e of a resotH{)e 
.3Hoc.-��th':�n p.3ttern ft�f ;3 (:Rs. Referring to F!(:; 7 i t�./-/O res ource t:1iocks 83 are shov--ln .as 
in Fl(3, 6 . ln this ex8rnpl€\ a c::i��s �s transrnitted usH1g rE.�so;..u--cE.� elen1E.�nts 87l--·87F'. in 
thB exan1pt�1 or Fl(3 T ! con1parr�d tn tht� ��x.arnpi�� of F:tc;. f) 1 r�::�)ourc�:: ���Hn·i�::nt:s 
aHoGa te�:i for :a CRS .are sh� fted in the frB"t.JUenct dkec.t.�on by one sub•·C-arrier __ Such a 
shift in the- frt.�qutH1C\l dkectk:::1 h;-:.1s sb< shift pattt.�n·1s� and 1�1ert.{ore� thBre arB six 
n.�sourGl� c:Hc·cahon path�-rnt� rc-r a (�RS.-

[0055} /\s de.sc�dbed abtr�Ie: resotffce alk)(:.ation patterns :'\)r .;3 C·RS are nrnaed. and 
t}··1{�refc:t{�. ir-1terteren�::t'£= rnay, t:H�cur t)et�'it$t$n z:-Rss,

[0056] ... c.Jso� the transrnjss\o ·n po\:ver of <.� t;as.e stat�on st·1oul d no-t excee d a 
pre-r:h�terrnint�d rn(�Xlrnurn tran�rnls�i�1·n f)0\1ver� and the refore� if a signa� (e.g. ( a CR�;, a 
sy·nct1ron�zatio·n sign��i� systerr1 ln-forn1ation� etc.} is t ransrnitted using an incBvkiu��t 
three---<Hn1E.�nsional bearn h1 8ddlt:on to t(8x::sn11.ssion of a signai �n a non-(Hn;::cuona! a rea., 
the transn:ission po\�/er for the non--dkectional ��rea ir:ay (iecrease. This rnay lead to a 
reduc tion in user con1r-nunlcation capacity� a red:..H:�Hon in 1h roughput a re�Juchon in ceH 
s�ze, or u·:e �ik.e. 

[0057] /:\s -'iF1 ax:an·1ple� the tn�nsrniss!Gr: of a signat usir:9 a three-•dirnens�on.:�� t16arn 
caut;l�S a d�:.?Ctl�as r;.? in tht:� povvi�:·r Qf tnansrr::ission of a data ·t;�9na� in a ::io\�•·n!inft ir: a non.-.­
directlonar are��. ,t�s �� resu�t: the user c.orrH"fH.H"l�cat�on c��p��cjty rn��:i decreas.e; ��nd the 
througf1put rnay dec.rease, 

(OOS8} .�s anou1er exarnpk��: u:�;;- transrr:�ssion of a .signa� u ·sJng a u·:rt:E.�,..-din1ens.lonai 
bearn eausr=�� a (i��Grr:.Bc�)t� in 'th(: povv��r· of tran��rnlr;��ion nf 8 c;Rf.-; �n � non---d�rt::cUon.a� 
are·a� Tl1erefon:}� a region \v!1t��re the �nte nsitt of a recelvt�d Cf�.s exceetis a 
predeterrnit�ed re·cepUon intens�ty· n1ay decrE� ase. and U·H:} non.-.{hrechona! an.:.��1 rr�a./ 
de crBase. As a result� thr� usr�:r cnntTh.Jniea:Uon t::fJpaclty· n1ay •;Jt:�crt�as�\ and the 
thro::.igf1p ::.it rnay det:.rease. _.A. spezjf�c ex.arY1plfil of tf1is v,/H! be described v,/nh reference to 
FH3. 8 ancl F�G� 9 

[0059} FiG. 8 �s an iHustratl\le db39ran1 for describ�n9 a ceH .�n a •Case \-Vhen� a s\1nal i's 
not tn3nsn1�tted t.:sh1g ,;3 thns-e�-dlrnensiona] t1ean1. Referring to Fie;. 8 � a b.ase station 
9-1 A. and a t)ast� st:aton 9·1 [-3. tha t  are adjact:H·!t hJ eact1 ott1f.?r arf.? st10\,vn. i\h�o.; a ceH H3,A
of the t:1��.se station 9 ·1 .A. anc.1 a ceH 938 of tt·1e base st��tion e·i 8 are �=;ho:/./n. The cen 93i¾
and tt1e cen 93·£{ are a non-�cHrect h)n;J� a rea� tvioreover� terrn�nai apparatuses 95/\,-95(:
k:.H.::ated in the ct:�H S)3f\ and tefrrdnal appa(atL::SBs H5L)---95t·i !oc.atec in u:e CB!! H.38 arE.�
shG\�<rt 7

0a
•r1e te rrninal appar��tuses 95D·-<�·5H are iocatezj in a higr1.�rlse b uii,�in9 J7

!ocffited in the cen 936. !nth�� exarnple = th�· base station 91r� does not transn1�t �3 signal
using a three--c:Hrnension:11 t.:e.w�n
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(00601 F�G. Bis an �Hustr9U\lt3' d�sgrarn -f.t)r desctU:3ing a c.�:n in .a .case v'iher\s a signai is 
transrnittad u�ing a three .. j\rr;:enslona� b·f1arn .. Referring to FH'3. 9 � as in FH3. 8 � a base
stat�on 9'1!\ and a base stauon 9·18, an(i· terrninBI apparah.JSE�s 95/.\.-.95}'-i� are s}10\:vrt :tn 
this ex8n1phs\ th€.� t)ase.� .statlon. 9·1/\ transntts a si�]nai (e.g .. a Cf?��\ a .synct1ron�zation 
s\1nat etc.) usin9 a H1rf;f;":c:.iirn�1nsionai br�-=an1 9H l�Jso

1 
an lncr�::a�)H �n t r.su1�)n·1�s�)jon 

povier dui� to U1e t.ransrn�ss�on of th�· signal using the three--d�rr;ensjonai bearn is 
accornp*lnil�t� tr�r ror :ffxan�p�l�-; a. dt�:r.:r�1:asE: in th{� pO\·'i-Eff ot tr.tJnsrnisslon of a (�RS in a
non .. d}r�1chona� arf:a. ,rr1e rr�f:)re� in H1�� g_xarnplr� cf Fi(?. 9 , cornpar��c1 tc HH:� r1xarnpj�:: of 
F!G c 8; the ceH 93.A ��/��1lc.h js a non--cnrectlo·na! area �s sn1aH; and therefore,. the ter�T:ina� 
apparatus 95C is not located in: -u:e ceH 93,t\ and is outs�c�e i�1e corrnrn..H1�caUon 
r.:overa9e. As ;.� re��u!t, for example, the user comrmmicafion capacity zjecret:1ses, and 
the througi•iput decreases. 

(006·11 .. �s ch.:�t�crH3t3t:1 at�Ov\3·� tt1e transntssion: po\1.,er for a non . .. dirBctionai area n1ay 
decrease .. A!sr\ this rT1ay- k�£Hj to� for exarnple� a decre.as.e :n user cGrnrnunicatk·H1 

[OOG2j \l�/Hr1 H1e above in rl�ind t r�rnt){HJirlH::nts of thr� prest�nt t1i�)cicstfft� an:: pn.:r-/ld�::d tt; 
reduce .an increase in u�1a interference 1:\t1iie reducing io.ad in\lOhled in bearnforn1in9,. ft)r 
ex::."uY1p!e. l·\lso, en1bodh11ents of the present (Hsck)sure are provided to reduce a 
rJecJ��?ast:� :n U1{� transn·1ission pQ\•Vf)r for a non---dir�i:cUonai area \-�t1He reduc�n9 load 

[0063} f✓e��t a sc��1an);�th:: confi9urBJion of�� corru11lH1h::.atinn sy·sterr: •i acc.ordin9 to an 
E.�n1t)odirr�E.�nt of U1e pre.sent tHsc-JoStffe vv:U be dE.�scrib�:d .... � ... �1�1 referenct�:: to Fic::;_ ·; o to 
F!(3 12 . F�C�. -1 O ls an Hlustrahve z1ia.qrarn shovv�nq an exarnpk=:: of a schen1at�c
configuraton of ·f1t� c�Jrrirnuni�::a.Uon sy�tern ·1 acc.crcHng to ;:3n en-1bod�rnent of the 
pre.·sent ,iisciosute. F�eferr�ng: to FI<3� �� O , tt1e c,orruriunic��uon S�/stern ·; includes �� base 
station ·100 and tE.ffrr:h1aJ app8ratuses 200, Tt1E.� cornn1unicauon �a:-ystBn1 "1 con1pHt�::s v�,dth: 
ft!r exan�pit ( LT'E t LTE-�f\d\---anced� or other s\ff:Har corrnT1unkx:�tion scherrles. 

[0064-] Tl·1e base stf:.bon ··] 00 perforfr::s radio cornfrn .. �nic:aUon ¥vjtn terrnk)ai .apparatusE:s 
200 

[0065} The base statk)n 100 perfonY::s radio corn�T:unicatk;n ;:vah terrn�na� .:�pp.::�ratuses 
200 located �n <.) ceH ·10� ··rhe (-::en ··1:0 is t� Gon1rnun!cation region o.e,i a ru::n,-cHrectr::na i 
area) corresponding: to radio \:�./.aves g,;;r:,,;;-rated v'iiU:out b�:arnfonl:ing. 

[0066] Fot exan1pie, thfa base� staton: ·100 includes a non--.�J�rechona! antenna{ an(i 
transrnH.s �1 signa� u.sing: non.-.d:recbona.! radio l;:�·.avt:s., Th•:.":.! b .ast: .station �00 transrnits: 
for f:x·arnr)ie� a ceB .. sr�H:;cific r�1fi::rgncf� sit1na� {C:RS} u:sin9 non ... (Hr��Ghonaj rad�o '·/ .. 1a,./t:�s. 
�A.!so, the base statiGn ·100 tran1;rr::its r for exarnpie ( other control s�gna�s (e.£1 .. a 
s�.rnc}1ronizi1tlon signaL systc�rn inforn��auon, etc.} anti a data signal using non--.(��rechona! 
radkJ Vl{�ves. 

[0067] �4ote t}l�:H the base station ·too rna:•/ in(:h .. u:te .;3 sector antenn�3 h1stead of .a non .. -
dit

l
?Ct:on*lr antl�nn*l� *ln<i n1:ay transntt a si9rta! u��ing a s0ctor bt$Sfl! 9eneratet1 \·'lltf:out

tlearnf{H-rT1lnf L �nste��d of{�. non-�r.lirectjona� be��n:. .;.\k=;o __ thr-: bas€ station ·100 rn��i 
transn1it a sfgna� uslng radio \-vaves genen:.�ted \·Vithout be;3rntOrrnh1g, b�:l n1eans of a 
pornon o� a pluraHty·· of antenna €.�h:.�n1ents possessed by a directional antE.�nna ., inst�:ad 
of' a non .. -dlrection{�.l ��ntenn{�. ancJ a se ctor :1nt.enna _ 
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(00681 tv1oreover: psrtlculat(/ h1 sn ernbodin1>;;r:t of tt1e present dhsck::•stH\S:� the t:;asE.� 
sta-uon -100 �nclud��s i:l d�recticinai antenna c.apable of fonr:ing a three--dirnensionai 
bearn {Le.� a bean1 aln1ed in a threfa-.,din1enslor�a� d!rectk)n\ Bnd transrnits a s�9n8� 
using a three---tHtnens�on.al bearn. /.\ sp,;;·clf:c €.�xan1ph:.: 01,: this \·'..dH no¥v be describ�:d .... � ... �1�1

[0069] F H3. ·1 ·1 is an iHu��trathlf:: ::.iia.9rarri for dt::I;crUJing an �i:xfH"r1p�e or a thr{�{�--­
ztn1�1nsiona! bgarn forn1ed by H1f� bas��· stc1hon ·100. Rr�r��rrlng to F·ic;_ •i •i .. a dh'ec-ticnai 
anteru�.a 101 �s shov�·n The d�rect�onai antenna ·10,1 ts capat1!e of forrn�n9 .a three� 
dhYlEH1siona! bearn . .1:..__s si10\Nn in Fg3_ �1 �1 { t���fa (hrecUona� antenna l 01 forrns a piuranty 
c;f three-�dirnens�onHi bearns 20 airned in different three-�zjfrTlensk:H ... :��i zjkect�ons. For
exan�lp!a� thus, the r.href:':bona! antenna ·10-1 is prov�ded a h�9f1 pos�t�on, .and the three-• 
cHrnenshJnaJ bean1s 20 are radiated in any· cnrection (c�o\:vnvJ/ard ( (�pvvarc{� or tHJr�zonta� 
dirt:�ctlon). ·rhEi thtt:�t:�---d:n:t:!nt::Jonai be;3(n�; 20 n�ach n3;sp�Jctiv�J Gt)nt.�spondin�1 
C{Hn:TH.H"llGation re�Jk)r:�:; �JO. Specifically ., a three-�<:.Hrnensional bearn 20,.;;\ is fz;nr:ed: ��r:d 
Hie three-•dirnensk)nai be�irr:. 20.A r���c·hes a con1rritff"Iic.at�on reg�on 3(t�.- .A�so i a tt---;ree-•
din1ensk.Jn8l beatn 20EJ �.s ·forrned. 8J:.d -U1e -u·u·ee---dH1!�H1Siona� be.an1 208 r�:�iches a 
con1rnunieation r�19K1n 3GB. ·rhus� tht� thr���� ... dnT�r�nsk)na� L1t:�arns 20 n::ach U1�� 
con·1tnunicaUon rag�ons 2�0_ ,� ... s a result; terrn!nai app.aratuses 200 located in the 
corY1rnunication reflions 30 c;-:.1n tece!ve sign;;.1ls transrnitteci usin9 th€ three"a'cBrnBnsional 
bean·1s 20. 

[0070] tv1ofeover. ti��e base station ·100 assigns .;3 ceH !D to an ind��lidua� tt1ree--• 
�jh11t':!t}s�onal !Jearn torrnf:�d ty Hit:� direct�onat (:u-itenna.; .:3nd transn-1its a c:R:�; using tt·H$ 
lndhd(h.H1! tfH-ee•<1�rnenstonal be<.=lrn on the t.>as�s of the eeH H). in other \1\,-•·ords .. the basr➔ 
station ·100 hrind!es r� ccH11rr:unicriUon: region (ser\dce are.a} correspond�no to an 
im.:!ividu.:,1! thn.>.it:-dirnsnsiona! beam as a virtual C€'iL 

[007·1J �'SpecificaHy, for exarnple,. t�ie b;3�H1 �ta-Uon ·100 ass�gns a ceH io to ;:3 three .. 
d!mensi()m�l bearn formed by �1 dlrec:tiona! ,-;;ntenna, and tr(�nsfflits (� CHG fot (� slgn"'·l! 
sequE.�nce corresponding to th€.� cea H ... ) in a re·source agocat�on patt�:rn cornesponding to 
the ceH ID . ..s\lso� for exarr�pie� �vhen the resu�t of ir:easurerrlent of the f::R�1 by��
terrn�na! ;.:.1pparatus 200 satisfies a predeterrnint.�d cc�ncHt!or\ U1e base stat�on l 00 
perfc.:rn·1s 1·1andover ot the tern)inal apparatus 200 to a cornirn.Jnh:f�lion reg�on {ser-.. dc::.: 
arHa) corrr1spondtn�1: to th�� �ndhddua.t u·1rfjff·{Jin-H:utslona! bHan·i. �rt·1t:�n::afh:!r, the bH:st:� 
st:at�on '100 transrnHs a sjgna\ t.o\;'t/<Fli thB tErrn�na� apparatus 200 using the indhJh:1uai
thrt��)---di;Tlt:�nt�ionai t){�arn. Thut�� a corr::tTK�nication r�i=t1k.1n {s�i:r\tjee f�rea) con·��spond�n9 
to an indlvkiu��l three-�dlrr:ensionai bearn is h�H:(Hezj as a \:·in\Jaj ceH . . t\r: exarnp�e of 
rad�o crJ:Tirnunicabon using a t!�1ree•-dknen:=:Jont:;i bearTl V·/H! be described v-/ith reference 
t{J Ft(;. ·12 � 

[0072] FIC�. ·12 }S an Hlu"::�trahvf= ::Jia9rarn for t1�::�)Gr�tJ�ng an exan-1p!f} or hctnsn1�sr;k;n an�:J 
re·cc�puon of a slfn1at using a t!1tee�<iln1enslona! bBa�-rL F?eferring to F!(3� "12 { a base 
sh�1tton ·100 and a tern�inai apparatus 200f\ and �1 t:.:.�nr:inal �1pparatus 2008 an.:.� s�·HJ\:VfL 
i\/kJr�1ovf:r, sf1G\;-.,�n ar�� � thrg�� ... din•:r�nsiona! t)�1:arn 20,::.\ ft)rrnr� .d t):l th�:: t1as�:: :staUon ·100 
and a CQfTaspondh"'lg: z:ornn;unicatlor:: region 30l�. anzj <� three-•;.:Hrrlension��i bearn 208
forrned i1:y- the base station ·;.oo and a corrfaspon(Hng cornrnun!cation region 308. ·rhe 
base st�t�on 100 as s\�:r�s a first eeH IO to· the· three ... djn:€rts)ona! be��tTl 20i�\ and 
tr.ansrn�ts a CRS for :a sign(�! sequence correspt)nd�n9 to the first c.eH !D �n a resoz�rce 
alfocation p.;3ttern corresponding to the first c:�e!i !D. ·r�1erea'fter. t}1e terrnina� apparatus
20(LO.. rneasurt�:·s the (:Rs� an<i lr H1,a n1::)asuren·H�nt ret�uit sah·�;fif.�S a pred{Ih�rrnined 
Gondltion. sBnds a report r)n u·�e n·w:��sur-s·rr:tH:t to the base st��lion '100. There��-fter� fcH· 
exarnp!e� the base station ·100 pertorn::s h;Jr::>j(1\•··er of the terrnina! apparatus 200/\ ·fron1 
u-1e ce!� ·1 o to u:e cornn1t.H:�cat:on r€.�Qk)n 30i\ (\:·jrtual ceH}, ·rhE-�re�lHer. the }:)asE.� station 
·100 transrrdts a s��)nHi tov',/Hfd t!·�e terrninat appar��tus 2(}0.t\ using the three-�zjfrTlensk>r:��1
be;3rn 20.l\. �'Sfr11ih3r�y� the base stat�on ·100 as:s�gns a seccnid cen :t[; to the three•
cHrnensfonai bearn 208:. and transrn�ts ;J (::Rt; for a sig;1;3; sequence corresp·onding to

htlps:i/world\vide.espac.enet.comipub1katkmDetai1s/descriplion?CC""WO&NR""20 .! 5 .. _ 202.1 /04/ l 3 

IPR2022-00468 
Apple EX1016 Page 1474



Espacenet - Description 

the second ceH !D in a resource afoc;:atkm p;:attern correspon,:ling to the second ceil HJ 
Ti:en:.�8n:c�r\ thE.� ttffn:inaJ apparatus 200EJ rneasun:.:s the c:r��;. and ff tt1B rl1easurerr:�H1t 
re·suit sat��fies a prt�dt�terrn�ned conditon t ser:ds ;:3 report on the rneasurernent to the 
base stabon ·100. ··r}1c�rea-fter. for ED{fHrq:Je. the �}ase station ·;oo pt.�r-torn:s �:an(�O\.-·er of 
thE.� tern1in�.l 8pparatus 2008 frorn the ct:�!l ·1 O to tt1B con1rnun�cation r�;::�]ion 30£{ (virtu.a! 
cr�1H). ,rr1erf:afh�r . u·1e base static·n -100 transrnits a �)\1na� to··/./arti HH:� tt:�rn1fr1a� apparatus
2008 usfr;g the three-•d�rnensiona� b·�·arn 208. 

[00731 t--Jot�1 tr1at tht� b ast� stat�on 1DD ea.n ust� H1H r�an·1e radio rt�SGlHCt�s (H 9., th�:: :sarnH 
re·st)urce b�ock) to tr:ansn�it (� slqna� uslr\1 the three--dirnensionai bean1 20i\ and the 
three•�dhY1EH1siona! bearn 208. Tits is because.� tht.� three'a'cnn,..�t.�nsiona! bearn 20./\ c�oes 
not substanbH!ly reach th€ cornrnunication region 30B \·\·'hk�f1 js re��che,� by the trHee,., 
cHrnens�onaJ be(1n1 208, an{i the tf1ree»d\rn:ens�on.a� bea�T1 208 does not sut1stantiai!y 
reach U:�· cornn1t.n:i(:atlon region 30;\ \tihich is reacheij by the three�-din1en�.:d(H1a� bean1 
20.-�. ·rt1us. ust:�rs c.an bt:� rnuHip�t:�xe<i using thrB��---dirn�)ns�ona� i:n:!arns. 

[0074] '"rne po\1ver o·f transrrdssion en� a sign.a� (e�Q�( a C�F\S� a synchron�zatk>n signal� 
etc.) trar1.srrdttt:�d t.:sing .a tr�ree ... dlrnens�onaJ bE.�arl: rl:ay t)e SBt on u:e bas�.s o'f ti1�: be.an, 
\:vh:ith of tf:H tf:ree ... dirnt�nsiona� bi�a.n::. For fj>::arnple� U:�� ant��nna �1ajn cf a zijrt�etlona! 
antenna as used to forrn a u�1tee�ztrnBnsiona! bearr1 �s �1reater than the antenna �1ain of 
a non�chrE�ctionai antenna (or a sfac-tor antenna). Therefore{ as a difference o�}tained �}Y 

��(ll")tractlnt1 tht:� antenna 9ain of a rH)n:�cfirt:�cJlona! anh�:nna {(1r a I;ector antenna) n·orn 
t��1e antenna &1a�n of a {i�rectional antenna increases; the povier of transrr1is-sion of .a 
;:;ignai transmitted by a three-i:limenslona! bemn rnay be set to a srna!ier value. 

[0075] .Alsc\ the bearT1 vddt!·1 of�� thr€·e-�rHrnensionai be��n: fGrrne,� by a fJkect�on��j 
antenna .. anti tf1e ::i\rectk)n of t.!�.e three--jln::ens�onai �)earn,. rrlay· l:3e set on the bi�Sis of 
user conditions (e�9-� t11e loc8Uon of a ust:�r( u1�: n;..u11bE.�r of users/ �;::tc.) or the hke. in 
other v--l()rds. a set or v·..:ei9ht eoeff1Giants fo-r forn1ing a three-�dirnensiona! t)earn rna,i be 
Sf:�t on -t�,i� b�3�l� of u�t�r ctJrH:Htlons or the nk��. 1-\iso, ;:3 three.,dh11ens�cna� bean1 fcn11ed 
by· �� cHrec·oonaJ ��ntenna n:ay t�e opt�orH:1tly ackied i or rernoved, �n ot�1er V·/C)rds( an 
:ndh··:daai three---tHtnens�onal bearn n1ay· be· addaionaHy forn1E.�d by .a dirE.�ciiwnai antenna/ 
or ro��y not be subsequenfiy- for-rr�ed. 

[0076] Fot ext--ltnpfe, ra(i�o corYH11unlc;�t.ion in a non--r.HrecHon;�� .area {Le.� the c-eg ·;o; 
and f*ldio eon·1rnunfc*ltlon �n a t�frectlonai :an�-=a {i.��--. a cor1"1rnunjc.<Jtion r�i:gion {v�rtuai c��!l) 
correspor:dino to�� thP:?€�<:Hrnensio·nal be<�rn) an.� �fepf synctHonii·.ed in the frer.iuency 
direction ��nd the tirne dlret:.Hon (frequency synchronization ��nd hir:ing synchronization}. 
�t\lso. for exarY1pt�·� acija(::�::H1t ceHs are kept synchrcnLte[� in the frequency <HrecHon and 
ti1e Urr�E.� d:rect:or1 (t��er;uenc:/ s,/n.chroni2aton .and t�n,in�] .synchron�zation). 

[0077] tn u:e f::rfagoh1g:. an e�:<arnpfe of the sct:erna1ic ct:Jnf!gur:ation o·t the 
cc.:rn;TlunicaUon S:,/stern -1 according to an en1t:otHrnent o'f th.:;.! present d�sc�o.sure t1as 
been t1H:scribr1d, �rhi� cornn·:un�cation systHi-r: ·1 according to an t�n1L1odhnt�n-t of the
present zjisGiosure can reduce an �nc.rease in the interference \.VhUe reduc.ing load 
irr�loived �n bearY1forrning. 1\.s a specific tfachnique{ 1�1e base stauon -·100 tr:ansrnits a 
CRS using an lndhddual thr€e�,r.Hrnenslo·na� be��n1 on the basis of a ceH iO ��ssigned to 
t��1e indivkiua! three--r.hn�ensk)na! t�earn _ i\lso� the base station -100 transrn�ts a CRS 
usdng the h'--;cHvkiua! threec�dknens�onaJ bearn in a Hn1ited p(Hiion of ag avaBabie resource 
t)!Gckt�, insteati ot usin9 aH the ret�O(�rct:: t)�oc.kI;_ 

[0078] t--Jex( an e.x.arnpie of a cr.lnfigurHtkJn of tht� base st��th:.H1 ' i -00 acc.or{Un9 t() an 
ern!)odirnent of U1e prt�sent d\sc�o�ure \VlH tH� descdbed \.V�th rtderence to FH3. ·l 3 to 
FK\ -1:3 _ F!G, 'J:3 is a Uock diagram shov/ing �m exan-,ple of a ,:::on-l1g(1rntlon of the base 
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statfon ·100 accc�rd�ng: to an ernt}ocHrnent of tt1e present dlsc�osure. Referring to FIG� 
13. the ba.st:� statlon ·10·0 lr:t::kJcie.�s an ante.::)na unit·; ·;o, a rad�o .corl:tnunication unit

[007SJ The antenna unh ·: ·: o radi;1tes a signal output t,y the t,;1cH0 cornrnuni,::,;;,tlon unn 
··� 20. in tht:� forn·1 ::)f r��di() vvavf)S� �nto s.pac::.t T't1e �:.n-

r

tenna unH ·1 ·1 O a!so convl:�rt�� r�:H:Hn
v-/@Vf}S }f1 space intc a si9na!, and outputs ti·1e si9nai to U1�� rat1io con1rnunjc:aUon unit
·120"

[0080} The ar-Jtenna unit ·1 ·1·0 ractates radio v-/aves generated \:V�t11out bean:forrning. �·(:r 
t:�xan1p!t:!� the antenna unit 1 --lo �nch.ichas a non---directionai arrt�Jnna.; and transrn�ts nor1: ... 
tiirec.tlonai radio \-va;.,les. ln other vv·or(tS:\ the· <=lntenn<�� t�nit 1·10 rHdi��tes �� �=dgna! in the 
forrn of non-s:Hrection.�l radio wa.ves into space 

[0081 j f�otr1 that H1e antenna unit 11 O rn:ay inciuc1�� a :sec-tor Hntr�nna in:stHac1 of a ncnTI 
cHrectlonal: t1ntenna� and rr1t�r/ radiate. into spact\ a s�9n.ai in t.he forrr1 of a sec.tor bean1 
gc�nc�rated \1\:iH1out bfaan1torn1lnfl� ..--\�so� t!1c.� antt.�nna unit ·; ·10 rnay not inchJtie a non� 
cHrection�ll: anh�:·nn�1 er a st:�cJor antenna..; :an::.i rnay· inrJude f� d�r{;.�Cliona� antenna .. and 
n�1ay r.acHt1te, into space; ri s ignat �n t.he forrl1 of r�acHo \:Va\{filS 9enef{.�tezi v· .. dthoz�t 
bearnforrning { using a por-Hon of a p�uranty of ;Jntenna erernents possessed by t�1e 
�jin�ctionar i":u:tenna� fc:r r�>::an1pie. 

[ODB2] in p<�.rticu!ar: in an ernboz1irnent nf the· prest�nt r:nsck;surt�� the antenna :..Jna· i ·i O 
inc�ude:t: a din.�c-Uoni�I aritenni1 C;3p;3bk� of 1\1rrning a t1--1ree,dhr:er:siona� bean1 {Le., ;3 
bearn a�n1ed in a ·H1reec,O\n1ensionaf O!re(:-tlon), an[� tt�rrns ;3 three�-dirnens�ona� }::earn. !n
other �vords. the �.nter1r1a una ,.t ,.t n radiatE.:s a signal in 1�1�: 1\)nl: o'f a H1ree ... ditnen.s�ona� 
be(�n1 into sp��ce For ex:an;pie� the antenna unit '1 '10 fon-r;s a pJuraHty of three-­
dirnens�onai b€�an1s .;:.1\n1etl �n (i�fferc.H1t three'a"dlrnensional cHreciions. 

[00831 'fr1�� H1ri�ff•"tiirnf�nsiona! dirgctJon of a thr���::�din1r}nsiona! t°.H�an-1 -f�"Jr n1f}{j by H1r} 
antenna urdt ·1" ·10 is detern7ined on the basis o'f �� set o'f \:\leigh't coefflch��nts 
cc:rr�1sponcHn9 to u·:.e· ��nft:=nna t)l�1rtH:=nts. For t�Kan1p�t$: u·1;.�:: pr<:1ct:�·�;s�n.9 unit ··t!5D 
(transrn�sstnr: cc}ntr{j unit ·1:S5) rntJlHp!les a siqnai b�:/ a \·\•'ei9ht c£Jef-fick➔nt for e��ch 
antenna eien1ent.. .As a resun� the antenna unit ·t '10 forrrls a three-tiin·1ensiont:;i bearrl 
airned in �1 three--dirnensiona! directi,::,n U1at is deterrninerl on the !::�sis of U1e weight 
co�:-ff: cie r1ts� 

[0084} crh�:: radio cornn1unicahon unit ·i·?o p��rft)rrrH� radio tXJn)rrnJn�c�Uon. F·o r  t::xan·1ph�\ 
the r��d�o cornrnunic:��t�on un�t ·120 transrnlts :a do\ .. �./nl�nk s�gnal to a terrn�na! ��pp.araius 
200 = and n.�H.:�t�hles an upHnk signal frorri: a ti�n11�n:a� app{:�r.atus 200. 

rooat5J Tht:-: n�:)t\�vork c;:1rrH1·1unic�tion un�t '] :30 cornrr:unh::at���s -..h·�th othl�r f.X)n·1rntJnic.ation 
nodes. For exarnplf}� the n€t\:vork ctJrnn-uJniG<�lion ur:�t ·130 cornrr�ur:ic��l€s \.\•·a!"': anGther 
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100. 

proegssin9 un�t 150 inciudf;s a Cf�H HJ a.!�Sj9niTH:!nt una ·15·1 1 an inft;n1·1ahon acqujr�ition 
unit ·15�5� g transrnission control unit •i 55� and a h;3ndover contro� unit "i 57. 

[0088] The ceH H) ass�gnrnent un�t ·15·1 assigns ceH j{jentification infonY1ath:)n 
O:erelnafter refBrred to as H ((c:e·H ID�') to ��n \n(Hvkjual H1rer;:,.{trr:ensionai t"H=:i�tT1 -fornH:�d 
�,y a direction.a! antenna t:(�p(�b!e of forntnq .a three-.rJirnensiona� t1earn .. 

(00891 Spt:�e:flc�Hy 
I 

for t�xarnplt:\ tYH� cell it) ass1gnn1fHll una --i s--i assi9n�; diffr3;rt:�nt eeH 
iDs to a p!u:i�Hty of �ndi\ddu��! thre€•-,.d\n:ensiona! bearns -fonT:e,� by a ,�irect�onaj 
:,:intenna. As .3 result, comrnunk:,3tion regions respectively cormsponcHng to the piuraMy 
of three---dirr�E.�nsional t)earns can bE.� 11and!ed as \/irtt.nii CB�ls. Note that ti1�: c�:H H.)s 
rf:spgcti\.tg�y �s:slgn�1{! to H1e p�uraHt�/ of u·::rr�-=r�-=~cHn·ienr�k;nai b��Hrn�) art� stcrt:�d in .. -f(n· 
examp!e, the storage unit 140 

[0090] For exfu11pi�.\ t}�te (;eH H) assignee� to U1e indivkiU.;:); tt1ree�,tHrnension.;:); bearn anc{ 
a cer� ll) assigned to- an a(lJac�?nt Ct$H t�:a.ve dl1�\.$rent n;}source aHrJcation patterns Jr;r a 
CRS. Spi=:cifica!!y, the ce!! ! D assignm:2;,nt unit ·i {5 •i mwigns, kl H1f:, individtrn! three-­
cHrnens�onaJ �:let�rrt ;3 eeH !D t:t)iYesponcHng to i� resource anoc.ation pattern that is 
different �n.:H11 8 resource aHtH.:�at�on. pa.ttefn corn:.:Sf)Onding to a ceH H.) as.s�gnBd to an 
��tijae.ent z:en. For ex1�n·:pie: the ��.dJacent ce·H includes not oniy cens ��zijacent to tt1e r;eU 
·10, but also a smaH ce!! a portion or i�rdrety ,:,t whlch is covered by the cell ·10. :3nd!or a
srn��f� cen U1at is !oc;��teci in the vicinity of tt1e (-:.eg 10.

[009·1} �3pecifh:-:.t�lly� for exarr:p!e� a c�H IC} ct)fTespontiing to a resource aHocaUon pattern 
as sho\,�./n ln FlG� 6 ls ass�gned to a cell adjac.e.�nt to U:e cBH ·1 CL fv1ean\:\•t1�ie, a ct.�H ID 
ccrresponc:Hng to fl re.source aHocat:on pattEffn as shO\·vn in FiG., 7 ts not ass�gned to 
any eHH adjacent to tf:�� Gt�+ 1 D. fn thi!� casH� tht� c,r�g ! r) ass\1nn1��nt unit ·15 ·1 a�)si9ns 
-�ny ceH �C} r.:orraspond�ng t.o a resGurce aDfn:-:(�t�on p.attern as :J;o\•\ln in FH3. 7 to a
thf{��)---di;Tlt:�nt�ionai t::r�?arn ..

[0092} /.\s a resuit evt�n \t-lhen a three-�rjirr:ensionai be�3rn th�li n·1ay tH� forn1ed bi the 
b�:tse stahc�n ·1 oo rea(:}1.es an t�dJacent ceH. ;3 c:Rs trans�T1itted (�sing the 111ree-�
dirnen.sional bE.�8n1 does not inten,:ere "�vitt1 a c.f�S in an adjacE.�nt ceH {non..-directionai 
arf,_�a). For t�xa:-rip�t� ! H1us! Bn �ncr(:B�)t� in int::;.1rft�rfH1Cf:: �){:t\:veen tht� (:Rss GHn bt� 
:--e,r:L�--�ed.

[0092,J f✓ct�:: that Hlf) adjac��nt Gi=J!l rnay· bH e.ny of an adjacHnt c�::'Hs thftt is iocatt�t1· �n u·1t�� 
cHrectlGn o'f u�1-a indhl\du��l three-�zjfrr:tH��slon(�� bearn. !n otf1er \.Vorcis .. the ceH �c� assi9nerj 
to the indhlidua! thrc�e.aaziltr:ensionat be;:."HYl rnay bt� assignt.�d on u1e basis z-yf ·the <:Hre�:t!on 
of u-�e jndividu��i three-�dltnensk:-:na� bearn. For ex��n�lp!€� a ceH !D rrE:�y· be e .. t�si9ne{J to 
t��u� ind(/kiua! three-•d�n�ensk-::na! t�earn so th.at a resoz�rce aHocatk)n patterrl 
correspon(Hn9 to a ceH !D ,3sslgned to an adjacent ceH �tH::atec� in the ijke�::t�ons of t �1e 
:ndiv:d(l*ll thrl?�i?-t1irnl�nsic·nal t1f::arn ls diff�)n�":nt fr<:1rn a resoure{� f�lk)(��lion patt.t:!rn 
Gorrespnr:ding to H:e ce!l ![) assi9ned to t1·1e ind�vkil�ai three-�<:Jirnensional bearn 

(0094•1 f'v1oreover: U1e ceH ID assigned to tne lndividus� t �1ree ... oin·H:.H1siona� ne.arn, and a 
c.el:� H.) ass�qnerj t{) a three-�(lirnensk;n��! t1earn forrn.ed �T:l a tn�se station fJt an ;.:�(j}:�CJi�nt
Cf:�H .. rngy �,ave chffert�nt resource aHocatlon p;1tterns tor a (:.RS. i\5 a result: even \.•vben
a three--dirnensions:1! beam ths:it may be forrned by tt1e base st:3fa::in -100 reaches rn1
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adjacent c�·H { a CR.t; transrnitte{j using the thn:.H:;�-d�rnensionaJ bean1 does not inten�ere 
\,viU-1 a C.f"<S transn1:tted using a U1ree ... din1€-r1sionai bearr: 'fcH·rl:ed b�l a t)asE.� station of .an 
adjacent (:en. For exi�n;pie

= 
thu�� an lncn�ase in interference bet\-v·een the {:::R�;s :can be 

furU,er reduced, 

[009fi] Tf1�1 e�1H H) as:��i9nrrn�·nt un�t ·! s ·] acquin��� a Cf.�H IC} as.s�gne<i to an a{u.aci�nt C{�H 
fron\ fnr exan1pi �\ a ecre n��t\,vnrk noflf:'= or tht:: t1as�:: :staUon of the ac1jac ��nt c,r�g u·1rough 
t��u� net�•vork con7rnun�cr�tjon unit i :30. 

[0096] f�Gte that t�·1B eBH l D ��.ssi9r::rnent unit 1 S·i rnay ��cqt�ke trH� ceH !O of an a,�jaG��nt 
ceH fron: a rneas urernent report frorn a terntnai apparatus 2IJC t !n p.arUcu�ar, the cen ID 
assignrnent unit ·15·1 rnay acquire the ceH JO ()fan ;:)djacent �::eH ·fron1 a rneas(�rernent 
report fron1 a tBrrr:fn8i ,;3pp,;3r8t(�S 200 t:-e·�on�iing to a (>:.)rnrnunk:�:3tion rt.�g1on (��lirtua� Ct3;H) 
c.Grrespon(j in�1 to��. tt�-:ree.,.(jirner-:.sional b-s·Hn:. /�\Sa r€rsuit ) V'lhen the interference n1.ay
pos� -� prob!en t �i eeH !D t'�{)rresponcnng to a resource .aiioc.a tiorI pattern that �s different
fron: a resourct:� aiiocatk)n p.attern tc.� V-ll1ict:: a: cei� io as·sJgned to an acjacBnt c�:1!
cot-r�1srx)nds. C-<'ln bg assi�1ngt1 to th�� H1ree�dlrn��ns�onai br�an1 as appropr!Hh::. For 
exan·1p!a� th�s l s  usefu! for a case \Vhere srnan ceHs are concentr.atezi �n the zikection of 
a three-�dh11t.H1sionai bearn. 

[0097] AJtern.ativaly: the base station iOO rrH�ry inc�ude a dovvnHnk receiver, an;j the ceH 
!D asslgmr,e.nt unit 151 rna/ s:ii:.:quke a ceH !D asslgnezl to an acjjacent celi fron-, a slgna!
(t::. g . � a syncJ1ron izat�on si9rial) tra.nsrnittt$ti by tht� acuac��nt c:eH,

[0098} The ceH �D >3Ss�gnn .. :ent un�t. ·1 fi ·t ff1ay acqu�re i� c.eH io ass�9nezi to a bearn 
rorrned by·�. base st8Uon of an adJacent eel! u.sing a tect1n1que sirl:�iar to u:at \•vi1ich 1.s 
used fr_;r ac(iu�siHon ()fa ceH !t) ��.ssi9nez1: to· <.::n1 .adJacent c:eH. 

[0099} The ln forrnr:�Uon ac:quls!Uor:: un�t 153 acqu�res a ce!! :tCJ .:�s:;�i;]ni�d to r�n indi-...lidtJa! 
U)re-e'a'cHrnens�onai tH.��an1 u:at �s ·fr]nr::ed by a (nrt.�(Ji<1na� {':Hltenna cBpBb�e of forrnirig a
tt1ree ... djrnensionf:.l bean·1.

[0100] For ex;;,imp!e, HS described above, the ceH iO ,.,issignment unlt ·is·i m,s1gns 
(Hff�)n�:nt eeH H)s. to fl pk�f*l�Hy C·f :n::.ii\l:(i(�:a� three-t:Hrnt�ns�ona; t:t�arn.s. �l�5t�pecti\,..ei) ...
T'her€after� t�·1€ lnfo-rrnath�)n acquisit�on unit ·152. ��cqtJjres th£� cen lDs r€spective!y 
assigneti to the piur��Ht�i of u�1tee�zi;rnsnsiona! bearrls. Thereafter� the inforrrlat�on 
acqu!snion un�t ·163· prov\ljes U1e acqulP:.�{j ceH I[)s to U1e tr�1nsn1iss!on control unH ··t 55, 

ro101 J The transrnh�sion controi �u1:t ·15.5. controis transrn�ssion of .a sjgnai pertorrr�ed by 
thg bast� staton 100. 

[{ }102] h: p.artlt:t.dar; �nan ern:bo(hrr1ent of tf:� present d�sck.;sure� the tran.sirdssion 
cc�ntrol unit ··i 55 controls transrn�ssion of a c:Rs per forrned tts�ng an �ntH\liChJa� three-.. . 
dhTH:int�iona� t)�;.?arn on u-H�· t)asts ::.)f :�l eeH H) ass.ignt�d to the Individual u·:rt:!·t:! ... t1jn1t�nsionai 
i:w:,arn 

io��oJ} Specrncally� for exatnpk��, in ord);;,r tc.� al�Ov'l a c:F<.�3 tor a s�gnai sequencl;,: 
c.Grresponzjin9 t\.) ��=. ceH !D assign��rJ to an \n(hvidua� t�H\�·e.,dhr:ensional be��n-� to be
transfnittad �n a resource aU�J·(:ation pattt�n) corr�sponcHng to tbe �:eH iD� the
transrniss�on .control unn ·155 contro{s transn1lssi(H1 of t�1e c:.RS pertOrrned using tt;e
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[O 104] .1:�r: an t�>::arnpl�� to achieve the cont rol� the transn:ission zxJntroi unit ·l 55 �nserts 
a CF��{ for a slgna� sc�qufance con .. esponcHng to a ceH ic1 ft.�s�gnB(i to an �n(ihi�dua� three'a'
din1E.�nsional t)eatn �nto resourc,;; ek��rn,;;·nts or a rE.�soun::e .aHoc.ation p.attern 
cot-r�1sr)ondin9 to thi� ceg !l). Tl::��n��after 

1 
H1H tranr�n1�sr�k;n control unjt ·155 rn:.Jhp�l�::r� H1H 

lnserh�d C:R�1 by vveight ci1��rn�::i�:H1t� for the indbiit3ua� three••dirnensh)rH3� bean-1. i\.s a 
n.�sult i t

l-1{� c:f.:.�s for a ��:9n*l� st:�quenCf.) is. tnansrnjUed us�nt1 the thr{�{�---dirr�ent�iona� t1f.�arn
in frm re:�ource anm:ation pafa�rn.

[t)-105] �;t�c}1 transn�ission of a C:RS using a thn.��t:}"a'dirnensiona! bt�tuY: a!Iovvs 1�:1c for 
exampie, handiin9 oft=. cornmunk;.aton n.:;91on r;c,rr���,ponding to an ind\vk:hJi;i.l t!"lree­
cHrnens�onaJ �]et1rn as a virtual ceH. l ... herBfore. ioad �nvolved �n bea�T:forrning rnay be 
reducej� For exarnpi.e� lt �s not tH�cessar)/ to �:aicuiate a recornrnendeij set of vveight 
coErff:cient�� for a three---chrr�t:�ns�ona.t o��arn for t:�act1 tBrtninai apparatus 200. �rh�Jr�lfonJ, 
even Vihen the r:urnb€r of antenna €·�ernents inGreases� the process of cak;u!at�nq a s��t 
of \l:/ejght c.oeffhjerit$ does not �r;:crease. !n othe r �./-/Ords, load rnay- be reduced �n tenY:s 
of the process of th€.� t€.�rn1inai 8ppa.ratus 200 or ti1�;:: b.a.se staUon i 00. i\�so, for �:xan1pl�\ 
it rs not ngcessary to nct�fy u·1e basf� station ·100 cf a r��cornn·u::nd�::d s�::t of �-\.:,r�jght 
coefficjents. T��1erefore:. e\ten \�then the nurnber of antenn.a eierrlents increases,. it is not 
nc�ce.ssar�l to use a fa.1rQe a.rYHJtH1t of ta.cHo resourct}S for nohficahon of a recon:rnended 
���) t (r:1 \-'V��?i91·1t ce:t:!fflch:fflts. In 0H1�1r v·,,r,)rds� k)afl rr�f�Y tH:: r�i:dtH.::ezi �n lf.?rrns of radio 
re·st)urces. 

[0·106] r._.,1oreov0r, in pnrfa::ulJr, In an erni:iocliment of the present ziisciosurn, fr1e 
tra.nsn1i.ssion cc.:ntroi unlt .. !55 controis transn1\$Sion of a C!f�)3 perfon11ed U$ing an
incH�_.ddua! three-�zhrnensjonal bea.rr: so that the· c:r�s is transn1itted usin9 a Hn1ited 
port�on of ��vgH��b�e resource b�cci<.s. !n ether V'lords� a c:R�3 �s transrn�tteci us�ng a three .. 
dhYH?.ns�on��! bearn in a nn1ited port�on ot an cr:/;3Habte resource blocks� insteati of us�ng 
au the a.v8Ha.t:h:: resot.:rc�e blocks. 

[0·107·1 l-\s a re-suit_ -for exan1p!e, an lncre;;.1se in the interference can bt� redt.H:�ed£ 

Spectfic�1lly\ for )it�::an1pl€\ in the H:T!lted porUon of re.sr.:t.n-ce b!ocJ . .s, interf::.:rence rnay 
occur bt�h.:--/H��n a c::R�.; tran:srnittgd usin:tJ a H1ree�.djn1��ns�ona! br�an1 fl.n-n1��ti by U1�� ba�)�� 
st:at�on '100 and ;3 CR.S tn:�nsrn�t.te(i �n ;�n -e:d}ticent c.e!L Ho�./lever, in resource b�ccks 
other th*ln t1·1{� lirnit{?d porHon of ff?Sourc�) b!oeks� tne inh.�rfer{�nc�:: do{�S not occur 
T'her€fore� an increase in �nterferenc.e· bet\�/&i�n the CRSs is redur::efJ 

[0·108] ·rherefore, ;��ccording to an err�bocnrnent of the pres.en{ disclrJsure( an incret�se in 
ti1e interference ca.n be r€.�duced '--�vhHe ioa.d invo�\/ed �n bearl1forn1ing is reduced. 

[0··109J i�lso� for fax�1n1ph:.�� a decr��ase in: transn1ission pcr;:ver for a non'a'cHreciiona! area 
can be reduced. Spec:f�c.aHy� ror exarnpie� tr1e nurr:t:::.: r of r ::.:sourc::.: b�oc!"'s in \Vh�cf1 �� 
:(:-R.S �s transrnHtr1ti ls �irrnted ) and thi:HT:-=forfj � th�� nun1L1er cf c:R:-;s hanr�n1�ttt:�d usln9 a 
thre·e--cHrnerrsh:Jnal �Jearn decreases� St) g�1at the po\•ver o f  trans.ir:iss.ion of CRSs using a 
U-1re-e'a'dirnen.s�onai tH;�an1 decreases_ ·'"rherefore{ a decrBase in transrnission pO\:VBr ·tor a
non-�-:Hrectionai are�?.. is reduced. i-\s �� restJ!t a decrease in user cornnH.HHcat�on
(:.r.�par.Jty� a decret1se in t!�1toughput� and a decrease in ceH s�ze nlay a�so be reduc.ezt

[011 OJ .A n·1ore SfH:!c:ff:c l�xarnptt:� Qf :a Hrrdt�)d portion of ff.?SC:tJrCf.? biocks \:�.}�ii n\.1'--·V b{�
dese.rlbe(.i. 

[0 ·1 ·1 ·1 j l"�1e nrnited port�on. of r��sourc-�� blocks Is� for e}<;3rnpie: a rfilsourcfil block or 
resource bbcks vvithin :1 !irniteo pedod of ti:Yle, Aiso, ti1e ilrnHed period of tlrne is, for 
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e>:arnp!e, s:i !h1hed portbn of r�ch:, frJsmes. in other vvon:1s, a CRS is transrnltted using ,� 
tr1ree,..dirnen.sion�.l bE.�8rn in a Hrnited portion o·f rad�o f/atne.s .. � spE.�cinc exBJ11ph!� of this 
wm now be ,.!;':,scribed with refm·ence to FH?.. 14 _ 

\:vhich a c:FlS is transn1ltt�1d usint1 a u·1rt::r:-=~tiin1��ru�lonai bHHrn. Rt�-ft:�rrjng to Fi(?. •i-4, 
rad�o frarni�s V•iith a syst�rn fn:lrr;:e nurnber (�)Ft�) are shov-/n. In this exarnph:�� a lh�'1�teci 
port�on o'f ra(i:::_) rrarnl�S is. orH�:· of f✓ ra.t�io fn�lftH:!I;. f.ltore speeiflcany·� tne nrnHed porUon of 
rfHjKJ frarnt�s is radio ft�rn�ts \�nth an SF�J v�d·::l ch is an �ntH�Jrai n1u�Upi�� of N {0

1 
N .. 2N, 

etc.}. ln other \.'\iords; a (;RS is t.ransrn�tt.ed using a three�-eHrnensiona� bean1 in ra;j\o 
"fran:es vvith an ��Ft✓ Vlhich is an integral n:1u!tiple oft�. 

[0113} /.\s a result for e>.:(�rnple. ani�1ougt�1� dutln�1 the lfrr1�ted per�od of trne (radio 
frarnes)� lnterterenc�· rnay o(:cur betvveen a CRt; transiriitteij using a t}1ree.�<hrnensionai 
bt��an1 forrnB(i by tl1B bat�e t::.tat�on ·] 00 a.nd a c:Rs tr:�nsrnitt�Jd in an ac�jac�:!nt Gt)H� f1B 
lnten\NIHK.:e (iGes not G·ccur during a period o:� t�tTH9 other th��n the hrnitezj period of tJrne. 
T!1ereft:>re, an l n�:rease �ri intB:ten�nce t}�t\1veen the c:Rss �s Hn1�ted tf) \N�th�n the Hn1�ted 

to·i ·14} /.�Jso; for e::<r.·-H11pie, a period of' tkne (rHdfo frHITies) dudn9 \Vh�ch a c:RS is 
transn1itted is Hrr�Jed { and therefore� aHoc.at lorl of po�ver to transrn�ssion c1f ;;.) CRS. usjr�g 
a thr�1�1---dii-rR:�nt�ionaf b��?arn is �in1rh::t:{ to \\·1thin thf� �frT1itr:�z1 p�iff�Od of tirnt� {razi�o frarl:i�:t�). 
c".r•nere1\)re, :a decrease in t.ransrnission po:.;ver for a n()n·,direc.ti()nal area is �irn�ted to 
within the nmHed period of Urne. As a result, a zlecrease in user cornmunk::atlon 
capacity I a (j��crt�asB in it---ffougJ1:put anti a tit:�cr{�;ast� u1 ceH s�2:�:: rr:ay atsn be nrnite{i to 
vdthin the limited period of fane 

to·; ·1 ;51 l\:�orcs-ov�:r:. t�,r €''KSrnp�e, u:.f�· Hrnited portion of radio 'fr8n1es is radio frfu11E.�s 
deten11}ne(j for eacJ1 c��H .. anzi �s z�Hfer��·nt f:-zin·1 a nrna-•��(� porUon of radio fr.acnes 
deterrnine�j "f(1t �3n c�djac:ent ceH. in ottier vvGtcis� radio frarne� in \-v!

--1it�h t.he b;Jse st3t�on 
-100 transrr:its a c:f�f; t�sing a thre.e.'"dln1ens1ona� be;.1n1 ��re different ttorn r��dio frt�n1es in
vvl1ictr� a base st�tfon of an adj8cent cE.�a tr8x::sn-:its a CJ"<S using .a tt1n;::�;:: ... dirnen.sional

[0'1 '16] Referring back to the ,3xan1ple or F!(--3, ·14 , tor t��xfur�p!:;.:
1 H1e bf�se stat�on ·] 00 

transrn�ts a c:.RI) usint1 a H1ri�i�"tilrn��n:siona! b��an-1 jn rad�o fran1��s Vlith Hn sF·N Vih�ch i:s 
-�n �ntegra� n1unlp}e of ��J (f\ r---1: 2�4. etc.). �l}ean\vf:Be. ;� base stahon of an adjacent ceH
transrnHs *l C�RS us:nq a thrt�e ... <i:n·1t::ns.iona! t)��arn �n rad�o frarr:-t:!I; \·vlth an SFN V--lf1jct1 is
an inte9rnJ multiple of N p!u:� one ( ·l, N + ·1, 2N + ·1, etc.).

to·1 ·17] l-\s a r�·suit ·fot �·x�:;rnpie, Interference tet�A.-een �� C-f�S transrnHte�J using a U1ree-� 
dirnen.sion�.l bt:�8n1 �orn-1ed b�t tt1e base· station "100 and a C!f�)3 tran.stnHted using a 
tr1rf::r:---djn1t?nsiona! bi�arn forn1t�(J by a t;asf: stat�on of an f::djHcent G{:ff. c.an bi� rfxiu()ac t

f0118J Note that, as de.scribed f1!Jtr--/e, v-..1hi!e a CF{S rr:a"•/ t�t: transrr�ittt:d in a �j rnitt:d 
porbon of radio frarnes ln a thrf�chona.t art::a {Lt�. 1 a cornnnJrfrcahon rr��1ion or vlrfuaj ceH 
corresponcHng to a tf:ree.,d�rnen:slGnal be<.�n\L (� CRS rnay be tn3nsrniUed in all ra;.:Ho 
frarnes in a non>a·direct�ona.i ;-:.lrea�

[011 t1J Thi:-: hn·1iti:�d portion of ri:�t�()(�rct:� t)focks- is� !(;r �.1;-::arnp!e: a rt:!s.ourct:! b!ocl< er 
resoun:;�� blocks Viithin a HrnHed port.}on of an avaH��ble frequenGy band. in other \:VtJr,�s� 
a (:,RS ts transrrdtted �Js�ng: a three-�cHrnensiona� bearn \:vahin a Hn1nec{ frequency b;:)nd. 
l\ speciflc exan1pie of U1�s v·:l�fl nov•/ bE.� destnbed ¥viH1 re'f�:rE.�nce to F:tG. i 5 . 

[O ·! 20] FH"3. -15 �� �3n Hlu�trative rh;�grarn 1\.1r describing �3n exarnp�e of �3 :�requency band 
In ;.v}tc�h a CRti ls transrn� tte(� using a tt1ree�<.trnensionai bearn. Re·ferdng to FIG� ··i 5 ( 
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radfo resources that are a (-:c�roponent (:.arrler 4·1 BJ"Hj f;:)dio frarnes 43 are stHJ\•Vn� !n this 
E.�xfH1 1p!e� an a-../8.Hable freqt�enc·�/ band :s U1e con1ponent carrk�::· 4 "1. and a nn1aed
frequency b�3nd 45 hr: a band {e.g.� a band of ·t .4 h ... �Hz) �nc!uci�ng 72 centra� sub--carr�ers
of the� cor-nponent carder 4·1. h:: ou:er \-''•lon.:ts� a (::F�S is tr:ansrn!tted in six cBntra!
resource blocks of resource b�ocks 8Jta.nged in ti1�;:: frE.�quenc·y direction.

[0·12·q l'>..s a result for exarnp!e, ;3ifrH:,ugl1, within the !imitei:l frequency band, 
int�)n\�f�)nCt�:· n·1�ry- occ(�r bl�h-\-'f::t:�n i=.:l (�S!S trant�frdth�d using a three---dirnent�iona� tH�:arn 
forrn�1d by tf:�1 b�s�� station �i OD ant1 a. c::Rr.; tran:srnittt�ti �n an adJac�::nt c:H�j

1 
H1�� 

intarferance doas not. occur \,v�thin a ftequency· ban;j otf:er than the nrrlited frequency· 
ban�j_ Therefore, �1n incre;-:.1se �n intfarferfance t�etvi?een i�1e CRSs �s Hrnitt.�d to \-vitt-dn a 

[0·i22} i\tso: ft::r e:x:arnpie{ a freq� ... :enG!/ t�and In vvhich a CR$ !s transrnittect Is nrnaeo. 
anti tht��rErfot6\ aHoc:auon of pov·./e( to tran�;rr:ls�;;on of a c;R.S usin�1 a tnn��f::,-ditnl)ns�ona� 
bearn is Hrnlted l{) \iVithin the hrnite<.1 freqtH=snc\t band_ T!"":t=;refOre .. a dscrease jn 
transrnission povler fur a n�Jn--cnrec:t�J-na� ��rea f)er unit thY:e (razi�o :tarr1e) �s reduced ... As 
a result, 8 decn.>.i8SB in user cornmunica.uon capacity. a decn.=::<1$0 in u·wouffiput and a 
decrga:se in Gf:H siz�\ per unit thl�t� (radk) fran1e\ n1<-.ry· t1�� rtN.1uced. 

[0·123} l-\!though. as described above= in a dkectk)na� area O .e., a con:rnurdcaihJn rB9ion 
or \tirtu£:� C{�!i ce::T�1spond�ni�I to a. H1n�����-d�rnen�;iona� t:��f�rn}. a c:Rz-; is tranI;r1"1ith�:d in 
eacf1 resource b!ock \,v�thin (� Hrn:ited f requency· ban;j� a CRS rrlay· be transrnitted �n 
each resource block \.•vfthin an avaHaJ:.1!e frequency band in a non�-cHrectionaJ area� 

((J-1241 ·r11{:> transn1�.ssk)n co.ntroi unit ··i 55 contn)ts transn1ission c:f �nforn1at�on for 
spe::jf5nnq <�. H:y1\tt�d portion of rt�sourGt� b}ocks �n \lVhk�t1 a c;Rr..; �s tr��nsrnHted. 

[0·125} /.� .. s descr�bez� ��bo:..Ie� for ex-:�rnple. the Hrrlaeti portion of resource t1!ocks in �vhich 
a c:.f�S: �s transrnittc}d t�slnQ: a three�cHrnens!on2� bearn is a resource t�iack c�r r��sourct} 
b!c.:Gks v�nt�·lin a Hn·1lted perk:H.:{ of tlrne. Pdso� tr1,;) trar1srr:ission control unH �55 contn:As 
transrnLssion of �nforn·:ation �ndicatin9 thg ljn•::ltHc1 p�::rk;,d cf tjn1�� (hHr��lnHft��r r��f�::rr��c1 tc 
-�s ;"flrst t�n�e inforrnatior(). In other \Vords� the first tin1e �nforrnation is transn1�tted.

[0·126] For ex��n-lfA€, the trHn:srn:is:sh�.ln co·ntroi unit ·i .5.5 contro�s transn:issir:H"": of systen: 
lnforn�(�tion contaln�ng the f irst thY1e inforn··:: atlon. Specifican:-l. ftH� ext:HT1p�e. the 
transn1�ssion contnJi unit ··155 inserts a si.gnal ::."Yf the systern infcrrnauon ccnt�1ining U1e 
nrst t:r1:e inforn-1.atlon into a r€.�so�ln::E.: e!e·rnE.:nt aHocated for 1�1€.� systE.�n1 jnfon11ra-Uon. l\S a 
ff;.�sug .. tr1t? first tin·:r: �nfc{n1atinn is tr�n�;rI:-itted ;�s a portion nf H1f� �;y·stfHn infz;n1·:Hbon_ 

first tlrn�1 inforrnatlcn pi�rrorn1fHJ usinq radln \Vavr�s gr�nr�rated vllthout b�::an1fz;rn·:�n9. 
Spet:.�ficaH:·l: tGr exarnpk� t tf1e ttansrr1lsslon control unH 'i 55 does not rnunip�y �� s.ignt�i of 
U1e systern inforn1ation containing the first tin:1e inforrna1ion by '.:Ve!ght coefficients for 
bearnforrnlnt�, }�:s a rest.dt) the sy:st�Hn inforrnatk::n cor:tajn�n9 the first tjn:€ ir:forrn ��tion js 

ro12aJ N::)ti:! that t1·1{� nrst tirr:f:: inforn1ation :-riay b,t:! s��Pf�rah�:ly· tr ansrr�itt.t:!cJ to a tf.�rrnjnai 
af}f}arah.r$ 200 t-rf ��\1naHno instead c.i t1elnq traru.=;tTlith�rJ as �� port�on o:< the systern 
lnforrnauon. 

[0129J .As described above, the first time inf<:.irmatior: indicating a Hrnite,1 perhxi of time 
(radio "frgnie�) thJtlng \;Vh\ch a. c:Rt3 is transrntted � s  transrnitted. 1-\s a result� a tenTl�na� 
;3pparatus 200 can knO\-'./ a Hrnlted period of tirne (rad�o fran1es} ch .. a-�ng vv·hich a CRS �s 
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transn1itted using a t!1ree�dln:ensic�na{ bearn. Therefore� a tenri!naJ apparatus 200 can 
n1easure a. CF.ZS transrnttte.�d (h.Jr�n9 a. hntted p�:riod 01,: tirne (radio fran1es). in other 
vvon:ls, m,"'asurernent is appropriatdy performed for a comn-,tH,i cation region {Le., ,J 
v�rtua! cc�H) cortespon(iing to a three�(lin��fanslona� bearrt i\s. a result, hando\.:er to a 
cc.:rnrr�unlc8Uon region correspt�nding to a n1rf:�;:: ... dirnensional bE.�arl: c.an bE.� appropriatB�·y 
perforrngtJ .. a..isc\ fer t�xarnpk:: t H1f� c.o·n:surn:ption of p<.)\:V��r of H t��rrninaj Hpparatus 200 
for ff,,':,asurernent can also be reduce{l. 

[t)-130] i�s described abO\te = for eJ<arnp!e = t�:e Hrnit£�d portion of n;,�sour(-:£� b�ocks in \.-vhich 
a c::Rs �s trar:��rn�HBd usln9 a t.hree-,.c.1irnensk;na� be.arn ��� f� re8otH"f;e t)!ock or rf.�snurce 
�,tocks vdtf1�n a Hrnlt.ed portion of an available frequency band .. Also� the transrniss�on
controt unit ·155 .co-ntro{s tn:.�nsrn�ss�or-:: of a n1aster �nforrnation biock (tv1HJ) perforrned
using an indi,fitiual three---d�rcH,:�n���ona.t bf�arn, '"rht:� r-AtB oc:nt:�1ns inton�nauon indicaUng 
t�·1e band\�/�dU: of the HtTl�t.ed frequency t1and (tH:Heina'fter re:\�rre<:J to as Hfirst banzj\.\·'kjth 
infon11;�tior't). �n otf ... ier ,�,•ords, t� ... ie first banch-vknh �nff)rn:.ation �s transrnated as a porUon
of the rvH8. 

to·i :3 ·1 J �-;pecith:�r�ny � fc:;r exarr1ph�� the transn1!ssion C{Jntro� unit ··i 55 �nserts a signal of the 
f\•HB con-talnin9 ti:f.� first bandv·lidth �nforrn;a-Uon into r�.tsource e�ernents for the �lHB (Le .. : 
n.�S>JlU-Gl� i�·h�rnl�nts of a phys�cal t")foadcast ct·1annt�I (F�sc:�·i))� Thi�rt$a!1l$( th-t:�
tr.ansrn�ssk;n co,ntro! unjt ·155 rnolUpHes the f'.-'�H3 si9na� t1y \Vei9t1t C()&fficients. ��s a
resutt t}yie first b.;3nd...,,vidt!¥i infonrH:ltion is transrn�ttec{ ;:)$ a portion of the rvu£; using a
tf1ree---(i�rnt:�ns�onal br�(:1rn.-

[0·132} /.\s .a result. ;� tern��na! ;�pp;�ratus 200 �oc.atezi in a ct;n�1rnunk�-i�t.ion r1�9ion (\t�rtua! 
celJ) correspc.:ndlng to a tr�n;;e .... dirne·ns�onaJ b::.:an1 c.an kno .... � ... tt1B HtnHed n·�:quE.�nc·y bane 
in ,�lr1ich a C�R�> is transrrntte(�� frz;n1 t!·1e b��f::(�\vlzith in-f(srnH�tlnn containezi �n -u·1e fvHB.
Therefore t a terrninai appari1tus 200 can n1t�a:sure a CR}3 transn:�tte�j in the Hn:�ted 
·frequency ban,j. i\s a resuH, t)t�n,j(}·ver to a c(1rrn1:tH1icaHon region cr:rrespontHn9 to t�
threE:Hlinw.,nsionai barri can be 8ppropnatf.'.,ly p,.::,rfonw::-d.

to·; -33] f\.11oreover = for exarnp�fa= th:e transntsslon contro� unit ··155 contn:Jls transrrdssion 
of a s�/sten·1 inrorrnation block (S!B) p,2rtorrned using an indjv·iduaj ·u•;:ree---diil:::.:nsionaj 
bgfun. ,rr1e S�8 eonta�ns infnrrnation indicf1tlnt1 tht� avaHabh:� fn::qu�::ncy bant1 
(f:ere�nafter referred to ;�s •<second t1anr.h-vldth inforrrlat�cn'<). in other \:�./Cf"Zis; the sec.ond 
t)anch,vkith �nfonr:ahon is tran��:-rilti.t::d as :a portk-1n of u·:�i= SIB. 

[0·1:34] �3pec;t�c,r.--lllj,,•� f(::r ex>�rnpte� the transn1iss-ion contn:-J:i unit ·•i55 inserts.:� s-�gna� Z)f the 
s;s conta�ning the second bt�n<.i\1\l�<.ith infon11atk>n into resource elernents �:l�loc�ltet� f1")r 
u-1e SH3 (Le.: resot.:rc�e eiernents c4 a physicB! dO\,vnhnk st1ar�:d c!:ann�:! (F'OSt:1·f))­
Therea1-:ter� the transn1jssiGn t:.Gntrt)� unit i �3�3 n-1u!tipHes the fHB si9nai by· \\:·eight
coefficients� /:\s a result thfa sc.�cond t:.anch�ildtn inforrnauon is tr:ansrnitted as. a por tion of
the f.-3�8 u.sing a H1ree�c.Hn�enston.al bearnc

[0·135} /.\s a resun. e,/en r..;vhen lnfQrrnatlon about tf1e banzf��v�dth of >3 lirn�tezj fr:aquenc�•' 
band ts containfad in an !\,'1l8:. a terntn:a� apparatus 200 !ocatt.�d in;;.) cornrr·R.;rdc{1Uon 
re�)on (virtu�7$i eeH) correspondin9 to a ti·1n�e---din�len��dc,r:��i be;.:�rn can knovv f�n ��ctuai 
a'v�a��able frequenz:y �]and f��orn b.and\1vkitt�1 lnforn:ation contained in an sis. Therefore i 

the terrnlnaJ appar;3tus 200 can. perforrn ra{jio cornrnunication us�ng aHoc.atec{ racHD 
n,,sources in w1 actual clv8i!c1b!<:) !r�,iqu�,mc.:y band. 

[0·1 :?.,$] Note th:1t :1n rvl!8 contains the first bandwidth information indicating the 
b�ndvvidU1 o� a hn1lted freqt�enc·�/ band� but not u:�: second band\·Vidth �n1\)nr:ation 
lndtc:aUn9 t�·1€ bandvvkiU·1 of an ��.\/��!lab�e frequenGy band. -·rher��fore .. fcH· ex��n1p!e� a 
legacy terrr1�n�11 apparatus p��7\1rrns radio �:on:rnunic�3t�cn in a nn)jteci frequency b�3ntt 
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� Tmnsrnission Of Other Sigmfrs V\i'!thin Limited Perk)d Of Tirne 

f0·137} For exan1pie, th€.� trar1srn:iss�on control un�t ·;.5.5 controls transn1�ssion of .a 
syncr1rnnizaUcn sit)na� perforrngd usin:tJ an lnd�vldua! thrr�r�•..,t1inH:�nslona! bHfu1·1 :so that 
the synchrordz:;3tion sign;�! for the indkidua! tt1ree-\".Hrnensionai be,Jm is transrniHed 
\·vH1·1:n �l rin1ni:!d p{�riod or Urr!e .. Also� the nnttl1Ci P·t:!r�ozi <Jt tfrnf.� ht. fiJr eKarnpi{� .. a Hrr�ited
portion of radlG frarngs_ in oth��r \.·vord:s� th�� !�ynchron(�:-Ht�on si9r1.ai Ls transrnatr�.d us�n9 a
three-dimension.ai beam in <':l Hrnited portion of radio frames. For exampie, the 
s.:y-nchronization signat conta�ns a PS:S and an s.ss_;� and the p.ss and th€ .sss contain 
a s�9n£�� sequent:€ corre�=:.pondinq to a eeg HJ <�ssi9rH:�d to a thre����rHrnensiona! bearn 

to·; ;JS} l-\s a r�·sutt for exr:H11pte� ;JH!1t:JtJg!1 interference rn.;:.lf occur bet\lveen a 
��ynehroniz��tlon si9naJ t(at::srn�He<i u��ing a H1nJl:�---din1t�nsionaI be.an1 ·fc�nrH.2:d by U1t� bas;� 
station ·100 and a S}T:c�·1rr::•n�z,atlG·n si:�.1nai transrnHted �n an  ar.t�a{�er:t G$.�H ::JtH1n9 HH? 
Hn1jted per�oti of hrne (rad io fran1es). ·Ui� lnterterence does rH::t occ.ur during .a perk.1d of 
tlrne ou1er Hr�an th:c.� hn1�te.�ci perh1d ot Urn€.�, Tt1e.:re'fon!�: an �ncrE.�ase in interferencE.� 
betv\tHHn U1�1 synchronizat�on s�qnals is �irnit��d tc ·�vat1ln a �in1ih::.d p��r�od of Urnt�. 

[0·1-39} J\!so.= for exar-npie { a pc.�dod of tlrne (r;;.1dio frarnes) during \�Jh�ch a synchronization 
���9na� :s trant�n·1ith�·d i�� lirnitf.�<i, and tr1��"=rt::f<)r£:� aUccaHon of pO\·'if�r to tr.tJnsrnisslon of a 
�rynchron �zation sign(�! us�n9 a t.hree-•ziirrH3nsiona! t1earn is nn1�ted tt) �./-/�t.h�n a Urnited 
perhJ�j of Urne {radk) frarnes}� T��ierefore = a ;j:etre;:)Se in tr;:)nsrnission pO\!ver for ;:) non�­
,jln?ct1ona! ,:in':ia !S !imit;?,J to within i?.l !m,itt:.':cl period of time As a result, a ci,?creas,? ln 
user r:x.;:T1rnunk:HUon G��paclty: a decre��se in tu-ou�1hput 1 an<:J a decrease �n Gen size 
r-nay -�!so be Hn�1ized to v-,dth�n a Hrn�te:.:i perkxi <:rf t�n�1e.

[Cq 40] ... c.Jtrlcn.!Oh: as (!eseribezl <.�bo;.,.re� in a z�:kecbon��j .area {l . e ., a c:on·:rntH1ic.atlnn reg�on 
or v�rtuai c.i�H corr�spond�rig: to a three.-d\n:1en:sicna� bean:\ a S'y'nchrcni�zabon signai �s 
tr��nsrnitted in a !�n1ited port�on of radio frarnes� �� S)lnci:roniz��uon s!gn��i rYl��"-;/ be 
transrnittE.�d �n an rad:o fratn€.�s in. a non ... directl-:H1a� arBa. 

[Cq 4- �i 1 For gxarnpk�/ ·H1e tr�rH;n·::k=::sion cnntH-Yi unH ·155 con-trn!s tran:srn���siun nr �;ysti�rn 
infon�·1;�t.�on perforrned usin9 -�n ln(hvh'Jual three.,dln1��ns�on;.�! b-e��n-1 so: that the systerTl 
infon1·1atkJn for H1t"= lnrHvldu��� u·:-r:t:�t:�.---dfn:1��":nsioni:.�i be*1rr: is tran��n·1itted v· .. .:·Hf1in a hr1"1itt:!ti 
period {)f Urne i�Js.o� the- Hrnjte{i period of tin1e js, for ex��n1p�e, a ! irnjt€d portion of rad lo 
frarnes. �n other Viords� the systerr1 \nh)rrnation �s transn·1itte(� us�ng a three••(i�rrlenslonai 
bean1 in .;�� hrnite�j port�on of rt�{jio frarnes. -T�he systerr-i irYforn1aUon c-ontains� for 
E.�XfH11p!e� an �VHB ar1d an S!8 -for a cornirn .. H::icat�on region {\:·jrtual ceH} con\-espcH1djn�] to 

f0142J /\s a n1s�Jit 1 ror exarnpfe� a�tno�lgl't dlH"in;1 ti·H;.! Hrn�tt:d per�cd or -UnT:.":.! {r��djo 
frarnr1s\ lntr1rfe�-r1ne�� rnay occur b e1\;\:11•:�Jn sysl��rn inf:c•rn·1ahon transrnHttN.1 us)n�1 a H1re�:: ... 
cHroensiona� �Je<a�rn forrned �JY' the �Jase station ·; 00 and s-:-lsten·1 inforn·1;3tion transrnitted 
in an adjac€�nt ceH_= U1e interferen(-:fa does not occur during a period of hn1e other than 
t�·1e Hrrdted period of tlrr:e. T�·�erefore� ��. n increase in lr:ten<erence bet\·veen the pi€ces of 
�rysten1 �nforrnation is Hrr1lted to �vlthln a nrn;tBd period of tfrrle. 

[014�)J .Also� rc-r exa:T!P!t:!� a pl�riod of ti:Tlt:� (racHo frar1"1��s) durint1 '-l\�t1ich syt�h:!rn 
information is t rnnsrrHted is Hn1ited, and t1·1en=::fore. t::!!GGt::t,on of pm,ver to transm,ssbr: 
of systern inforrnaHon t�sing a three'"cHrnens\()na.� bean1 is Hrnited to \:vahin a Hrnnec� 
period of tirne {rad�o frarnes}. T!1erefor,;;· 1 a ctecr�:ase in tra nsn1ission pW\·'l�:r for a non­
directlnnaf ar€a ls Hrr:�terj to \,\dthin a Hrr::ited perio,� of lirne. ,A.s a rest�H: a fJecre��se in 
u���r ct1rnrnunic:auon cap�3clty, a decre;�st� in throughput. �3nd a �:iecrease in cell size
may ri!so b� Hrrdt�d to \:V1thin a Hmited pe.rioc! of time.
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(0'1441 l•.JH1ougi1. as <Jest.nbed t:bf)'i6\ in a d:irectiona� .area (Le.� a con·1rnunic .ath:::n f€g�on 
or vhtua! c��il corr�spond�ng: to ;:l thrt�e.-djrnensiona� bean1)� sys.tern inforn1ation h!� 
transn1ittc�d in a Hi1'1itc�d portjon ot radio tn.:u;:1es, systern �nforrnf:�t!on rnay be tr:ansrn!tted 
in H1e 0H1er rad:o frarnes 8S vv€.�H in a non---<1:rectionai BJ�:a, 

[0·145} .l�.Jso: a �intted porUon of rad�o fran1t�S in \1\.1hjch a (;RS is transrntrted us�ng a 
tt1rt�:�:!---cHrn-c:.�nsionai bt:�an·1. a flrnih�:-cl �)()ftion <1�' radhJ n·f�rnes in \•vhlch a t�)1nr.:hronizat�on 
s�qna� ls t ransrl�ith:;d using a thr���� ... (Hrnr:-=nsiona� tn�an\ Hn�J a Hn1�tr�.d porhon of ra.dlo 
fr.an:as jn �-vhich systerr1 infGrrnat.ion is transrnltte;j us�n9 .a three ... zi��T:ensit)nal bean\ 
n1ay an b€� the san1e or cHfferfant frorn c.�ach othBc :6.,s an exarnpk� { a lfrrJited porUon �>f 
rr§.dio f'rarnes �n Vll:ich a syr-:c:hrG·nization S•ionr�! js trans�Tdttezj usjn�1 a three .. .ztnH:�nsiona! 
�,earn, an{j :a }frr1lted potbon of r.ad�o frarT1es in \:�./hic.h Sfstern �nforrr:atit)n �s transrrl�tted 
usfng a three�·d�rn�·nsh:�nal bearn� rnay be a su�Jset o·f ;:) Urnaed portion of f;:)dio frarnes �n
\·vhict1 �� c::Rf, �s transn1lth:!d (�s�n9 a three-dirrHJns1on:�! bt3;atn. 

• Transmission Of Tim£:, tnforn,Jtion indicatinc, Umited Period Of Tirne Durina Which
V � 

• • 

Other Signs;iis Are TrBnsn:ited

to·; 46} /.\s descr�befi above� for exarT1ple� a synchn:1nL:::·aton s�9nai for an �nr.HvkJuai 
thre·��'a"cHrnen.sionaJ tH.:�an1 is transrnltted during .a nn1ite(� pt�dod of t!n:e. i\lso{ -for 
�.'3.�X*lf1"lP!t:!� th�1 transrnisslnn control unit -155 contn�)!s trftn�;rr:ission or int\.)rrr�E.�lion 
lnd�cat�ng the Hn1itec� per�o{i of hrr:e {iurln] \;vhk�h a :�r:/nc.t1rrJnizaUon si�1na! is tr�ans�T:itte;j 
n:e.relnafter referred to as •<second Hn1e intOrrn;:)ti(H!'). For exan1p!e( t}1e second tin1e 
infc:nr�atk:H1 �s trar�srnlth�t1 �n a tr::arH:t::r s�rnHar to tt1at fnr H;e abo�./e first tirne intorn,..�at�on 
(Le : infc:.;n-r:abon incHG��ttn9 a Hrr::Hed per/xJ of Urne during �l-ihk:h �� r;Rs is fransrnitted). 
�n (:->ther '-l/Ords; for exarnpie; tr1e sectHid tkne lnforrnat�on �s transrnitted as i� pc�1ton of 
s:lstern ir1\.:ffn:�tk.Jn uslng ra(HO \VS':l€'S ge·neratec ¥vjtt1out bean1rortning, 

[0147] l\�so, as de$crjbed above� for exan:1ple. systen1 irrforrnation for �3n �ncih.dciuai 
thn.�e,-d!mensi()m�l bearn \$ tr,:;nsnttted ounng "'-i limited period ot fane, For e.x<�mpk\ the 
transtnission cor1trol un�t ·155 c.�ontro{s transrn:ssion o'f inforrnatk)n incic.atin�] 1�1�: !in1n�:d 
per}od of Un1e during \:'·i��1lch s:•/stern: inft)fTn-:.�tlon is transn:�tteti (herein��fler referred to as 
nu1�n:! Urn€� hYfonr:ation�'') .. For c.�xan1ple� the th\ri:i hn1e inforrnath::.�n is transrnitteci in a 
n1ann)3r sirnHf:.r to that ror tt·H3 first t�rne infonr:aUon (L�:;-: jnforrnation �ndjcaUng a hrr:ited 
pgnot1 of hrne t1urln9 \:vhich a C�Rt� is transn·::itted). No-tt:� that U1�� U1inJ tlrn�:: lnft;n1·1atk;n 
cont,�ins. 1\:>r 6}{<�rnp}e� inf'orrnaHon intilcatlng a Urnlt�H:1 per�cd of t�n-:e dudng \•\lh�ch <3n 
l\�1l 8 :s tr�H)t�n·1ith�·d � and �nforntatlon int�iC-fltln�1 a nrnHed perjod ot tkn�i= dunng \·'ihk;h an 
SH3 �s transrr:itted. ln other \:vor(i:s;\ for exarnple; ttH� thir<:J tirne inft;nnat�on is fransrnitted 
as a portion of s:,/stern inforrn<.�tlor:: using radio v-/aves gener��ted 'llHf:out bet:HT1forrrlinf1. 

to·14.a1 Note H1.at ln add:Uon to eact1 tirr�E.� :n-fon1"1atkJn., a ce.�n ID .a.ssjgnc.:d to an jndh.:·jduai 
tr1rf;�:: .. "\iinH}ns�ona.! bearn n·1ay aiso bf.": tr"f.�nsrni:tJ�:(J ��� f; portk;n {;f sy-st��n·i in·frJrrnation 
us�ng n-adio \:\laves g:enerc.1tfad v�i�thout be<.1:n-1forrnir�g. For Bxarnpk3 { t�1e:� cen it) t1"1ay t)e 
transrnitteci as a portion of inf�Jrrnat�on: related to an adj��cent ct:!�. ,;\!so: �ntorrnation 
lndK�atint1 that the ceH l lJ �s assit1:·1r:�d to a vjrtua� c�::n (a con1rnunieHtion r��9ion 
corresponcHng to a tf:ree.,d�rnen:slGnal be<.�rn) rnay be tr��nsrnitted ;3�ong \•vith the cen ;o. 

(Handover Contm! Unit 157} 

[0·150] For exarnp!e, \Vt�-:er-: a terrninal apparatu�; 200 rnea�tures a t:RS; ��nd if the 
rneasurerr:ent result satisf� es a pred.etenY1ined con<frUon. the terrn�nai app;:)ratus 200 
ser1d.s a rE.�port or1 t11e n-1east.ff€.�n::,;;nt to tne base station "100. Tt1Bn:::aft�:r ., for exatnp!e� 
t�·ie handO\ter Gontrr)l un�t 157 (i:e·cides. to perforrn handover (hanzjov��r zjecision) on ttH� 
b;�:t:�s of the rt�port. Ther�aft�r� the handover contra� LH1it 1 S7 perforrns a hando)..<er 
execubon proci:;ss 
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to·1 S ·11 ·rt1e handO\l€':' inc�udes hsnctov-er o·f a tetrninai appat�tu.s 200 fn)fn the cE.�H ·1 O to 
.an adjacent ceU. In par t�cular� in this ernbodin1ent the handover �nt�h.H:!es < "tor exarnple .. 
han�jovfat of a t£�n1'1ir1-a! app.ar-atL:s 200 frorn the ceB ·; O to a \dthJaJ ceH {a co�THYH ... ff!i(-:f�t}on 
region corn:.�spor1d:ng: to a tt·H\��e---<t:ir:t�:nsk)na! bean1}, i�Jso� tt1B handovBr includes, for 
ft�fan1pl�\ r1 andovf:t· of a tern1;na; a.ppa.ratus 200 fron1 a v�rh.iH� cr�n to the Gt:�n ·10. 

[O ·f 52] ��Jext; an e��an1pie of a G-onfi9urat.ion of the tern��ina! (�pparat.us 200 acct)rdin9 to 
an c�n1bocHrnfant of the presc.H1t cHsclos�.Jre vdH be dfascritH:Hj \•V�t}1 reft�renct� to FIG. ·; �3. 
F!(3. 1 H is a t)iOG}:;. dla9rarn sho\1vln9 a n  e.�arnpie G1-: a zx.H1 flgt.n·i:rUGn o f  the terrr:ina! 
ap paratus 2'00 :acz:.orcHng t.o an: erntxJdlrnent of the present disciosure. Referring t.o F!C�� 
16. the termi,wl q;,p,.m)tus 200 incki<les an ant enna unlt 2·10, a r.adio cornn-n.mic.ation
unit 220 1 a stora�it3· unit 2�1(\ a.n �nput ur::�t 24-0 1 a aisp�ay unH 250, ana a pnJC{:!�;s�ng una
.260

[0·15:3J The an tenna unit 2·1·0 r adlafes a slt1r:a: output tly the rar.Ho cornfTHJnh::at�on unit 
.220 = in t:}1c� fonY1 of radio vvaves� �nto space. The f�nt<enn.a unit 210 also converts rf:�dio 
vvavt?S in sp��t)�? lntc· a si9rtaL :;�1nd o u tputs t�1f..": s�·9n.ai to U1{� radio cornrr�unk.:��Uon unH 
.220" 

[0·164] The rJdio communication u nh 220 pertorrns radio cormnunlcafa:m. For ex,,:,mple, 
u-1e radio cornrnunfcat�on lH1�t 220 rE.�c.�e·ives a dov·,/nHn�t si�]nai �ton1 tt1B bas€ station ·100�

[0·155} The stGf(jge unit 2:30 stotes a pr-G;1rarn and d at3 fz1r open:�tio n z1f the ter�Y1in a� 
apparatus �200� 

ftJ'15ej 1lH:! :nput un:t 240 tt$Gl1:\l8S an Input t:�:Yh�rt:!('J b)/ th:t":� ;.Js;.�:r of tht:� tttrntna! 
ar}par��tus 200. 1·he inpu t unH. 240 pro·vides the input res:uH !G HH:� pn:)ces:s!n9 unit 260. 

[Cq 57] ,rr1t? dl�;play un �t 250 ::Jrspiay�� a i�Gre��n th;�t h� prese ntezi to the us��r nf UH) 
tenr:�nal ap paratus 20(L For exarnpk��� U1e cHsph.1y unit 260 (frspiays the sc rE}EH1 by th:;:� 
control or U-11;.1 procsssing unit 260 (d,sp!ay control unit 265)-

[0·!581 The processin9 unit 260 provides v.ark.:us func t�ons c:4 �� terrnina! ��pp��ratus 200. 
The prt)ces s�ng unit 260 lnc!u des an lnfo·rrnatlon ac.quis ition unit 2e ·1 � a c.ornrr:unk:ati on 
control unlt 263� flnd a dh.=;p�ay contro{ unit 265. 

[O ·! 5S�j V\lhen the base :$t�3th1n ·100 tran:�:ar::its lr:forrnabon 'for specify�ng a nn-1jted portinn 
01;: avaHable resot�rce t�io(:ks ln v1/hich a (:;RS is tr;:)nsrni ttedi the inforrnaton ;:)Cquis�tion 
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.. Acquisition Of First Time ln1'i.1rrnatior: 

f0·160} i\s. de.scribed atH:r-:le� �or exarnple, U1e Hn1�t�:d portion of rE.�sourc�: b�ocks is .a 
rf:sourGf: bk)cl<. or n��sourr:.�� blocks v\:it!·1in a lin1�tt�ti per�od of tknH ·rht� i nft;rn·iahon ft)r 
specifyfr;g the Hrnited p1.1rUon of resource t)�oc:��s contains �nforrnatjon inrfrcating the 
i�rnitf)d periot� ot tfn·1r�? (�-.i�·•-; thf:: f�rt�t t�rne infonr:f�lion). ·rt1{� !irniled P·t:!rjozi <Jt htr1f.? h;, h::r 
exarnp!{�, ,:;i limifad portion of rndlo l'rnmes. 

[t)-16·1 j �;pecifici1By\ "for exan1p!e, s1.-st��rn lnfon-r}ation contairi�ng t}1£� ·fin.:;t tirne inforrrH:�tion 
ls transrnitted us�n9 :1HJto Vi��.ves \}enerated \�/Jho:..Jt be��rT�forrnln[L �n th�- GBH �10.
Tl:ere(1fter, v�·hen (� t.enr1ina} (�pparatus :?.t}O is iocated in the ceH 'iO, the inforn1ation 
acquisnhJn un�t 26·1 acquh'es the first tirne lnf�::rn1ation cont;:)ined in the systern 
lnforrnatk)n. 

[01 G2j l\s desenb��t� �bnv�t. for frx.�rnpl�t. tht:: rn1itr�.d por-Uon of rt�SOlHC.f� t1ioc�-:;s �s a 
resource b�ock or resource b!oc:ks in a nn1iteci portit)n of an a\laHab!e frequenc:l band. 
The- �nforrni1fon for spc}c�fylnfl -u:�� nn·1it��d portion of resource b�ocks con tains
inrorrnaUon indlcaUn9 tt1r�? bant�vvit�U·:: of f!·::t:: �ln1�f.t:!cJ f requ{�ncy t1and {j.�i=., tht� fir �; t 
ban(i\l:lkith fr1forrnation) 

ft)'16�1] sp��clf�t::.aHy, for i�·){an1pte. t�1t$ tirst banc!v,AtUt; in fonr:atlon �s ct1ntalned �n a rnastt$f 
information bkxJ:: {i'-A18J tnmsrnitted usinq ;.m in,jlviduai thn':le"dirnensbnai bf;<::rn. ln 
other \:von:is: (�n fv1 !B· Gt)nt;3inin9 the f rst tanti�v�cah �nforrnat�on �s transrnitted us�ng an 
lndtvlthJa! ur�n.:�t:�.-.·din1ensh::nal be·an:. For BKGrnp!e� \·\tt1en a tE.�rn1inai apparatus 200 is 
\oc:ated in a G(.lrnrnunic<.�hon reqion {virtuaJ c.eil) correspnnd�ng tn the lnlifvllil�a� three�­
dh11t:H1s�onai be�3n\ the irH\1rrnaton acquisiticH1 unh 26·1 acqujres the "first bandvvkith 
!nforn1ation cc�nt;��ined ln u:e �AH:3.

[0·164} �.Aoreo\.rer= for exarnp�e = \Nhen a systern inforrnation block (SIB) cont:.�ining
lnforrnauon indlcabng U1e band\•'l�dth: of tt1e avaiLabk� frBqt.�ency �}�:u1d {Le .. the second 
bandvvidtt1 jnforrnation) :s transf1"1:itt,2d us:ng the jnd!viduai t!•;:retl---djir:E:nsk::nai bearr:� tn�:; 
inrorrnahon acqulsHion un;t 2Gi �r:.quir��:s ti·1i:! inf�"Jrn1atlon (i.r�.� thr� sr�conc1 banti"itAdH1 
inforrnat�on) containeti in t!�1a �-;HS. For exarnple: \:�./hen .a terr1'1ina� apparatus 200 is 
ioc£:ll�t� in a con·1rnunk�*lt�on ff.�9�o·n (\l:rtua! c£:il} corrt:!·�;p•ondjng to H1{� lncUvldua! u·1rt:!·t:! ... 
dirnens)on��� bearn .. tt�H=: inf'orrnat.lon acquisition unit 26·i acquires the ser::onfJ tn�r:d\..vldth 
informc:ibon contained :r, the S!B. 

� i\cqu:s�tk:�n Of !nforrr!aHon ln<i:cating Ljrr�lted �1er�od {)f Tin1e.� ·rran.srnitted t
J
sJng c11}1e.�r

Siqn .a}s 

ro·165j l\s de.scribed t�bcr�/e� fo.r exan1plt\ a synchron�z.ath::n si 9na� rcr an in{hvh:.h.Ja! 
thrH�1 ... dhnt�ns}onai bearn is transrnlth::ti t;-y u·::t:: t1as�:: :staUon ·1 oo during H nrna���J pr�hoti
of un�1€t �A.!so, for e>:.arnp�e� inf'orrnaUon ln<Jk:.atlng the i�rr1ited period of tirne during v,/hk:h 
U)e synchronizi1tion signal is transrnhtfad o.e.� the secon(� th-rH.�� �nfo rrnat!on) is also
tr::�nsrnitt€d b�f fr1€ bas€ st<�hon 100. T!·1en�<�fter., tt·H� jnforn:atk)r: acquis:lhon unit 26�1
acqulr:es the }nfonr1(�tk)n lndk.:.r.�tn9 the lirl1ited perit)d of tin1e (i.e.; the second t.�rne
inforn1aUon}.

[0·166] i�Jsn� as de��crit1Bd abo\.te� for ex��n·1pte: systerr: �n-fonT:afion fcH· an jndlvkiu��i 
thre.e,-cHrnenstonai b.ean1 is transronted t�:-l the �Jase station ·; 00 during a Hn1nec{ period 
or Urr�E.�, i\lso. for exar11pie 

1 
h1forn:at:on �ndicating the nn1aea pe.:riod 01,: tin1B during \•vi1ich

t!·1e s�/stern inforrnabon is tr��nsrnitted (Le.� the thfr{� tfrr:e inforn:atk:H ... :) is ah�G transtTlith�d 
b�-/ tht� bas�� st.ahon ·100. T!i��reafter,. t�ie inforrriation acquisa�on una 261 ;:3cqu�res the 
information lnolcating the limited perio,j of tirne {Le,, the third tlme infom1atlonj, Note 

htlps:i/world\vide.espac.enetcomipub1katkmDetai1s/descriplion?CC""WO&NR""2015 .. _ 202.1 /04/ l 3 

IPR2022-00468 
Apple EX1016 Page 1486



Espacenet - Description 

th.;3t tt1e third tin1e inforn�at�on contains� for exan1p!e. inforn1ation indicating a nrnited 
period of tin1e dunng �vhlch an. fv1!B is t(ansn1itted, and infon11ation indicaung a lin1ited 
period of tirne during which an S!B is transmitted. 

[D�i 671 ,rr1e eGrln11unlcation control unit 2E")3 rnt�asures a c:Rs transrnHtr�.d in a �in1ih::.d 
portk)n of avt1Hab}e resource t�oc.ks. 

[0·168] Sr}eclfic.[�g�f, for ex��rnpte: the con-Hnunk:afion control ur:it :?6:-1 rr:e��sl�r��s a CRS 
transrnjtte�:i �n resource blocks vvnhln .a lirl1ited porUon ()f radio frarnes �nd\c{.�ted by· the 
first tirr:e fnfon11.;3tlor t i\�so, t!1e (":G:lu11tH1lcat\()n control unit 2f:3 irieasures a CRE) 
transJrfrHBci in n.3·sourcf� blocks \•\:ithin :a tJandvvkiU-1 incHcat��c� by U-1B nrst bandv--lkiU1 
lnfGrrnaUon. ln other \1vor(l:�\ the c:ornrn:unit:atlnn GCH ... :tro! unjt 263 rneastHes a CRS 
transrnitted h1 resoun:e biocks \:Vithin a band\1v�dth �ndic.{:�ted by the first band�./-/�dth 
ir1"fc.:rn1atk:HT in a nrrdted port�on. of radio frarnes indjcated b�l u:e nrst t�n,�: �n'fc.H·rl:ation. 

to·; 69} The co-rnrnunlc;3fion c.ontroi unit 2G3 fl1easure�\ for exi�rnple� reference signal 
receive·d po\:\ter (RSR.P) :and/or rc.�ference,� s\�nr:�1 re<::eiv��d qu.anty {RS.F{Q). Btc� 

[0-170] For exarnpfe. the c.r..�rnrrnJnlcaUon c:ontrol zH1�t 263 sends a rept)Ii on the 
rneasur�-rnent \:V'hen the n1�·asurernent result (e,g,� RSRC� anct/or R��iR·Q) satisf�es a 
pn':!ch':iterrninr.\cl ccinclitiein .As an �,ixamp!e, vA·i�,:n RSHO or R3RO ◊::<t:;secs a 
predeterrnined thr€st�-:old: the c:on-1rnunic.at!on contrG! unit :?6:-1 sends a report on the 
r-neasuren�:ent to • the �)ase stat.�on ·100.

[0·17·1] F:ot e:x:an1pfe, t}1e (:on1n1unicat�on control un�t 263 perfony1s a s·ynchroniiaton 
pro(:es.s asing 8 synci1n::n�zarion signs! tra:nsr"nittE.�d usin�] an indh.dduai U:r�:�:.,, 
cHrnensh:!nal be(jrn during a Hrnlted pedod of Vr1"1e. Speciflc��ii:r for exarnpk�

( 
tf1e 

corY1rnunlcation ccn1troi unit .263 pe�iorn��s a s:yncl·1ronizahon pn)CBSS usin£� a 
S)'nchronLzatlc.:n signa� transn1nted using �1 u·1n.$e---diir:::.:nsk::nf�j be .arr� �n radk:: frarlH:.:s 
indicated by tr1e second t�rn�� �nforrrt��tjo•n. 

to·; 72} For exan�1pie� the c·orY1:11unic;3fion Cf}ntrtJ:i unit 263 contro�s n3(ik) cot1"1 rnunication 
perh:H-rne�j by a tern1�nai �:;pp�:fftltus 2GG so that r��cBo resources aHocated in �n--; a'./�1Hat)ie 
th.:quen:.::y band 8.ri.'.i usec.L 

[O··t73] Speclfici1ny.-_ "for exan1p!e, thfa c£.u�nn1unlcauon control t.�nit 26:3 acquires 
infc.:n1·1&:.hon �nd:cating re·source blocks allocated for a tenr:inal apparatus 200� ot 
rf:sourGf: bk)cl<.s (rat1in. resources) \,v�thln a bant1vlk1th intik�Hh::d t1y th�:: :second 
t:.i<'ff\Ch-vk:lth hfor-m:ation The informatk::n indicating radio resources ls scheduHnq 
lnforrnauon transrr:itted h1 ;-:.1 PC}C�C}'"i, For �.t:<atnpk� { t�1e cornn1unicat�on control unit 263 
c.ontrois do\ivnHnk r�?..c.Ho eornrnunic<�hon by detectjnt1 a sj9nai in do\:VnHnk resotJrce
bloc.ks a!�ocr�ted for .a terrr�inal .app.an3tus 200. i\lso� for exarrlpie� the con·:rnunic.at.�on
control unlt 263 controls upHn�{ radio cornrnunicat�on b•t- inserting a s�gna! intD upHnk
n.::sourct::· bioeks alloc.ateti tor a tt:�rrr::�nat apparatut� 200,

[0174] The display control unit 265 controls r.Hsp!ay :::yt an output sGrt�er: that k=; 
perforrned by ttie djsph35..- unit 25(1. For f1x.arnph:\. the displa:l �:ontro! unit 265 generates 
an output screen ths:1t is ,'hsp!aye.ci by the. disp:ay unlt 250, and ,:::auses ti1e dsplay unit 
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f0176} t,�ext an ex8n1ple cl 8 cc�n1rnunk:�ation control proce.ss ac.con:hng to an 
fH·nbot1�n1ent of thg r;{t�s�1nt d;sckx�ur��· \viH bt� dt:�scrib��{i ·�var1 rHf��rr�nc�� to F:tc;�). ·17 tc 
HG. 24. 

[t)-176] F!G. '17 is a fl0\1Vc!1art shovdng an e�:<arnpk� of a scht.�rnaUc 110\:V of a first 
Gon1rnunk:.atk)n cr)ntro! process. in �� base statGn ��ccordlr:g ft"> an en1bor.Hrnent o-f the 
present titst:!osure c The first corn:rnurdcatlo·n control prt)cess �s in\/Oh/e;j in assignn1ent 
of a Ceil !D to a thre�--d!rnensiona! beam. 

[O ·t 77] H £� tt:rBe .. ,dknens�G·nal t�earn �s ne\•Vly fnrrr:ed by a rHreetiona� ��nh�nna {S40·1: 
Yesj, the s::e!l !D assignrnerit unit Fi'i assigns a eel! lD to the newiy forn,ed three­
din1ensional t)eatn (8403). ·rt1ereaft,;;-r� tne inton�nation acqu�.sition un�t ·153 acquire.s U-'.u;:: 
ass�qngt1 ct�H i [) { r.;405). 

[0·178} l-\!so.= if the- forr-natk)n of a three'a'dlrnensionai b€�an1 by the dkt�cth:.H1a� �1ntE�nr�a is 
��topp-t:�d (E,407· \\�::-s\ tht:! ci�·U l[) a��si9nrnent unit 151 cance!s U·H�: assit1nn1{�nt of a ce;j 
iD to a tf1ree--d�rnensional berirn (i.e .. a thrBB··d�rnensiona� bean·: not forn1e;j) (3409). 
Therea1;:tec c�ontn)l pro(-::eeds �Jack t() step t140·1. 

(Second Corr:rnunication Controi Pr-::.,cess ln Base Station: Tn;:r:smission Of Time 
�nft:>n1·1atk:H;) 

[Cq 79] FIC�. -1 a }S a ft0\1vcr1art sho\1vinq an e.xarnpje G:� a schen1atic fiz}�v of a St=?GZ-H1zi 
cornrnun\(:ghon corrtroi pnJ·cess �n ;� !)a.Se staton according to an en1boz-Hn1ent en� the 
pre.·sent ,iisciosure. ·r}1.e secon{j cc�n1n��unic:at!(:r: control process��:; hT•loiveo in 
transrnission of Ur11:c.� :n·forrnation, 

inl'orrnation i nch.:aUng s;l !imiti.Xi portion ol' rw.iin frarnt'.,s (S4 ·1 ·1 }. For exarnp!l'.:, H1e syshirn 
inrorrnahon contains th�� first tin1f� inf{;rrn:a:Uon intik-;at�n9 ra�Jlo fran�)r1s in vlf1lct·1 a (:Rs is 
tr-:�nsrn�Had uslng <� three--dln7enslona� bearn, the second tin·:e �nforrnation lnd�catin9 
r-£:cHo fr�H)"1f)S in \•v!·:ich a ��ynchrc·nttatlon si9rtal is transrnjU-ed usint1 a tt1n���---tiirnensional 
tlearn. ��ntj the th�rd tlrr:e inforn-1ation ln:tjic.atnn radio -fn�HT:es �n '--fVhic! ... : systen1 
lnforrn(�tion is t.ransrnltt.ed using a thrss--dlrnensiona� bet:;ir:. 

to·1s·11 ·rt1erea.fb;::r� u1e b8se stt:tk)n ··inn trsnsrr�its "U!i:.� .systi:.�rn inforn1auon using rf�dk} 
'/laves gen-eratezi ·\:vithGut l:H:�an1f'orrn�r::&1. u·n:t�f..�r the C{}ntr�)� of the transn-1isision contn:11 
unH �155 (�;4 ·1 :.3). 'Tl:e· radio \Naves 1Y1ay be non-(nrBctionB! radio \:v;3v.£�s radiated tr�/ a 
non...,cHrectiona! 3ntenna. or :T!�:r�/ be a sector bt�arn radiatt:d b:-i a sector antenna, 
,A.ltHrnati'-/Hiy, tht� radio vva\li�S rnay bt� ra.dio vvHves rad�attN.1 by a portion of H pluranty of 
antenna eien1ent.s possessezi lJY' a d�rec.tlonai antenn<�. Thereafter. contro� proceerjs 
back to st€�p 84 ·1 ·1 . 

(Third Con:n7tH1�c-atlGn c::ontro� F�rocess In B.ase Station· Tn:�nsrn�ssion ()f 
;:;yr,chmnizatbri Slgna! Using Three--Dirnensiona! Beam) 

[0·182] FtG. ·19 �s a fkJ-\VCh�=lrt s�·K)Vvin9 an exa:T1pi€ o-f �� schernatk�. -fk)\1'/ o-f a thk,� 
cornrnunicaUon (:ontnJI process �n a t)ase station ;:)C�::ording to an ernbod�rnent of t}1e 
present r.Hsclosure. TY1e H1�rd cornn1tn1icatk)n contra! proc�;::ss is �nvoiv�:d �n transrn�ssion 
of' a synchronlz��Ur)n si9nai us�r-:.g a thretr-{iirnensiGna� be��n1. 
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signai ls trrmsrnitt�ci using� three•-,jirnensiord bean1 {S42·J: \'es). t!1e base st:�fa::in ·100 
tra.nsn1its a s}�nc11ronL:::at:on signal us�ng a three�,Hn1E.�nsionai bean1 in u:e rad�o fran1e 
under th�� cor:tro� sJf the tri�r:s:r;�ission cs,ntrol una ·J55 U3423\ The synchronizabon 
s.�gna� contains a slgna� sfaqufance con .. espond!ng to a ceH l[} ass�9nB(i to u:e U1ree� 
din1ensional t)eatn, 

[0·184} i\.-tean\NhHe
= 
if a n�d�o frarne is not of a HrnHed porHon of radio frBrnes !n \•Vh�t�h {:� 

��y·nehronizatle:n si9na� ls tn�lnsrnHteti usin�1 :a tt1n�t�--.z1irnen.sk)na! bean-1 {(; .. ;-;.z ·1: �Jo} .. th-E� 
bas�1 stat}on 100 t�G�1s not transn·�a- a. :sync.fHon��::atlon r�i�1naj u:s�n9 a tt1r��f�r.dhnt�nslonH� 
bean� fr1 the r:ad�o frarr1e {$425). 

(FourU: Cornrntu1ication c�ontr()� Pro(:ess ln 8;Jse St;jt�on: T'r�:u1-sn:ission ()f �1t8 lJs�ng 
Ti:rt:�t�� ... 1):n:E!nt1ionai t�t:!arn) 

[O 186] FHJ. 20 �s ;� t10\t-/C.!'1{�tt sho\t-Ang an exarnple o"f a scJ1e}1:atic. :1ovi en� a fourU1 
cc.:rnrr�unlc8Uon control pn::c€.�ss �n a ba.se stat:on accord in�] to .an �H11bod�n,�H1t or tt1B 
prf;sgnf tiisc!osurg ·rl�t� fourth cornn·u.:nh::·atjon contrz:d procr�s:s is �nvoh..-tN.1 �n 
transrnjssion of an rv1!8 usin9 a ti�1ree�-dlrnBnsionai bearr1. 

[0'1871 H a radio fran·1i�· i�� or a hn-1itt:�d portion of razi�o frarlH�s in vvh�ef1 an fvHB is 
tr.ansrn�ttad uslng :a three--rhrnensional tB.arn (S44 ·L 'les\ the t1ase stat.ion ·; 00 
transrnbs an rvH8 using s:} three--d.hYlensiona! bean1 in the r.adio frame under the controi 
of tht� transn1�ss.ion coniro� un�t �1 t�t:� {S,4�.::}J)- TfH:! fv1! 8 contains H1B ilrst banc.h-vidH: 
information indicatin9 the banrhvldth of'"' !intted freql,ency band in ,A,-'!'llGh a CRS is 
transmitted using a tr1ree-d1mensiona! beam. 

[O·}BB] r·v1:eanvvr1He .. n a r��.cHo fn.�rne is not of<.� �in1itezi portion f;f raziln fr��n1es in \:'./h�ch an 
r,Al B is transrr:�tted usjng a t!iree •din1f1nslon�3:i be;3rn (S44 ·1: \�o)� the �).:.�se staUon ·; 00 
does not t r��nsrnit ��n fv1l8 �Jsin.f� �� three�•dirnen�)�ona� }::earn �n ·u··ie racno ttarne (��44E.�\ 

ro··� OOJ F·ic; .. 2 ·1 is a nc•v�·chart ��i·1Q\t�dn9 an ��"=xarnp�e or a scherr:abc no\1�.} or a fifth 
con:rnunk":.atkJn co·ntroi process. in a base statl(H1 ��ccordlr:G fr> an entJo<:.Hrnent of the 
present ziisciosure. The fifth corn:rnun�cat!Gr1 contro� process �s invoh/e{� in tr��nsrnission 
of an �3lB �Jslng ::.1 three�-cHn�ension��i be.an1, 

[01St·1j tf a radjo frafne is of a l�rr�lted portion c\f r.:1dio :�rarnes in \Nhfch an }3H3 b3 
transrnittc�d t�slnfl a three"a"d�rnenslon;;.11 tearn (��46·!: '(es)� the tiase stathJrJ ·100 
transrnH.s �1n S!B t.H1ing a tt1n;;.e---din1ension�l� bear1"1 in the r�1d it: fran1f; under tt1e controi 
of thg transrn}ssion contro� ung ·; 55 {S,46-3) Thr� S!B contajns tr1�� s��cond bHnC1\�/iC1th 
lnforn�<a�tk;n inr.Ht:<a�ting the banchvkjth of .an avaH.at11e frequency b��nd. 

[0·!921 �\/}eanvv�·1He; ff�� r�?..r.Ho fr<�rne ls not of <� HtTlited porbon of r��dk) fr��tT1es: in \·vhjch an 
S�8 �s transir:jtie(i usin9 a t!�1ree�ztrn:Bnsiona! bearr1 {846'1 � ��o\ the t1ase stat.�on ·100 
does not transrrdt ttn sis us�ntJ: a three�-}j:\rnens�ona� �Jearn �n the raijk) frarne (t3465), 

(Sh<.H1 CtH11tnunfcation Cor1trol Process in tJa:se S.)taUon: ·rranstnission ()f CF-��; l}s�ng 
Three--Dirr,ensiona! S.e:arnJ 
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cornrnunicaUon (:c�rHnJI process �n a t)ase station ;:)C�::ording to an ernbod�rnent of t}1e 
present r.Hsclosure. TJ1e s�xth cornrrn.Jnicatior1 control process is i n\/Ohled in transn1ission 
of ;� CR:S using g U ... iree--dirne� ... is�ona� be;�rn:. 

transrn�ttt�ti uslnt1 a U1ref;"d�rn��n:sionai bfjan-1 (34-tl!: ".{�ts\ HH:� bas�� �)tahon '100 
trans�rfrts a C�R�1 u�ing a three-•dirr1:ensio0;3! b·�CHTl �n resource bloc.ks vv�thh: a i�rn�ted 
fn.::qtH.:!ncy banti unch�:-r the ce�ntrot of tr1��"= trant�frdst�ion control unH �55 (S,J83}. ·rne CRS 
contains a slgna� st�qut�ncf:- co,rrr�spon:t�int1 to a ceH ir) ass\;nt:�d t o  the thrt�r1 ... 
din·1ensk)�.a! bearn. J��so� the (;R .. S ls t.ransrnltted in each resource t1!ock in a resource 
alfocat{on pi1Hern corrc�sponding to the cell f D, 

[0·196} fv1ean\,vhHt\ {fa ra{i�o frarne is not. of a grnHed portion of radio fr�arnes in \ttl�ch a 
(::Rt.; is transn1nted usfng: a three�·dhru�r::siona� bearn ($48·1: �Jo). tt1e base st;:)t(H! -100 
dot��s not trcn1t;frfrt ,;� c�r:�s. us�ng a three---dirrH.:�n�;ionai tH�arn in u:�� r:�d io ff}3rn�J (��485 }. 

to·; 98} FIG, 23 is a flo\•vchart st1ovvlng ;;.1n fax;;.1rr�p�e of a schernaUc fh:r;:v of a 
ec;Tln1un:cahon CtJntroi prc{�{?St� �n a. tl�n-rilna� apparatus aecorcJlnt1 to an •t:!rnt1\.1d�rr�•t:!nt or 
the present disdosi.ffe. The cornmunicatk::n control process i s  st artezi in a 
cornrnunlc�auon regfon ('·./kitJa! ceH) corresponding to a thrc.H.���·dh11ens�(H1ai bean1 after a 
tt�}rn:�na� apparatus 200 t1as t)een t1ync�1ronized u·sAng a sy·nc:t;ron{l�ation signa! 
transrnHted usln�1 the three.�din:ension��! tH:�arn. t�ofe f! ... :��t at the t�nH: o-f the start of the
con�1r-nunicaUon cGntro� prt)Gess; <.1 terrr1inai <.1pparatus 200 t1as i�lrei�t1y i�Cqu�red Bi�Ch 
item of tirne inforrri8Uon (U,e /ir$t Un-it: 1n!cmr1ation, U-,,.=:: second tirn€' information. arKl U-:e 
third time information). 

[0··199] initiaHy� the lnto-rrn��uon acqu�sn�on unit 20-1 acquires an P-iHB tr;3nsrrdtted using ;3 
three ... <Hn1E.�nsional bearn h1 8 Hir::�t€.�d port:on of radio 1·\arr:�:s �n<hcatec by the thkd tirl:�;:: 
lnforn�(jtion (SfiOi }. T'r1 e h.:1!8 cor:ta.ins the first band\-vid th inforrnaUon indicaUng the 
bandv�ddU1 of a Hrr�lted freqt�en:C�i band in ;vt1ich a CF�S is transrnitte(� using a three•a", 
dirnensionf:.l bean·1. 

[0200] .AJso� the }nforn�1<�Uon acqu�s\Uon unit 26 ·t acqu�res an  S!f5 transrnitted usir:9 a 
thrl��)---di;Tlt:�nt�ionai t){�arn in a �irr::iteti port:on or radio fn�1rr:-t�·�; ind�cate::i by the thir::i ht1'1t� 
lnfonnatk;n (Sfi03J. Tl:e S!B contains. the s.er;on{J b��nd\:vjdtr1 lnforrn��tion jnd!c��tin9 ��n
av��H(jt.4e frequency banti. 

tozcq 1 ·rt1e con1rnun:catk)n cc.�ntrot una 263 rneasun;;s a CFtS transn1�Ui:.�d ;.Jsing a three� 
din1f}nsiona� bearn jn rf;��ourGi�: block�� \�'ithln the nn·:�tezi freqtH:H1r;y· band .. �n the HrnRed 
portion of radio fran1es indk:atc�d by tt1c.� first trne i nforn��at�on (�;i505\ �rhen.��aftt�r ff u:e 
iTleasure-rnent result sausnes a pr edeten-rdned concHhon fS5:07: 'tl�s). the 
con1rnunieation controi ung 2G3 s��nds a. rgport en HH:� nH:�asur��rn�::nt tc HH:� bas�� �)h�hon 
100 {S509). Ot��lBt\,v� se (8507· f"t:�}

= 
the corl1rr1unicahon contr\J! unit 263 does. not s.end 

U1e report. 

[0202} Tf1�reafter, J th� con7}THJnlc(�tion control unH 263 ends the rneasuren1ent. of a 
cornr-nunlcaUon re9�on {\diiua! ceH) correspond�ng to tt;e three���:Hrnension.a! bearn 
(E,51 ·1 • ·\.·i�•s){ thfi proet:�ss is f:nrh.:�d. ()H1l)f\-\llSt�: {f-;5� �.- P�o). czJntrt)! proci���:d�; t)ack le 
step S505. P-Jote that� as ��.r:. exarnple .. u·1e txJn1ri-n.:nk;ation contn.;1 t�nit 263 er:ds the 
rneasurerr:ent �v}�ien tt�ie sy-r1ch:ronotJS state (:<;:H;not be rn;:)intaineij In tt;e ccH11rnunication 
region (\lirtuat eel�} corn;;spondlng tc.� th€.� thre·e·�din1ension.a! i,eatn,

[0203] Noh� that �,aridover of a terrnlnal appan3tus 200 to the con1rnunicat�on regkH1 
(virtual cern ct)rresponcHng to tt1e tt1ree�dlrnensiona! bearn rnay be perforrned \-v�1ne 
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f020-4} TE.�chr1o�ogy 8ccon.tng to thE.� pn:.:'s€.�nt disclosure �s .appHcab!e to \/arious 
products. For ex�rnpl�\ a bas�� stahon ·n)O n12y be r��anz��d as any ty·pe of Hvl.iv�::d 
P.}ode B (i�NB} sue�, as a rnacro eF�B� a. �n:1;3n ef�8. The stTH3H ef�B n1ai be an e��B that 
eG)Jt�:r�� �l Ct�dl s.rr:au�1r tt1an a. rnacro Ct�:·U, such as a p�co ��NB, a rn�cro ef�B� a !·1orne 
(ff:rnto) eNF i. or H1e Hi<t�. lnstf�ad, thg ba!�t� statjon ·1 DD n-1<-.ry· t1�� rHH�b:l�C1 ar� any othHr 
ty-pes of base st.1tio•ns s�Jc.!�1 as .a Node8 and a base transc.ehn��r station (8TS}. The 
base stabon ·100 n�ay· inck.;de a n1a�n: body (U1at �s also reft.�rTe(� to as a base staiion 
af}f}arahJs) {:onfi9urBd to c.r)ntrot rad�o txJrnn·H .. u ... :k;��lion� and one or rnore ren1(.ite r��r:Ho 
��u�ads (RRH} dispos6r.i in a dffferent pl.ace frr.Hn the n1a�n bt)dy· .Ak�K\ var�oz�s t:lpes of 
terrnfnats c{escribed bek-:h'./ n�ay ftH1cton as the �Jase station ·100 by ternpor;:);Hy or seir1!�­
pt��rn1��n�:!nHi t��xBcuting: tht� f(u1ctionaHty or U-1f� bas�� stat1on. 

[0206] For ex(�nipfe. -� terrn�n.at apparatus 200 rnay t>e reaHzed i�S a n1obHe terrriina� 
su(:h a.s  a S(nartptr�one� a tablet pe.�rsona1 con1puter (PC:}., a notebook F'C� a portabh!� 
garng tHrrnln�i� a poftabk�/dongl�� t�/Pi:! n·:r;bn�� routr�r. ant1 a cH�Jitai can·u::ra .. or an ;n ... 
\leh�cle terrnin(1i suc.h as a crir na;l\}at�on apparatus .. The terrn�nai apparatus 200 rnay 
also be- reaHzed as a tt��rn1�naJ (that �s ;;.1!so refe.�nBd to as a n,..�ach!ne type C(HYa1·1t.n1iwt!on 
(fv1T(:._) t�:!tn·1ina!) tt1at pi�·rfQrn�s n-1achlnt::---to�rn�1chln�i= (fv12t\A) cornrr:unh::f

f

Uon. 
Furt��1enr:ort\ the terrninrii apparat��s 200 rnay be .a radio c.ornn1z�nk.:.ation rnodu!e {such 
as an integrated circuit rnociu!e indudbg ;J single die) mountezl on ea,:::11 of the 
tr.Tn,inats_ 

[0206] F:ic�. 24 �s a biock diagtan:: Hlt:strat\ng a first exarYlpie of a sctH�rr-;;:.11ic 
cc.:nfiguratic.:n of an €.���B to '.:\tf1�c1·1 ti1e techno!c.gy of tt1e presBnt d�.sctosune n1ay be 
appHett .A.n ef�B 80{) lnc�udes one or rnore antennas B ·; O and a base stabon apparatus 
820. Eac}1 i1ntc�nna 0·10 and the t:.ase station apparatus 820 rnay be connected to each
0U·1)3r via an RF cab�e.,

[0207] Eac��1 of the >�nt.enn<�s 8 ·10 inc.lurh��s a single �)r rr1uaipte antenna eiernents (such 
as ;Tlu!hpit:� antenna eir�?rnents :nciu<i��?d in an fv1Ifv1() ant�i:nna)� anzi �.s us;i:d h::r tht:� t1as-E� 
station apparatus 820 to trans-rnit anti re.c.e·h.ts ra(jlo t-=dGn��!s Partk�.uiariy· jn the 
ernbotiin·u��nt of the present dlsrJosure� the at least one antenna 8 ·t O �s �� direcUona! 
antenna capable of 1�Jrn1\n9 a t�1ree�·d�n::ensiona� be;:)n1� Ti:e et�B 800 rnay !nciude U·1e 
n1uttlpie 8ntenna.s 8 ·] 0

1 
as �Hustrat,;;d in Fie;_ 2·4 , For �;::xarr:p!e. the tnu!Upie antennas 

81 O rna,/ b�} con1paHblf; ..... ��!th rl�u�Hp�t:: fr��quency �)ands usf;d by thf; ::}f�B 800. /;!U1ou9r1 
Ftl�. 24 Hk:stra tes u:e exarnpie.� in v-A1ich the eNB .SOO inck�(ies 1he rY�ua!pit.� antennas 
s-10. the fJ-t--JB 800 :Tl3-../ aiso tncl;.,,tde a sing�e antt:nn�� a·10.

[0208} The �1ase 1;tatton apparatzrs 820 lnt:iudas a controHer 82-1 � a rneir:Gf':l 822� a 
nc�t\V{)r�t. �nterface 823� and ;-:.1 ra.d�o con:1n��unlca1ion interface 825 £ 

[0209} Tf16 contrt)Her 82·1 rr1ay be� ft)r exan1p�e� a c::ptJ or a OSP� and operates var�ous 
funcil�Jns of a higher layer of the· b-ase station apparatus 820. For e.x.arnp!e, the 
controHt�r H2� tPi?ni�:-rattlS *l c{ata packi�:t rrorn data in si9n*1�s proc,i:s·�;e::i by H1e raziio 
{�ornrnunk"::ath:)n intBrfaGB 825 .. an{� tr���nsfe-rs the neneratefJ paGket v��� the neh-\-'Dfi< 
inten;:ace 823. T�1e controHer 82·1 n1ay- tn .. .n1cHe d;:)ta froiri rnu!tlpie base b;:)nd processors 
to generatE.� thE.� btn1d!ed p8cket and transfer H1�: genBrated bundh�::d p.ackE.�L T"t1e 
C{H1tr0Her s2�i rnay �·1ave lo9k:al functions of perfc:rtT1ing control such as r��r:Ho r��st">urce 
controL n1d�o !:Jearer controL rr::obiHty rnanagetr:ent adrn�ssjon contrc�� and scheduHng. 
The c�ontro! rr:ay b�· pertorrned ln �:orpon:.�tion 'lidt}1 an e�Jf.{ or a core netvvork node �n t�1e 
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vfcinfty, Th�· rnernor/ 822 h1cdudes R/\r-ll ;Jn;j: ROf\.:i� anc{ stores;:) progf;:)rn t}1at is 
E.�xect.:ted by the controller 82 ·1 < .and venous tfpes of controi data {sue!: as a tE.�nr:inai
nst� trffinsniission po\,·ver data = and �cheduHn9 th3ta),

f02·1 OJ Ttr�e netv·,/Ork tnte�tace 823 �s a corr�n1;..H1�Cation �ntE.�rface for .connecting the t)asE.� 
station apparatus H20 to a corr� n��t\vork 824 Tht� ;;_:·r;nhoH��r 82·1 rnay· ecrnnuJnicat�� �-,.,.:H"f1 
a core net\Nork node or an�Jther e�JB via the netv-/crk interface 823. :tn that case. the 
t:�Ns aoo_; and u1�1 corf.� neh-vor�\ nodt:� Qr u··H�: oth .t:!r �i:N8 rnrr/ b{� connectezi to �i:ach other 
tr1rout1h a !O[Jica! fnterfacf; (sur:.h 2.!� an S ·;: int�n-fHce anc1 an X2 fr1tertac�::). "rh�:: n��t�vork 
intarfac-e 82:3 n1ay also be a \;V\red c:orr1rnunicatk)n �nterface or a radk) cornrrlun�caUon 
interfact� "for radio b.;:.1c��hauL lf t ��ifa n:et\·'l◊rk intz}rface 82:3 is a r:adio cornrnunication 
interface .. t�·1e neh�lork �r-:terfac.€· 823 rna�/ use<� rH9her -frequency banzj for ra,�io 
con·1tnunicaUo� th(�n a frequency band used by the r�ad�o corrnr:unicat�on �nterf.ace 825. 

(02·1 ·11 ·r he radio cc�rnrr�urdca.Uon inten·\ac�a B25 support; any ct:�nuiar cornn:unication 
scherne sutil as l.on9 Term EvoMk.in {UT.) am\ LTE-/\clv,ncI,Kl, and provkles radio 
connection to a terminal posifa:lrH:.Kl In ,:le ceH ,,f the eNB BOO via the antenna B-10 The 
ra.t:Ho corr�rnun�ca.bon h1te.�ri�:t::€.� 825 n:a�l tyf)icaU'y inc!udt\ 'for exan1p�e, .a baseb .and (88} 
proegssnr 826 ant� an RF circuit 827. "Thg BS processor 826 n1H'/ ptNft;rn·i� for rtxarnpj�::

1

encodl ng/dat:od ing: rno{i u latlng/derr1od utat; n9, and rnz�Hip�exin&F'de�T: uaip!exing i and 
pc�rforn1s various types of s�tJr::aJ processing of layers (s�.Jch as L ·1, n

,..�ecHurn access 
eontro! (f\11.A(�.) i ra::.iio i:nk CQntro� {RLC�)� :an<1 a pac �t�It datf� conr./er9enc�� prol't)C()� 
(POCP}). The 8·8 pro,cessor 826 rr::ay ��rt1\le a part or aH of the atKJVe•�ziescribed !09�ca!
functlons �nstead of the controHer B2·L The 8£{ processor 826 n1ay be a rnen1(H)/ that 
ston�s a cornrnurHCi3tion ct1rnn1t progran-1.; or a n,..�odui-t:! that inc:iudes a pn"Jct�ssor an{i a 
related c:lrc.;J�t Gr>nfh;a�ureli to execute the pn.;9:-r:HT':_ LJpdating the prGgrarn rnay aHt">\N the 
functons of tf:e BB· pn:�cessor 826 to be t:h:��r\iezt. The rnodu!e rnay be a C.i�rd or a 
btadE.� that is inserted into 8 slot of tne base· station apparatus 820. i\lterY1ati;ieh:\ 1�1�: 
n1och.Je n1ay also be��. ct1ip H1at is rI:-ounte•::J nn the r;arzi or tt1e t)!.ade. i\-··Je��nvvhHe: H1e 
R.F circuH 827 n1�3s,· lnc�ude. for �xarnple,. ;3 rnixer� a finer, ;:3n(i an arnpnfier, ;:3nd
tr��nsrnits ��nd tecehles racho slgn��;s v�a the antenna a··io.

[02·12} The tadio t-:.ornn�1urdcation Interface 825 rn��i include the rnu!UpJe 88 processors 
82f:\ as lHu.str.;:.1tfad in F!C3. 24 . F·or ex;;.1n��p!c.�� th€ n1tJ!tip!e BB pnJct.�ssors 8.26 rY�a�:l be 
ccn·lpat:bl\$ \:Vith rnuHiple fn3(p ... H::n:r;y· bands used by the ::.:NB -800, Tl·::;.: rad�o 
eornn1t.H"1lcahon h1tt�rfact� 825 n·::a.y include U·H:! rnulhpj�:: RF c)rculh� 82?�� a�� H�ustrated in 
F!G_ 24 _ For ex<�rnple, the rr1ultlp�e RF r.:\rcults 827 rr;ay· be c.ornpatit1!e \:�./Ith ir:u�t�p!e 
antenna t�d��?rnents. :-�lthcnJt1h Fl(>. 24. iaustrates U·H�: exarnpie �n \:vhk;h th{� ratiio 
con1rnunlr:.atk)n int€rf��G€ 825 inc�udes the rnu�gp;e BB processon=; 826 antj the n:uitip��� 
RF c.kcuits 827 t t��1a raz�io corY1n1unjcation interface B2S n·:ay a�so inc�ude a single 88 
prcces.so-r 826 or a singie t�r--:· ckc�J!t 62 .. l, 

f0213_j F!G, 25 ls a b!ock diagram ii!ust1·<:Iting s .s1,x:ond exs:.1mple or s:.1 .sc.:hemstic 
confi�1uration of an gr�s to \lvf1;cr1 ti·1e techno!e'{1y· of tr1�� prH:st::nt d�sc:lo�)un:: n1ay L1t:: 
appHett .A..n ef�B 830 lnc�udes one or rnore antennas 840� a base stahon .apparat1�s. 
850 = and an F-Zf{Ji 8-60� Each antenna 84G ;;.1nd t�:e F�Ftt--i 860 rnay bt.� cc�nnected to Bac�1 
oU·ier via an R.F cab�e� T·he base stat�on a:pparattJS 850 and the RRH 860 n:ay be 
connected to each ,)tf1er vla ri i�1lq:f1 spee{j: nnB such as an t)ptk:.a� fiber cable .. 

[0214] E�ach Qf the antl�nn*ls C-40 tncluch::s. a �tn9ie or rnuHip�e antenna ��h�:rnents (�-;urJ1 
as rnu!bp!e antenna elBrnents lnctur.led in an tv1:tfv10 antenna): and is t�sed for the RRH 
860 to tn:.lnsrrdt and receh .. e rad�o slgna�s. ParHcuiady in t}1e ernbodln1ent of the present 
disciost.:rE.� 1 u1e 8t !E.�ast or1e antenna a�:o �s a dirE.�ciionai antenna capat�!B of forrning a 
t�·1ree---dirnBnsional be��n-�. T'h€· e�J8 830 rnay inck�zje the �T:t�!tip��� ��nh�nnas 840

1 
as 

HhJstrated in Fit-:;_ 2�3 . For exarnple. t�ie rnuitpie antennas 840 rnai be con-1paUble \:v�th 
rnuitipie 1;:requency t)8J:c�s �Jsed by H1e et�B B:3(L l-\itho(�gh Fi(?., 25 iHustr;:)tes the 
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exarnp!e fn \\:htc}�i tt�ie �·NB 8:30 �nc!udes the rrn.J�tlpie antennas 840� the e�Jf.{ 830 nt:.li 
s:iiso inc!uds a single ante.inn8 340. 

[02·15] '"rhe bf..1se stauon appa.F:.ltus 850 includes a controUer g5·;, a n:ernory 852 { a 
netvvork intertace 853\ .a radio ct�n1:""nunic.�a:t\on intBrtace 855� .and a conn�:.cUon intBrtace 
857 ... rr1�1 eontroHf:r B5 ·], thg rn��n·::orv· t352: and H1H nehtlcd-:; intr�rfE-1cr1 BS.3 ar�� HH:� sHrnr�
as the corrtroner a2·1 , U ... ie rnerr:t1-r�/ ?322� and H1e neh1\.1ork jnterf;3ce 823 descrH:1eci \:vjth

[0216] T}'"H� ra(iio corrH11�Jnk:at.ion interface 8G5 sz�pports any· · ce�!utar cornrnt;r;icatio:r: 
s-t:hen:e sucJ1 ,;:.1s L TE and LTE..-1\(ivanced� and pro;.__,.-ides r:a{jio corr:rnunication to 8 
ti�nriina! positioned in a sector c.on-sspomj/n9 to the RRH 860 via U·K;: RRH BEW m·id the 
antenna 8-40. The rad�o corr:rnor::it::�t�on inteliace .855 n·:a).: tfph::.a!ly inc�ude, for 
exarnp!e� a B.8 processor 856� The 88 pro�:essor BSf is the S;:)rne ;:)S the EH3 processor 
a2e ch��scr�t�ed vAtl1 tt�fen,:�nee to Fie;. 24 , �axc:ept tht:� 88 pn)cBst;or a56 t3 conn��ctB{i to 
t!·1e RF {:ire.UH 864 of th€ RRH 860 via t!"le C.()fHH9Gtion inteff��Ge 857. The radio 
cornrnun\c{:�bon interface BSS rnay in�:tude Hie rriu!t�p�e 88 processors 856, as �Hustrated 
in Fl(3, 25 . Fof t:�xarrg;Ae� t11e n1�llt�pte 88 procE.�s.sors -856 n1ay b�: cotnp.atib!B v'iiU: 
rnuHlp�g fr�1quenc:,/ bands ust�ti by tht� f�NB .830. _,.<:.Ju·1ou9h Ft(;_ 25 !Hu:strat�:!�) U1�� 
exan·1p!a �n \�/f1}Gl�1 the rad�o corr:rn�Jr::it::�tlon interface 855 inc.�udes the �T:uaip!e 88 
processors 856, ·H1c} racho cornn·1ta::icatlon interface 855 n1ay also inciudB a single BB 
proc��?ss,o-r a5e. 

[02·17] T}�u.� connection h1tertace 857 is an interface tOr connecUng the base stat�on 
app�3r�:1tus 860 (tad�o corrn11unk:at�on: int�?�iact� 855) to Hit$ F-�R!,i HHO .. 'fht$ C.t}nnt$Ctic�n 
interface 8S7 rnay a!sn be �1 corr::rnunic·at/)n rnotJuie fr)r GtJn1rTnJnic::�tion in -the above" 
ch�scrlbsd h�gh speed Hne that cGnnBcts the base staton apparatus 850 (radio 
comn-1un1cstk.w1 inte.ff!tu:.:ti BSS) to thf.'., RP.H 880. 

[021 B] Th,':, RRH 860 includes a cGnnection interface 861 and a radlc cornmunicatkln 
Interface 66:�;. 

[02·19} The connect.ton fr1tetface 881 is an \ntert3ce ft�r connect1n;1 tr:e RR!1 860 (r-:1tik; 
corY1rnunlcation intc}tface 863_; to -u1�� bas.�� station appnratus 850. 'T�1�;} connE}GHon 
intertace 864 rnay a�so bs· a cofr::rnunic�1tlon ft�odu�E� f-or con1rtiun�cation in the at�tY./tl--­
dgscrJ;t�d r1}t1t: spgg(� nn�1. 

[0220] 1lH:! r-£:cHo CQrrH)'1LH"1i<.;abon interface B6:3 trant�rrdts and rt:!C{�hleS r.tJdio t�jgnah� 'f�a 
the antenn�� 840. T�·�e rHdlo cofnrn:lH::ic.atlnn interface 86.3 tT1ay typk�.aHy ir:r:Jude. -for 
exafl1p!��� the RF ckcult 864. The R.F c.lrcuit 864 rn��i include ! for exarnpk� ( �� rnLKer� a 
f!lle-r� and an arnpil"fi�r� and trt�nsrriits t�nd receh,.:es ratiio sign;:)!S via the antenna 840. 
Ti:e radio con1rnur1:catk)n :r1terface.� 863 rna:l :nchJde rl:ultiple f?F circuits BB-=-L as 
1Hustrat�}t1 in Fi(3 25 . F(_;r exarnp�i� .. H1;a rnuttlple F�F clreuHs B64 n·:Hy support n·:u!tjp!f; 
antc�nna e-�en�i€�nts. 1�ltt1cn.Jfl!1 Fie;. 25 l lkrstrates u:e t.�xan,..�pie in \:Vhich the radio
cc.:rnrrH.Jnication jntertace 863 inc�uti,;;"s the rnufUp;e RF c�rcuits 864., U·H;.: rad�o 
con1rnunieation interface 86�1 rnay a�so includt:! a �)h)�1f�:! RF ckcuit 864-. 

[022 ·1] In the eNB 800 and U1e et�E.s 830 shovvn in r:iG £ 24 and Fie:;_ 25 , 1�1e cen ! c� 
��ssignrnent unit ·15·1 ;• u�H� inforrnatlon acqt..::isition unit l5.3� the transn:ission control unit 
·155, an{J the h:ando•ver contro! unit i �37 tr�1at are desc.ribezi \t:/ith reference to Fie;. ·i 3
rnay- be pn::r�dded in the radio (-::e:�rornuni �:a:Uon lntBn\.�ce 825 anc{ t�1e r£Hjio
cornrrlunicaUQn intl�rtaCf) a55 an:ei/or n1��� na::.iio con·1rnunjc.ation jnh�:rtact� 8f3 .. AJso� at
least a portion r_;f thesB funchons n·1ay t1e achieved by the GontroHer 82''1 and trH�
controner 8:J·L
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(02221 FIG. 26 is s t)�ocK (Hag(arn Hlustra·nng an t:xarr:p!e of a sctlen1at�c confi.gurauon 
of>� sn1cuiphcrh� t1()0 to \·Vh:ich the techn�1lot�Y of the present djsciosure rn.�3y be appne�:i . 
• T�he sn1artphone 900 inck:(ies a processor 00-1 -: a rnen1ory 902, a st()ra9�;} '903, an
external cor1r1ecbon �ntt�rh1::€.� 90·4

1 
a carnera 80t\ a sE.�nsor 907� a tnicropi1cH1�: '908. an

input dtn_.:ict� 9DS\ a t1isp�ay tJg\qCe 94�0 .. a !�pgakt:H· �1-1 ·1 � a rat1io ;;_:·r;n1rnunk�aUon int��r fHGt:�
912

= 
one or rnore i':H1tenna S\;V]tc.�1es 9·15� ont� or rnore antenn�3s '9·16

( 
a bus 9·J7� a

battery H·1a_; *lnd �H) a�r.:<.Hia.ry contrQHer �l·l�1.

[0223] T��1a proGt�ssor ·90·1" n1��Y be. for ��xarnph?, a c-::PlJ or(� syst.eir: on a chip (SoC�J� 
an(! contr-o!s funct�ons of an appUcatlon �a�/er an{j another �ayer of tt'·H.�� srnartphone 90C t 

Th�� HH?rnory {102 �n{�lude�� RA.rvi an(� R.()fv'L £H:d stt)res a progr��n: that is axec:..Jtr-:d by 
the processor SH}1; .and data. ·rhe stora]e 903 n1ay include .a ston�9e rr:ediurn such .as 
a serrdcondtJct�,r rnernor/ ,�nd a hard disk. The exterru)! �::onnecton interface 904 �s an 
lnten\�cB f�:::r connt3·cUn9 an Bxternat dt�f\dc�a suci1 :�s a rn�)n1or:�/ car{i and a urdversa� 
seriai bus (USS) devk::e to the s rr1,;;,rlpi•io1-ie 900. 

f022-4} Tt�e carnera f306- �ncll:d.es an. in-1a9€' sensc·:r &ucn as a c!·:BxgE.� Ct:.H ... �p16d de;.,:-ic�}
{C:c:t)) anti a eGrl�pli:HT:�1nt�ry n1f�ta� O}{�de s��n)iconc1uctor (C:fv1CJ£-;_\ an�J �1r1nr1rHh:!�) a 
captured knt1ge. T��1a sensor 907 rr1ay· lnc.!ude a group of sensors such .as a 
r-neasurerr:e-nt sfansor� a gyTo sensor { ;;.1 gc.�cH;:)a!JneUc sensor� and an acceleration 
���)nsor. Thi:! n·1k::n.)pf1c·n�1 �10B corr .. /ert�� s.ount�\; u·1at are �nput to the srnar tpf1on{� 900 to 
au�:iio s�g�t1ls. The input zievlce 909 inc�udes. ft)r fil>{rnr:ple� a touch sensor conft9ured to 
detect touch on to ri sc:reen ofthe display c!evice 9·10, a keypad. a keyboard , a butt.::in, 
or a t;vv}tc}"'� i and fi:!C:t�i\les a.n c,pt::ratio-n o r  an: tnfiJrrnatk)n input frorn a ust�r. �fht� cHsp!ay 
device f fl O inck�(jes �� scrBBn such as a tlqui(�: erysta � r:Hspj��y (LCD) ��nd an orgarHG 
!�9f1t�en�1itt�n;1 diode {()LED) r.Hsptay-; an{i r:Hsptay·s an output �n�:.aoe of the srnartphtJne
900, �rtr�e spea�::t:�r S ri --i corn.tarts autHo signals u:at arE.� output n·orn tt1B sn1artpi1oru;:: '900
to soun�Js. 

[0225] The rni:lio communication interfar::e 0·12 supports (�ny cenut:-ir .:::omrnunlcafa::in 
s::::hen:e such as L·rE 8nd LT'f: ... l\dvanc.�e< t and pE.�rforn1s rad�o con1n1ln1�cation .. T�1�: 
rad}o cornrnunicat�on interf<.�ce 9·12 rn<.�y ty-plcaHy· inc!u(�e� for ex��rTlpie� a 88 processo r 
f f13 anc! an f�F clrcu�t f1·14� Tl1e 88 procc�ssor f f1 ;3 n1ay perforrn: for €.?(arnpie,
encc<i:ng./decoding:, fr:odutatlng/dernodu!at:ng, and rnultiphi:xin;t/derr�ujbpf��xjng., and 
pgr)\;rn1s vf:rlous types of s�9na.t processint1 for rHcHo conu·nunicHt�on. rv;��Hnvlf1dt\ th�:: 
R.F c�rcujt 9·14 n1ay inc�ude, tor e�:r:�rnple. )� rnt,er� a fHter. ;�nzi an arnpgfier. ;�n;:1
transrnHs *lnd tl�Gr;.?h.,\�:·s racHo s�qn:als \l:a the antenna t3·1e. Th.t:! radk-1 eorr�rn�Jn�caHon
Interface 9·12 fnay a!so be a G·ne· chip rno,5ule that has the BB processor 9�;;1 an(1 th�� 
RF drcuit 914 integr,Jtez1 tr1 ereon. Ti'ie radio communication interface 0·12 may lncii.;;:ie 
ttw muniple BB pmc:essors 9'!3 an,j U,e mu!tip!e RF. ,:::ircuits �1'14. as @Jstr,�terl in r·iG, 
26 . i-\Hhoag11 F]G, 26 �Hustrates the ,;;·xarnpte in \,v!:�ci1 ·u1�: rad�o con1rnun�cation 
intf)rfac:f} {1� 2 �nt�!udes th�� rnuHip��� E-18 pro·Gf:����ors 9 •i 3 enli tht� n1u�Up!::} RF cirr;uns t3·14 .. 
t}1c� racho cornn1LB:ication �nterface f}·t 2 n1a�y a�so inck�(ie a sin£�1e BB processor f f1 :3 or a
singie F-:F circuit '.Y!4

[0226J Furthermom, in az1ziifo:n to a cellular c.ornmunk:atkm scherne. the ras:Ho 
corY1rnunlcation intc}rtacc.� 9·; 2 n::ay support a:no·t}1c}r type of radi o cor11n1unk:��1tion 
sct:erne sutil as ::� sl:oti: .. ,c:Hstance radio c.::)n:rnun�cat�on sch�une t �� n6ar field 
cormm.mic<':iUon scheme, and a radio lo cal area netw'ork (LAN) scheme. in that case, 
the racuo cornn1t.n:i(:aHon interface 5�l't 2 rna:•/ inciuc{e t�1e 88 procBssor s r13 and the RF 
c�r cuit H14 for t:�aet1 ratiio <.;ornn·1unlcati<.)n t�ct·10rne. 

[0227} Each of the ant�·nna S\\:�tches 9·15 S\·vltct1es connection ijestin;:.lti(H!S of t t;e 
antenna.s sq 6 8n1ong: n1uittple c�rcults (such 8$ circuHs 1-:or (Hfitr�:nt radio 
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ris tr1u1tip!e rmtenna eiements included in w1 Mir-AO antenna\ ,�no is used for the radio 
con1n-1un:catk)n �r1terface.� $. fi 2 to transn:�t and: rBc�:h.:·e radio s�gna�s. T"t1e srr:artp!:on�;:: 
900 �r�>�y jnclude the rnultiple ant�nnas 9-·ts� as �Hustrateci in FIG. 26 . }\!though FH3. 26 
iHustrates t}1€} exarnple �n \•'./h�ct1 U1e sn1artpl1one '900 inch..H:les th€ rnuHip!e antennas 
9HS. the srf!artp11one 900 tn8\i s:iiso \nclud13; 8 slng!E, anti.'mna 9'16. 

[0229} Furtherrnore: th� srna.rtp�1one 900 n::ay �nciurh:� the antenna 9 ·16 for each r�3t'ho 
ec;Tln1un:cahon sc:hl�rr:t:!. ln t1·1:at cat�•a� tht:: :antt:!nna S\:vilch��s 9�15 r1"1ay· tH�: or1"1ith�:d tiorn 
tr1e conllt1uraUon or u·1e srnartphnnr� 900. 

[0230] T}1t} bus 9·17 connects the pro-cessor 90-1, t}1t::� tnernory 902� the storage 90:3. th€� 
external C-GtH1€(�bon interf��.Ge B04: th:e· earnera 90i'\ the sensor £HJ7� t�Te rnierGpt1one 
908: the input c�e�--:•lce 909; tf1e d�spl.ay device Sri 0, the speaker S vi -·: i the radio 
cornrnunicaUon inte:tac.e f f12. an:�j th:e auxiHary controHer sri s to ea<:t� ot}1er, 'T}1e battery 
t3·1 a suppn��s p0Vlt3f to t)!O·CkS of U1B �;n:artp!'10tH3; ·SJOO iHuStf}3tt:�d 1n FIG� 26 via h3;t3;Ch:!r 
Hnes .. vvhk:h are p��rtlaHy- �==-hov',/n as d��shed tln€s in the fiqure. The auxiHary GCH1tr0Her 
fVi 9 operates a minimurn necessary function of the smartphone 900, for exam pie, in a 
s i:e e p n: C.H.:k�.: � 

[02:3 ·1 J In the srnar1phone 900 st�10\•Vr:: in F H3. 26 � tht� lnforrr�ation acq u !s�tion t.n1n 2G i 
and thfa con1rnunfcat�on contro! t:n·it 26;3 that are (�escfibed \�Jab refererice to FH3� ·16 
n1ay bt� provkif.�d ln tht:� tfldio c::.)rrirnun�caHon inttlrf�lGft 9�1 :��- i\j�;c, .at �::.�ast a porton cf 
t��1ese funct�ons n1ay be (�chie:../ed by the processor 90'i or the azrx:iHary c.ontrz1Her 9-19_ 

[0232] HG. 27 ls <':l b!ock di<�grarn iHustrntin9 an e::-::amplB of a schematic o:.mftQ;Hatlon 
or a c-cir na.vigat:or1 apparatus 920 to v·./hicn U1e technology of H1e presBnt di .sck)sur\-e 
may tw ,�pp!ied. ·De car navl�i;-:�ton app;,Hatus 920 lndudes a processor 92"1. a menx::ry 
922, ;� gicl:Jg! pos�Uoning syst�rn U3P�3) rnodtAe 924� a sensor 92S� a data jnterf;3ce 
926. a content p!a�.{er 927: a storaflB rr�ecHurn interface 928� an inp��t [�evice 929� a
<Hspiay devic:E.� 930. a spe.aker 93 -;: 1 a rad:o corr:tnunicatk)n H\t�:rfacE.� 9.3.3. one or rnon;::
antenna svvitches 936

t 
one ot rnore antennas 9:37, an(� a battery· 938.

to2;:f3-] -r·r1e proc�:1ssor @2··1 rnay· bE�� for ex�u-r::p�e., a Cf)l� or a St:C� fHJd ()t.::ntrols a 
na\n�1ation funcUcn anti anoth��r funchon t)f th�� cHr navl�JaUon apparatus 020. 'rh�:: 
n�u�rnory· 92'2' ��r)udes R .. �r .... ..-1 and RC)hA� and stores a prcgn�rr; that �s e��ec.uted b:./ the 

[02:34] The C�PS n:oz�u�e 92-4 uses C�PS sjgnt1!s recehled fron-1 a GP.S sate!Hte to 
:�neasure a pc·sHlon (StJCh as iattude, !ong�tu(te� and t�!Utude) of the CI�r n��viga1ion 
apparatus 92CL T!1e sen.sor 925 n::ay include a �]roup of sE.�nsors such as a Q}/f0 sBnsor ., 
a oeornaqnf..�tic st�n�;or, an�J an air pnas��ur::;.1 �;ensor. 'rhe c�atf:: intertacf; £?.26 is 
connected to, for exarnpic:;, an ln�vc:;ttc!c:, net\-vork 94 ·1 via a ten11\na1 that ls not shov/n. 
and acqu:res data generate<! tr�/ H1e \•··ehicls\ such as vtt;:h.::lt: speed data. 

[0235} The content player 927 reproduces czJntent stored in a storafifil rrl-adhJrn (suc.f1 �ts 
a c:-D and a t)\/[.)) H).;:.1t is insertfad into thfa storage n1ecHurn interface 92.S� T�:e input 
devk�e 929 inch..:des;, f'or ex��. rr:f)�e;, a. touc!·1 sensor con-fig;..Hed tr::� detect t,)uch onto �� 
screen of the cHsp!(�Y de\dce 9a0� a but.ton� or a s"�vHch; and rec.eh/es an ()peration or an 
inforn1ation input frorn a user .. The �j�zpLay ;j:ev�ce 9:30 inc�udes a screen suet� as a LC,D 
or *ln ()LEl) cHspL�:ry-_; ant� cHspL�:ry-s an irI:a9t:� 01: the navit)f�lion funchon <Jr cont::.�nt thf�l ls 
reproducer!. T't:e speaker 93 ·1 outputs sou:r:{�:S of H ... :e navigation function or the GGntent
that is reprodt.H::ed. 

[ZJ?:36] The :i�rJio cz;:T1rnunk:aHon interface 932- Sl�pports ��r:y cej!u!ar cornrr:ur:k;��tion 
schen:�� sue�, �3� LET. arid L TE--;.\d\.•·anced: and perfon�'1s n3tHo c.ornt�'1unjcaUon. The 
rad�o cornn1tinicat�on interface 9;3;3 rnay· typicaHy· Include ( 

·for exan1p�e ( ;:) 8£{ proc.essor 
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Sl34 anj an RF clrc�Jit 9:3�:.1
� The 88 pro�:essor 9:34 n1ay perforrn, ·f(1r €\:<arnp!€\ 

E.�ncod: ng/decod ing :• n:od u latlng/dernod utat: ng, and n1ultip!ex in�t/den1 u�tiph:.:.>Jng., and
perforrns various types of s�9na.t pror:essing tor rad�o corrHTKH1�caUon. rvh:��u:v/hne, the
FZF circuH 935 n1ay include, ·fC:ff exfH1·1pte, a n:1i.:<er: a fiaer. an�J an arnpHfier. anti
transrnit.s fH1d recehle& rat.Ho s·ignals \/:S the antenna S.)37·.- T�1�: rad�o con1rnun�cation
lntrH·fact� 933 rnay be a onf; cl1�p nH.HJulH hav·in�i U1�� 88 prcc�::��sor tt34 anti tht� RF
ckcuit 935 integrated thereor:. T"rle radio cornrnunicaton interface �)33 rn�3y inc�ude the
n1u!tp���? BB pn:n::et�sors 9:3-4 an<i tt1��"= n-1tdtlp�£: F�F circuits 935. as �HtJ�;tratf.":d �n FI(>. 27·
i\lthnut1h Fl(3. 27 H!ustratgs H1e gxarnplt:: in \,vhjc:h th�� razijo cornrnunlcaticn lnt��rfae��
933 �nr.Judes the rnunlp}e 88 processors 934 anzi the rr:tdt.�ple RF circuits 935, t.he radio
cornn1t.n1icauon intertace s�33 rna.y a�so \nchJdf} a sJngie t:JB processor 93.4. or a sinf��e
RF e.irG�.i�t 935.

[02;37J Furtt��errnore: fn a�j}j�th::n to a ceHular (:c.CH11n1unk:athJn scherne. tt1e radio 
eon1rnun:cation intt:�riact:� 9�·t3 ir::a}'� support anoth{�r type of r*1dio con·1rnunieation 
sct:f:rne suct1 as a sl:ort.-�d�stance f(�cHo c.G-rr:rrn.H"l�G<��t�on sche�TH.� .. �� near field 

cc.:rnr"nunlc8Uon interface 933 rnay inc.�tud€.� the 8£{ proc�;::ssor 934 and 1�1�: f�F circun H.3.5 
for em:h rmilo cornrrunic�tion scheme 

[02-38} Each of the antenna sv�i�tches 9"3-6 sv\dtcht�s connection (�eshn�ltions of the 
ant��?nn£:s 9:-;7 an·1oni�t rr:uttiplt:: circuits (such at� circujts for cHffo::Tt:�nt radio 
cornn·1unlc(1tion scf:en�es) �ncluded ln tf:B razfo corrlrnunk:atk)n �nterface 93:3. 

f02�10] E�i3C}"'� of tf1t� i3ntennas 0�17 �nciuch::s. a s:ng!e or n,..�ua!p!t� antenna ��h�rnents fsuct1 
as rnu!bpfe antenna elBrnents lnch.H�.led in an t\Atfv10 antenna).. ��nd is l�sed for the radio
con·:r-nunicaUon interface 92,3 to transtY:it. anti rece�ve radio s�9na�s. l .

.. 
he car navi�1at�on 

apparatus 920 n1ay �nch ... n:.h;; U:e n:ultipk�: arrt::.:nnas S.)37\ as iUustratE.�d �n FiG .. 27 . 
i\lthou�1h Fl(?. 27 H!ustrates tl1e e}\arnph� in \,vhk::h the car naviq��Uon ��pp��ratus 920 
inc�ude:t: t�,t� rnuit�pie �3ntenna.s 937

= 
the c;3; na'.l�g;3tion �3pp;3ratus �)20 rnai atso include 

a s}ng�e antenn<.� 937 � 

[0240} Furthern�HJte: tf1e car nav�gafion apparatus 920 n);3y inc�ude the antenna 937 for 
each radio cornn1unh:auon sct::t:H11e_ in that cast.\ the antBnna $\:Vilches 9�}6 rnai bt� 
on·1itted ttorn H1e confiff ... n-at:on or H1e car na\tigation apparatus 9.20. 

[0241] Ti·ia battery 9:38 supplies ix>w'er to b!ocks of the e,,,ir rtwlwiton app,:iratus 920 
iHu��trat��?d in F!(;_ 27 vi*l f�le:)<il�r llrH::t; that :an�"= partlaU·y s!·10\•vn as dast1f.?d nrH�s in tt1f.? 
:�iGtH"e The tlatterf 938 accun-1ulates po\,ve.r suppHed fr::nTl the vehkje. 

[0242] in the car n�r./�g�:;Uon appartltJs f}20 st1Q\•Vn in f--
'"

!G� 27 . the �rlforn1atk>n 
acqu:sitlon tH1it 261 and tt·H.�: cornrrn .. n1�catior1 control un�t 263 tt1at an;:: de.scribed \·Vith 
ff;.�fr:n:}net? to Fi(3 i6 rnay be pro'.hziez� in H1e radio c:on·:rnunic.atlnn intertacf; £?.3:s .. A.lso.­
at lea.st a portion o"f thc�se iunct�ons n·1ay be acl·1k�\/€(� by u:e processor 92-1 £ 

[0242,J CTht� tt�cr1nolo9y of fhi� pp;;�si::nt til!�closurE� rnay· also tH::: r��ait��f�(1 a�; an ;n ... vi::hkJi:: 
systern (Gr� \tehlcfe) 940 �nch .. �(hnf"? one or rY1ore t}!ocks of tf1fil •Car navi9aUon {3pparatus 
920: the· in'a>vehicte net'::\'Of{\ B4···1 � (ind a VBhicte n)O(h.J!B 8-42. '"r��H;} \/et'li(:{e i'IlOdUhi� 942 
9enerates vehk:ie data such ��s vehk:�e speed., en9jne speed; ��ntj troub!e inforrn��tion� 
an�:i t)Utputs the generatec� {iat.a t.o t.he ln--vehlc�e netviork 94 ·;. 

[0244J �n the foregoing. a cornn1�JnicaHon apparat(�s ;:)C�::ording to an erntH,d�rnent of tt1e 
present disclosure and tunctlons tt1ereot t::G\l€.� !:)et�::n ce.scribE.�d \·Vith r�:ferencE.� to F!C3. 
to FlG. 27 . /.\Gr):;nj!n9 to an ernt�od�rn:ent of the present djsck.isure.- the �ntonT:afion 
acquisition tH1�t ·1 �33 acquire� a cen ID ;��signed to an jndlvjdua� three .. ciirnens�on�3� 
bean1 formed by a clirectiona! Jsntenna c;:ap;Jtl!e of forming a t!1ree-din-H,.':nslc:n"'1! bern11. 
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T}:e.reafter{ the transrrdssion contro{ unn ·15-5, tontrols transrnission o·f a C,RS pe!iorn1eij 
using the inrHvirh...:B.l U1ree ... din1ens�on.8J b€.�an\ on ti1�: b.a.sis of th€.� ceg ! L) assi�1ru;::d to 1�1€.� 
ind�vidua! three--chrnensjonal b�arn. �n p;3rticu�ar. the transrniss�on controi un�t ·155 
controls transn1lsslon of a C�f�S perforrnecI using the �n(ihl�(iua� three'a'cHrnens�ona� �}earn 
sc.: Hr�at H1e CF�S. is tr-ansn1rtted in a Hrnlte<i porUon of a\la�!ab!e n.�:soun::f: blocks. 

[0245} �1uch tn�nsrnission of a (:R�3 perforrn��d using a three--dirnensjona� bearn ai�ov-/s 
for� rcr exa:TlPii:!� handl�n9 of a. corr::rn:unic.f1tlon r�i:gk.1n eorrt:!I;p•ondjng to an jnd�\ddua� 
ttirf:ff . .ztn1ensiona! bgarn as a v�rtual r:.��H. ,ri·1err�tcre� !oad invo�'.it:�d jn t1��arn-f(n·n1fr1�1 n1HJl 
be reducezt For exarnph�\ it ls not r::ecessary- to calcu�ate a recorrlrnenziezi set of �./-/ei9ht 
coefficients for a three'a'dir-nens�on:a! bfaan1 for eac�1 terrninai apparatus 20C L Therefore� 
even ..._,vhen U:e nurnber of ��.r-:tenna e�ern:€·nts increases: trH� proGess cl ealct�!ating a set 
of �-ve�ght coefficients does nGt �r:t:re.ase. !n other V'iords� ioa;j can be reduced �n tern1s 
of the proc�·ss of the terrnlna� apparatus 200 cff the base station �; 00. l1,Jso, h:1r e}(arnple i

it �s not tH��Cl:�t�sar-y- to not�ty tht:� bast:� stat on: ·100 of a n3;con1rn�)nC�)C t;�)t of \:Ve1ght 
C{)effic�ents. l

'a'
her€fore .. evBn '/ .. �hen th€· nun-1t1er of antenna e���rnents incre��ses 1 the 

notific;�tion of;� rect)rr:n:endet! set �J-f �\/eight t:oeffic.�er1ts. do riot ha\te to use a h�rge 
arnount of rad�o rt:�sourct:��t In otht:�r �--.tC.ffCts� ioad n1ay be reduced in tE.�rn1s of radio 

[0246} f\11oreov·er = for exarnp�e = a.n �ncrea.se in tt,..�e interference can be red�.JC,£�d�
Spf)C�fk�*llly\ for ri?xan1pl•a� *l�U·:ou�1h� �n u·::£: �lntt-t�d porHon ot rt:�·t;ourci� bloc�<:�;. 
intarferance rn:ay occ.ut bet.\,veen a CRS t.ransrnitted us�ng a three�-d�rnensiona� bean1 
forrr:ec{ by U:e bas�· station ·100 an:�j a C�RS transn1hted in ;:.ln adjacent ceiL t�1e 
int�:!rn��n.:fflce tit:H:!t; not c:c:cur in rt:=t;ourct} t)�OCkt; ott1er n1an u1�:: Hrnlh�::ci i>ortk)n of n::sourc{�; 
tliGGl-=:s. l

'a'
her€f:c:;re� Hn increHse in interfen=::nee beh/\/f:en the t:RSs is reduced. 

to247·1 ·rt1eretor�::, according to an ernbodln1ent of the prE.�sent drsciwst.ffC\ .an incre.�tse in 
tr1€ jntBr feren{:e Gan t)�� retiuc€d \-VhH�� lzia<.1 irr�•oj\:·e{5 �n b<:.:\�n·Ht:i:rrnjn�1 is r��,1uced. 

[0248] l�iso� for ex;�rnpie� a decrease In transn1ission pcr-::vCH' for a non'"cHrec-tiona.� ;.1ret� 
ct�n be reduced. Spt:�c-xncaHy� for exarnph:.:� U1e nun1b�;::r 01,: n;::sourc�;:: b!ocks �n v·,/hich a 
C·R.S is transrnHted ls Hrn�ted = and therefore: tf1e nurrlber of CRSs transrrlitted usin9 a 
U-1re-e'a'dirnens�onai tH;�an1 decreasfas� so tt1at th€ po\.-ver of transrnission of C,f�Ss using a
tt1ree ... djrnensional bean·: decreases. ·rhen2fore, .a decn:;ast�� �n transrn�ssjr.:n po\:v�:;r for a
nonnd}P_S}Chona� arf;a is r��(juced. As a ti:!!�u!t a tit�ert:�cJ.S,�:! in U�)Hf (:.Of1"H)"H.H11Gahon 
z��pacity� t� decre<�se in t!�1toughput� and a decre;�se in ceH s�ze n·:ay a�so be reduc.ezt 

• Transmission Of CRS ln Resource Elncks V\Mhin Urnifed Period Of Ti!n=::

[0249] ·rhe Erniteo port�on of resource t�loG�ts �s. for e.x��tl:p�e. a. resrJt.ffce !::lrJck or 
resoun.::e blocks vviU1�r1 a 1�n1�te.�d per�od of Urn€.� .- i\l.St\ H1e nn1aed pE.�riod of tin1B is., 'for 
exarnp!r: ! a }jn1Hr:d p(_;rtion of radio frarnes. �n other \�•·ord�) .. ;� (:Rs I�) transrnHttN.1 usjn�1 .a 
tt1ree<foY1E.,nslonal bearn in a !imitc.id portion of radlo frnmf.:S. 

[0260] l\s a rHsu!t "for ��xarnpk�\ aHtH)u9t·\ durintJ th�:: i�n·1�h::d p�1rrcd of thTH� {ratt�o 
fran�es)� interference n:i�y oc.cur betvveen �� (;RS trans.�r:jttezj using a -three.�din·1ens�ona! 
bc�an1 fi:)n�ned by the �Jase statjon ·] 00 a.nd a CF<�s transrnitted in an adjactH1t ceH� the 
lnt€n-:et1H1Ci� dG·e:s not {)Gcur r.h..:rint� a period of t�tT�t� other th��n the �in·':i!e{J period of tirne .. 
Ther€d\)re, :an lnt:re:ase �n jntetference t}et\1veen the c:R�-;s is Hn1Hed to \•v·ith�n a Urn�ted 
period of fane. 

[0.25·1 j i\tsn� fGf exarnpie: a period of brne {razto frarr:es) dur�n�J '-.tvhict ... : a CRf) �s
transn1itted is Hrnlted{ and therefore, ;JHoc;Jtion of po�ver to transrnission of a c:-RS using 
a three---dirr�E.�nsional tearn �s Hntted to v�-rthin a nn1aBd pE.�riod of tin1B (ra<ho fran1es). 
Tt:eref'ore ! a d€(�reas€ lr-: transn:issjon pov•Jer for a non .. ,ziirecfiona! area is hrr:ited to 
vvH�iln a l:knited pt�riod of tkne. /\.s a re�ult t a dec.re;3se jn user co�r:rnunic�3ticn capacity� 
;3 decrease �n thnJtJQ:!'"q:.HJt and a de(:rease in ceH size n1ay ;:.l!so be Hiriited to \·Vithin a 
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[0252] tviort�over, for t�xarnp�e. th:e Hntted p�,rt�on ot= radio fr�3rnes is ra(1io t)"'arnes 
detc�rrY1�ne-cl for eac}1 cetL ;-:.1nd ls (Hfferent frorn a nrnit:�}d port�orJ of radio trarnes 
deterrr:ined ·fc.:r an 8djac�er1t ceU, 

[0253} /.\s a re�un. for exarnple. lnt��:ten�nce bfiltv...-een a c:.R}� tr{:�nsrnHted using a tt:ree" 
cHrn�)ns�onc:i bean·1 forn1f.�<i by H1f.) ba��-a s.tation �100 an(i �$ C�R:S tran.srnjUt$d u�;lnt1 a 
tr1rf:ff • .ztn1ensiona! bt�arn forn1fHJ by a t;asfj :stat�on of Hn adjacr1rrt c��n. t::fJn bt� r�::.duc��c t 

[02:3�3} l-\s a r�·sun, a terrnfnal apparatus 200 �:an knc�\v a Hrnitect pedod of tin1e (rBtHiJ 
rrarnes) (h.1r"in9 vvhicf1 a c:Rs �s transntttt::d ;.Jsing a thrBe-cHrn�Jns{ona; !Jt�arn . . ·rh�Jre·for�J.; 
a terrn�nal appar�3tus .200 c��.n rr:easure: a c.R.S transn1ltted d:..Jrfnq a .Urnite-d peno,1 nf 
tlrne (rad�o fr.�n1es) c !n other \•vords� rneasur�rnent �s appropriately f:H�rf�1rrnezi tor a 
cc.:rnrr�unlc8Uon region (l.e-� a v�rtuaJ cE.:H} correspond�ng to a three�dh11E.�nsionai }:)eatn, 
,A.s a rt}su!t. f1an::k.)Vi�r to a cornn1;..u1ica.hon ri::tJlon corrHspondh-19 to a H1r����rod�cnr1nslonH� 
�,earn n1a'/ be t1pproprt�te!y perfonT::ed. �AJso� k1r exarnple i the c.onsurnption of po"�ver of 
a tc�rrY1inai appar;:itus 200 fot rnea.st�rernent rr1ay, also be reduced. 

f0256] T}"'R:� lfn1iti:�d port�on c4 ri:�sourct:� blocks is� tor eKarnp!t�: a rt:!·sourct:! bloc!< or 
resource block�:; Vlithin a HrnHB(l port�on of an <�vaH��b!e frequenGy band. !n other \:vor,1�\ 
a c:Rs Ls transrnitted us�n9 <.1 three--j�n::er.:slona� t1earn \�iahin a Hrn�ted frequency band .. 

[0257] ... c..s �� resuH, f:c:;r exarnp!e� an.houqh., vvHr1�n U1e nrnHed fiequeney· banc t 

inh�rfen�nce rnay occur beh�veen a C:RS· transrnitted using ;:3 three••CHt�'1ensiona� bean-1 
·forn:ed by- u:e bas�· st��uon � 00 anci a Cf{t; transn:�tte�J in ;3n adjacent celL U1e
interference tk::es not occ�lr v·:.t�U:.�n a fre·quer1cy !:)and 01�1�::· than the nn1aed fteqt.H;::ru.::_y
b(�nd. Tf1erefore� an k1crease �n: interference bet\-veen the CRSs is Hrnite(i to \:vahin a

[02581 AJso� for ex�n1p!�\ a frf:qui�nc:y band fr1 'l-ihk:h a c:Rr-; �s transrnlth::d h1 nrnH�1d: 
anti ther�for-€·� alk.)cat�on of po��/er to trr�nsrnlssh:1:n of r{ CRS using a 'tfu·ee.,zihT:er:s�on��� 
t)t?arn is ;jn1:tt:!ci to v�dth�n a Unth.1::.i rn�?qu:£:·ncy· banzi. Thi�r-t�fiJrf\ f� decr-t:�ase �n 
transrnission povver frJr a non .. ·direetlon��� a.r��a per unit hrne {radk) fr��n:€) �s redtH.X➔t.L .As 
a re·sult. a decrease k1 user cornrnun\c;�tion t-:.apaclty� <� (iecrease in throughput� and a 
decrease !n c:eH size., pet unit tirne (rnok> fnan1e\ ffi"'iy i::e terkn:::ed. 

[0259] Nnt11 H1at, fr_;r {txarnpf�� .. ti·1e tran��rl: l����ion c:ontn.;1 lH1H -155 contrnk:; transrnh�s�on of 
a n1aster inforrnatlon b�ock (i\�1t8} perforrned using an individual three•a",(iin1ensionai 
!:)earn, The l\11�8 contains inrorrna.Uon lndicaUng u·:e band·\:�{idti•;: of th .:;.! Ui1':ited frequency· 
band {Lf:.� thr1 first bar:::l\;v\tjth ;nforn1atlnn) 

[0260] l-\s a re-suit_ �1 tern��na.i apparatus 200 tocatB(i in a con1rnunicatk)n region t,._.:irtua! 
c.eH) c:orrespondlnG to a fr1ree .. {1irne·n:siona! be��tTl can knG\/\/ �� hrniteti fr€q;J€nC�:/ bar:d jn
V\ihk:f1 a (;RS �s transrnitted; frorn the band;.;v\dtf: inforrnat.ion c.ontained in an fvHB.
There1;:ore { the terrninai apparatus 200 can n1easure a c:.RS transrnitted in a Hn1ited
:1n.�q(l�)ncy t Jand ... �s a n�·s.u!t, 1·1:andovt:�r to a cornrr:unh::aUon regkJn (:t.::rr{�sponding to a
three--dimensiom�I tmrn rnay be ,�.pprop1t�tely perfonned.

(026·11 tv1oreover: for eKarnp�€.�., u:.,;; transrniss:on .contro� unit ·155 controls tran.stnis.sion 
of' a systern inforn:atior: block (S!B) using :1n ir:divjdtH�I three-.. zjfrT1ensjcn ... :��1 bearn. The
:SH3 contafris inforrnaUon incHcaUng the av-aHable frequency b;:3nr3 (Le.! the second 
ban�j\,Vidtt1 �nforrnaHon). 
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(02621 .�s a result €'\ltn \:Vt1en lnforrna.t�(H1 about t�1e b.and\,vh:Hh 01,: a Hrnited ·fn!�quE.�ncy 
b;3nd �s (:ont�ined in an rvHB,. ;3 terrn\na� ;3pparatus 200 io�:ate�j in �3 cornrnun�cation 
ret]�()n (\l�rtua� cc�n.1 corr-c�sponchng to a three.-.dtnfansionai t)earn can Knovv an actual 
avaHat)!e rrerg .. H�n:c1l band fror1: the.� band"./i�dth �n1\)nr:ation conta�nBd in .an S!8. 
T"t1Hrt�for�1� tht� tt�n1·:ina! apparatus 200 Cfln p�in\)nn reJdic cornn1un!Gahon in an ac tuH� 
avai�gt:4�� frequencs,· b�3nd using aHocated radio resources. 

[0263] Fot exar-npfe, t}1fa transrnission control l�nit ·; :5:5 controls transrnission of systern 
lnfonnation r.-�erfG·rrnerJ u�=:.inq an lnd�\lldu<.�l three.,.dirr:er:s�on��j b��arn St"> f! ... :��t tr1�� syst��rn
lnforrn(1tk;n for tf1a \ndhi\durii t.hree-•ziirrH3nsiona! bearn is transrn�tted �./-/�th�n a ��rn�ted 

[0264] ..-C..s a re�:;uH, for ex��rnptB� aHhouqh,. durir:9 the nrnjte,� per�od o:< t�nH� {ra<:.Ho 
-fr<H1:�s) .. in terferen�:e rr:ay oc:·cur bet\•veen a sync.hron�z.atiorI s�gna� t ransrn�tted us�ng a
three---din1E.�nsional bearn torrrfe.�d t)y the.: base.: station ·100 and a S)1nchroni2.ation .signal
transrnittgtJ �n an adjaci:;nt r:.��fl t H1�� int��,rfr�-=r��nce c1o�ts not occur during H pr�riod of tjnH:�
other tr1an be limited perizxi of time. Tl'ierefore, an lncrease in interference betw-een the
syr:c}1ronizi1fon signals is lirrdted to Vtdthin a Hrnited pedo(� o f  Un,..�e.

[0265] AJso, for exarr1p!e� a periozi of tirr1e (rar.Ho fran1es) ;jur�n9 "�vhk:.f1 a s-y-r1c.f1r()n�z.ation
s.�gnaJ ls tn:.)nsrrdtted is Hn1ited� and t�)erefcffe = aHocation o·f P·O\!ver to transrnission (1f a
s�y-nc11rcn1��!aUo-n sfgnai us�n9 a. tt�ree-cHn1t$nsiona! b��arn is �ln1itt":!d to \•ViH1in a nrnitB{i
period of Urne (radio f:iur:es). T·her€·fore� a cl:eer��ase in trfH1S�Tnssion po\�/��r for a non-,.
directional: (�ffe;� ls Hn�:�ted f.t) ��/�t.!�:in ;� gn::ltezi perk;d of tirl:e. /\s a result i� decrease �n
user cor"nn-1unicB.bon cap8c:t:./:. 8 decrea.se in througt1put: and a decr�;::ase �n cell sizE.�
n1ay also be Hrnite(j to· \:viH1�n ��. Hrnited perio·d of ·Hrne.

[0266] i\lso� fo-r e>:;��n1pie� H1e tn:1n:sn1!ssic.H1 control una -155 z:c.1ntrols t ransn1iss!on c;f
systt,n-1 int'offnabon perk:mr,eci using 8n 1n<h'1<:h..w! H1re1:>dirnensionB! bE,Jrn so that tht:
systen·1 jnfonY:at.ion for the lndhrldua� three--din1ensionai be��n·: is transn1nte(i \-vith�n a
! irnited pt:riod of tin-ie.

[0267) ,�s a ri=:guit� ft)t i:;xarnp!f�� aithou9h. durin9 th�� !�rn�il�(i P·��riod of tin-1r} {rad�o 
fr-:�ff:es), interference n7a.y t:=:r.:-cur beh-veen systet1'1 in-forn1;�t�on tr��nsrr;�tted usin[i �� thr��e-• 
di;Tlt:int�iona! t)��arn forn1t:�d t)�l iht:� t)ast:: station 100 and syt�tt�rn ir:forrnatk.1n tran��n·1itted 
!n an adjacent c:eH � the �ntefference does not occur r.h.:rinG a perk;ti (J1-: tjn1€ ether fh��H!
the Hrniteti period Gf tirne. Therefore,. ;�n increase in interference beh-veen the p�eces of
sy-sten1 infotrnation is Htn\ted to \1�tHtn: a Untted period of tirne.

[026B] ... c.J�Jo� fnr exan1p!�\ a p,f-:rioti of tin1;a (ra<.HG frHrn::.1s) c�tH�ng vvhk�t1 �;J:'St°fHn 
in-forn1ation is t ransn1ltted �s l�rnlted� ;;.1nd tt1eref(1re� anocat!on of po\-ver to tr:ansrn!ssion 
of s�/sten·1 jnforrnation using a three---d\n·:ensiona� bearn i.s Hrnitt:d to ;.�-·�thin a Hrr�jted 
period of tirng (ratto fran·:r�s). Tl)gr��for�t. a di:!Gr��as�:: fr) transn1!ss�on po\:v��r f�Jr a non ...
directional: <a1rea l1; Hrn�ted to \�Athin a tlrnltezi period of tiir:e. P-..s <� res-uit ;3 decrease �n 
user con1r-nt�nication capaclt:•t. a decrea.se in t!'"1roughput� and a dt.�creast.� �n ceH size 
n·1ay a!so be Hrnlted to· \:Vlthin ��. Hrnited perio·d o-f grne� 

• Resource AHocation Patti?.rn Corresponding To Celi ID

[0269] For exan·1p!B, the cell lD ass\1ned to the indivi,�uai thrBe .. �rHrnensiGnai be��n: ��nd 
a ceH lC} asslgn�·j to an adjacent ceH h:ave {jift€rent reso(�n::e aHocation patterns for a 
CF-tS. 

[0270] _1:�r: a resuH� t�ven \\:'i ... ie� ... i ;1 thrf:H1•-d.in:)ensiona� bean: that rn�3y be 'k;rrned by the 
base stath::n: ·100 reaches an adjacent ceH� a CRE) transn1Hted using the thn:;e�• 
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cHrnensional bean1 does not inter fere \•\tith a (:,RE) in an ac{Jacent cell (n(1n,-direct(1nai 
area). For t:�xa(rg;Ae� tl'"nJS� an �ncr,;;as€.� �n inte·rferenc�;:: bet¥v€.�E.�n the Cf�S.s can be 
re·{Jus::ed. 

abO\/t� \:vith rf;f��rencr1 to tht� acr:.on·1:panyint1 drfh:vjng�\ \tlf1list th.�:! prer�t�nt t1isclcstfff1 �s
not Hn;�ted to the above exarnpt��s. 1:-.._ perucH1 sk.H�e�j in the ;:3r1 rn�3y nn�j v�3r�ous 
an�)rahont� and :-r!odific�:ltiont� \.'/thin the scop�) or tt1�i= append{�d ciairns. and jt st1(1tJ�d b,t:! 
unt1Brstooti that thrr•/ \,"l�n n�tura.ny corng undtH· tht� tt�cr1r1iccJJ scope of thr� prest�nt 
disG!osure 

[0272] For exarT1p!B, an e.:-::arnple in \,vhk::h t}trr�rnfcH·n1ing Is perforrnezj for do:/./nHr:k has 
�,een (iescrjbed The present disclosure ls not Htr:ited to such .an tt:<.arnp�e_. Ft)r fil>{rnr:ple, 
ri bearnfi::m11lng process may be pen"orrned for upHnk in other v,,,',:,rds, ,3n up!ink 
bt:�an1forrr�ln�1 pn)ct:�t�s n:ay te pl�rforn::f::-d on Bn l¾pUnk �;ignai \,v!1ict1 is transn:�tlB{i to a 
terrn�na! apr}aratus b€�on9tnq to a Cl}rnn·1�Jn\G::�lion re9jcH1 (vlrt�}a� ce!j) corr��spcn ... :dlng ft"> 
.3 thrne--dirnerision;::i_! be<':lffL 

[02T3j .,aJso� � frgqugncy t)and us��d 1t;r a n{Yn�djrHct3onai Hn:�a and a fir�qut�ney bHnc1 
used for .a ziirat:tk;na� atea rnay bet.he sarne as or different frorn each other, or O\.teriap 
each otheL For exan�ph;�:. a f'requenc·y band use(� for a non-�d!rBct!onai area and a 
fn.::qu�:!nG�/ banti ust:�ti for a <iir::.�chona.! art::a ft1a\t ��f�cf1 tH� one or rnor{;.� eorr�ponent 
t-:.r.--HTiers� and rnay be tf1e sarne as or different fro�T1 eac.f1 otf1er; or overlap e.ach other. in 
;3n:/ case: a ccH11pon�·nt carder used f()r a dln�ciiona� are;:) nt:)y be the sairie ;:)$ a 
cc:rnponBnt carr�er used for a n.fJn: ... cHrt$Ct�or::a� area (or a {hrBc!lonai art:!a} ot an ad;scBnt 
cel:i. 

(027'41 .AJso� an exan:p�e in v�d:. �ct1 -U1e cornrrnJnicauon S\lStern CGn1p!ies v·,/itt1 LTE:� L'fE� 
i\dvr�nce(�, or ott·1er sirnji::�.r <.:ornrr:unJc��tiQn sG!··�en1es� has t)t=:e-n {Jesr;ribeti _ "f"'he pn=:s.ent 
dh>cl�Jsure ls not llrn�ted to such <.�n ex<:unp�e. For t:rxa�r:p!e� th•e con:rnunic�3ton sy·sh:H11 
n1��Y con·:pty v\rtt}1 other con:rnun�caton stand�inJs� 

[0275} /:�Jso: tf1e processfr1g steps in a c.ornrl1t.n;ic��tion control prtJcess in this 
spec�ficauon are not strh:Uy Hrnlted to being B>�eciJtt.�d in a tirnB senes fonov-l�ng U·1B 
seqaence deschbed in a fk:r�vcf1:3rt For }3xan1ph:;. the pn.::.c.:essin;1 steps jn .a 
eornn1LH"1iGahon control pro·cess rnay- b�� t::x��cuttN.1 �n a S·�:!qut�ne�� H1at difl��rs frorn H 
sequence describe(i herein as a flov,'ch<'lii, and furtherrnore may be executezi ln 
para!k1L 

[0276} �n �H:it��tion, lt fs pos.sibte to create a crJrnputer pn>gn:�rTl 'ftH� causing f1arch-v��re 
suci: ��s a c:,F�LJ { F�Clf\4� and Rf\f\···i built �ntc> a C(�rnrT1unic�lUon control devic.e {a base 
station r.k�.:\lk�e\ ·fc.:r exan-1ph:) or a te.ffn::�naJ apparatus to �:::>thiba functions sirl:Har to E.�act1 
�Jtructura� e!f)rnent or ti·1e fon.�qoing Gornrl:unlcaUon eontro! d{:vlce or thr� fz;rt�9o�n9 
tern:�nal apparatus. i\lso� a stor;-:.1ge n·1ediurr1 t1avin£� such a con,..�puter pro9rarn stort.�d 
therein rnay aiso be pnJvic.{ecL i-\�so. an inrorrnaUon prcct:ssing rJ.:;?,/�ce (h:sr exarnpie., a 
proegssin9 clrcua· or ch�r)) f:-quipp��d \1vltf1 n1��n)OfJl stodn�i suef1 a con1put�:!r pn.;�1ran·1 (ft)r 
€n{��r1'1p!e� ROf',A and R_ .. �.J\ll) <-�nd one or rn:t�-re processors that rTlt�y- -axe-GtJte such a 
corY1puter prograrn (a c·:-PL� { a DSP� for exan��pie} rnay aiso �}e pn:r .. dded� 

[0277} h: add�Uon, the effez:tB descrH)ed in the present specJfic.abon are rnere� ·i 
Htusirath/€· and th?.n1onstrati··./e= and not Hrrdtatlve. �n ot�1er �vt1rds< t�1e technology 
acG{)fd:nq tc· tr1�� pn.����i?nt discfot�lHl? can t:�xt1ibft ou·1�:::r f.�fff.�cts u·-,:at are f.�vld��nt to tno.s:.2: 
skHl:fid tn the art ak>nG V{\th Gf Insfe::�d G.f the ��f-fr-:cts based on th€ present specificabon

l027'S} l.\ddit:or1aH·y\ -u
r�e pn;;s€.�nt techno!og�l f:)fly aiso b�: configuned as b�:10\·'./, 

(·l) /\ CJ)fnrn;Jnlcation controt app��ratus inG��-lcl:ing:
an gcquisHicn unit confi9ured to ar:quke �:ell idenb"ficath)n irrforrnabon assigned to an
!ndhtldua! three��cHrnension,�l iJearn tOrrned try a dkectiona� ;:)ntenna wpat1ie of forn1ing
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a cc.:ntn:;i unit corlng:t.:rE.�ci to control tr8J:. srnission 01,: a reft�rencB signai perforn1ed u�ing 
Hie �nd\tjdua! three--d�rnensjonal b�arn� on the basjs of the ceH h:ienth\caUon �nforn:aUon: 
vvt1e-reln the control t.H1�t contro�s thfa transrnlssion so th8t th€� n;.�ference signai is 
transrnittE.�d �r1 a hn1�tE.�d port�on ot G\lSHab�e resource b�ocks. 
{2.) �fhH eornrnurBt�1fn.n control �p.para.tu!� acc.ord�n9 to { ·1 ,

L 

Yvherein the Hrnited porUon of the a.V;3Ha.bh� r�-source blocks �s a resource b�ock. or 
resourct� bkx.:ks 'Nilt1in <'l iimihxl p<:Hiod of fane 
(3) �rhf; con)n·n.:nicatlcn r:.ontrol apparatus accnn.1in�1 to {2)..
v,:-h�}r:eln tf1a control un�t. Gt)ntn:��s transrrfrss!on of Sfstern �nffJnr:ati()n perforrned using
t}1c� ind\\.dd:..u.1! thnee�chn�ension;-:.1! Gearn so that the systern ini�:1rrnauon for ihe individual
three-�d�rnens�onai t1Barn is• tr��nsrnltted \�/lthin a Hrnjt��d per�e:d o:< tjn1��.
(4) Tl:e cornn:un�cr�ton control .apparatus ac:corcHng to {2) or (3\
\-vt1erein the c�ontn)l urdt contro�s transn::br:sion of a syrn::t1rontzation signa� pe!iorn1eij
using the �ncHviduai U1rt:!t:! ... tiirnens�or-::at bt:�arn so U1at th�) s:�/nci1n)ntzaUon s1gn:�! for H1e
lndh.ddua! U:ree.�(jkner:�=:.ional bean: is transn·1itted \·\·'Hhin a hrr:ited period of firne
(fi) T!;e conirnt.n;tc.�t(a-1 cor:t.ro! apparatus act:orztng to any one of {2) tf) {4.L
vvl1erE.�ln Hr�e control un�t contro�s transrnissior1 of infon11ation indfcating U:e !jtnited
period of fan��
(6) The cornn:un�cr�tion contnJl .apparatus ac:con:tin9 to any one f}f (2) to (5) ..
\-vherein the tin1ited pc�dod of tirne ls (letern��ine.�d for each cc.JL aru:i is cHfferent frorn a
!�rnitf)d periot� ot tfn·1r�? t�l�h�·rn1tn�1<i fQr a.n adjact:�nt ce�i.
(7) ""'f'he cc>n1n�unicatlon control apparatus ac.corztn9 to .an:l one of {2) to {6:

L 

vvhe.reln the �h11ned period of tin1e is a Hrnlted portion of radio frarnes�
(8) ·rt1e corru11tH1�t::.C3tlcn1 cc,ntrol apparatus acc:or{hng to an\l CH1·t:! of { ·1) to Cl\
..... vi·iereln the �irT1lted �K)rhon of the ��\l��ii��b�e rest">urc�� blt">eks is �� resource b!ock or 
resource b�ocks v�dtt1in a HrnHed port�on of an a\laHab!e frequency t1anc t 

(H) Tt:e cornrrn..:nic�t:011 contn)l apparatus accc�rcHng to {B\
V·/herein H1e c.ontro! �u1�t Gr}nl-rots tn.�nsrI:-ission of a n·:aster lnft)rn1.atk;n �)!oc�-:; pertorrnezi
u��ng th�� fricHv�duai -tt ... ffee •dfr11��ns�ona.t be;3n\ and
\1Vf1f}reln the rY1ast�-r inforn1ation biocK (:c�ntains inforrnaton !ndic.;31ing t� �::��H1d'-N·id!h 01� U·1e 
hn1itE.�d portion of H1e .[r-:laHable ·fn;.�qu€.�ncy· band. 
('10) The cornrnunk-:.t�tion contn:ll .apparatus ac:cordin;1 to (9\ 
\-\:·herein the control unit contro�s transrnisslon of a systern inforn1at!on b!ock: perforrne(i 
using the individt.:f:.l tt1ree ... din1ens�on:f:.t bean1. and 
v-ihHrt�ln U1�1 syst�1rn lnfnrrnation t;!o·ck cnntajns in-f(n·n1atlon fr1t1ieHt�n9 th�:: HvaHHb�H
frequency ban(i.
( ·i ·i) ·rhl� corr:rnunic.atlon contrQl apparatus accon:hn9 to an\.t c::1t:! ()f { ·1) to { ·10).
\,vhere1n the ceH identification 1nfonr,<�tion is ::.lifferent fron-1 cell ider:tifkat!on irn'orn-mt!on
ass�gne(i to an at�jacent c·eH

!' 
in a resource aik-::(:.aUon p�3t.tern ft�r a reference sign��L

(12) �rt:�· cornn-n .. ff1�(�-atlo·n t:ontrol t�pparatus accrJrcHng 10 any cne 01� ('1) to c1-1 ).
\,vhere:n the control ur1it contro�s transi1"1:�ssion of infonl:ation for sp€ch<ying the Hn1jtec
portion of thf:: avc=.Uat)}e n.�i�()UfCf= t;JoG!<�t
( ·] 3) /.\ cornrY1unlcabon contto! n1e.�tt1od lnc�uctlng:
acqulrlng ce·n h.:1e·ntHicf:.tion inftfff1"1:�:.bon �:.ss igned to ��n indhnduai threev,,Hrnens�on.ai
bearn forrnt�ti by a ffrt�et�ona! antenna. Cflpab!�� of f�"Jrn1ln9 a thrHH ... tilrn�::n�)k)naj t1��arn:
anci
controH�n9. by a processor. transrn�ssion of a: refBrence� sif�nai perforrned usin9 U:e 
lndivldua! three.�d�fner:skJn��l be·an:� on the !Ja��)s of the cen k1entiflc��tion jr:forrnation

1 

V·lhereln tf1a reference sj9na! �s transrr1itted in a Hn1�ted portit)n of avaHable resource 
blocks� 
(·]..::},) /\. tt:�nr:ina! apparatus. inc!udin9.
an acquls�tlon unlt Gr)nfi9urec.l tG·� Vl�·1en �� t)ase statlcn ... : Gonfi9ure,� iG confroj
transn1ission of a reference s�g:nal perforrned t.iSing an �ncH\,•t:h.Ja� three-�din1ensiona� 
bean1 forn-1ed by· a d:rect�onaf ant€.�nna. capabk�� of forn1in�1 a H1ree---ditnen.siona� tH.�:an-1. 
on the tn1sls of c:eH kienUflc��th�.ln !nf{Hrna.tkJn assigned ft"> the inzj(i/;fJtH1! thr������ 
d�rrh�ns�onai be�3n\ transrn�ts inforrnatlon ft1r spec�fi�ng a Hn:�ted portion cf avaHat11e 
resource bbcks in \-vhich the reference signs:11 is trnnsn1Htez t acquire tt1e lnfonr,ation; 
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Espacenet - Description 

and 

a cc.:rnr"nunicauon control �.Jn�t conf�gur�'S'd to rne�sure tt1e refert:nce f�ignal transrnittt:d 1n 
Hie Hn:ited portion sJf the avaHat.d� re�.ource �,!oc:ks. 
( ·] S) .T�he terrninal apparatus accon:gnf� t o  ( ·t4.L
vvl1erE.�ln ur�e Hn-1rted portion of the 8:·..l�:dl8JJ�e re·source blocks is a resource b!ock or
re:'::ource bloc!<:':: \•vithin a !irnited penod of time, and
Yvherein the h:forrnaUon for specifying the nrnite�j portion of the �3\.<ail�3b�e resource
b�ocks containt� inrc-rrnaUQn indlcatin9 tn::) !lrnitf.�d penod of lir1"1��-
("16} �rhf; trHTn�nal �pp�ratus accordinq to (4�4) or ("15)�
v,:-hereln tf1a Hrnitad portion oft.he avallab�e resource t1!ocks is a resource block or
re·source- b�ocks \,\tithh1 ;-:.1 l�rrdted porbon of aJ�: avaHa �}le frequency band { and
..... v�·iereln the �nfnnT1ation for specifyinq the lirnitezj portion of tr1�� a\lailabk=:: resoun:�e 
�,tocks cont:ai�s lnfo-rrnabon ind�cating a banz1v-/kit.h of the H�T:�ted port�on of the available 
frequency band. 
(i 7) T!1i�:· tEirrn�nal appardtus acc:or<i:ng to (�:6), 
V·/hereln inforrnatlG ·n indicatln9 th:e· bandV•/kitt-1 o-f the H�Tnted porton Gf the av��Habh�
frequency b;�nd is �:ont:�Jned in a rnaster inforrnat�on block transrn�tted us�ng the 
1ndiv1duai mret:H:fariensionai bemYL 
{ 1 S.) �fhH t�1rrninal apparatus accordintJ tn { ·;: 7�). 
\•Vherein the acqu�s\bon unit. vvher:: .a systern lnforrnation b�ock contain�ng inforrI:ation 
lncHcaUng the band\•vidth of the a\lailab�fa 1-=requBncy band !s transn:ittBd using the 
inci�vlciu�ll: thrt:�t:��t�in·1r�?nslonal bean·:� at�quin.�s th�$ infiJrrn.aton contajn�Jd �n tt1€ syt�h�:rn 
1nforrnatior1 b!ock, and 
vvhe.reln the con1rn�Jnic.ation contro{ unit C()ntro!s r.;:)d\o con1rnuniC;:)t{on perforn1ed by t�1e 
tt�J·n:�nat apparatut; so tf1at a.n a.uo-ca.ted ratiio n���ourci'S \VIU1in ti:,� ava�!abit$ frequency· 
tland is userJ. 
(l9j A cornmun1c;�tion contro! metriod 1ncllK1in:;r 
\,vhen a. base st8Uon c�orYng:t.:r.e.�d to cont(ot t(ansrl1ts·sJon of a ref�:rencB signal p�;::rfon�nec 
us}nq ::1n }n(jjvKjual three-�dirnensiona.! bean) forrnezi by a ztrectlnna! antenna capab!e of
forn:�ng a three--d�rnensjonal bearn: on the �,asjs of cen kientiflc�3ticn jnfcnrH3tion 
assi9ned to the in�jiv��j�Jai tt)ree'"dirnensionat t�e��n:. tr;3nsrn!ts in"forn:ation for specHying 
a Hrrdted portion o� a,./a�lab�e re.�source block.s in \·v"t1ict1 tt1e ref�:rencB sig-nai �.s 
transrnitteti, acqulring ti�1e \nfr:.1rrnafion� and 
r-neasurh1g = by- a procc�ssor:. U1e re-f��tfance signal transrrdth.:�d in ti:e Hrrdte�J r�ortion o ·t t�1e 
,::1vaii,::1bi0 resource biocks, 
(20} i\n lnforrnation procf;ss;n9 apparatus jnc!ud�n9:· 
-� rnernoi�/ configured to store a prograrr1� .e:nd
on��? or n1(::n�:· prQCt:!S.sQrs capablf:: ()f f.))(£:·euUn9 u·1;.�:: prograrn.;
\,vhere1n the pro9rnm executes 
Yvhen a b��se st.�Uon confi&11�rBd to cGntro! trans.n·1ission of �3 reference signal perfz)rrned 
us}ng an frKii\lkiu.a! threec�,jin1ens�onaf bean�� torn�ied by a cHrectirJna� antenna capabh?. of 
rorrrdng a. U1n:.�E.��din1ensh::nal bean:� c�n th€.� !)asis of c:E.�n idE.�nUficauon infon11auon 
a��si9ned to thi:! jnz1j;._nz1ua! three ... �Jirl�t::n��iona! t1{:Hrn .. tran��rnlts jnforrn;�Uon -f�)r spec)f\dng 
a nrnited port�on of a\lailab�e rc�sourc.e blocks in '.:Vh!cl·1 U·1e re·tert.�ncB signal �s 
transrnitted: acqu:rtng t1·1e lnforrna.Uon� an�:i 
rnBasurin9 the r�1ft�r��nce siqna� transrn:itt��t�: in thf� Hn1jh��d portion cf tht$ avanab�f} 
resource block.s. 

[0279] 
·� : cc:-rln1un�c£:hon s·•fStl�fr:

20 : three--dimem',dona! b�s:}rn 
30 . CtffHrnunicauon region 
·100 : tn1se station
·15·1 : ceH ID assignrn�nt una
·1 :�,:?., : information .acquisition unit
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Espacenet - Description 

·155: transrnk�sion control �Jnit
167. i1a.ndovt:�r control ur1�t
200 : terrnina� �3ppi�fatus
2s·1 : h1torrnat�on acqtdsith::n unit
2(5:3 : cornrnunica.tion o.:witrol unit
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