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vv�yien tt1e rnobHe terrnina� 92 again rnoves into tt1e ceH h:1rn1ed b�:l the base station 9·1 � 
U1e n1obile terrninal 82 rt:�ce:ves� tiorn an1or1g noUfi .cauon infon11ation transrr:itted n·orn 
Hit� b>�:t:i� st.aUon S r1 t tht� :SfB·l that contain� ;3 ce�i ID and a '\h3�ue tag•:, l ... hen ( the rnobile
tern:�na� 92 detfarrr�lnes \,v}1ether U1e ceH 1c1 containeci in tht.� S:tBl rnatches the ceH !D 

H):s n1atcr\ tht� rnobilr� tr�rrninal f}2 corn:pares tht� n\/ah.H:! ta�t< corrta�n��d jn thr� StB·1
recejved "froni the base staton 9 ·1 \1Vlt!1 t!it� t'\/cdue tagH of the nctJh::.ation �nforrnatjon
t{�t�l�nt�:-c1 in the rnobHt:� tt:�nr:inaJ �12, 

[0012] tf the z:eH ![ts (��ffer or ff the �\/alue ta\l�f� dffrer, the rnobHe tert11inaJ 92 n��ce�v-es 
aH the p�ecc�s of notficaton inforn1aton transrnitte<j frorn the tase station 9·1. Then. the 
rnobi!e terrntnal 82 apdates <.��l u·1e p!t�c.�ts of not�fic.ation �n-forrnation reti�jn-ed in tr:€ 
n1obHe terrntnal f:)2 to the notitcation inforrrrt1tion rec.ehn��d frt)n1 the base stahon 91. 

too·1 J] .. �s ch.:�t�crH3t3t:1 at�Ov\3·� \·"-:-'ht:�n tht:� rnobHt:: h:!rn:�na� 92 n1c�ves b�)l\·'l�:!{:!n C�:!ns� H1e 
mobiie terminai 92 rnay sorneHmes receive a!! the pieces 0:' notific8tion inforrrn"'tion 
transrnitted frorn t�ie b.�se st.abon S fi. i\ccording�y, i�S Hiustrated �n the iovr/er port�on of 
FiG. ·1 f� � u:e n1c.:blle terrn�naf 92 consurne·s receh.:·E.�d elBctncai pOv'ler v·,/hen it n;::cehles 
thB r-::�81 to thB �.;!811 .P\cr:.ordinq;y, jn tf1H n1<)!:1i!H t��rrnjnai �12� thr� ��;��Gtrk::fJi pt}�vr1r 
consun�ed ,�tu�� the ref:':ehhng process is perfonr:ed on the nobficabon inforrnabon 
increases. Tl1e n1obge terrnina� 92 aJso receives tht.� f�HB ··t �v�1en 1�1e pov')'·er supply of tht.� 
n1ot�Ht� t�)rrninai 92 ls turn�1::.i on Qr v·./1�)n H1�) n1(1!JU{� t{�nT��nf�� �;12 rnov��s into a t�ervk;e 
ranga frc>n-1 outside a ser-./lGe ran[1e. A.t tf:ls tlrne,. if ce�� IDs or N\/alue ta9:s )� ziLffer� the
rnobiie te.rmh:11 92 receives �i! the pieces of notiflc,1fa::in lnforn1:1fa::in, Accordlng!y, vvhen 
t}1t:� pov/t�-r supply of tt1e rno-b·Ht:� tt:�rtr::�naJ �32 is turned on or vvt;en tt1e rnobHt� tt�rtr:inaJ 02
rnoves �ntn H ��er\•'�(�e range fto:T1 outs�de a servk;e rangt\ the e!ectrk;��i po\�/��r
consun�e::i ,�tu�n the recehi�ng process is perfonr:ed on the not�ficat�on �nforrnat�on aistJ
irH.::rea.ses,

[0014] l\c.cordjngly, U ... ie pr�sent appHcation has been concehled in Hght of the
ctClHr:stanc.es d.ascr�beci abO\le. a.r::el t�n otje�:t u:ereof is to prcr-/kie a vv!re!ess 
cc.:rnrr�unlc8Uon sy·stern:. a transrn�ttei\ a receiving apparatus, .and a notification 
lnforrn(jtion transrnisston-·receptlon rnetr�1od ti�1at can reduce eieciricai pov-/er consuir:ed 
\-vhen a rece�vh1£l procc}ss is pc�tforrned on notification irYtorn1ation. 

roo·15] .Aceon:Un9 to an �1sr.H:=t�t of iht:: �)rribocHrnentt\ a \:vln.$it:�t�s ccrnntJnicahon s.tstt$t1'1 
includes a tr<�.r: sn·1 iH€r afHJ <� recel�linu appar<�lus. The tr��nsrn�tter :nch_gJ�s a re\ns�on 
��1istDf}l cre��tlnf1 urdt that cre<.�tes rev�s\on f: istory C{Jnt:3jning change infOr�r:ation rela ted 
to notHlcaUon lnforrnauon \•'.,then the notti(:aton infon·11�1ucn h�ls !::een c i1anged� �lnd a 
tra.nsn1itt:r1g unlt tr1at tr8nsrnas noUfk:�a.t�on infortn.ation containing 1�1�: re\:·isJon t1�.story 
c.reat�}ti by th�� rr:vf��KJn hist<_;ry cr��atin9 unit. �Tht� reef�lving appan:�h.ff> inc!udes a ��t:.;r�n�1
unH t}1at stor€�s H)erein notHlca.Uon lnforrnation� a rBct�i\dn£� unit U1at rt.�ceives the
revision t1kstor:l fron·1 a!r:ong t �·1e notlhcatlon inforrnat�on transrn�tted b�l 1he transrnHtjng
unit, and an upt1atin9 unit tt1at updat��s ti·1e nothlcHt�on in-f(n·n1Htion :stor��,;J in th�:: :storln9
unit on t��1a basls of c��1ange lnfotrnat�on zJ:'Jntalned in tf:e re\ds.ion h�stor:y received by the 
rece�v�n9 unit. 

[001 eJ .Acec�n:Unq to an aspt::t�t of an t:�n1t)o<iin·:ent .. an ad\/fJntagt$ is pr<:1vld��d in H1at a 
\•Virf:iess c:ornrnunicHtlon. s:/s tfH11 can reduce· e.�e:etricai p(i\.\•·er con�=;uri-H:d Vih��n �� 
receiving proc�·ss ls perforrned on: not�fication lnfornt:)t�(H!� 
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FH3. ·1 is a b�ock cHag:ran1 Hiustrating ;Jn e>�arnpie <:-(H1figur;:)ti(H1 of ;:) \:V�reiess 
con1n-1un:catk)n systt:�n1 8ccordlng tc.� a n(st :;.:rnt)od�n1E.�nt. 
Fie-;_ 2 is a sc�,t�n,�3th: ch�39:f�H11 iHustr;3tlng a tn:u:sn-1�ssion/receiving p recess perforrned 
on notHlcabon lnforrnauon. 

on notifa:ation lnl'crrnation. 
FH3. 4 is a b�oc{� dii�g:rarn n1u�tratin9 ;3n conf:gurat�on exarnph:� of a �Jase st3Uon 
accorrJlnt1 to *l t�l�()Jnd l�fr:t:ocHrnent 
F!(3 5 Ls a scr1ern auc tha�1:rarn iHustratinq an �n<.an1pi�� of HH:� rHvis�on hi�)tory· of 
notification 1ntom·1ahon cre'",ite-:1 by a nsvision hlstory creating unit !Hustrated in FIG. 4 
Ftl\. fi is a b�ock diagr;-:.1n1 iHusttaUng an e�:<arnpie corrfl9tJrahon of a n1obne terrnina! 
ace.ordln9 tG t�"l€ S€GOr:d ernbo,dlrr::�H1t. 
FH3. 7 js a fio\,vchart inust.ratin[] the fh:t--l-l of a ncit�ftcaUon �nforrnaUon transn·:�ssk)n 
process perforrned by the i::.ase station ;J(;cording to the sec(H1c{ ernbod�rnent 
Fie;. a Ls a f�ovvci1art lHustn3tin@ tht:� Jlo\:v of a nc�u·nc:auon ink;rcnauon rect3;ivin�1 pr\;c�:!t;s 
perfonned by u·�e rnot:1H€ tBrrrdn��i acc:orz1in9 to trH� second err:bor:Hrnenf. 
Fie;" 9 is a ·fit)\"�/(::hart \Hustn�ting the 1�0\;V' of a noth\cath::n; �nff)n1:ation receivirig prl)Cess 
pertorrned V'lt:en "ttlc.� r"nobiie tern1ina� accor"dir1g to u:�;:: sBcond Brnbodin1Bnt n10,JBS 
betv�lHHn e.Hi!s 
FH3. -10 js a schern(�tk:. d�agrarr1 \Hustrating an exr--u11p�e of a revis�on histor�-/ �n �./lhic.h a 
H\/alue tag<' is associated \Vith c��iange inforn:ahon£ 

F�Ci 1 ·1 is *l s.ct1ri?rnaUc ::.i�a.9rarr1 d!ut�traUn9 an {�:xarnp!e or a rev·r���t)n hi.story in \•Vhich tht$ 
date anti tin�1e at vvf1�c.h notif�catlon info-rrnatlon is c.han9e:Zi is assoc-lated \:vith the 
chs:m9e lnformaUon. 
Fi(>. -12 is a scf1t�tY�i:1ttc cHa.i1:r��H1·1 Hh.tstratiri9 an exan,..�pft:! of a transrn�ssk)n/n:£:Ct":!iving 
process pen\Jrrned r)n noUflc:��tion lnforrn��tkJn. 
F!G. ·: ::"3- is �� sd1em'",itic diagram illustrating an example of a transmission/receiving 
process perforrned on notification :rlforrnation, 
F!(3 14 is a schernaUc {J�aqrarn iHustr��tin9 an ex��n1p!e of a transrn�ssion/receiv�ng 
pn:-cess pertorrnt�d on rioUth:aUon inforrnation 
Fil�. ·1 S is a block Oiagrarn HfusttaUng a (:c�rnputer that e,:<ecutes a transrnissk>n cc�ntn:1� 

progran1. 
F�G. 17 is �l sct1):1rnaUc diagrarri iHustraUng an E:xan1p�e ot noUfic:aUon inforrnaUon 
transrnitted by a cnnv��nUona! bas�� station 
F!G_ ·18 is a schen1>�t.ic rha�1:rt-·HT� IHustratlng an exarTlp!e cf a tn�nsrn�ssion/receiv�ng 
procet�s p�)rtorn·1i:�d Qn noUflcat�Qn inrorrnatk.1n by f� con,fentk.1nal bat�e I;taHon and a 
conventbnal mobiie termina!. 
FH3. 19 �s �� schern<.��tk:. d�a.grarT1 Hh.t�-trating an exarnp�e of a transrrlis-sion/recehdng 
precess peri\"nrneo on notification lntorrnation by t� con\renHonai base stauon and a 
convsntion8i rnobiis tsrn-1inai, 

[0018] Fi�-r�r��rr�::d ��rnbodjrnf�nts nf f1 'V•llr�1iH:ss conu-nunfc.Htion s�y-�;ten1_ a tr ansn1�hi�r: a 
recehdn9 apparatus� ��nd a nQtlf;cation lnfG-rrnat�on transn1�ssion-•recept!Gn n-:ethod 
cUs.c!o-se{j in the� prc�sent appHcaton: v�liH be descritH��cj in dBtf1H bek)\1V \�Jah reference to 
·fr1e aecornpan)/in9 dra\${ings. TJH; vvkeie��s cornrntn�:ic��tion s yst1Hn

1 
th�� tn�r:srnitter� the

re·Gehli�g appart--ltus, and the notification lnfo·nT1ation t.ransrnission-•rec-eption �T:ethod .are
not Hn:tted to these ernt>o(Hrnents {jis�:tJsed in the present appUcation�

[nrnt f.rnbtx1iment]

too·19} Fir.st a \;Vlr:c.�iess corrwr1�u1:caHc.n1 s·ist€.�rn accc:rding to a first ��n1!:)0dirn��nt v'iHI be
descrH:H�d \:\dth refer€nGe to F!i...�>. ·L F!C>. ·t is(� t)!(){J<. dh:�9rarn i!!ustratin9 ��n ex\:�tTlpl��
configuraton of a \.•vireiess cornrnunk:.atlon �)lsten1 ac�:ortHng to a ·first en:bodirnent l\s
Htustrated in F{c;_ ·1 : a \\:�reless cornrnunlc;Jtlon systen1 ·1 according to the first
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embodiment inc':!udes a transrnhter ·rn ano a re,:::elvlng apparat(1s 20. The transmitter ·10 
and the rE.�ceiv:ng appat8tus 20 p€.�rforrn v·./ite·k�ss cotnrr:unh.::aUon E.�act1 ott1Br. 

[0020] '"rhe ttansrnittc}t ·1 O is, ·fr:ff exan·1pte, a base station and !nc�udes� as Hk.;strateci !n 
FiG. ·1 � a rE.�vis:or1 tr�istory· creaUn9 una --i 1 and a transrniUing un�t ·; 2. If noUficaUon
lnfonnahon has been cr1angf�C\ thg rf)\.rision t·iistory crHaUn9 unit ·1 ·1 crHates chan�1r1 
lnforrngtion re�gted to th� notfh::·at�J·n �ntOrrnaticn as re\.<is�cn history. For ex�3rnph:\ �f the 
n.�vision hh�tory C:f{":atlnt1 un�t ·1 ·1 rec,a:v��"=S a requ{�St to change noHflcaHon infonr:ation
fron\ for exan1ph�\ a hit1hr�r .. h��vf�l dt::v·ic.��·� thr�-= n::v•i�)k)n hLsh)f':l crr�atin9 unH- ·1 ·1 crt�att:�s 
re·v�sk)� hfstory o.f t��1a notif�catlon \nforrnation. 

[002·1 J The •>chant}e �nf:c::HTn��.bon re���te(j tG· the· noUfk::��UGn lr:forrnaUGn·1 rr:entionezj here 
lnt.hG[�tes� for exarnpie, the cHfference bet'i:Vf.H�.�n notficaton inforrnat.�on that has not been 
changed rind noHf!caHon informatbn that has been ,:::hanged. for exan1ple. it is 
assurned that a up8�1tn9 pr;;r�od of �···1 Ct"� !�; cc�ntain��c� in no tifk.�:rtion inforrnation that has 
not been c:han�)e(j ��.r:d Hs�=:.urned th��t �� ···pa9lng per�od o:< 1�s:•::•: is tx.H1t��jr:ed in r:r>tifk;��tion
inforn1;�tion th{:�t !;as been c.f ... ianged. !n suc.t-1 a case, the \:.t---;ange �nforn1at�on related to
thE.� notif:cation :r1"forn1attort �rKHcates U1e �··paging p�;::riod of n3n::. Tt1e,rt the change
lnfonnahon rr1iatfNj to sucr1 noUflcaUo·n info-rrnaUon j�) r�t�t as hjr�tory in the <•·n:�vlsjon 
i·iistory of the noHicafon inforrnation" 

[00221 T\·1{� tr£:nsn·1�H:nq unit ·] 2 tran��ntts noth\c:atk.1n into rrnation C(1ntainlr\1 th .t:! r �it-/sion 
history created by the revision history creatinq unit 11. For example, in addition to the 
regtdarty transrnitted notitcath::n1 lnforn1ation� the transiriitUng unn ·12 transrnHs� as 
notiTication inte:nr�i:1ttor1;, re,vis�on �1istor\l c:reatt:�d !:Jy tht� n�v·ision !:tstor'-/ crt�at{ng unit ·1 ··i, 

[0023} The reeehdn9 r:�pparatus 20 is. for B){:arnpie, i� rr:ot1ile terrninai and �ncludes, .  as 
lHustrated in F!G, ·1 1 a stor�ng t.H:.�t 2�1 � a receiving unit 22� .and an updating un�t 23. ·rt1e
storh9 unit ?1 stores herein notifi c<�ti<.m intorrnation. Trie receiving unit 22 receives 
re·vision hjstor)� frorn arn�)ng notification lnforrn�3t�cn transrnitted by the transrn�tting una 
·12 h1 t}1e tt��nt:;rnhtar •i CL (1n U::e b��s�s o-f tt10 r�\dSk)n i:�story ('Yf 1he not�f!cation
:r1"fc.:rn1ation received tr�/ tf1e r€.�ce:,.nng unit 22� tt1B updaUng una .23 updates tt1B

[0024-] .. �s ciescribs·d abov0· 1 in tr1,2 \�vire�ess cornrr:unicaUon S�/slern 'i acct:rdjng to the
first t�n1bo(Hrl�t�nt, thg transrnittgr -10 transrnit:s nctlfieHtion h)f�"Jrn1.atlon contafr)jn�1 
re·v�:�Jc>� hfst.ory. Inst.e<�d Gf rer.:e\dng an the pieces cf notification inforrnation� the 
n.::eei:-lin9 app£:ratus 20 tl�c��?hli�:·s the rt::·•./ision history ()f the notH)caHon infonr:abon and 
Uf}dates, on u·�e b��s�s of the recei,led re:..lision ! ... :istory_. notifjr::ation jr:forrnation that is 
retainer.i in the rer::eivjr,g apparatus 20. 

(002:51 .�ccon.tng\·\ �-viU1 the re·CG�vlng apparatus 20 accon:hng to tt1B nrst €.�n1botnn1€.�nt. 
even V-lhen notifh::ation inf(::r-r1;.ahon has been changed or (�\{f�n \:Vhen the recf..�hAr1;1 
app�1ratus 20 fH�s rnoved betv�i6CH1 ceHs� tht�· r€.�c€�v�n9 £{pparat.J$ 20 r$ce:�hles on�y
revisjon �·1kstor·/ instead of receiv:ng fi�t tne pieces of notifi.c.:ation �nrorrnation. 
z::.onst�qugnUy·: U1�1 rgcel\ling apparatus 20 cc1n n:�ducr� �1i��Gtrlt::fJi pt}�vt�r c:onsurntN.1 Vih�::n 
a re·ceiving pn:}cess ls pertGtrnezi on the not;ficahon inforrrlabon. Furth-anr:ore� because 
U1e rece-�v�ng apparatus 20 updatfas on!y the changed not!fiwt!on inforn1atlon{ 1�1e
recehlin9 apparatus .20 C{�n reduce ete·ctrlc��! po;.?./er Gonsurneti \·Vhen an uptiate process
is perfonr:ezi on the notificr�ton �r::fonr1ation _ 

[0026} �n the fono\ving� ln a secon{j en:t)otHrnent a des�::ription vv·in be given of a c.;:)Se In 
\,vhk:/1 the tr�.nsn-1�tter 1 O descr�bed in th€.� first en1bodirnBnt �.s usBd for .a base station
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cornrnunicaUon systen1 according to t�)e second en1bodirnent 

[0028] F�rst a not�ficaton �rH\1rrnaton transntssjon process �n a v-Are�ess 
cornrY1t.n1lcauon sy-stern ae:corcHng to H)e second en1bocHrnent v')'·Hi t)e dt.�scrn}ed '-.t-l�th 
referenc:E.� to F{GS, 2 and 2, . F !<-3Sc 2 and 3 are sct1Bn1auc ciagran1s �;::a.ch Hlustrating a 
transrn�ssion/r�1ce�vin9 proci�Ss pr:�rforn1ed on notfficahon �nft)nnahon .. t'4 .. s !Hu�)tratt:�d in 
FH3. 2 � ffi \Nkeles� cornrrH.ff1icaUon sy�tern 2 acccrcHng to the second ernbodknent 
inc�urJet� �l ttaSi:! station 4 00 an.cl a rnct)de terfr�inf�I 200. 

[0029] Sfrr1lh�rfy to t��ie exarnple lUusfrated in FH3. -·] 8 , the base st3tion ·100 accorcHn9 to 
t}�te sc�cond £n11bodin1ent teg:tdar!y' transrnits the �318·1 to the �318'1 '1 as notification
lnfr::rrnatk.;n FurtherrnGre: th�� b<.�se station ·100 Gre-ates thf;: S:n:-5 �i 2 that contains revk�kH1
��1istor/ of change �nft::rrnaton that is the contents oft.he ch.anged notification infonr:atk)n
fn::rn arnong the S!B·1 to the t;Is·1 ·1 and also regu!ar�y transrnits the created E)!8·12. !n
ou1�;;r \:vords; U:t3· basf;; station --1 GO tra.nsrrdts. Bt; notH1cation �rrft)nr:ation .. U!t3; SH3 ·1 to U!{:!
s�s ·1 -� and the Si 8 ·12 th��t indlc:��tes rtr--lision i��isiGP/ o:< the notHk;at�on infonr:��tion

f0030} .,A .. t this stag:G 1 it �-s assurned ti1at the notinc.at:on inforn1at�on cont�ined in the f3!82 
r1as t1f�t�n er1anged. ln suer1 � ca.��g .. u·1i:! base station ·100 crt�ates tht� :-;is-12 that 
contains c��1ange infotrnat�on on: thB S!B2. For exarnple, a is assurr:ed tf:at the S!82 
contains infonr:ation on a pafl�f::tJ: period and ;;.1sstn1:eci 1�1at the pagh1£� pedod has been 
ef1*1n9{�d fl'orn :c.-� tr' to ng,: � in t�(�cr1 a. cas::), tht:� t1ase station 100 upcJatf.�S th.t:! cont{�nt�; of 
the �;l 82 ti) the ''pagh�:&1: period of ��a�m and creates tf:e SIB 12 contain�ng the <�pa9�n9 
perhJ�j of 1·a•·•�\. Then, t}¥fe base statk)t:: ·100 transrnns notn1cation inforn1ation (>:::�ntaining
tht$ ch1H19rKi �;is2 an;:l trw s:s:·12. Furtht$iwc,re. U1t� cast� stati◊n ·100 trnnsm1ts paging 
to notify- the rnobHe tenT1lnH� 200 that th-s· not'j'fic��UGn lr:forrnatk.H: has been G! ... :��n�1ed _ 

(003 ·11 H U:G n1wbH€' tern1�naf 200 according to thE.� s€.�cond t:rnbo(hrrie.:nt recehn;}s the 
pagjn9 fror1": the t>ase stBh<.;n 700 .. th€ r1":-r;tiHe tt=:rrnln;.=:�I 200 l1etern1�nes \Vf1.sth-er the 
pa9ing ind�cate:s a c::aH. �f t!'le p;3ging dGes rH1t �ndi;::at�� a ;:-:an� the rnobih� tt�nT:in;3i 200 
determines th(�l nolifh:::��uon ini'orrnati(:in has been .:.:b;�ngecL Then, as in u·1s exarnpie 
il:tustrated in F-{(3. 2 � U:e n1obHe terrn�na.t 200 receh...-e.:s the 818 ·12 that contains tt1B 
tevh>ion h istory of the notfflct�tlon lnforrr1atlon frorn arnong the nobfh::abon inforrnaUon 
transn1�tted 1/orn tt)e tlase stat�on ·] 00. Tl1en. on U1e bas�s of 1�1e ci1ange !nforrnation 
ccntaine·d in the rev·is:on t·1istory· in tn,2 SH3�12\ the rnobH.�� t�ffi1":ina� .200 updates tt1�:; 
notWlcaUon lnfcrrnahon u·1at ts rf�taint::d jn tf1H n1cL1dH tHrrnjnai 200. F·or �::xan·1ph:\ as in 
t��u� ext�:Tip�e dascr}be(i a.hove� if t���e (ipa[1lng period of •)�-

rm is contained in the SIB ·12. 
the rnobi!i:! t i:!rn·1inal 2G{J up<iate�� tl°1f.) pa9ln9 p��rhJd retain.t:!cJ in H1{� rnobi�e terrr:ina! 200 
to >�g�:.

[O(t2.,2J l-\s de·scrH)�-ci :abO\lB� if notifc;3tion lntony:aHon i·:as been changerL the base 
station '"!00 tr8nsr"nlts an S!E, (:t)ntain�ng n:.:·iis:on �,istory of the notH1cation inforn1at�on. 
�rhfH): if tf:�� n:Gt1}li� t��rrn�nc:J 200 detecti� tr1at the notffiGHbon infz;n1·:f:ition hHs t)f;en 
changed, H)e n1obi!e terrrdnal 200 updates tt1c.� notiTicath:.:�n irYtorn1atk)n by receiving� 
:1rorr: �1;T1ong notjfication :nforn-1atic�n tra.nsrnitted trorr� the b&tS�! .station �00� th.�! SiB 
contain inti tf:�� rt�\,•tslon h�story of th�� ni)tif1cc-1tion �nforrnatlon. l\c:rx.1rd�n9iy � bec:aus�� u·1t:� 
�1<a�se staUon i 00 ret:.e�ves Gnly an SIS that cont;3�ns revt��ion history even vvhen the 
notHlcabon lnforrnauon has tH��EH�i c.i1angc.�d� U1e base stahon ·100 can re(h.Jce e�ectr!ca! 
povver c.onsurned \ivhen the rec:ehdnq proce·:ss is pen\)rrned on tt:e nogf!c��Uon 

inforrnat�o� an(i .a !so• rec�uce etectrlcat po�ver c.onstnT:e;:1 \:�./hen the update proc.ess is 
perfcrrned on U:e notificat�on inf{)rrnatk)tt 

[0033] in U:e foH{n-v�nf:L S•h1:Har!y to th-s· ex£ur:r��e Hlustr��ted In FiG. 2 ; ifH� base station 
·100 in the ex,;3rnple Hl�Jstrated ln FIG, 3 regu�ar!y transn1its the SJ8·1 to the E)J8·L2� !n t}1�s
E.�xfH11p!e. \;Vhlch i.s s�r"nHar to the.� exarnple Wu:strate.:d �n FIG. 2 .  �t is as .sutned H1at thE.�
noUfraUon inforrnaHon cGnt:ained in the S\82 ht::s beer: di<'l.nged. Furtherrnore, ,tis
a:ssurr:ed that a c�H �[} arid i1 �:\/a�ue ti�g�' are contained jn the Sl8"1.
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[00:2.,4} His assurned tha t t!1e rnot�ae ten�nltla� 200 Hlustrated in Fie;, 3 rnoves frorn a ceH 
rorrned try- the base statk)n �100 to  a.nou:.er ceH and then a�Hiin fl1W\:·es into H1e .ceH 
forrrg�d by th�� base staUon ·!OO. Furtherrnore, �t �s assun)et3 th;3t� even after the t�'1obHe 
tc�rn:�na� 200 t1as n10\ted to U1e o th:er ce�L tt1c.� n,..�obHe terrn�na� 200 stHI retains the 

[0Ct3.S] ln sucJ1 a CflS.l�-; fron1 an·1on9 u··H�:· notlfit�atlon jnfiJrrnation transrnHtt:!cJ fron·1 th��
bas�1 stat}on 100� U1�1 nHJt)gg t��rrl�ina� 200 rr�-=c.��l'.it:�s thr� S!B ·1 that contain�� a <•\/ahJt:� t:.J{ln. 
Then, frc>n-1 .arnong tf1e notlf�catlon �nforrnat lo·n retained �n the n1obHe terrn�n.ai 200, the 
n1obi!e- tern1h)�1! 200 detc}nr:ines \1Vhet���far notif1cahon infon·Y�auon containin9 a cen :t[} 
that rnattilBS the (�en iD (:l)ntained jn th-s· St8 ·l Is present if f! ... :e nGtJfk:atk)r: inforntr'1tk)n
contalrdn9 the ceH !O that rr1(�tc.hes the cen t[J c.ontained in the sis 1 i s  present

i 
the 

rnobHe terrnhlitl 200 cleterrnines \\.��)ether the '\\/aiue tag:� (1f the rHJtifiwtion inforrnation 
rnatcl1BS thE! �)\laltH:! ta@:•t conta:n{�d �n U::E: SIB �1. 

[0036] tn thi$ exarnple; it is assurn�d t�iat the ff:o�Jiie terrriinal 200 retains not�fic.{:�tk:n1 
ir1"fc.:rn1atk:HT vvhicf1 conta�ns .a c.�e·H ID tha.t n:atci1�;}s the c:E.�H ID contained in u:e �;:;s ·; but 
contains a >�\/aiug tatf' H1at dGft�: net rlt:�tct·:: fhf� n\lajur� ta�1•< contain��ti in th�:: sis·!. in 
such .a G(1se .. as �n t.he e}{(�rnp ie ia��strat.ed F�C;� 3 , the rTH)bHe tenT1�na� 200 receives the 
S�8'12 containing the revision h�story of the noUfh:�auon �nforrnauon. ThBn. on the basis 
of u·1��? cl·tan9��? infQrn�at�on t)Jntaint:�d in th::) rev�sk.1n h�I;tor\.t in th�� sis �12. U1{� rnobi�e 
ten-nina! 200 updates the noUflcatlon infonnation that ls retai ned in the mobi!e terrnlna! 
·"}('\(\ 
.:::.,\._.,\ ... '. 

[0037'] /\s dBse.hbe(j above� '-lv�·H?n t1e n·1ot}ile· t��rrn�naj 200 nKJves betvt����n cells� first )

the rnobHe terrninal 200 rec:e\-.../es an .S�8 th��t conta�ns a �'\/a!ue ta�1�: frorn arnc�}19 the 
notHlc8Uon lnfofrn8Uon transn1�Hed tiorn tne base station ··100 .and H1en dE.�terrnines 
V·/hether the >�\/a�ue t���f' rnatches H1at in H1a noU·fic:aUon jnforrnat�on retained in the 
rnc4)He h�rnifr'la! 200. T·hen� ff t� ... ie rnot)H�· t��rrnh1;:3! 200 retains the not�fh:at�on �rrk;rrnabon 
t}1at contains a rr:atct1ec1 ceH ![} but contains a �'\lak�e tat( U1at does ru:;t rru.it:J\ U1e
r"nobi!e terrn�nal 200 upd.att:�s tt1e· no trf�cat:on !nforn1auon by rE.�cei,J�ng tt1B Sl8 .contain�ng
the re\fis�on history of the notlflcaUon lnforrl12-t�on. l\ccon:Hn;11y� bec��use t'f1e n·1obUe
terrn�nai 200 receives only an SIB that contains U:e re\.tsion history even \�Jht.�n the
n1olJHe terrnjnal 200 n1oves bstv·.,re-en ceHs ( tt·:e rr�obHE: tE:rrnina� 200 can reduc::.: e�ectrjcai
pov'iHf eonsurn��d :..:vht�n thg ri::r:.��ivif:\) proc��·:s�� is p��n\)nn�::d en H1f3 notific:a t�cn
inforrnation an(i ��iso• reduce atectrt::(�t povver constHT1�H:1 \:�./hen the update proc.ess is
p��?r fcrrneti on tht:! not�fic.*lt�on inforrnaton:�

[002,8} �n the ��xan:p�e g�u:strated �n FH3S" 2 and :3 � .:� descripUon h�3s been gjven of an 
ext�rY1p!e fn \\:f1�c}1 the base stat on ·100 transrnHs the BH3 ··t to the Sl8 -1-1 contain�ng the 
noUflc8Uon lnfofrn8Uon 8nd transrnits thE.: SH;r1.2 Ct:H1taining the n.�:\lision i1istotY' of the 
notification inforn·1ation. HO\N$\/ef� the nurnber of �1!8s transrnltted t1y the base station 
·100 is not Hn1lted to H)e C}xan1ple Hh.,:strated in F!GS� 2 an(i 3 . For t.�xarY�p�e� \:Vht.�n tht.�
!:)ase station ·100 transrn:ts the Gl:84: to an srs�15 conta�njng notific .atjon inh:srrnatk::n� tne
basr1 station 100 rnay aiso transn1it

t 
in addiUon to th�:: SIB -1 to th�:: sis '15

1 
an sis·! G that

contains the rBv�sion f1�story of' t��ie n:ofification �nffJnr:ation. in sl�t:h a c��se� the rnobH-a
terrn�na! 200 acqulrBs -u1c} re,.Asion t1!story- ot u·1e notification inforrnatk)n by receiving tht.�
S!8H3.

[0039] Furthe-rn1ore·� in the· exarnpie Hh .. ts"trated in FiC\S. 2 BJ"Hj 3 , a dest:ription t1as �1een 
9i)Jt�: n o'f *ln t:!xarr:ptr�? in \•vt1k.:h P:.?'./sion n:�;tory of notlfic.aton infiJrrnaton is eont�:.�lrH.2:d in 
the sln�1fe SlB · i 2. Ho\,ve\l€r the t��se station ·100 nu:�y also transrr:it rnt�aip!e S:t8s 
containing ti:e· revislon rdstory of th:e noUficati(H1 IntOrrn;:.lti(1rL For exarnp!e, \vhen the 
b8se sta.bon '] 00 transn:lts U1e SIB�;: to  U:J.:' SH3 "15 containing notific .ation inforrnation� in 
addHlon tG the sis·1 tr) t!·1B sis ·15� the tase statk)r: ·100 n1.ay a!sG tr��r:srr:it the S!8·i6 
and gn �1lB ·i 7 ci1ntajn�n9 n�v�slon h��tory of noUficaUon �rrfonr:ation. in such �3 case� the 
rnobi!� termh:11 200 :1cquires the reAs!on history of the notltlcation inform�tion by 
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f00-40} in u:e ·fc.:Hov1:t�ng, th€.� Ct)nf:guratk)n <>f the t)asE.� station ·100 accord in�] to 1�1�: 
s��eon(i r1n1t1G{[n·:t�nt v�•iH bt� descr1)Hd \vltf1 rgf��rr�ne�� tc F:tc;. 4. Fie; 4 ts a bloc:k 
diagrgrr: i!l:u�tn�t.in9 i�n configuration exarnpl�· of the b�3se station ·100 accon:nng to a 
���)cond l�;Tlbe:ctrn�1nt FurH1,arrnorf), F!(;_ 4- !Hustrat{�S unHs ff.�latezi to the nohncahon 

[004 ·1 j i�s iHustrated h1 F!c;_ 4 :• th:e ba.se station ·1 oo according to the secon(� 
ernbodin·1ent �n(�lude�=:. a p��9inq cre��bn9 unit ·101 .· an encoztn�1 unit l02� a n1orJu�atJr:g 
unit ·t(t\ (1 not�f\cation \nfotrnahon c.reating una -·i 04, a revisit)n t1�:story c.reat�n9 un�t 105, 
ic:Hid a noth'k:ation information buffer 106. 

[0042] T�·1e pa9in�1 (�reaUn9 unit --i {1-1 Greates paging lnforrnaUGn to be transn:Htezj to the 
n1o�)He ternifr).�1 200. For e}::;:u11p�e; th:e paging creating urdt 10·1 creates. paghig 
ir1"fc.:rn1ation vvt:en it rece�ve.�s a can n;.�qu€.�st ·frorr:� for exan1pk�:� a t1�gt1er---levE.�� device. 
Furtht�rn·:org. for �1xarnp��t. th.i� paqinq crHatlng unit ·1 O ·1 c:r��at�:!�) pagln9 h)f�"Jrn:atlon 
\•vhen �t racei\ies .a not.�ficat�on indicating t���at noUficaUon �nforrnation has been changed 
frorn the notification inforn1at]on cre;;.1tlnf� unit ·104 { v')'·hich \:ViH be describeci !ateL 

[0043] T��1a encodln&1: un�t ·102 encodes the pa�1ing �nfonr:atit)n created bf the pa9in�1 
creating uni t 101, The rnoch.Jis:lHng unit -w:?.; :Yi,::ich...dates the paging inforn1atlon encoded 
by tht:� Bnce:cJin�i un�t ·102 .. T!"Jt$n;, trH�} tr::t1du�attr�g un�t �; 03 outputs ti:{�; n1ociutated paging 
lnfonnatk;n to a radlo transrnlthn9 unit ·t ·H). ,�cc·r)n-J�n�ly., the pa9in9 irn\)rrn��lion is 
transrnjt te�:i to t�ff1 externa} soon::e via tf1B n�tj!o transrr:�tt�n9 un�t ·i ·io and an i�ntenna 
1 ·1 ·1, 

[0044] T�,i� notficathJn lnf�J-rrnatlon creating t.nia ·J04 creates not�fic�3t�cn infon�'1�3ticn. 
Specincal!y, if the notmcatbn informa tion ,::re��fa,g unit '104 receives a request to 
changE.� thE.� notif:catk)n :rYforrnatk)n fron:� for exan1ph!�: a !:�gt1Br ... 1�;::\:·et dB\.·· icE.�: tt1B 
notfflc.aUon lnforrnr:�Uon creating unit -104 cre>3tes notnicabon inforrr;abon on the basis of 
U1e ct1ange request. i\t this t�n::e, the nott�c.aton inforn,..�at�on crBating unit -104 
lnGre:THi�nts tt·le current ··'\ialus· t�1g}: and c;rlJates noUficaUon jnforrnauon contajnin;1 ·u•;:::_: 
iner�1:-r1t�nted "\/ah.H�� ta9>�. Furth��rrnor�\ tht� notjfit::fJtion inforn1ahon crt�ath-19 una ·104 
outputs the c��lt�nge k1fGtrnat.ion re�at.ed to the nohfiC<3hcn inforrr1.at�cn to the rev�sion 
1·1istory cri:!abn9 unit ··] 05. /:'\ccortiin9l,/;• rl�\lislon f1istory· of u·1�i= notification inrorrnation h� 
cre��ted by u·�e revts.ior: history· creatinu unit ·10.5. Then� the notjfic:'1tk)n infcH·tTlat�on 
creating unn 'i04 stGres. in the notfit-:.t�ton lnforrrlat�on buffer ·106� tH)th the nobf1ct:;bon 
lnforrn�:�uon createli t)y the notification infon11at!on cre;�{ing unH ··104 anti 1!1e revision 
histor-)( c.:f the not:flcat:011 �nforrnahon c.�r�'S'atE.:d t�y th€.� n;r./ision i:tstor"�l crE.�at�ng una ··105. 

[0045] Furtt1e-rrnore-� the notlficaton �nforn1aton crBatin£� unit -104 notifies the pa9�ng 
creaUng unH' -·�o··� that tt1e noUfica.Uon inrorrr::at!on f1as been changed, i\c:cording�>( if the 
notificetion infnrmetion i·1as t)een O,ang:;;Kl, thi� pa9in9 creatln9 unit H)'l can creat�� 
p<a�ging intGrn·1ation anti transrn�t the p;if�lng inforrn��tion to tf1e ceH forrned b:-l the base 
stat�on ··1 GO. 

[0046} Tf1� rev�sion t1ist.ory cr6atng unit. ·1 Of} crf�atBs re\.{isio:r1 history of noUflcation 
inforn1atk)tl on the· basis of the ch.fH1ge· inforrnation reh3ted to the notification inforn1ation 
that is. rt:�e�1iv�ad ttorn H1t) notiftGaUon intorrriaUon er,i:at�n9 t�nit ·J0·4. ·rt1er\ th.t:! ;-,�v�t;kJn 
i·1istory- c reatln9 un�t 105 O(�tputs u·-:-e GrfH�t��d revision histnry of the nt;tJlcatiGn 
information to th� notification hfonnation creating unit -104_ 

[0047] T�·1e notlfk::aUG·n lr: fG-rrn��bG·n buffer 106 stores therein not�ncat�on infonr:ation, tf 
Hit� notific;3tion irrfsJrnii�tiori �tored in t�ie notificaUon �rrfor�r:a tion buffer 106 is changed ( 

the notification inforrnation is updatect b�l H1e notficaton in ·f(1n11aton creating un�t ··io4� 
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(00481 ·rt1e nc.�trficauon intorrnsuon c�reat in.g tu1�t -104
� 

the rt�vta.jon !1hstory crE.�aung unit 
·105, >�nt'� the noUficaUon int\.1rrnaton: buffer 106 \-ViH �Je described using the exarnp�e
iHustrated �n F!l�. 2 . ·rhc.� notificath:1rl ln-forrnatk)n bt�ff�1r -106 stores thBrein n1e st.s ·; to 
thE.� s�s --� 2 as notlficatlcn �niornlatlorL H th€.� notH��cation �nfcH·rl:ation creating unit i 04
rf:et�+•IH:S� frcrn a hit1hr�r .. h��vf:-l dr�\-'iC.�\ a r��qu��st to c:han�JH H1�� notification �nft)rrnatlon 
contained fr; the �1!82 = the nohfic:at�on inft1rrnaton creating LH1it 104 creates the �;JE.{2 in 
accorcL?.H)C�) vviH1 tl-1{� ct1*ln9f.� request an(l: O(�fputs th�� c!·1ant1�� jnfiJrrnat i on r�i:latezi to the
notWlcaUon lnfcrrnahon to u·1e r�1vis�on history creath)�1 un�t ·1 OS. ()n HH:� basis of the 
criange \nfonT1ation related to the notificat ion !nformation receivezi from the notification 
inforn1ation ct€�aung unit '"] 04 :• the revision history creating unit -10:5 crBatt.�s th€ .si 8·12
Gontalnin�1 the re-..hslon h��=:.tr)r)'� of the nohf\G��hon irn\)rrn��lion ��r:d Gutputs the Greate<:J 
Sl8'12 to the notifo::.ation inforrmt!on creating uni t '104 Then, the noHfication informatlon 
creatin9 unn ·104 updates t!�ie $!8.2 an{j the SH3�;2 stored in the n otification intOrrn;:)tion 
buh\:�r --in6 to tht:� S�B2 th8t i�� c reatt:�d b�i -U1t:: not ifiC.<3t i on intorrnat ion cn.:�aung una --io.4 
and the Sl8·12 tf:Ht ts reGB�ved fn.;n-1 U·1e revis,ion history creat�n�1 unit 105. !-f the 
notiflc;�tion inforni;�hon creating unit ·104 changes the notific.atior; inforrnat�on cor1tained 
111 me Si8 'l by incren,enting the "Vafue t8g'·, uw" notificmion inionY1Btlon crtiaUng unit 
·;0,4 uptiatf:s thg �.;!81 storf:d in thg nohflcahon �nfz)nnatlon buff�::r '106 to th�:: sis -1 in
\•Vh�ch the 1�\la!ue ta9'< is inc.rerner::fed.

[00491 .. �t� lH(lStratt:�d in Fie;. 4 . the t1as.e station lOO incicH.iet� f� t ransrnh;s�on hrr:lng 
control unlt 107, an enc.odlng unit ·i08; a rnodulatin9 unit 'i 09; the razi�o transn1�thn9 unit 
·1·10. anj th�· antenna ·1 ·1 ·1 .. The transrnlsslon tirning (>:::�ntr(1! unit ·107 (>:::�ntn:1�s t}1e
transrnh.1s�(::n nrnh:i�1 of tit:! notl"k�3tt)n �nh1rn1atk)rL For B::-<-arnple .. u1�� transrniss{on !ln1ing
rxmtm! unit ·107 !nstrncts ti-1e noHficaHon inf<:.irrnafion bi.dfer 106 to �)utpiA notificatbr:
informt',ttkm to the encodin9 unit H)8 at 720'"rns intervals

[OD50] 'rr1e ene.G{ilnq un�t 1 OH e·nGodes the notrncahon �rrfz)nnahon that is output ·trorn 
Hit� notific;3tion jrrforrr:i�tiori buffer •i06 .. The rnodu�ating una 10�) rnc�uiates th e 
notification lnforn1ation th��t is enc:oded ty th:e encocBng �u:H ·108. -�rhe r��cBo trt�nsrnittng 
unH ·1 �� o tr�.nsn1its H1e paging �n�orn1atlon that is �nput fron1 th€.� n1odutat�ng unit ··103 or 
the no@G<:ihon information that is input fron1 the mo;:iuiatkig unit '109 to an externs:�i 
sourc€} v�a u:e- antenna -1-1-1. 

[005 ·i 1 in thf� fcHov:jn9, ·H1f� r��\Jis�on history .of th�:� noUficat]on .inforrnation creah��(1 bf th�� 
rs·vis�on hfstory crBt�ting unff 10�"5 H\�strated in f:1G. 4 '--V�U be ziH::�crH>Bd V-l�th ref�rence to 
r:·!(;_ :s. F�(;� 5 h; a scherr:·ahc diE.1t1ran:1 iHustrahn9 an exarnp}l:� (1f tht$ rt�'.lit�1on i·':k�l(ny (1f 
notification lnfr::t·n·1ation creatr-:.d b/ t1·1e re·'Jisior: history creatjn9 unn l(J5 HhJstratec� in 
FH3. 4. _ 

(OOS21 in the e;-{an:ple Hk�str'ated �n F!G. 5. the rev�sion hfstory creating unit ·105 creatt:·s 
tr1{? r��vision f:ii�tnt)t o'f tt1e notification info-rrnation in the orrk�r ot rf;vh�lon h�stGry R '1 '1: 
re'\dsJon t1istory F{-12 (:.�nd revisjon histor:-l FZ·] ;3_ r.;pecHi�:�£{Uy� a is assun:ec1 t�1at. firs\ the 
n;;visjon �·1kstor·/ creat:ng un�t �] 05 n.::ceives\ frofr: thl� nctjficatjon inH:.:rrn&)t�on creaUn9 una 
·; O,:l� thH chant)g inft)rn·:�hon inc.Hca.hnt1 that �·recr1j\/tN.1 �::h:�ctdca! povl��r ccrrr��)p()ntiln�i to
the CQndith:)n for n�lO\dng: into a cen !D G-f ·�x _x:-:<•:, is t:flang-ad to <�3 ds�··. in s.uch <� GBS·S r 

U1e rev\s�on history- creath1g unH ·105 cre;;.1tfas th€ rev�sion histor:/ f�l l as BiustratB(i in
F!G. 5.

[0053] Thereafter, for ex:an1ple. it ls assunied th�3t the revisi on history creat�ng una ··ios 
n.::eeivl�s. trcrrl the notff:c.ation :nforn-1atlon creaUng unH ·104, th).:: cttang,::: �nfr.1rrnation 
lndk�;�th1�1 that ('U:e ceU !O of ((\:""'{\"·· ls deleted fr(Hn a per!pherai ceH Hsf: an,� H1€ chan9€
lnforrnation h1cHcating that �lhe ceH !D of -�zzzi
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Espacenet - Description 

(0068} Fof exa(npl8 1 ln -Ur�e €)\Srnp�e �l�UStt2::lG-s:l in Fl(3 . .2, 1�1€.� bas�� .stat�on ·100 
transrnits� to the :nobjle tern1inal 200: thi� paging in(Ucating that the not�fic�3t�cn 
inftH .. n1ation has been ch-anged. In such a cas€�, u·1e paging processing unit 207 instructs 
the reGepUon Urr�lng controi unit 208 to (ecE.:ive the SIB ·12 conta�n�ng H1e rev�.s�on history 
of the notifk:c:tion hfonr,�hon 

[0069] T\·1{� tl�{)i?ption tlrn�n9 control uni t 20C- controls� in accordanc�� \Vith an instrur.:Uon 
frorn U1�1 notlficatlcn inforrnat�G·n pn.Jc.essint1 un�t 206 or HH:� pa�1jn�1 procr1ss�n9 unit 207 .. 
the t�n1in9 of the reception perforrr1ed by t���e radio rec-eivin9 unit 202_. Spec�ffcaHf, �f the 
re·cc�puon thY1ing control LB":�t 208 is instructed by the noUficaUon ini�:1rrnaiion proct}ssing 
unit -;?06 or the pa9lr:g: processing unit 207 to rec:e�ve ��n SH3 conta�njn�1 revjs�on history 
of nc>tif:G<.1tk;n lnforrnabon, the recept�on brr1ln9 c.ontrz.11 un�t 20.S controls the rad�o 
receiving unit 202 such that t!1e ra.dk) re-ceiving unit 2:02 receives t�1e SHJ� Furtherrnore. 
if H1B recBptie:n tlrning: contrrJ unit 20a is instrtict�Jd by· th�J notif1catk)n �rYfc�nr:ation 
process�n�1 unit 206 to rBcehle aH Sl:8s� the rec:eptiGn Urnir:g contrG! urdt 208 contrG!s 
Hie rat.h�, recehdng unit 202 such that t�ie n�dio rece�v�n9 un�t 202 rec.eh/es i�H of the 
SiB� Ft.:r t11errnore, �-f the.� r"nobli�;; t,;;rn1:na� 200 n10'--/es bet\•v�;::�:n ct�::its, the rE.�ception titning 
control unit 20H contro!s thf; rad�o rf�c.ei'Jin9 unit 202 suef1 H1at thr� rad�o r��c�::�vlng unjt 
202 racei\ieS an S!B· c.ontajrdng a �'\.lalue tat {�. 

Flo\,v o'f thi:! nctifie*1tlon �nrorrnaton transnts.�ton procf.�sI; p��rrorrn{�d by H1{� t:�H;e stahon 
accon:.iin9 to the secorKi erntGdirr::ent 

f0070] in thi:! te:tiov�·�n9, tf1t$ fk)\�:· c4 tt�:e nt1tincatlon inforrna!lon tr.ansrn�ssir;n proct�·ss 
perfGrrned t.�y the ba�=:.e st�tlor:. ·100 ac.cr.>rding t.t) the sec:ontj ernb{)(.jin·:ent \Nii� be 
ch�scrlbed V1l;tf1 reference to F!(3. 7 _ F!c:;_ 7 is a flo,Nchart Hiustr-.at�n9 the fio\:V en� a 
noUflc8Uon lnfofrn8Uon transrn �ssion process pertorn1E.�d b�l 1�1€.� bas�: .station ·100 
��cz:on.iln�1 to the sec.on(i ernt·G<.1irI:-ent. 

[007·1] /·\s !Hustrate�j in F!G. 7· } ii Hle noU·fl(-:��tk)n infcrrn��uon creaUng un�t ·; 04 in 1he 
!)ase .stauon 1 oo r:c.�c�ei,Jes a t€.�quest to change notif1cation �n1,:onr:ation c·te.s at �1tep 
s-10-1 \ the notification �nfonY1atlon creatln:;1 unit '104 creates an SIB tf1at is the target ftH�
a change {Step �� ·102). ·rt1en� the nott�c.at!on inforn ... �at�on crBatinf� unit -104 outputs
cf1�1nge inrc-rrnation re�ats-tl to t�·1e nct�ficatlon inft:rrnatk::n to the r::.:v·�sjon }·:is tory creaUn9
unit 105.

roo7·21 ()n the t)asis. ot H1,a cha.nq,a �ntorrriation reif
f

tf.�d t(1 u·:�i= notification inrorrnation 
Input :�rorr: U:e notification inf'orrnatlon cre.atlnq una ·i04; tfH9 revision h�sfr>ry r::r��atir:G urHt 
105 creates an 818 c:ontaln�n&1: revision history of the noUflcaUon inforrnation (Step 
s-103\ ·rt)en. the notH1cat�on �nfc.�rn::at�on (:reating unH ··104 ston:;s, in the notification
lnforrn80on but1\�r .. i06� boU1 u:. ,;; SIB cn;;·ated at St�:p s--io.2 .and tt1B �;;g crBated t)y the
ff;.�vis�on hh.�tory c.rt}atin�1 unit i Of].

f00l3J Sutn�equenUy\ �vh.en the notff:caHon infc:ri1":abon is to be transrn�tted { ·�tes at st�;;p 
t�104)� th�� transrnission hn·:h-19 control unit 107 in�)truet�) H1�� nohficahon �nft)rrnatlon 
bun'er ms kl output the nohfkation infor-rn.ation to tr10 encodinq unit "108. Vv'hen 
receiv�n9 u:e- instructlon� tt)e nott�cat!on intorrnat�on bufft.�r ·106 outputs 1�1e notification 
lnforrnaUon to u·�e encod�ng unit ·108, .. �cr:.ordln9�y� the base station -1 QQ trans:n1as., to tt·H� 
cal:� forn�ed t)Y' t.he tt3se station ·100. the noHficatk)n �nffJnr:atit)n stored in the notifh:.:.ation 
inforn1ation buffet ·106 (t)tep f:?, ·105) .. 

[0074] if the r:otH�(�abon inforn:abon er€·atlnn tHHf -104 c:hans.1es notification �ntGrrnafion 
(fe.s ,;3t Step S·106,L the notf�(-:Bton �n:forrnation creating (H1H -104 �nstructs tt;e paging 
creating unit 'H.l'l to trans.rnit tht: paginrJ. Cons.equentiy, u·w paging crtiating unit 'l01 
c.reates pa�1h19 lnforrT1ation and transrnits tt-1e pa9�n9 via f! ... :e encoding lH1�t i 02 .. the
rnodutating unit ·103� and -ui�� n1d�o transn::itting una 11 o {�3tep �; 107).
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Espacenet - Description 

[007:)} Then, t}�R:� bas.e stat�on ·100 returns to the process pertOrrned at Step �;··i cri. !f t}1e 
notHlc8Uon lnfofrn8Uon h8s not be.�€.�n chan.g€.�d {�Jo at �3tBp �; ·H)6t H1e base station "100 
return:t: tc t�,t� process perforrn�·d at �3tep i3•i 01 Vlithout transrnltting the p;3g�ng. 

f0076} FurU1ern-1on;; 1 e\i-t:�n H th€.� t)ase.� station ·100 doE.�s not recB�ve a n!�quE.�st to c�1ang�: 
thB notificahon �nft)rn·:ation {�Jo at �.;tep S ·;: 0·1: ): ·�vhHn H1H nohficahon �nft)nnahon ts to t1�� 
trans�rfrtted (Y·e� �3t �1tep �3. ·; 04)� the !1ase st;�tion 100 transrnas the nobficabon 
inrcrrnauon {Stl�P s-107). 

F�o�•v t1f the not�fic.ation tnf'on1·1ation receiving process p���rforrned b)'� th•e rnobHe t.ert11�naJ 
ac:Gording to the secon(i en1boctrnent 

[007'?] In the foHcr�v�ng, the t10\1\" of the not�fication int(1rrnation rec-eiv�n9 prz1cess 
perforn1ed by the n1ot)He terrnina{ 200 according to t�1e second ernbodiirient \:V�H be 
dt:�scrltn�:·d \:\nU: n�ft:�rence to Fie;._ 8.- F!(;. 8 h; .8 ·f1o\•vchart 1Hu�;traUng U-1B f10\�,,. of u1�� 
noth�lc:aUon lnfG-rrnath�)n r�H.�ehlino prG·Gess pe:ft">nTH:d by the tTKJbHe h�rrn�naj 200 
.3ccordlng to the seconti en:b�Jdirr::el:t FI(�;_ 8 iHustrates the fiO\iil of the nothl-cation 
ir1"fc.:rn1ation n;.:ct:�iving: prtH.:�ess pen,:orrnt:�d t}y th€.� n1obH�: t�::·rl:�na� .200 1�1at is located to a
cr�1H. 

[0078} l-\s !Hustr.;:.1tt��d in F!f3. 8 , \t•!1en t!1c.� p;;.1ging procBS:Sc�r�g t.u:n 207 �n t�·1e rnc�bne 
tt�r rnina� 200 r�1ct�·h/t:!s. thl� pat1�n9 fron1 tr1��� ba�;e s tf.

r
Uon ·1 DO c�(�Js at Stl$p z.;20·1 J.; th-t:�

pa9fr19 processi�g unit 207 c�eterrnines �-vhetf1er the pa9in9 ind�cates a ca�! {Step S202). 
Then{ ff th�· pagh1g processh1g unit 207 deterrnines that tt;e paging ind�(:ates a c.;:)H ('(es 
at �;t��P f3202.L H1B n1obde terrninal 200 cc�ntrcis a c-.an (��h�p (-3��:03). 

[0079} In Gt:>ntrast if tt�e pBfl�n9 dt)es not indicate a caH (No at Step 8202),. the pi�9�n9 
processing t.:nit 207· detern-1�r1e·s u:.at notiHcat:on inforn1at1on �,as b�:�H1 ci1��u1g�:d .and 
instruets the reception hrnh1q control unit �?OB to rec:e�ve an sis conta�njng revjs�on 
h�sto�/ o-f not�fication irH\1rrnat�J·n .. l\ccordin9!y! the n3tHo recehl�ng unit 202 receives the 
SH3 cont��fning the re\t}s�on !:�story of the notif:caHon � rYforrnatk>n by l)B� ng con1roHeti by' 
the reGepUon Ur"nlng controi unit 208 (Step S20·4). Tt1e �;;g is output to 1�1�: notification 
lnforrnation processh"';g: un�t 20€, \lla the dtH11otiu!atin;1 unit 203 and the (ieGlJdin;1 unit 
204. 

[0080) 'fr1f1r\ on the basis of u·:J; s.!B contalni.n9 tht� r�:�v.ision 1·1�sh)f":l of tht� notffit::at�on 
infon�-1�t.�or1: the noUflcaUon inforrna.hon pn)c.�ssing unit 206 detenr:ines 'i-ihether the 
notification :nfc:rn·1ahon transrnHtt$(:,{ fron·: tht:� t)ast:� station ·100 hfH; t.H���r: upctatezi {Sh�:p 
8205). if the c.hanqe �r:forrnat�o·n co·nt�ir::i�:d� in the SIB is nGt storBd in the notific:�tion 
lnforrnation buffer 205� the notfflcaUon lnforrnation przx:e��sing unit 2CH3 deti�nT1ines tr1at 
tt)e notHlc�:;Uon inforrnauon h�:;s iJeen (:i1an.ged c�·(es at Step 8205). ·�rhen( 1 1 ·1e 
notHlc8Uon lnfofrn8Uon process�ng un �t 206 L::pdat�:s the notincation i n1,:orn1ation stor�:d
in the :TotlhGf.ltinn lnfnn-naHon t;uffer 20t] to· H1;�� cr1.ang{: �ntorrnat�on contejnr�zi in U1f� Sj8 
(Step �.;�206), 

[0081] In contrast ff the ct1fU-1fJ>i� inforrn:at�CH1 CQnta�n�$d in HH:� SJ8 1�� stcr�:::d in thH 
noU17t:(�Uon lnfo-rrnaUQn �Jutf"er 205� the notificaUon infcrrnr�tion prcce��sing unit 208 
dc�terrnfnes that tt1e not�ficat�on �nforn·1ation �s not c�1{:H1t;�ed (No at StBp .S205) ::.1nd ��nds 
frie pn:.,Gt'JSS, 

[0082] Fh::r,N of t}�te notification lnforn1atlon n:.=:(-:edving proc·ess per forrned vvhen t�1e rnobHe 
terrr:�na� aecordlni�1 to tht:� si�·cont� i�:·rnl)()::.iirrH�:nt rnov��·�; t���htle<.."H1 eeiis 

[008:3} �n the fono\ving� the ft0'..1\l of th:e notlfic:ati(H! lnfornt:)ti(H! receiv�ng process 
perfc.:rn1ed vvt1er1 H1e n-1otBe terrrdnal 200 according to ti1�;:: .second en1b·Odirl:ent \·'..dH b�: 
descrH:H�d \:\dth refere nGe to F!i...�>. 9. F!C>. 9 is(� fk>\Nchart Hlustrating the -flG\/\/ o-f a 
notif!c;3tion 1nfonri;�t.bn receiving pn:1cess perforrned when the mob!ie terr0in.a! 200 
;3ccording to the seconc� ernt::o:e.llrnent rncr•./es bet\•Veen ceHs, FIG� s iHustrates t�1e f1(1\·V of 
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Espacenet - Description 

creatin9 unn ·105 creates the revisi()n �)istory R22. T�1e notficat(1:1 inf(1n11at�on 
lndtcaUr1g H1at tht:� ,:\/ak.;t:� t8g{� �s •).1 •) is (Hfferent f/otn tt1e noHHcat�on infon·nat�on
indicating friat the "\/;�!ue tag•· is "2'' in that ttlt':, change irrforn,ation irKHcaHng that "the 
eel:� �C) of �•v·'(\·•-\, is dc}leted frorn a peripheral ce!i �isf� an(� Nu1e ce!� l[} of Nz.zz·•, is (�e!Bted
fron: a pE.ffiphE.ffal c��n Hsf1 are c.�onta�n.,:::·d or not

[0098} There��fter) it br: assurned that the revis�on history cre�3t�ng unit "i 05 receh/es� 
f/orn H1{� not:fk::aUc·n lrn\)rrr!aUc·n t�ff.tatln�1 un:t ·1(}4, the chf�nt1e �nforn·1aHon ind�cahn9 
tr1at >)thH r)at1infJ p��rlcd �s {Jt;n·1t}t�d to �

)

s

)

�. FurU1��rrnon:\ it ls assun1��c1 H1at tht� n::v•isk)n 
histor�/ craatng un�t. 1 Of} rece�ves; frorn: the notification inforrnation c.reatin�1 unit ·; 04� 
inforn1ation indicating t}1at the �1\/ak�e tatJ 1

� is :�3�� .. in StJCh a c.ase� as in th€ exan1p�e
lHustrated in FIG. �i O � tt�-:e fB\dslon f1jstory ere��tin9 ur:it �105 Gre��tes the revk=;k:n ... : rHstory
R2()._ tn otf1ar \�vords; tf1e notl�cation inf::..1rrnatlon indicatn9 th.at the N\/alue ta£f� is '\t� �s
different frcH11 that indicating t��iat th:e ��\laJue tag'� is :�3n in that the ct1ange inforrnation
lncHeaUng t11at )'tht� pa@�ng pt�nod �s c�1an�1t::d tc� ')Bn,� is contairt�:!d or not

[0099] a U;e nottilc,_�tton jnf'orrnatit)l:: proc·essing un�t 20t:1 according to the rTh:)t:1ne 
ttim,ina! 200 n.'.::.:hives U,e revision history or tt,.::, notification inforrnmion ii!u$lr8t(:d in 
F�C?. �i O � thr1 nctificaton inf'orrnatlon procr�-=s:sln9 unit 20() acqulrr�s� fron-1 the r��v�slon 
��1�stor�r tf1a chan&1e �nforrnatlon .associated \;v;tf: tf:e '<\l.ahJe tag)� that is different frorn the
H\/alue tag<' stored in the not�fica.Uon lnforrnation bu-ffer 205 .. Then: on the bas�s of the
acq(l:P:.�d ch*lr19{� lnt=o-rrnaUQn. the notincation infonr:ation proeessint1 un�t 206 upcJatf.�S 
the not�flcation inforrnahon store{i �n t���e not.ifk:.atk)n �nforrr:ation t1uffer 205. 

ft}100] .As (j{t�c:rJ>ed abt1\t6\ b·eca.us:t$ t�1t$ bast$ station ·100 transrruts tt1e rt�v!s{on t1istory 
in \:Vhk:h a ''\/alue h�.g:�: is assoc:!at€·d \:Vlt!"1 tt-1e cr1.r"1nge jnfGrrnafion: the �T:obde terrnina!
200 c.an up(iate on�y tf1e cr1ant1e ir::forrn��tion t! .. lat has not been re:1ected �n the
notHlc8Uon lnfofrn8Uon bu11':€.�r 205, i\ccordingl\:\ 1�1�: n1obi!e t�:rn1�n.a! 200 can neduc�: 
e�ec:trica� p�J\•ver t:onsurned \vr1en H1e upzi��te proGess js perf�)rn1ec� on tt1e notjf\G��tk;n 

[0·10·1J In the sfacond c.�n·1bos:Hn��fant as fr1 the e.�xBn1p�e Hh..iStf{]ted in F:!G� 5 � .e� (iescription 
�-}as t::-E�E�n g�ve·n o:f a cas�.:J in v�t1�c!·1 t!·H;; c�·1&1ng0 inh:)rrn�1tk::n rE:hated to the nGHflcahon 
inrorrnahon is cr�1atr1ti as thr1 revision r1i:story. ��io··/./H·-./t:H· � U1�� ba�)H r�tahon •i oo n·iay aiso 
cre<�te revts�on h�story in \t-Jhich the chHn:£1e d.e�te and hr1'1e cf notific.at�on inforrn;�t�on is 
ass.oci*ltt:�d vv�th ch�u·lt1t:� inforn·1ation that ha�; been changed at H1{� chang{� date fH)ti 
tin1e. 

to·102] FH3� ··t ··i �s �:; scherYH:lUC cHaflr�:srn iH�Jstrat!ng an exarnple of a re\.,.:ision his1ory in 
\,vhk:/1 the char1ge date and tlrne at '--,vhich notrficat�on infon·nauon is changed �s 
a��socjalt?(i v-/Hr1 H1e cr1an9t? inforrna.Uon. in the l:!X;�n·:p!{: H!ustrHttN.1 �n Fie;. ·1 ·1 ) U1f� 
re·vision t1tstory crc�ating t.H1�t ·i 05 �n the basfa station ·; 00 creatt.�s U·1B rev�sion history· of 
the notff:cation �nfc.ffn•1f1tion in tne order of tr1e n�visjr.;n nistory· F{2, 1 � th.:;.! revjs�on t1�.story 
R32� and thr1 revision r1lstOf)� R:1:t :.;pt::eH1ccJl:r �t �s H:ssun1t::d that, fin�t� H1H rr�vjs!on 
��1istory- cre��tlnfi urdt ·105 rece�ves� at �� 1: 3:26� 1 o••: frt)rr; the notlfk:.ation inf0rr1':.ation 
creath1g t�nH ·; 04. thfa c}1angfa frYfr)nr::atlon indicating that NrBct}ived electrical pcf��Jer 
c.orrespondin�� to the r::ondiho·n for n·::e::-vlr:9 to a c€H ID c:4 :-:_xxx·<, k-� ch��r:��ed to 1�3 tiB 1m

. in
such a case

, 
as �n the exarr:p!e H!ustratezj: in Ft(;_ ·1 ·1 ; tf:e revis�on histt)rf c.reatin�1 unn 

·10:::, creates the revision history R3·1.

[0·103] Thereafter, lf the revision �•1istory Gn=::<.�tn9 unit '105 fBGeives� at )hl :-t40.·25:-: frorr:
the notfflc�auon inforn�ation creating �Jnit ·104. tt1e �::}1ange infonriation ir"Hjicating that �1t�1e
ce;J �D of ,:�(�y·'t\' is deleted ·frorn u:.,;; penpherat ceH hst� and ti1�: c!:ang�: inforrn.ation 
lndtc:at�n9 t�·1at >

1the c:eH !D G·f •>z·zz1

� is de!ete·d frcnT: trH� per�phera! cen Hse�. in sl�Gh a
case, as in he e.x:arnpk;; iHustrnt\:,d in F!G. ·1 ·1 . the revision history creating unit '!05 
creates t}�R:� revfsdon !:isto-ry R:?;2. Thereaftec a is assutrH:;c� t�1at the revision t1is-H:H)/ 
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creatin9 unn ·105 receh/�·s:. at �•'·13;52:05'� fron1 the notni�::ation �nforrnation creating (u1n 
10-4: U1e cl1fu19e fnforrnat�on fndk:�a.t�n9 u::at 1�the paging period is changed to :�,e•ii_ in
such ffi c;3:t:t:\ as h: the ex�3n;,r)ie Hiustrated: in Fl(�. 11 ! the re'>isicn hjstori creating tu:�t
·1oi:;\ creates U1e revis�on histoty f{33.

[0104] n tf1H nnhficahon inforn·�.3t;on pn)Cf1S!�Int1 unit 206 .�n th•i� rnobH�� h::rn1�n.ai 200 
receives the n�vislon f1br:tory of t!1e n:otfic;1tion �nfonr:etion �Hustrated in Fi(�, ·J ·J � the 
noUfleaUon lnf::>rrnaUQn prc·c��st�in9 un:it 206 acr:�uin��s� rrnrn tne n.$\··�sk.1n .hh;tor\r. th•E� 
er1angt� lnforrnation u·1at i·1as been upt�a.h::d aftt:�r th�:: notlfic.atlon h)f�"Jrn1.atlon :stor���J jn 
be notification information buffer 20(1 \•Vas update;:i. Then, the notWcation information 
procc�ssin9 unit 208 L:p(iates th:e nobficat\on ln1t,rrnaiion stored in U1e noiific.aiion 
lnfonnatk;n t}ufff:r 205 on the t���.sis of the <.�eq:uire,� chan9e inforrnaUGrt 

to·; o�)} l-\s clescrH1e;:1 ::lbO\/B� because the base s:tation ··ion transrnas the revis�on history· 
in \:Vl1ici: U:f:· c!1angi�:· d��tf: and trfH:: �s assoc!ate{i v�jU-1 ui�-� cttangB ink�tcnauon. tf1{) 
n-iobi!e terr-ninal 200 cHn update only the r.:han9e irn\)rn·-:��ti0:n that r1.:�s nGt t)€f�n refh=:cted 
1n the noHic:ation inforrn<.':ition t,uffer 20:3 .. Accordin9ly, the n·1ot<!ie terrnina! 200 can 
redt.H.::e eh:;ctr�cB.l povvl�r con.surne·d \\.'"h€.�n the t.�pdate �H·ocB::s-s �s pertorn,�:d on u:e 
notificetion infnrmetion 

[0·106} Furthern1ore_= t!1e base station ··1:00 n���-1:'.Y ;also creat�} rev]sJon histori contair�h19 
SH:3 nun1t){":r th�1t k:1entHlf)S *ln SH3 contain��"=d in tht:� chfH·19t� �nforn·1atk)t) �Hut�trah�:d in 
F!G�;. -1 O an{j ·1 ·1 . For exarnp!t\ In ti�1e exarnple iHustrated in FIG. -1 O ,- H is assurned that 
the (firmge lnfornv1tbn indicating thJst "received electrical power corresponding to the 
cm1ditlon for movin9 to a etc.:!! iD of ''.KXX" :s cnang,.xl to ···3 dW is contamed in U1t� '..-3H3:3. 
�n suc.h a Ga�:;e, u·�e bHSB statiG·n --ioo rnay <.��so create r�=:.vislcn ... : history that contains ) 

to9ether v�Ath a H\/alue tag\ the SIB nurnber of '<::t tt1at is used to kientfy the SIB 
cor1talning u:e ci1fu1ge tnforrnat�or:-. F�lrthe-rrnore, in this E.�xan1pl�\ it �.s ass:..H1·1Bd u:at the 
�>H3 nun1t1er G-f the t�H3J rs •<�r-. 

[0··107] i-\ccorOing�:l. vvl:en tt1e n1otJite terrnlnal 200 stores U1e noUfict�Uon inforrn;3tic:n1 
and U1e Sl8 in an associated nlanner �n the n�.::tification inforn1ation buft�:r 205 1 the 
n1obHe terrninal 200 G<.�n upr.tate the change lnforrr;aUon on the basis of the SiB nurnber 
contained in the rc�vislon t1�stor:/ of the rHJtificat!on inforn1ahon£ 

[tJ'1 oaj ! n  U·H'S· sri?conc� �i?rnbot�·in·1f?nt;, as In tht:� e-.Kf�rnp!e iHustratt:!('J �n F i-c;s. 2 f�ncJ .3 � a 
dr1scrlptton has been uh.len of a case in \•vl·'::ich th�� 8!8 cor:tainfr19 the revision history 01< 

the notfflG(�tion inforrnation is tran:srn\tted at the end of the notifi.c;.ation �nffJnr:ation. 
Ho\:Ve\/f..::-r� H)e base stat�on •i 00 n1ay also transrnit �1n S!8 cc;nt;�!rdng the noUficaHon 
lnforrn8Uon 8ft€.�r an SH3 containing a {�\rah .. H; tagn_ Tt1is c.a.s�;:: .... � ... �H be dE.�scrib�:d \·\tiU1 
reference to FiG. ·12. 

ro109] F"tG� ·12 is a sci·:ernat�c d�agrarn iHustra:ting an �;.:x\:)il:pi�;; of a 
transrn�ssh:;n/r�1ce�vin9 proci�Ss pt�rforn1��d on noh-ficahon �nft)nnahon tn th�:: ��xarnp�r1 
lHustrated fr1 FH.3. 12 � it h} asst�rned that \,•arlous kinds of infon-r;t�bon reit�tezi to 
notHh::abon lnforrnation is contained in t�1c.� Sif l1 to the Si 8·11 an(i assurned that the 
:l�\dsion history· of t�·1€ noUflc:atio·n lnforrnation is contained jn the SiB·i.2. Furtt1€rrnore

1 
it 

is .assurned that a �1\/alue ta�fi is cor:tainezi in the S:tB ·t. :tn the exarnple �Hustratezi in 
F{l;_ ·12 : the base· station ·100 transrnits the :sis··L th€ t3!8'l2. arHj the SIB2 tD the �;1£; ·; ·; 
in th{� orti{�f tl-1{� �;�gs ar{� Hstf?d in this. st:�nt��?nCt:!, 

[0·1 ·1 O] !n this e>::arnpi�, it is assume,j Utat ti�ie notl"11catlon lnforn1�tion ,:::ontaine,:l in t!1e 
S�82 has been ct:angec.L Furt11errnore� rt :s as.sutned H1at aftE.�r H1e rnob�le tern1inai 200 
:Tioves frorn the c:eli f()rrnBd b�f tt1e bas€· st��tion '100 ft"> anGther eel! ) the �T:G�)i!e terrnlr:��i 
200 ggain rnoves fr1to the ceH forrned by t!it� b;:3se station "iOO. h1 such ;:3 c�3st\ the 
rnobi!� termh:a\ 200 transmits the S!B·1 contJiin!ng ti1e ''V"'1!ue t�g" from mrn::mg the 
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notif:cat�on lnfo-rrnation tr£u1sn1itte{j frorn the t�ase station ·1 DCL H t�1e •1'\lahJe tag:� of tt;e
notHlc8Uon lnfofrn8Uon stor€.�d �n t!1e noU-fica:tion infon�nation bu�rer .205 � .s different frorl: 
Hiat corrtain��d in the B!B·1 = th� rno!1He terrn\nai 200 recehies the sie·12 that contains the 
re·vision t1tstory o:f t}1c} notii\c;-:.1tlon ln-forrnath:n1, 'Tl1en� th€ rnobi!e ten-rJina� 200 updatBs 
the notif:catk)n :r1"forn1atton ston;;d in the t:3.::-tinc.ation inforrr:ation buff�::· 205 on the basis 
of thg rr1-...,..�SK)f: history· of thg nohfica.hon inforrnahon cont:.1h"H:�d jn thr� E�tB·12. 

[0·1 ·1 ·1] .. �t� dt:�t�crlbt�-c1 *lt")::)\lt�\ bt::ca.us��"= tr1��"= ba�;��? t�tf�lion ··i 00 transrnas th�� SH3 �12 afh.�r U·H�: 
S�81 � tht� rnobilf; tt�nninal 200 can conhnuousiy· r��ce�vr� thr� E�ta·1 anti u·1t:: S! s ·; 2 '•l,ihHn 
t��u� rnt)bna tarn·1ina! 2t}D rrHJ\les ceHs 

Revision history of noHicaton inforrnatkm (4) 

to·; ·12} in the secon{j en1tn::Hjirnent des(;rit�e(:J above,. a OescripthJn has been given of a 
c�asi::· a nt:!�v SH3 containin9 n�::-vk;Jon rnstory o-f notification intorrnation �s cn;;at{�d .. 
Ho-;,/t/S\u.�;r .. t l·1€ base station 100 rr�ay {�tso Great€ an 818 that G£Jnt\�jn-s bt">th �� '1\la!ue t���fi

,30(i revjs�on !�istGry· of notH1cation inforrnation This exa�J1p!e \:�./iH be des-cfit1et1 \:�./ith 

to·; ·1 :3} F!C;� ·t 3 �s a schernat�c cHa[1rarn iUustrat!ng an exi�rr�ple of i� 
transn1Lssion/rect��ivlng pro·cess perforn1e.�d on notification �nfon11{1tion. In tht� e:x:an:p!B 
Eh.istratect �n Fl(3. � �1 � it is assun:l)<i H1at both a ···\/altn�: tat�(: .and r{�v�.sk.1n hi ·��tt)r:t o r
not�ficat�on inforn·1ation are contained in the sis·1 Furtherrr:ort\ varioz�s kJnzis of 
!nforn1ation re�ated to noUfi(:atlon �nforrnaton is cont;:)ined in the t;i£{2 ·H:1 the ��ii£f! ·1,

[0·1 ·14] in U:e e.';(an:p�e �Hustrated in FH3. 13· I 
\Vhen the rrK>bH�� h�rrninaj 200 tT1oves eeHs __ 

the rnobHe terrninal 200 reee(-./es trH� �)l:8 ·1: froff1 arrlong the notifiCi�tion �nfonl:ation 
tra.nsn1itted i��c.:rn t11e base stat�on ·] 00. Tt1e-rt the tnobHE.� tE.�rn1inal .200 detern1iru;::s 
V·/hether the >�\/a�ue t���f' of tt:e nohfic<.�tion lnforrn��tion stnrezi in U1e not�fk:��Uon 
infcmri;3tlon buffer 205 is different from that contained in the :3! s·1 !f both the '\lalue 
tags;' differ, U,e mobile terrnina! 200 updates the notlik�atle>n inforrnatk:,n stored in the 
notification :r1"fc.:rn1atton tHJffer 205 c�n th€.� !)asis of the rE.�vis�on �,istory of the notH1cation 
information contained in the sm 1. 

to-1-1 JS] .. �s ciescrlbs·d abovfJ'
1 
beca.us,2 tr1,2 ba:s,2 stf�lion ··ioo transrnjts ti•;:::_: SiB conta�njn;1 

both thf: ''\/a!ue tarf: and H1f:- r��vi:sion hlst(H"Y nt H1t:: noUflc:aUcn jnfcrrnaUon
1 
thH rnobHr� 

tenY:�na� 200 can upzt�te the n:ot.ificat.�on inforrnation b:,/ on�y recehdn[i the �-;;s '/./hen 
rriov:n9 eeHs. :-�cc:or<i:nq�y, :n H:,a f::.xa.rr:r��E: H�ustrated In F·ic;_ ·13 � H'1f.� rn(1!Jii{� t{�rrn�nf�� 
·200 c:�n retjuce eieetrk::ai po\.•"Jer ct;nstHl:ed \'\l!°len the up(1afe process �s perfornH�rj on
the notmc,:ihon information.

[0·1 ·16] tn u:e second en��bocHn1ent tlescrlbed abO\le, a description !:as t1Ben 9hlen o f  a 
case in vvt:icf1 tr1e revision hlsto.ry t:ont&1�ntng tYH:} ch&)nge �nlDrrnation reiatt:d to the 
notificfttion lnfonnahon is Cri�at��d. i�-tovvi:!VT�-=r. thr� t1as�:: :staUon ·100 rnay· a��)o c:r��atr�

1 
a�) 

revjsion histG ry t an S�B tHJtnber for identifying the Sl8 that c.ontains the cf1;3n9e;.:1 
notHh::abon lnforrnation .. ·rh�s e.�.>{fHr:p�e \·'./Hi be describeci '.:V!U1 rBft.�rence to r:iG £ -14 . 

[{ }117} FiG. ·14 ts >3 scf:erni�bc zi!a9rarn iBustratin9 an exan1p�e r.i a 
transrnission/recehi�n9 proc€·ss perforrned on nt:tH1catk)n inft)n1:ation. tn the exarnpie 
\Hut�trat�?d it� f�·!(3. '1' 4. -; it h� aSSl�:TR:�d that t�1e SH.1 ·1 h3 th�� SH:) '1 '"1 C<Jnta�n vark:�•tJ�; �jnch� or 
lnft)rrnation reiate(j to the notlf�catlG·n �nforrnabGn ��nd asslHT':ed th��t' frH: f)! 8 ·12 contHins 
an $�8 nurnber for iclentfying an SIB in Vt/hich notification lnforrn;:)ti(H! h;:)S been 
ct1fH1ged. FlH1ht�rn:on.:�:• it is assun:ed that U1e noth\cation infon�nation containE.�d �n H1e
SH32 has been (�!:{�.n�1ed. Specific:a.H�r it is ��ssurned that f! ... :e SH3 ntHnb-er of ��2:-: for 
identifying the 8!82 1s ct1ntained in the sm·i2. 
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[0·1·18} �n such a case: \.•vhen the n1()bi!e terrnina� 200 recef�/es paging fn:1rn the �Jase 
station '"!00� t11e n-1ot�1e terrrdna� 200 f�rst rE.:teivBs 1�1�: SH3l2. Ti:er\ the rnobHE.� tern1inai 
200 acquire:t: t�,t� :S�l3 nurnb��r cont;3ined in tri�� �;1B·J2 �3nd recebies the �3i8 �nd�cated by 
t}1e S�8 nt�rnb€�L in t}1c} e:x:arnple �Hustrate·d in FH3. 14 , t)ecause the SIB nurnber of �•2·•,
is contfdned :r1 H1e SfB·12\ tt·H.�: b.ase sta.uon 100 rE.�ceivBs 1�1�: su;vt2 .aftBr it recetv\�}s the
t�i82. �rhf:n � on tht� bas�s of thg notificahon inft)nnahon cont:.1h1t:�d jn thr� E�!B2 

1 
HH:� bas��

stat�on ·100 updatt�s the nohfic.atlon inforrnaVon stored �n the not�ficat�on �n�;rrnabon
buh\�r 205.

[0·1 ·19] The '·:l��rious proc��s. ses p,fHfi)rnH?d in the ernbofJ�rTH··�fflts described abov�- Gan be
lrnpfen:ented �]Y' progr;arns prepared �n advance and exec.uted t1y a c.ornputer systen1 
suet: as a p�·rsona� (X:H�<1p�Jter or a \·vorkstation. ;-;ccorzhng!y. in the tOHo·vving ( a �::on1puter 
u1at ��xt:�c(rtEit; a transrr:lss�on control prograrn t1aving th�J sarn�� nJnct1on pt:�rtorrnB{i b:�/ 
t�·ie transrr:itter ·10 Hh.rstrated in Fl:()_ -1 \•Vig t}e (iescr�bed as an exarnple \\qf! ... : rB:<erenGe ft"> 
F!G. ·1 S _ Furtherrnorn, in the t:1Howing, a computer that execz,tes a reception control 
progran1 hav:r19 H1e sar11e ·funcJ�on. perfc�nrH;;·d b·y ti1�;:: rBceh.:·ing apparatu.s 20 iHustrat�:d 
in Fie;. 1 v-Ji!� LH� t���scribt�d as an t�_xan·�pli:! \�}jth refHn:�nc�:: to F!(?. ·16 

ecntro! prt\irant />,f� Hlustn�ltt:�d :n FI(;, -·� 5 , a cornpuh�:r ·1000 incicH.iet� f� randorn f�Ct);.�sI; 
n·u�rnory· (R"Afv1) i O if.\ a <.�--H::he 1020� an Ht)[l '1030,. a read only rnen1ory {ROfi}) 'i C-40,
;3 central proc�essing unit (CF�tJ} ·HJ5G� anct a bus ··ioeo. The R,..:\Jv! ·10·10, the ca<:t�e 
·!020. tf1e t·H)[} 'i030. tt1e R()�,1 --1 040� anti tf�:e (�f)lJ --1050 art:! conn��c:h�::ci by U:{�; bus
·t060,

to�� 2 ·11 ·r t1e f�()Nl --� Q.40 slon.ss th€.�re:n� in ad\.-·ance, th€.� transn1ission controi pn.:}QreH1·1 
havinq tr1e sarl:�� funchon as H1at pertorrnezi by the transn1itter ·1 O �!kJstra-ted in Fie?. 
�3pf1c�fic.i�HY� the RC>h�1 ·1040 stores -u,��tein ;� revisior: history cre;JUng progrcu11 ··104 "1 and 
;J transn-:ttUng progrnrn H}42. Then, H1e CPU 1050 reads , from the HORA 1040, the 
revision !1i.stor;1 cr:c.�at:r1g prograrn ·104 �; and the transrniUing progran1 ·1 o�-i2 and 
axe cutes them. 

[0'122] By doing so. �t1 iHustrab;)tl in Ff(1. '] 5 , fh .�� rE:vjs�on t1�.story cr��f�ling progran·� ·1 O•=t ·] 
functions as a rf:vision histcry crt�atinq proc��s�) ·105·!. Furtr1��rrnor��� tht� trHn:srni-ttjn�1 
prr)gt<�u�-1 1042 funct�ons as a transrnlt.Ung process -: OS?. Tf:e re\ds�on h�story creat�ng 
procet�s ·105·1 eon··t�·spontis to tr1f) r:avis�on: history er�i:ahn9 lH"1�t ·1 ·1 iUustr.tJted in Fi(3� � 
T·t:e trart=;n·1\tHn�1 p rocess •i 062 Cl.lrrespo·n(i:s tr> fhe transrnatinG unjt � 2 Hiustrafed in F!(:;. 
1 

to·12:-q Ft(3. "°!6 inustrat€'s a biock tHagran1 lHustf'ating a ccn1putet H1at c.:xecutes tt1e 
nt�·ception contro! pn:1�1rarn .. ,4.s Hlustrated J.n F�(;. ··l 6 , a corTlputer 2000 includes.:.� Rl>,fVJ 
20·1 o. a c�3che 2020. an ��1[H) 2030: a Ft()f..tl 20-40� a c:.PL� 20SC\ and a bus 2060. �rne 
Ri�J\/} 20·1 O� u·:e cache 20201 the i·iL)D 20:3(\ the R()i\:1 .204t\ and H1e Cf)ll .2050 are 
connt�ett�d t1y thf; t1us 2060. 

[0·1;24] ·rhe f�{)i\il 2040 stores t��ifareln = �n a(l:vance { 1he rece�pHon control pro£�ran1 having 
t�·w; sarne function as u�-:�?.t perforrne·d by- the· receiving apparatus 20 Hlustr��t€d Ir: FIG. 1 � 
Spec�ficaH�/, the RC1fo1 2040 stores ti�1erein a rec.eivin9 prz19rarn 204 ·t anzi an update 
pn::gran1 2042. T}�tet ( the (:P·Li 2050 reads. frorn tt;e RC}P./1 204C\ the receh��ng prograrn 
204 -1 anti thl� upct�:1t{� rffo9ra:-r! 204-2 ant� E:xectJtes tt1f.�rn. 

[0·12:)} Sy' dolng so� as Hh.Jstrate;j in Fie:;. ·l 6 = H1e rece�ving pr(1gran1 2:04 -1 functions as a 
receiving process 2os --i, Furn1errnore� the t.q::-date progran1 2042 'funcuons a.s an update 
process 2052. Tl:e rece�vlnt1 process 205 ·1 corresponds tG the receiving lH1H 22 
HhJstrgted in Ft(;_ ·; . T�i�� update process 2052 corresponds to the updating una 23 
Hiustrrlted in FiG. ·1 
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(0'1261 ·rt1e above---des.crH.>e<t prograrns ·i 04 .. l � ·10-42.: 20-4 ·1, .and .2042 an;} not .ah!v.ay&:
stored in the RCJfvl ·1040. For ex;3n;:pie� each crf the p�\;gn3rns n-1�3:,/ �3�so be stored in a 
\�p�)rtab!e ph�/Slcai rnedh..H11:\ such as a. fie>jb{fa (fiSI� {FD\ a C,D"a"F?O"t·,A� a [!\/D disk� a 
rr�agneto ... opt:c cHsk. B.n !C Ci\f�D., or U1e H�:€.�� u:at can t)e inserted into the con1puter 
·;ooo or .2000, .t>Jtt�rnaUvf;iy: t�acr1 or n1e pro9rarns n-1<-.ry· aLso bH ston::d in a ···thtr1ti
physic.a! rr:ed�lH:f: t suc�i �3� a tiard jbr:i<. (!rive (HOO}. that c�3n be ;:3rranged �nside/outside
U-1t"= corrnJut��?r ·1000 Cff 2000, i�.Jtf?rnat:v��?l�i� E:ach of H1{� pro9rfurH; rnay ah�o b,t:! storf.?d �n
Hanothf:r cornputt�r (or a ser\-'gry� connect��d to the cornputer •i 000 or 2000 v�a a pubhc
circuit the internet a L.,-C\�< a VVA.r-.J., or the H,;e Then, the computer iOOO or 2000 rna/
also read and exc}CtJtC} e;-:.1c!1 o:f ·U1�� protJran:1s. frorn U1e fiex��}le disk or th€ nke (�escrib$d
above. 

[0127J 1·11e c.G-rnp:c:;nents. of ea{�h unit iHustrat��·d Ir: f!"":e drav·Angs are 0:n!y for conceph}any·
Hh.lstr{:ttjng the functlons therBof ��i1d an� not ah:vays phys!c.aHy c:onfi9ured as iHustratezi 
in H1e dra\:1vings. ln other vvords 1 the· specrnc sl1apE.� 01,: a sBpanite or �nt�:grat�:d cev�cf: is
not gn·:�tgtJ to tf:�� drav\-'int}S. t�pr�cif1ca.Hy� cJ! nr par t of u·1t:� t1H'.i!Ge can bt� conr9tn-t:�d by 
funct�on.aHy- or physic:aHy- separatln&1 or lnte9ratin�1 any of t.he unns depeneHng on 
vadous roads or L:Sfa conditions. For fax;;.1n1p!e� th€ noU"ficaUon hiforrnaUon creaUn g t.�nit
··�04 and tht�:· ff)vislon r1�story c.ri�:·atin9 un:it �105 �nustrat{�d in F!C i 4 rn�1y ah�o b,t:!
intagr(1te{j�

ro·12aJ 
1: 2. V\/lF�ELE'SS cc�i\/H\l}l.Jt--JtCi\T!()�� 8\/STEPA 
10 : �rRi-\N�)i\/lrr-TER 
·1·1 : REVISION HISTORY" CRE,t'<TiNG UNff
·12: �rr�.Ar-..1srv1i�r·r�l'\Jf3 LiNi�r
20 : i�E(::E{\/{t,.J(3 l\PPi\f�l;·rus
21: ::FORiNG UNff
22 : RECE!V!NG UN!T
23. UPDATlNG UNIT
t=n : BASE STATlON
92: 1\/0B!LE TERMINAL

Hfl • PAG!NG CREA TING UNIT 
"l02 : ENCOD!NG UN!T 
"l03 : fv100UL!\flf'>JG UNlT 
104. NOTlFICATlON lNFOR!VAT!ON CREATlNG UNiT
105: REVl�;ION HISTOR'/ CRE,<>,TiNG UNff
'106 : NOT!FICAT!ON !NFOF�M.,\T!ON BUFFER
·HJ/: TR/\NSMISS!ON T!MING Cf)NTROL UNlT

109: MODUL.AT!N(; UNiT 
·i·10: RAD!O TRANSl\ilffTiNG UN!T
·1 ·1 ·1 : ANTENNA
200 : 1V108!LE TERM!NAL

202 : RAD!O RECf:JVING UMT 
20:} • DE.MC>DULATING UNrr 
204 : C}EClJDlNG lH�-..1;T 
206. NOTlFICATlON !NFOR!VAT!ON 8UFFEn
206 : NOTWIG.ATlGN lNFOR.i\tA. TH)N PROCt:.SSlNG UN!T

208: RECEPTION TIMING CONTR,OL UNlT 
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·1000: 2000: C:(}�11P•liTER
10·10: 2010 -. F�i\�4
·1020, 202'0: C�i\C:HE
·10.30. 20:30 : f�H.)L'1

·1052: TRAt..J�1r�A!TT!�H:; FsRocE�-/S
·1060. 2060 : Blif;
·;?041 • RE(:E!\l!NG PROGR��rv1
2042 : lJPOl\l ... E PR()C;R.A.Jvl
205·1 : RECE!\l!i·�G PRlJC:Ef:?,t.;
2052 . tJF�CJP�TE� F�R()(:ES�3
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NETWORK NODE, WIRELESS DEVICE, METHODS THEREIN, FOR SENDING AND 

DETECTING, RESPECTIVELY, SYNCHRONIZATION SIGNAL AND AN ASSOCIATED 

INFORMATION 

S TECHNICAL FIELD 

The present disclosure relates generally to a netv-1ork node and methods therein for 

sending, to a wireless device, a first synchronization signal and an associated information 

message, for synchronization of the wireless device witl1 the network node. The present 

disclosure also relates generally to the wireless device and methods therein for detecting 

1 G the first synchronization signal and the associated information message. The present 

disclosure further relates generally to computer programs and computer-readable storage 

mediums, having stored thereon the computer programs to carry out these methods. 

BACKGROUND 

Communication devices such as terminals are also known as e.g. User Equipments 

1 :°) (UE), wireless devices, mobile terminals, wireless terrninals and/or mobile stations. 

Terminals are enabled to communicate wirelessly in a cellular communications netvvork or 

wireless communication system, sometimes also referred to as a cellular radio system or 

cellular networks, The communication may be performed e,g. between t\vo terminals, 

bet\veen a terminal and a regular telephone and/or between a terminal and a server via a 

;.: o Radio Access Network (RAN) and possibly one or more core networks, comprised within 

the cellular communications netvvork. 

Terrninals may further be referred to as mobile telephones, cellular telephones., 

laptops, or SLfff plates with wireless capability, just to mentlon some further examples. The 

terminals in the present context may be, for example, portable, pocket-storable, hand-

? El held, computer�comprised, or vehicle�mounted mobile devices, enabled to communicate 

voice andlor data, via the RAN, with another entity, such as another terminal or a server_ 

The cellular communications netvvork covers a geographical area which is divided 

into cell areas, wherein each cell area being served by an access node such as a base 

station, e.g. a Radio Base Station (RBS), which sometimes may be referred to as e.g. 

30 ·'eNB'', ·'eNodeB'', ''Nodes�, "B node", or BTS (Base Transceiver Station), depending on

the technology and terminology used. The base stations may be of different classes such 

as e.g macro eNodeB, home eNodeB or pico base station, based on transmission power 

and thereby also cell size. A eel! is the geographical area where radio coverage is 
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provided by the base station at a base station site. One base station, situated on the base 

station site, may serve one or several cells. Further, each base station may support one or 

several communication technologies. The base stations communicate over the air 

interface operating on radio frequendes with the terminals within range of the base 

:, stations. In the context of this disclosure, the expression Downlink (DL) is used for the 

transmission path from the base station to the mobile station. The expression Uplink (UL) 

is used for the transmission path in the opposite direction i.e. from the mobile station to 

the base station 

In 3rd Generation Partnership Project (3GPP) Long Term Evolution (LTE), base 

stations, which may be referred to as eNodeBs or even eNBs, may be directly connected 

to one or more core networks. 

3GPP L TE radio access standard has been written in order to support high bitrates 

and low latency both for uplink and downlink traffic, All data transmission is in L TE 

controlled by the radio base station. 

1 ,.. The development of the 5111 Generation (SG) access technology and air interference 

is still very premature but there have been some early publications on potential technology 

candidates. A candidate on a 5G air interface is to scale the current LTE, which is limited 

to 20 Mega Hertz {MHz) bam:il,ividth, N times in bandwidth with 1/N times shorter time 

duration, here abbreviated as L TE-Nx, A typical value may be N=S so that the carrier has 

2D 100 MHz bandwidth and 0.1 millisecond slot lengths, With this scaled approach, many 

functions in L TE can be re-used in L TE-Nx, which would simplify standardization effort 

and allow for a reuse of technology components, 

The carrier frequency for an anticipated 5G system could be much higher than 

current 3G and 4* Generation (4G) systems, values in the range 10-80 Giga Hertz (GHz) 

2 b have been discussed. At these high frequencies, an array antenna may be used to 

achieve coverage through bearnfonning gain, SL1ch as tllat depicted in Figure 1. Figure 1 

depicts a SG system example with three Transmission Points (TPs), Transmission Point 1 

(TP1 ), Transmission Point 2. (TP2), Transmission Point 3 (TP3) and a UE. Each TP 

utilizes beamfom1ing for transmission, Since t11e wavelength is less than 3 centimeters 

3D (cm), an array antenna with a large number o f  antenna elements may be fit into an 

antenna enclosure with a size comparable to 3G and 4G base station antennas of today .. 

To achieve a reasonable link budget, a typical example of a total antenna array size is 

comparable to an A4 sheet of paper. 

The beams are typically highly directive and give beamforrning gains of 20 decibels 

3 S (dB) or more since so many antenna elements participate in forming a beam. This means 

IPR2022-00468 
Apple EX1016 Page 1147



\VO 2015/080ii4ti PCT/SE2014/05l 144 

3 

that each beam is relatively narrow in horizontal and/or azimuth angle, a Half Power Beam 

\JVldth (HPBW) of 5 degrees is not uncommon. Hence, a sector of a cell may need to be 

covered with a large number of potential beams. Beamforming can be seen as when a 

signal is transmitted in such a narrow H PBW that it is intended for a slng!e wireless device 

:, or a group of wireless devices in a similar geographical position. This may be seen in 

contrast to other beam shaping techniques, such as cell shaping, where the coverage of a 

ce!I is dynamically adjusted to follow the geographical positions of a group of users in the 

cell Although beamformlng and cell shaping use similar techniques; ie., transmitting a 

signal over multiple antenna elements and applying individual complex weights to these 

antenna elements, the notion of beamforming and bearns in the embodiments described 

herein relates to the narrow H PBW basically intended for a single Vv'ireless device or 

terminal position. 

In some embodiments herein, a system with multiple transmission nodes is 

considered, where each node has an array antenna capable of generating many beams 

1 ,., with small HPBW. These nodes may then for Instance use one or multiple LTE-Nx 

carriers, so that a total transmission bandwidth of multiples of hundreds of MHz can be 

achieved leading to downlink peak user throughputs reaching as much as 1 o Gigabytes 

(Gbit/s) or more. 

In L TE access procedures, a U E may first search for a cell using a eel! search 

2 D procedure, to detect an L TE cell and decode information required to register to the cell. 

There may also be a need to identify new cells, when a UE is already connected to a cell 

to find neighbouring cells. In this case, the UE may report the detected neighbouring cell 

identity and some measurements, to its serving cell. as to prepare for a handover. In order 

to support cell search, a unique Primary Synchronization Signal (PSS) and Secondary 

2 b Synchronization Signal (SSS) may be transmitted from each eNR The synchronizations 

signals are used for frequency synchronization and time synchronization, That is, to align 

a receiver of wireless device, e.g., the UE, to the signals transmitted by a network node, 

e.g., the eNB. The PSS comprises information that allows the wireless device in LTE to

detect the 5 ms timing of the eel!, and the cell identity wit!iin the cell-identity group. The 

3 D SSS allows the wireless device in L TE to obtain frame timing and the cell-identity group. 

The PSS may be constructed fmrn a Zadoff-Chu sequence of length 63, mapped to the 

center 64 subcarriers where the middle, so called DC subcarrier is unused. There may be 

three PSS in L TE, corresponding to three physical layer identities. The SSS may be 

constructed from two interleaved M-sequences of length 31 respectively, and by applying 

3 S different cyclic shifts of each of the two M-sequences, different SSS may be obtained. In 
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total, there may be 168 valid combinations of the two M-sequences, representing the cell 

identity groups. Combining the PSS and SSS, there may be thus in total 504 physical cell 

identities in LTE. 

When a cell has been found, the U E may proceed witt1 f1..H'ther steps to be 

:, associated with this eel!, which may then be known as the serving cell for this UE After 

the cell is found, the UE may read System Information (SI) in e.g., the Physical Broadcast 

CHannel (PBCH), known as the Master Information Block {MIS), which is found in a t!me 

frequency position relative to the PSS and SSS locations. The SI comprises all the 

information needed by a wireless device to access the network using a random access 

procedure After the MIB is detected, the System Frame Number (SFN) and the system 

bandwidth are known. The UE may let the netvv'Ork know about its presence by 

transmitting a message in the Physical Random Access CHanne! (PRACH). 

When a cell has multiple antennas, each antenna may transmit an individual 

encoded message to the wireless device or UE. tl1ereby multiplylng the capaclty by the 

1 ,.. number of !ayers transmitted. This is well known as MIMO transmission, and the number 

of layers transmitted is knovvn as the rank of the transmission, 8eamfom1ing, traditionally, 

is equivalent to a rank 1 transmission, where only one encoded message is transmitted, 

but simultaneously from all antennas with individually set complex beamforming weights 

per antenna. Hence, in beamforming, only a single layer of Physical Downlink Shared 

2 D CHannel (POSCH) or Evolved Physical Downlink Control CHannel {EP0CCH) is 

transmitted in a single bearn, This beamfom1ing transmission is also possible in LTE, so 

after a U E has been assodated with a cell, a set of N = 1, 2, 4 or 8 Channel State 

Information Reference Signals (CSI-RS) may be configured for measurement reference at 

the UE, so that the UE may report a preferred rank 1 Nx1 preceding vector containing the 

2 b complex beamforming weights based on the CSl~RS measurement The precoding vector 

may be selected from a codebook of rank 1 preceding vectors, In Rel�8, there are 16 rank 

1 preceding vectors defined, and in Rel-12 a new codebook was designed \a\-'ith 256 rank 1 

precoding vectors. 

A "beam" may thus be the result of a certain preceding vector applied for one layer 

3 D of transmitted signal across the antenna elements, where each antenna element may 

have an amplitude weight and a phase shift in the general case, or equivalently, the signal 

transmitted from the antenna element may be multiplied with a complex number, the 

weight. If the antenna elements are placed in two or three dimensions, and thus, not only 

on a straight line, then two dimensional beamforming is possible, where the beam pointing 

3 S direction may be steered in both horizontal and azimuth angle. Sometimes, also three 
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Dimensional (3D} beamforming is mentioned, where also a variable transmit power has 

been taken into account. In addition, the antenna elements in the antenna array may 

consist of different polarizations, and hence it is possible, by adjusting the antenna 

weights, to dynamically alter the polarization state of the transmitted electromagnetic 

:, wave. Hence, a two dimensional array with elements of different polarizations may give a 

large flexibility in beamfom1ing, depending on the antenna weights. Sometimes, a certain 

set of precod!ng weights are denoted as a "beam state", generating a certain beam in 

azimuth, elevation and polarization as well as power. 

The most flexible implementation m.ay be to use a fully digital beamformer. where 

each weight may be applied independent of each other. However, to reduce hardware 

cost, size and power consumption, some of the weighting functionality may be placed in 

hardware, e.g., using a Butler matrix. whereas other parts may be controlled in software. 

For instance, the elevation angle may be conlrolled by a Butler rnalrix implementation, 

while the azimuth angle may be controlled in softvvare, A problem with the hardware 

1 ,.. beamforming may be that it involves switches and phase shifters, which may have some 

switching latency. making instant switching of beam unrealizable. 

The PBCH is transmitted using the Common Reference Signals {CRS) as a 

demodulation reference. Since the PSS, SSS and the PBCH channel are intended for any 

UE that wishes to attach to the cell, they are typically transmitted in a cell broad coverage, 

2D typically using e.g., 120 degree sectors. Hence, such signals are not beamformed in LTE, 

as it is a risk that, e.g., the PSS and SSS will be in the side lobe or even in a null direction 

of the beamfomiing radiation pattern. This woI . .ild lead to failure in synchronlzing to the 

cell, or failure in detecting MIB. 

Existing methods for transmission of synchronization signals from a network node to 

2 b a wireless device are designed for wide area coverage at lower carrier frequencies of 

transmission than those expected to be used in future systems. These current methods 

may lead to numerous synchronization failures when used in communication systems 

using high frequency carriers, such as those projected to be used in the future SG system. 

3D SUMMARY 

It is an object of embodiments herein to improve the performance in a wireless 

communications nel:\.-vork by providing an improved way for a network node to send 

synchronization signals. for synchronization of the wireless device with the net\,vork node 

and for a wireless device to detect these synchronization signals. In some embodiments, 
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the network may use beamforming for transmitting the synchronization signals to the 

wireless device. 

According to a first aspect of embodiments herein; the object is achieved by a 

method performed by a network node for sending, to a wireless device, a first 

:, synchronization signal and an associated information rnessage. This is done for 

synchronization of the wireless device with the network node. The network node and the 

wireless device operate in a wireless communications network. The netvvork node sends 

the first synchronization signal in N OFDM symbols within a subframe, at least once in a 

time and freqLiency position in every one of the N OFDM symbols, N is equal or larger 

than 2. The neh.vork node sends, for each sending of the first synchronization signal, the 

associated information message at a pre-defined time and frequency position in an OFDM 

symbol. The pre-defined time and frequency position is relative to the time and frequency 

position of the first synchronization signaL The associated information message is 

associated \tv'ith the first synchronization signal. 

1 ,.. According to a second aspect of embodiments herein, the object is achieved by a 

method performed by the wireless device for detecting the first synchronization signal and 

the associated information message sent by the network node. This is done for 

synchronization of the wireless device with the network node. The network node and the 

wireless device operate in the wireless communications network. The wireless device 

2 D detects the first synchronization signaL The first synchronization signal has been sent by 

the network node in N OFDM symbols within a subframe, at least once in a time and 

frequency position in every one of the N OFDM symbols, N ls equal or larger than 2. The 

wireless device detects the associated information message at the pre-defined time and 

frequency position, The pre-defined time and frequency position is relative to the time and 

2 b frequency position of the detected first synchronization signal. The associated information 

message is associated with the first synchronization signaL The wireless device obtains 

subframe timing and/or frame timing by detecting an index comprised in the associated 

information message. 

According to a third aspect of embodiments herein, t!ie object is achieved by the 

3D netvvork node, configured to send to the wireless device the first synchronization signal 

and the associated information message, Tt1is is done for synchronization of the wireless 

device with the network node. The network node and the wireless device are configured 

to operate in the wireless communications network. The network node is configured to

send the first synchronization signal in N OFDM symbols within a SL1bframe, at !east once 

3 S in a time and frequency position in every one of the N OFDM symbols. N is equal or 
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larger than 2. For each sending of the first synchronization signal, the network node is 

configured to send the associated information message at the pre-defined frequency 

position in a pre-defined OFDM symbol, i.e, the time position. The pre-defined time and 

frequency position ls relative to the time and frequency position of the first synchronization 

:, signal. The associated information message is associated with the first synchronization 

signaL 

According to a fourth aspect of embodiments herein, the object is achieved by the 

wireless device, configured to detect the first synchronization signal and the associated 

information message configured to be sent by the network node. This is done for 

synchronization of the wireless device with the neh.l\lork node. The netvvork node and the 

wireless device are configured to operate in the wireless communications network The 

wireless device is configured to detect the first synchronization signal. The first 

synchronization signal is configured to have been sent by the network node in N OFDM 

symbols \tv'ithin a subframe, at least once in a time and frequency position in every one of 

1 ,.. the N OFDM symbols< N is equal or larger than 2. The wireless device is further 

configured to detect the associated information message at a pre-defined time and 

frequency position. The pre-defined time and frequency position is relative ta the time and 

frequency position of the detected first synchronization signal. The associated information 

message is associated with the first synchroniz.ation signal. The \'v'ireless device is further 

2 D configured to obtain subframe timing and/or frame timing by detecting the index 

comprised in the associated information message. 

According to a fifth aspect of embodiments herein, the object is achieved by a 

computer program, comprising instructions which, when executed on at least one 

processor, cause the at least one processor to carry out the method performed by the 

2 b network node. 

According to a sixth aspect of embodiments herein, the object is achieved by a 

computer-readable storage medium, having stored thereon the computer program, 

comprising instructions which, when executed on at least one processor, cause the at 

least one processor to carry out the method perfonried by the network node. 

3 D According to a seventh aspect of embodiments herein, the object is achieved by a 

computer program, comprising instructions which, when executed on at least one 

processor, cause the at least one processor to carry out the method performed by the 

wireless device. 

According to an eighth aspect of embodirnents herein, t11e object is achieved by a 

3 S computer-readable storage medium, having stored thereon the computer program, 
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comprising instructions which, when executed on at least one processor, cause the at 

least one processor to carry out the method performed by the w!reless device. 

By the network node repeatedly transmitting the same first synchronization signal in 

N OFDM symbols within a subframe. the wireless device may more likely detect the first 

:, synchronization signal and the associated information message, in at !east one of the 

used symbols. Therefore a way for the wireless device to synchronize with the network 

node is provided that is optimized for high frequency carriers, using narrov,,1 beams. This 

may be implemented utilizing beamforming, for example, by the network node transmitting 

the same first synchronization signal in a scanned manner, such a.s in a new beam in 

each OFDM symbol, so that the wireless device may more likely detect the first 

synchronization signal and the associated information message, in at least one of the 

beams. ln the embodiments utilizing beamforming, the network node does not need to 

know which beam is preferable for the wireless device, for the wireless device to be able 

to successfl..ll!y detect the first synchron ization signal and the associated information 

1 ,.. message, as the first synchronization signal and the associated Information are 

transmitted in multiple beams. 

Further advantages of some embodiments disclosed herein are discussed below, 

BRIEF DESCRIPTION OF THE DRAWINGS 

2 0 Examples of embodiments herein are described in more detail with reference to the 

accompanying drawings, in which: 

Figure 1 is a schematic diagram mustrating a 5G system example with three TPs. 

Figure 2 is a schematic block diagram illustrating embodiments in a wireless 

communications net:vvork, according to some embodiments . 

.2 ':: Figure 3 is a schematic diagram illustrating embodiments of a meU1od in a network 

node, according to some embodiments. 

Figure 4 is a schematic diagram illustrating embodiments of a method in a network 

node, according to some embodiments. 

Figure 5 is a schematic diagram illustrating embodiments of a method in a new,ork 

�-;0 node, according to some embodiments. 

Figure 6 is a schematic diagram illustrating embodiments of a method in a network 

node, according to some embodiments. 

Figure 7 is a sct1ernatic diagram illustrating embodiments of a method in a network 

node, according to some embodiments. 
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Figure 8 is a schematic diagram illustrating embodiments of a method in a network 

node, according to some embodiments. 

Figure 9 is a schematic diagram illustrating embodiments of a method in a wireless 

device, according to some embodiments. 

:, Figure 10 is a flowchart illustrating ernbodiments of a method in a wireless device, 

according to some embodiments. 

Figure 11 is a schematic diagram illustrating embodiments of a method in a wlreless 

communications net<.vork, according to some embodiments. 

Figure 12 is a schematic diagram i!IListrating embodiments of a method in a wlreless 

communications network, according to some embodiments. 

Figure 13 is a block diagram of a nel.¼'Ork node that is configured according to some 

embodiments. 

Figure 14 is a block diagram of a wireless device thal is configured according to 

some embodiments. 

DETAILED DESCR! PTION 

As part of the solution according to embodiments herein, one or more problems that 

may be associated with use of at least some of the prior art solutions, and that may 

addressed by embodiments herein will first be identified and discussed, 

2 0 In general terms, embodiments herein relate to the fact that at high, e.g., >10 GHz, 

carrier frequencies, the number of antenna elements at the transmitter and/or receiver 

side may be significantly increased compared to common 3G and 4G systems, which 

typically operate at frequencies below 3 GHz. In such systems, the increased path loss 

may be compensated for by beamforming. If these beams are narrow, many beams may 

.2 ':: be needed to span a coverage area, 

Also in general terms, embodiments herein relate to the fact that since 

synchronization and system information has to be transmitted in a narrow beam, in 

r1orizontal and azimuth angles, to maintain cell coverage and link reliability, it is U1en a 

problem how to transmit these signals and how the user terminal, e.g,, the \'Y'ireless 

�-;0 device, find cells, i e. to perform cell search, and how to synchronize time and frequency 

of the network. It is further a problem how to attain system information from the network 

when this information is transmitted using beamforming and how to acquire symbol and 

subfrarne synchronization, 
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One of the problems addressed by embodiments herein is how to transmit 

synchronization signals from a network node to a wireless device in a wireless 

communications network using a high frequency carrier that is subject to higher path loss 

relative a low frequency carrier, so that detection by the wireless device is optimized and 

:, synchronization failures for failure of detection of synchronization signals are decreased. 

For example, when using beamforming, one ot the particul.ar problems addressed by 

embodiments herein is how to use the narrow beams that may be needed to provide the 

high beamforming gain that may be required to achieve cell coverage in systems using 

high frequency carriers, also for synchronization and transmission of basic system 

J ci information. 

In many cases, such as a wireless device initial access, or \<\<'hen the wireless device 

is searching for additional cells, it is not possible for the network, e.g., a netvvork node 

controlling one or more Transmission Points (TPs), each of the TPs transmitting 

Transmission Point (TP) beams, to direct a beam towards a wireless device with the 

1 ,.. necessary signals for these operations, since the useful beam, or precoding vector, for the 

particular wireless device is not known to the net\J\/ork, e .. g,, the network node. 

Hence, there may be a problem in a network, e.g., the netvvork node, for how to 

transmit synchronization signals as well as basic system infom1ation, e.g. MIB, to the 

wireless device in a beam-formed system. 

2 D As a consequence of this. it ls a problem for a wireless device how to time and 

frequency synchronize to a cell and how to acquire system information and how to 

perform handover operations. 

It is further a detailed problem how the wireless device rnay attain the frame and 

subframe synchronization respectively as well as the Orthogonal Frequency Division 

2 b Multiplexing (OFDM) symbol synchronization, 

These problems are further discussed below. 

A set of TPs may be considered wherein each TP can, by use of an array antenna, 

generate transmission of a larger number of dlfferent beams, wherein the beams may 

have different main lobe pointing direction and/or transmit polarization state, 

3D A given beam may be represented by a certain precoding vector, where for each 

antenna element a signal is replicated and transmitted over, an amplitude and/or phase 

weight is applied The choice of these weights thus may determine the beam, and, hence, 

the beam pointing direction, or "beam state" 

The possibility to choose from a large number of beams to be transmitted from a TP 

3 S may be typical for a SG system deployed at higher carrier frequencies above 10 GHz, 
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where the antenna may consist of many antenna elements to achieve a large array gain. 

However, larger number of beams may be applied also in systems operating at lower 

frequencies, e.g., below 10 GHz, for improved coverage, with the drawback of a larger

total antenna size. since the wavelengths are longer. 

:, At higher carrier frequencies, an antenna array consisting of multiple antenna 

elements may be used to compensate for the reduced aperture size of each element, 

which is a function of the carrier frequency, compared to systems operating at traditional 

cellular carrier frequencies, i.e , up to 5 GHz. Moreover, the large antenna gain may in 

tLlm containing the complex beamfonning weights be needed to overcome the path loss at 

higher frequencies The large array gain and many antenna elements may result in that 

ea.ch generated beam is rather narrow, when expressed in terms of HPBW, typically only 

5-10 degrees or even smaller, depending on the particular design of the array antenna.

Usually, two-dimensional beamforrning may be desirable, where a beam may be steered 

in both an azimuthal and a horizontal direction simultaneously. Adding also the transmit 

1 ,.. power to a variable beam, the coverage of the 2D-beam may be controlled, so that a 3D 

beamforming system may be achieved. 

Since the large array gain may be needed also for synchronization and broadcast 

control channels, e.g., carrying basic system information for accessing the cell, these 

signals may need to be beam-formed as well. 

2 D Synchronization is a cornerstone in accessing a wireless communications netv.;ork. 

The synchronization may be perforrned on several levels, the initial tirne and frequency 

synchronization may be needed to tune the receiver to the used OFDM time frequency 

grld of resource elements, as the OFDM symbol boundary. Then, synchronization may 

also be needed to detect the subframe boundaries, e.g., in L TE, a subframe consists of 14 

2 b OFDM symbols in the case of normal Cyclic Prefix (CP) length. Furthermore, the frame 

structure rnay need to be detected, so the \ivireless device knows when a new frarne 

begins, e.g. in LTE, a frame consists of 10 subframes. 

Embodiments herein describe a method perfom1ed by a netvvork, e.g., a network 

3D node, to enable the use of multiple transmit beams and at the s ame time provide any of: 

rapid cell detection, system information acquisition and symbol, subframe and frame 

synchronization, for a wireless device that may try to connect to a cell, e.g., served by the 

netv,mrk node. The proposed method also may seamlessly allow for different network 

implementations. e.g., a netvvork node implementations, and wireless device 

3 S implementations, which may be important, since some implementations may use analog 
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beamforming networks where the beam switching time using analog components may be 

too long for a switch to be performed within the time between two OFDM symbols, i.e., at 

a fraction of the CP length. Also, some wireless device implementations may have a 

restriction in, e,g., cell search computation power so that less frequent cell searches tl1an 

:, once per OFDM symbol should not unnecessarily restrict the possibility to access the cell, 

other than potentially an increased access delay. 

Embodiments will now be described more fully hereinafter with reference to the 

accompanying drawings, in which examples of the claimed subject matter are shown. 

The claimed subject matter may, however, be embodied in many different forms and 

should not be construed as limited to the embodiments set forth herein. Rather, these 

embodiments are provided so that this disclosure will be thorough and complete, and will 

"fully convey the scope of the claimed subj eel matler to those skilled in the art It should 

also be noted that these embodiments are not mutually exc!uslve, Components from one 

1 ,.. embodiment may be tacitly assumed to be present/used in another embodiment. 

Figure 2 depicts a wireless communications network 200 in which embodiments 

tierein may be implemented, The wireless communications network 200 may for e.xample 

be a network such as a Long-Term Evolution (LTE), e .. g. LTE Frequency Division Duplex 

2 D (FOO), L TE Time Division Duplex (TDD), L TE Half-Duplex Frequency Division Duplex 

(HO-FOO), LTE operating in an unlicensed band, Wideband Code Division Multiple 

Access (WCDMA), Universal Terrestrial Radio Access {UTRA) TDD, Global System for 

Mobile communications (GSM) network, GSM/Enhanced Data Rate for GSM Evolution 

(EDGE) Radio Access Netvvork (GERAN) network, EDGE network, netvvork comprising of 

2 b any combination of Radio Access Technologies (RA Ts) such as e.g. Multi-Standard Radio 

(MSR) base stations, mu!ti�RAT base stations etc., any 3rd Generation Partnership 

Project (3GPP) ce!!ular netvmrk, VviFi network, Worldwide lnteroperabl!ity for Microwave 

Access (WiMax), SG system or any cellular netvvork or system. 

3,] The wireless communications network 200 comprises a transmission point, or TP, 

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

point 210 may be, for example, a base station such as e.g., an eNB, eNodeB, or a Home 

Node B, a Home eNode B, femto Base Station, BS, pico BS or any other net>.:vorl< unit 

capable to serve a device or a machine type comrnunication device in the wireless 

3 S communications net1..vork 200. In some particular embodiments, the transmission point 
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210 may be a stationary relay node or a mobile relay node. The wireless communications 

network 200 covers a geographical area which is dlvided into cell areas, wherein each cell 

area is served by a TP although, one TP may serve one or several cells, and one cell may 

be served by more than one TP. In the non-limiting example depicted in Figure 2, the 

�) transmission point 210 serves a cell 220_ The transmission point 210 may be of different 

classes. such as e,g, macro eNodeB, home eNodeB or pico base station, based on 

transmission power and thereby also ce!I size. Typically, the wireless communications 

network 200 may comprise mare cells similar ta cell 220, served by their respective one or 

more TPs, This is not depicted in Figure 2 for the sake of slmp!lcity, The transmission 

l G point 210 rnay be referred to herein as a network node 210. The network node 210 

controls one or more TPs, such as any of the network node 210. 

The network node 21 O may support one or several communication technologies, 

and its name may depend on the technology and terminology used. In 3GPP LTE, the 

network node 210, which may be referred to as eNodeBs or even eNBs. may be directly 

l S connected to one or more networks 230.

The network node 210 may communicate with the one or more networks 230 over a 

link 240. 

A number of wireless devices are located in the wireless communications network 

2 Q 200. In the example scenario of Figure 2, only one wireless device is shown, wireless

device 250. The wireless device 250 may communicate with the netvvork node 210 over a 

radio link 260. 

The wireless device 250 is a wireless communication device such as a UE which is 

also known as e.g. mobile terminal, wireless terminal and/or mobile station. The device is 

2 b wireless, Le., it is enabled to communicate wireless!y in the wireless communication 

network 200, sornetirnes also referred to as a cellular radio system or cellular network. 

The communication may be performed e.g., between tvv'O devices, between a device and 

a regular telephone and/or between a device and a server. The communication may be 

performed e.g., via a RAN and possibly one or more core net,,,vorks, comprised within the 

3D wireless communications network 200. 

The wireless device 250 may further be referred to as a mobile telephone, cellular 

telephone, or laptop with wireless capability, just to mention some further examples. The 

wireless device 250 in the present context may be, for example, portable, pocket-storable, 

I1and-ileld, computer-comprised. or vehicle-mounted mobile devices, enabled to 

3 S communicate voice and/or data, via the RAN, with another entity, such as a server, a 
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laptop, a Personal Digital Assistant (PDA), or a tablet compL1ter, sometimes referred to as 

a surf plate with wireless capability, Machine-to-Machine (M2M) devices, devices 

equipped with a wireless interface, such as a printer or a file storage device or any other 

radio network unit capable of communicating over a radio link in a cellular 

:, communications system. Further examples of different wireless devices, such as the 

wireless device 250, that may be served by such a system inc!Lide, modems, or Machine 

Type Communication (MTC) devices such as sensors. 

Embodiments of methods performed by the network node 210 and the wireless 

device 250 will first be described in detail, with illustrative examples, in relation to Figures 

2-8. An overview of the specific actions that are or may be carried out by each of the

network node 210 and the wireless device 250 to perform these examples, among others, 

will then be provided in relation to Figures 9 and 10. 

1 ,.. In embodiments herein,. a first synchronization signal such as a PSS may be 

transmitted by the netvvork node 210 to the wireless device 250, repeatedly, N times, in N 

different OFDM symbols within a subframe, or across multiple subframes. The N 

transmissions need not occur in adjacent OFDM symbols, they may occur in every other 

OFDM symbol or more generally even in different subframes or frames. For each PSS 

2 D transmission instance, the TP, e.g .. , the netvvork node 2·10 or TP 210, may alter one or 

several of the parameters associated with the transrnission, such as U1e azimuth angle, 

the horizontal angle, the transmit power or the polarization state, A given setting of a!I 

these possible transmission parameters is defined here as a beam forming state. Hence, 

the netvvork node 210 or TP 210 may scan the 30 beamforrning and polarization space in 

2 b up to N different beamforming states, and in each state, the network node 2·10 or TP 210 

may transmit the same PSS to provide synchronization for a UE, such as U1e wireless 

device 250, in any of these 3D positions. After these N transmissions have been 

performed, the 3D scan may start over from the beginning again, and the value N may, if 

needed for the wireless device 250, be specified in the standard, or it rnay also be 

3D signaled to the wireless device 250 by system information, or obtained prior to accessing 

the 5G carrier through signaling on a legacy system, such as L TE. The PSS may be taken 

by the network node 210 from a large set of sequences, similar to the PSS used in LTE, 

where the detection of the PSS may give the wireless device 250 information about a 

physical cell ID, such as a physical cell ID of cell 220. The PSS rnay also be used by the 

3 S wireless device 250 to get a rough time and frequency synchronization. Note that the 
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embodiments described herein are not limited to use the same or similar PSS as used in 

LTE, a completely different design or sequence length may also be considered. 

The UE,. such as the wireless device 250, in a favorable position for one, or several, 

of the N beam states may successfully detect the PSS, when this beam state is used, and 

:, may also acquire a physical cell ID, such as the physical cell ID of cell 220. if an LTE type 

of PSS is used. The network node 210 or TP 210 may also transmit an associated 

information message such as a SSS, at a known location relat!ve to the PSS. So, when 

the PSS in a certain OFDM symbol has been detected by the wireless device 250, the 

wireless device 250 may also find the associated SSS at a different time and/or frequency 

position relative to the PSS. The SSS may then be transmitted by the network node 210 

with the same beamforming state as the associated PSS, One way to implement this is for 

the netv,rork node 210 to transmit the SSS multiplexed with the PSS. in the same OFDM 

symbol, see Figure 3. Another alternative may be to split the SSS in two parts, where 

each part is on either side of the PSS, to get a symmetrlc transmission of PSS and SSS 

1 ,.. with respect to the center frequency. 

Figure 3 depicts an example showing a subframe of 14 OFDM symbols, where the 

PSS and SSS are transmitted by the netvvork node 210 in the same symbol, but at 

different frequency locations, i.e. subcarrier sets, ln each OFDM symbol, a different beam 

state (B1 ... B14) may be used by the netvvork node 210 to scan the beams in, for example, 

2D the horizontal angle and the azimuth angle. Furthermore, the PBCH. carrying system 

information, may also be transmitted, by the nel\,vork node 210, in the same OFDM 

symbol as the associated PSS and SSS, and in this example, split on both sides of the 

PSS. Thus, in some embodiments, one or more PBCH may be associated with one PSS. 

Note that the system bandwidth may be larger than what is shown in this figure, Here, 

2 b only the concept of frequency multiplexing the PSS!SSS/PBCH is illustrated, The OFDM 

syrnbol rnay also contain other control signaling, or the shared data channel, outside, i.e .. 

on both sides, the frequency band, that carries the PSS/SSS/PBCH. The network/TP, 

e,g., the network node 210 or TP 210, may, with this arrangement. transmit each OFDM 

symbol using a different beamfonning state. Alternativel}1, the network node 210 or TP 

3D 210 may transmit the PSS/SSS/PBCH part of the OFDM symbol with a first beamforming 

state and the remainder of the OFDM symbol, e,g., on both sides, \•vith beamfonriing 

states that are independently selected and may thus be different from the first 

beamforming state. ln this way, for instance, the shared data channel may be frequency 

multiplexed with the PSS/SSS/PBCH and yet, these, Le,, the PSS/SSS!PBCH, are using 

3 S different beams, Le. beamforming states. 
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In some embodiments herein, the SSS and one or more PBCH associated, Le .. , 

transmitted, with a particular PSS, may be collectively referred to herein as a message 

that is associated to the PSS, i.e., an associated information message. 

However, different from the PSS, each SSS may contain information about U1e 

:, subframe timing, such as the subframe offset and/or the frame offset relative the SSS time 

position. Hence,. different Secondary Synchronization (SS) sequences may be transmitted 

by the network node 210 for each OFDM symbol, and thus, up to N different SSS may be 

used by the neh.vork node 210. By detecting which SS sequence is transmitted in a certain 

OFDM symbol, Le. a "sequence index'', the wireless device 250 may acquire at least the 

subframe synchronization, by using a pre�defined unique mapping between the sequence 

index and the relative position of the OFDM symbol and the subframe boundaries, Hence, 

the subframe synchronization is achieved, in the sense that the wireless device 250 may 

know where the subframe begins and ends. The SSS may also be used by the wireless 

device 250 to acquire the frame synchronization: however, this may require the use of 

1 ,.. additional SSS sequences. !f only the subframe synchronization is required, or if the 

PSS/SSS is only transmitted in one, pre-defined subframe within the frame, then the same 

SSS may be repeatedly used by the net\iYork node 210 in every subframe carrying SSS; 

wt1ile in the case also frame synchronization may be needed from SSS by the wireless 

device 250, then different subframes within the frame may need to use unique SSS 

2 D sequences to be able to acquire the relative distance to the frame boundaries from the 

detected OFDM symboL 

The SSS used in embodiments herein may or may not be equal to the L TE SSS. 

Since there are only 168 different SSS in L TE, these may not be enough if also used for 

subframe synchronization in addition to time and frequency synchronization, since a 

2 b different SSS may be used by the network node 210 in each beam. However, a larger set 

of SSS may be defined, This may, in different embodiments, be defined as an extension 

of the LTE SSS, by transmitting from the netvvork node 210, in each OFDM symbol, 

additional cyclic shift combinations of the two interleaved M¥sequences. In another 

embodiment, the network node 210 may use the L TE SSS toget!1er with at least a third 

3D sequence, or a reference signal, for instance, the reference signal used when 

demodulating the PBCH, 

Moreover, to acquire system information, the PBCH may be transmitted by the 

netv,mrk node 210 in the same beam, and thus OFDM symbol, as the SSS, at a known 

location relative to the SSS and/or PSS. The PBCH may be transmitted together with a 

3 S demodulation reference signal which resides in the same OFDM symbol as the PBCH, 
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i.e., the reference signal for PBCH demodulation and the PBCH itself are precoded with

the same beamforming weight vector, i.e. the same beam state. Hence, the wireless 

device 250 is not allowed to interpolate the channel estimates across OFDM symbols 

where different beam states have been used. Thus, in a sense, these reference slgnals 

:, are beam specific. 

In one embodiment, the same PBCH information is transmitted by the network node 

210 in each transmission instance wlthin a frame. In a wireless device 250 implementation 

embodiment, the wireless device 250 may accumulate the PBCH from multiple 

transmissions from the network node 210, e.g., multiple OFDM symbols and thus multiple 

beams, and thus improve the reception performance of the PBCH, which contains the 

system information. In some cases, the wireless device .250 detects a signal in multiple 

beams and it may, after detecting the PSS with sufficient power, use the associated 

PBCH in the same beam, to accrnnulate energy for the PBCH detection. However, the 

channel estimations in the wireless device 250 implementation may need to be repeated 

1 ,.. in each OFDM symbol, since beam specific RS may be used This may enable coherent 

receive combining of multiple beams which, in addition to the beamfonning gain, may 

further enhance the MIB reception by the wireless device 250, The wireless device 250 

may in a further ernbodiment also discard PBCH reception in the OFDM symbols, i.e. 

beams, where the PSS has poor detection performance, as to avoid capturing noisy 

2 D estimates into the PBCH energy accumulation. 

It is possible that the wireless device 250 may detect the PSS in more than one 

OFDM symbol, since the 3D beams may have overlapping coverage, either in terms of 

overlapping beam patterns or via multipath reflections in the propagation channel. In this 

case, the wireless device 250 implementation may estimate which of the successfully 

2b detected OFDM symbols comprised the PSS detection with the highest receive quality, 

and use only this when determining the subframe and/or frame timing, to ensure good 

synchronization performance. It is also an implementation embodiment for the 

netv.iork/TP side, e,g., the network node 21 O or TP 210, to use fewer and/or wider than N 

beams for the PSS,. where N is a specified upper limit on the number of supported bearns 

3D in a 5G netvvork, in which case there are more than a single beam with good PSS 

detection possibility for the wireless device 250. Using wider beams reduces the coverage 

of each beam, but in some situations coverage may be less important, such as small cells. 

This embodiment with wider beams may have the advantage that PSS detection is more 

rapid, and tile nom1al L TE cell search algorithm of relatively !ow complexity may be re-

3 S used in the wireless device 250. 
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A further advantage of at least some embodiments described herein may be that 

there may be no need for the wireless device 250 to search for beams at the initial PSS 

detection; the wireless device 250 simply may detect successfully when a 30 

beamforming state matches the wireless device 250 position in tt1e cell 220, Hence, the 

:, use of beams is agnostic to the wireless device 250, at least at this initial stage of PSS 

detection. See Figure 3 for an example of how the PSS/SSS and PBCH may be 

transmitted by the network node 210 in the described embodiment 

In an alternative embodiment to the above described method, the same SSS 

sequence may be transmitted in each used OFOM symbol/beam state, while the frame 

and/or subframe offset may be instead explicitly indicated in the PBCH in the associated 

OFDM symbol. Hence, MIB detection by the wireless device 250 may in this embodiment 

be required before frame synchronization may be achieved. A benefit of this embodiment 

may be that only one SSS is used, or consumed, per TP, repeatedly in all OFDM symbols, 

while the drawback may be that the M!B changes in each OFDM symbol. so coherent 

1 ,.. combining over beams may not be used by the wireless device 250. In addition, a beam 

index n:::::{1, ... , N} may be signaled in the PBCH, to inform the wireless device 250 on 

which beam state of the maximally possible N beam states was used in the particular 

OFDM symbol. The PBCH may also comprise explicit signaling of U1e subframe offset 

and/or the frame offset. In some embodiments, the beam state n m.ay not be informed to 

2 D the wireless device 250, but this offset signaling stlll provides necessary information to the 

wireless device 250 to be able to acquire subfrarne and/or frarne synchronization. 

In yet an alternative embodiment, the SSS may be used by the wireless device 250 

for detecting the subframe offset and the PBCH may be used by the wireless device 250 

to detect the frame offset. Hence. the PBCH message may be the same for all OFDM 

2 b symbols/beams within one subframe but may need to change from subframe to subframe, 

since the frame offset changes, See the figLires below for illListrative exarnples. In this 

embodiment, at most 14 different SSS may be required, and the set of SSS may then be 

repeated in the next subframe" This is sufficient since SSS is only used to acquire the 

subframe timing. 

3D 

Figure 4 depicts an example showing a subframe of 14 OFDM symbols, where the 

PSS and SSS are transmitted by the network node 210 in different symbols, with a time 

offset, in this case one slot, i.e., 7 OFDM symbols Furthermore, the PBCH, carrying 

system information, is also transrnitted by the network node 210 in U1e same OFDM 

3 S symbol as the associated PSS and SSS. and in this example split on both sides of the 
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PSS. Note that the system bandwidth may be larger than what is shown in this figure. 

Here on!y the concept of frequency multiplexing the PSS/PBCH or SSS/PBCH is 

illustrated, and the OFDM symbol may also contain other control signaling or the shared 

data channel. The netvvork/TP, e.g,, the nemork node 210 orTP 210, may, wlth this 

:, arrangement, transmit each OFDM symbol using a different beamforming state. But in 

this example, the same beamforming state is used in symbol k and k+ 7 in the subframe, 

where k=0, ... ,6. So a UE, such as the wireless device 250, that detects the PSS In 

OFDM symbol k due to a beneficial beamfarmlng state, may also get the same 

beamforming state in symbol k+7 when detecting SSS and PBCH. Hence, in each OFDM 

symbol in each slot, a different beam state, e.g., 81 .. 87, may be used by the network 

node 210 to scan the beams in, for example, the horizontal angle and the azimuth angle .. 

An advantage of this separation in time between the PSS and SSS, e.g,, 7 OFDM 

symbols, compared to the embodiment in Figure 3, is that the PSS and SSS together may 

be used to enhance the frequency synchronization, which is more difficult by the 

1 ,.. arrangement in Figure 3, since the same OFDM symbol is used for PSS and SSS. 

Figure 5 depicts an example shoVv'ing a positive detection by the wireless device 

250 of PSS in OFDM symbol k=5, and thus, also SSS and PBCH detection in OFDM 

symbol k=12, since the nehvork node 210 or TP 210 uses the same beamformer state in 

2 D symbol kc::5 and k=12 from which the wireless device 250 acquires at !east the subframe 

offset De!ta_S = 12 to the start of the subframe from either the SSS. for the embodiment 

where each SSS is different, or the PBCH information. In Figure 5, subframe offset, as 

used herein, is represented as "symbol offset". 

2 E:: Figure 6 depicts an example showing a positive detection by the wireless device 

250 of a beam in OFDM symbol k=5, PSS, and k:=12, SSS, in subframe n. The wireless 

device 250 acquires the subframe offset and the frame offset from the detection of SSS 

and/or the detection of PBCH. In Figure 6, subframe offset, as used herein, is 

represented as "symbol offset", and frame offset, as used herein, is represented as 

3D "subframe offset". An alternative embodiment may use SSS for detecting by the wireless 

device 250, the subframe offset and PBCH to detect the frame offset. Hence, the PBCH 

message is the same for all OFDM symbols/beams within one subframe, but may need to 

change from subframe to subframe, since the frame offset changes. 

In Figure 6, multiple subframes are used to allow for the netvvork node 210 or TP 

35 210 to use more than 7 beam states, i.e. N>7, in the scanning procedure. In this example, 
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N=7n beams may be scanned if n is the number of used subframes. lf this m.any beams 

are unnecessary and it is determined that N-::8 is sufficient, only a single subframe may be 

used by the wireless device 250 for this cell acquisition procedure, i.e., time and 

frequency synchronization and detection of the cell ID. In this case. the frame offset may 

:, be a predefined value instead of being explicitly signaled by the nef.\.vork node 210, hence 

the value may be given by reading the standard specifications, and it may be selected, 

e.g,, as zero or nine, flrst or last subframe in the frame.

\,Mth the arrangement described in embodiments herein, the number of used beam 

states of a TP, such as the network node 210 or TP 210, may be less than the maximal 

number N the current standard supports, since the offsets are signaled by SSS andior 

PBCH. Moreover. the precoding weights that defined the beam state may be transparent 

to the wireless device 250, hence with this arrangement, any beam shapes, i.e., preceding 

weights. for PSS, SSS and PBCH may be implemented, whlch may be an advantage and 

1 ,.. gives flexibility to the wireless communications network 200. Hence, embodiments herein 

may provide a flexible way to deploy a SG multi antenna 30 beamforming system, so it 

may be adapted to the scenario of the operation, and also to the actual implementation of 

the network node 210 or TP 210, A.n advantage of al least some of the embodiments 

herein may be that the PSS and SSS and/or PBCH are transmitted by the net\<\''0rk node 

2 D 210 in the same OFDM symbol. which may necessary when analog beamforming is 

perforrned at the transmitter side, since bearnforrning precoding weights rnay be only 

wideband in this case. For a digital implementatlon of the beamformer on the other hand, 

different beams may be used in different frequency bands. However, since 

implementations may be widely different among TP vendors and even for different 

2 b products within a same vendor, the solution may not imply a certain TP implementation of 

bearnforrning, and this goal may be achieved with embodiments herein. 

In a further net\tvork node 210 or TP 210 implementation embodiment, it may be 

possible to further relax the network node 210 or TP 210 implementation by not 

transmitting the PSS etc in every OFDM symbol. This may be useful in, e.g., the case 

3D switching time or precoderweight settling time is long, Hence, the same approach in 

embodiments herein may also enable this type of relaxed operation, where not every 

OFDM symbol may be used for transmitting by the network node 210, since the subframe 

and frame offsets may be acquired by the wireless device 250 individually, in each used 

OFDM symbol respectively, VVhether every or as in the example below, every other 

3 S OFDM symbol is transmitting PSS etc, is agnostic to the wireless device 250, since the 
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wireless device 250 may simply fail to decode a PSS in OFDM symbols where no 

transmission by the net,vork node 210 takes place. 

Figure 7 depicts an example of a relaxed netvvork node 210 or TP 210 

:, implementation where only every other OFDM symbol is used by the network node 210, 

so that TP beamforming hardware may have SL1fficient time to switch beam. In this 

example shown here, only 7 beams may be scanned in one subframe. 

The previous embodiments have descnbed general aspects of the embodiments 

J ci herein. The further embodiments below will describe enhancements that will relax the 

wireless device 250 implementation, in case the wireless device 250 has limited 

processing power. 

In Figure 4, it was shown hovv the PSS and SSS may be separated by one slot 

However. one. e.g., the network node 210 or TP 210. may separate the PSS and SSS 

1 ,.. even more, by several subframes, as long as the time between PSS and SSS 

transmissions by the network node 210 are known to the wireless device 250, 

The PSS may be detected by the wireless device 250 in time domain, before Fast 

Fourier Transform (FFT} operation, using a down sampled signal if the PSS bandwidth is 

much less than the system bandwidth, However, the SSS and PBCH may be detected by 

2 D the wireless device 250 in frequency domain, after FFT operation on the wideband signal, 

which may require some more processing power in the wireless device 250, and which 

then may require the wireless device 250 to buffer the whole wideband signal in each 

OFDl'v1 symbol until the PSS detector for a given OFDM symbol has finished the detection. 

So, it may be useful if the time bet.veen the PSS detection and the SSS/PBCH detection 

2 b may be extended, so that buffering of many OFDM symbols is not required by the wireless 

device 250. The embodiment depicted in Figure 4 may allow U1is, since the network node 

210 transmits the PSS and SSS in such way that there are 7 OFDM symbols between 

PSS and SSS, Hence, the wireless device 250 implementation may search for the PSS 

using the time domain signal, after successful PSS c!etection, it rnay prepare to perforrn 

3D an FFT operation of the OFDM symbol transmitted 7 OFOM symbols later, thereby 

relaxing the wireless device 250 implementation. 

In a further wireless device 250 implementation embodiment, the time between PSS 

and SSS transmission by the network node .210 using the same beam is longer than the 

slot duration, The SSS may be transmitted by the network node 210 several s1..1bfrarnes 

3 S later, as long as this delay time is known by specification. The wireless device 250 may 

IPR2022-00468 
Apple EX1016 Page 1166



\VO 2015/080ii4ti PCT/SE2014/05l 144 

22 

know the delay until the same OFDM symbol and beam state Ltsing the same 

PSS/SSS/PBCH transmission occurs again, and may thus wait until this delayed OFDM 

symbol, perform the FFT and detect SSS and PBCH. Alternatively, there may be a 

periodicity in the beam scanning, so that the wireless device 250 may know, by standard 

:, specification, that the same beam may be used again after a certain time, and this value 

may also depend on the maximum number of beam states N given in the standard 

specification. Hence, in this wireless device 250 implementation embodiment, the wireless 

device 250 may take advantage of the periodicity of the same signal transmission by the 

netvvort<; node 210, and use of same beam state by the network node 210, and it may, in 

the first instance, use the time domain signal to detect PSS and in a later, second 

instance, it may perform the FFT and detect SSS and PBCH. 

In a further embodiment, the wireless device 250 may inform the network node 210 

or TP 210 about which beam or beams was used in synchronizing to the network node 

210 or TP 210. This may be useful in subsequent downlink transmissions from the 

1 ,.. netv,,orl< node 210 or TP 210 to the wireless device 250, for instance when transmitting 

additional system information blocks, configuration of the wireless device 250, or 

scheduling the uplink and downlink shared data channels. 

According to the detailed description just provided with illustrative examples, 

2 D embodiments of a method performed by the net\vork node 210 for sending to the wireless 

device 250 a first synchronization signal and an associated information message, for 

synchronization of the wireless device 250 with the network node 210, will now be 

described with reference to the flowchart depicted depicted in Figure 8. Any of the details 

provided above in the illustrative examples, may be applicable to the description provided 

2 b in regards to Figure 8, although they are not repeated here to facilitate the overview of the 

method. The net\>vork node 210 and the wireless device 250 operate in the wireless 

communications network 200, as stated earlier. Figure 8 depicts a flowchart of the actions 

that are or may be performed by the network node 210 in embodiments herein. 

3D The method may comprise the following actions, which actions may as well be 

carried out in another suitable order than that described below. 

Action 801 

In order to allow the wireless device 250 to synchronize with the network node 210, 

3 S that is in order to allow the wireless device 250 to obtain subframe timing and/or the frame 
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timing in the signals sent by the net¼'ork node 210, the network node 210 sends the first 

synchronization signal in N OFDM symbols within a subframe, at least once in a time and 

frequency position in every one of the N OFDM symbols, as illustrated in Figures 3�6. N, 

which \�'as described earlier, is equal or larger than 2. 

:, The first synchronization signal may provide the time structure on the smallest time 

scale up to a medium time scale, e.g., OFDM symbol timing, as well as the time position 

of the second synchronization signal. 

The first synchronization signal may be a PSS, as described earlier, or an equivalent 

synchronization signal. The detailed description provided above, has used PSS as an 

illustrating example. However, any reference to PSS in the embodiments herein is 

Linderstood to equally apply to the first synchronization signal. 

In some embodiments, the network node 210 may perform the sending by utilizing 

beamforming. 

In some embodiments, such as those utmzing beamforming, a different beam state, 

1 ,.. as described earlier, is used in at least two of the N OFDM symbols. 

A different beam state may be used in each of the N OFDM symbols. 

In some embodiments, the N OFDM symbols are non~consecutive OFDM symbols. 

Action 802 

2 D Also in order to allow the wireless device 250 to synchronize with the network node 

210, in this action, the network node 210, for each sending of the first synchronization 

signal, sends the associated information message at a pre-defined time and frequency 

position In an OFDM symbol, as illustrated in Figures 3-6. The pre-defined time and 

frequency position is relative to the time and frequency position of the first synchronization 

2 b signal. The associated information message is associated with the first synchronization 

signal, that is, it comprises information tr1at is associated with the first synchronization 

signal, for synchronization purposes. That is, the associated information message 

comprises information may allow the wireless device 250 to obtain subframe and/or frame 

timing. 

3D In some embodiments, the associated information message comprises an 

associated second synchronization signal. The second synchronization signal may 

provide the time structure from a medium time scale up to a large time scale, e.g., 

subframe and/or frame timing The second synchronization signal may be a SSS, as 

described earlier, or an equivalent synchronization signal. The detailed description 

3 S provided above, has used SSS as an illustrating example. However, any reference to 
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SSS in the embodiments herein is understood to equally apply to the second 

synchronization signal. 

The associated information message may comprise an associated PBCH. In these 

embodiments, the associated information message, may comprise the PBCH alone, or in 

:, addition to the second synchronization signal, e.g., the SSS. 

In some embodiments, the associated PBCH further comprises associated system 

information. 

In some embodiments, the network node 210 may perform the sending by utilizing 

beamforming, tn these embodiments, wherein the first synchronization signal is sent in a 

beam state, the associated information message rnay be sent using the same beam state 

as the first synchronization signal associated \'v'ith the associated information message. 

In some embodiments, the associated information message is different in each 

OFDM symbol wherein the associated information message is sent. 

The associated information message may comprise an lndex. An index may be a 

1 ,.. number that comprises a pre-defined unique mapping with the relative position of the 

OFDM symbol and the subframe and/or frame boundaries, which m.ay allow the wireless 

device 250 to obtain the subframe and/or frame timing. 

In some of these embodiments, the index is a sequence inde.x, as described earlier. 

In some of these embodiments, the subframe timing is obtainable by the wireless 

2 D dev!ce 250 by detecting the index. 

The sequence index may comprise an index representing a sequence out of a set of 

possible sequences. For example, in the embodiments wherein the associated 

information message comprises the associated second synchronization signal, the 

sequence index may be an index to one of the possible synchronization sequences which 

2 b maps uniquely to at least a subframe offset 

In the embodiments wherein the associated information message comprises the 

associated PBCH, the index may be an explicit indication of the subframe offset or frame 

offset or both. 

In some embodiments, the associated inforrnation message is the same in each 

3D OFDM symbol wherein the associated information message is sent within a subframe, 

and the associated information message is different in each subframe wherein the 

associated information message is sent within a transmitted frame. In these 

embodiments, wherein the associated information message comprises the index, a frame 

timing may be obtainable by the wireless device 250 by detecting the index. 

IPR2022-00468 
Apple EX1016 Page 1169



\VO 2015/080ii4ti PCT/SE2014/05l 144 

25 

In some embodiments wherein the associated information message comprises the 

associated SSS, and wherein the index is a sequence index, the subframe timing may be 

obtainable by the wireless device 250 by detecting the sequence index comprised in the 

associated SSS, 

:, In some embodiments wherein the associated information message comprises the 

associated SSS, and, wherein the index is the sequence index, the frame timing may be 

obtainable by the wireless device 250 by detecting the sequence index comprised in the 

associated SSS 

In some embodiments, wherein the associated information message comprises the 

associated system information, the frame timing is obtainable by the wireless device 250 

by detecting the index comprised in the associated system information, 

Embodiments of a method performed by the wireless device 250 for detecting the 

1 '"' first synchronization signal and the associated information message sent by the netv,,1ork 

node .210, for synchronization of the wireless device 250 with the network node 210, will 

now be described with reference to the flowchart depicted depicted in Figure 9, Any of 

the details provided above, may be applicable to the description provided in regards to 

FigL1re 9, although they are not repeated here to facilitate the overview of the method. 

2 D The network node 210 and the wireless device 250 operate in the wireless 

communications network 200, as stated earlier- Figure 9 depicts a flowchart of the actions 

that are or may be performed by the wireless device 250 in embodiments herein, 

The method may comprise the following actions, which actions may as well be 

carried out in another suitable order than that described below, In some embodiments, all 

2 b the actions may be carried out, whereas in other embodiments only some action/s may be 

carried out 

Action 901 

As a first step for the wireless device 250 to obtain subframe timing and/or the frame 

3D timing in the signals sent by the network node 2"10, that is, in order to synchronize with the 

net\A/Orl< node 210, the wireless device 250 detects the first synchronization signaL As 

described earlier, the first synchronization signal has been sent by the netvvork node 210 

in N OFDM symbols within a subframe, at least once in a time and frequency position in 

every one of the N OFDM symbols. N is equal or larger than 2, 
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As discussed above, in some embodiments, the network node 210 may have 

performed the sending utilizing beamforming. 

Also as stated earlier;. the first synchronization signal may be a PSS. 

In some embodiments, this action may be implemented when for example, the 

:, wireless device 250 is using a procedure similar to L TE cell search and is simultaneously 

searching over different TP beams. 

Action 902 

To ensure good synchronization performance, in some embodiments, the wireless 

device 250 may discard detected OFDM symbols sent by the network node 210, as 

described earlier. This may happen, where detection of the first synchronization signal in 

the discarded detected OFDM symbols is poor according to a threshold. For example, 

this threshold may be based on the estimated signal to noise ratio of the detected OFDM 

symboL That is, the wireless device 250 may not take the discarded OFDM symbols into 

1 '"" consideration to obtain subframe or frame timing. 

Action 903 

The wireless device 250 detects the associated information message at the pre• 

defined time and frequency position. The pre-defined time and frequency position is 

2 D relative to the time and frequency position of the detected first synchronization signal. 

The associated information message corresponds to that described above. Thus, the 

associated information message is associated with the first synchronization signal. 

Also was mentioned above, in some embodiments, the associated information 

message comprises the associated second synchronization signal. The second 

2 b synchronization signal may be an SSS. 

Detecting the associated inforrnation message may cornprise matching a sequence 

of the detected associated information message to one of a set of  possible information 

message sequences. As stated earlier, this set of possible information message 

sequences may be the SSS specified in L TE 

3D In some embodiments, the associated information message comprises the 

associated PBCH, as mentioned above, In some of these embodiments, the associated 

PBCH further comprises the associated system infom1ation. 

The associated information message comprises the index. 

In some of these embodiments, the index is tt1e seqL1ence index, 
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In some embodiments, the sequence index comprises the index representing the 

sequence out of the set of possible sequences. 

Action 904 

:, The wireless device 250 obtains the subframe timing and/or the frame timing by 

detecting the index comprised in the associated information message. This is because 

the index comprises a pre-defined unique mapping with the re!at!ve position of the OFDM 

symbol and the subframe and/or frame boundaries 

In some embodiments, the associated information message is different ln each 

OFDM symbol wherein the associated information message is sent by the networ!<; node 

210. In these embodiments, the subframe timing may be obtained by the wireless device

250 by detecting the index. 

In some embodiments, the associated information message is the same in each 

OFDM symbol wherein the associated informatlon message is sent by the netvvork node 

1 ,.. 210 within a subframe, and the associated Information message is different in each 

subframe wherein the associated information message is sent by the network node 210 

within a transmitted frame. In these embodiments, the frame timing may be obtained by 

the wireless device 250 by detecting the index. 

In some embodiments, the associated information message comprises the 

2 D associated SSS. In these embodiments, wherein the index is the sequence index, the 

subframe timing may be obtained by the wireless device 250 by detecting the sequence 

index comprised in the associated SSS, 

In some embodiments, the associated information message comprises the 

associated SSS !n these embodiments, wherein the index is the sequence index, the 

2 b frame timing may be obtained by the wireless device 250 by detecting the seqllence index 

comprised in the associated SSS. 

3D 

In some embodiments, the associated information message comprises the 

associated system information, and the frame timing is obtained may be the wireless 

device 250 by detecting the index comprised in the associated system information. 

Action 905 

In some embodiments wherein the network node 210 has performed the sending of 

the first synchronization signal and the associated information message utilizing 

bearnfonning, the wireless device 250 may send a message to the network node 210. 

3 S The message may comprise information about which beam, of the beams beamformed by 
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the network node 210 to send the first synchronization signal and the associated 

information message, was used by the wireless device 250 for synchronization. For 

example, the time and frequency position of the transmitted message may be used to 

implicitly communicate to the net1ivork node 210 which beam was used by the wireless 

:, device 250. 

In some embodiments, the information in the message may comprise a beam s tate 

index of the beam that was used by the wireless device 250 for synchronization. 

The wireless device 250 may send this message, for example, as a random access 

preamble comprising a sequence and/or time freqLiency resource determined by the index 

J ci of the beam state that was used. 

Embodiments herein may thus provide an approach to address the problems 

mentioned above, by the network node 210 repeatedly transmitting the same e.g., PSS in 

a scanned manner, in a new beam in each OFDM symboL The instantaneoLis beam, used 

1 ,.. in a given OFDM symbol, may be unknown to the wireless device 250, who may perform 

a b lind search after the e.g., PSS in time domain in order to acquire the OFDM symbol 

timing, which may be a prerequisite to transform the received signal into frequency 

domain, before further receiver processing. After detecting the PSS, the wireless device 

250 may find the SSS and e.g., PBCH in a position relative to the PSS, Different from the 

2 D PSS, the SSS and/or PBCH may be different in each OFDM symbol. By this 

arrangement, the wireless device 250 may acquire the symbol offset, i.e., the subframe 

offset, as used herein, as well as the frame offset in the wireless communications network 

200. In some embodiments, this may be a beamformed network.

2 E:: Figure 10 depicts, a flowchart of an example of the method performed by the 

wireless device 250, according to some ernbodirnents herein, and as just described in 

reference to Figure 9. The numbers on the right side of the Figure indicate the 

correspondence to the actions described in Figure 9. In the figure, the wireless device 

250 is represented as "UE". !n Figure 10, subfrarne offset, as used herein, is represented 

3D as "symbol offset {subframe boundary)", In this particular example, the first 

synchronization signal is a PSS, the associated information mess.age comprises a 

second synchronization signal, which is a SSS and the PBCH, and the network node 210 

has performed the sending utilizing beamfomiing. A beam is represented in the Figure as 

being identified by "Bi", 
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Figure 11 and Figure 12 depict schematic dlagrams of at least part of methods in 

the network node 210 and the wireless device 250, according to some embodiments 

herein, and a.s just described in reference to some actions in Figures 8 and 9, 

respectively, The numbers on the left and right side of the Figure lndicate the 

:, correspondence to the actions described in Figures 8 and 9, respectively. In both figures, 

the network node 210 or TP 210 is represented as "Network/Transmission Point", and the 

wireless device 250 is represented as "UE". Also in both figures, the index, which in this 

case is a sequence index, is represented as ''index j". Figure 11 depicts a schematic 

diagram describing some actions of one of the embodiments described herein, where the 

SSS determines the subframe and frame timing. Note that the PSS, SSS and PBCH not 

necessarily need to be transmitted in the same OFDM symbol. Note also that in this 

embodiment, the wireless device 250, may accumulate PBCH across several OFDM 

symbols since the PBCH remains the same in each OFDM symbol. In the particular 

examples of Figures 11 and 12, the first synchronlzation signal is a PSS, the associated 

1 '"' information message comprises a second synchronization signal, which is a SSS, and the 

PBCH, and the netvvork node 210 has performed the sending utilizing beamforming, The 

beam state index is represented in both Figures as being identified by "Bi". 

Figure 12 depicts a schematic diagram describing some actions of one of the 

2 D embodiments described herein, where the SSS determines the subframe timing and the 

PBCH contains information used to determine frame timing. Note that the PSS, SSS and 

PBCH not necessarily need to be transmitted in the same OFDM symboL !n this figure, 

the index is represented as "index j" for the sequence index in the SSS, and it is 

represented as ''k" for index in the PBCH. 

To perform the method actions described above in relation to Figures 8, 11 and 12, 

the network node 210 is configured to send, to the vv'ireless device 250, the first 

synchronization signal and the associated information message, for synchronization of the 

wireless device 250 with the network node 210, The network node 210 comprises the 

3,] following arrangement depicted in Figure 13. As already mentioned, in some 

embodiments, the network node 210 may be configured to send utilizing beamforming, 

The network node 210 and the wireless device 250 are configured to operate in the 

wireless communications network 200. 
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The detailed description of some of the following corresponds to the same 

references provided above, in relation to the actions described for the network node 2'10, 

and wiU thus not be repeated here 

:, The network node 210 may be configured to send the first synchronization signal in 

N OFDM symbols within a subframe, at !east once in a time and frequency position in 

every one of the N OFDM symbols. N is equal or larger than 2. 

This may be performed by a sending module 1301 in the network node 210. 

In some embodiments, for each sending of the first synchronization signal, the 

netvvork node 210 is further configured to send the associated inforrnation message at the 

pre-defined time and frequency position in an OFDM symbol. The pre-defined time and 

frequency position is relative to the time and frequency position of the first synchronization 

signal. The associated information message is associated with the first synchronization 

signal. 

1 ,.. This may be also be performed by the sending module sending 1301. 

The first synchronization signal may be a PSS. 

In some embodiments, the associated information message comprises the 

associated second synchronization signal. The second synchronization signal may be a 

SSS. 

2D In some embodiments, the associated information message comprises the 

associated PBCH. 

In some embodiments, the network node 210 is further configured to use a different 

beam state in at least two of the N OFDM symbols. 

This may be also be performed by the sending module sending 1301. 

2b In some embodiments, the network node 210 is further configured to use a different 

beam state is used in each of the N OFDM symbols, 

This may be also be perforrned by the sending module sending 1301. 

In some embodiments, the network node 210 is further configured to send the first 

synchronization signal in a beam state, and to send the associated infom1ation rnessage 

3 D using the same beam state as the first synchronization signal associated with the 

associated information message. 

This may be also be performed by the sending module sending 1301. 

In some embodiments, the associated PBCH further comprises the associated 

system information. 
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In some embodiments, the associated information message is different in each 

OFDM symbol wherein the associated information message is configured to be sent by 

net\vork node 210, the associated information message comprises the index, and the 

subframe timing is obtainable by the wireless device 250 by detecting the lndex. 

:, In some embodiments, the associated information message is the same in each 

OFDM symbol wherein the associated information message is configured to be sent by 

the network node 210 within a subframe, the associated information message is different 

in each subframe wherein the associated information message is configured to be sent by 

the net\vork node 210 within a transmitted frame, the associated information message 

comprises the index, and the frame timing is obtainable by the wireless device 250 by 

detecting the index. 

In some embodiments, the associated information message comprises the 

associated SSS, the index is the sequence index, and the subframe timing is obtainable 

by the wireless device 250 by detecting the sequence lndex comprised in the associated 

1
,.. 

sss. 

In some embodiments, the associated information message comprises the 

associated SSS, the index is the sequence index, and the frame timing is obtainable by 

the wireless device 250 by detecting the sequence index comprised in the associated 

SSS. 

2D In some embodiments, the associated information message comprises the 

associated system infomiation, and the frame tirning is obtainable by the wireless device 

250 by detecting the index comprised in the associated system information, 

In some embodiments, the sequence index comprises the index representing a 

sequence out of the set of possible sequences. 

2b In some embodiments, the N OFDM symbols are non- consecutive OFDM symbols. 

The embodiments herein for sending, e.g., utmzing beamforrning, to the wireless 

device 250 the first synchronization signal and the associated information message, for 

synchronization of the wifeless device 250 with the network node 210 may be 

3 ,] implemented through one or more processors, such as the processing module 1302 in 

the network node 210 depicted in Figure 13, togett1er witt1 computer program code for 

performing the functions and actions of the embodiments herein. The program code 

mentioned above may also be provided as a computer program product, for instance in 

the fom1 of a data carrier carrying computer program code for performing the 

35 embodiments herein when being loaded into the in the network node 210. One such 
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carrier may be in the form of a CD ROM disc. It m.ay be however feasible with other data 

carriers such as a memory stick. The computer program code may furthermore be 

provided as pure program code on a server and downloaded to the net<Nork node 210. 

�) The network node 210 may further comprise a memory module 1303 comprising 

one or more memory units. The memory module 1303 m.ay be arranged to be used to 

store data in relation to applications to perform the methods herein when being executed 

in the network node 210. Memory module 1303 may be in communication with the 

processing module 1302. Any of the other information processed by the processing 

module 1302 may also be stored in the memory module 1303. 

In some embodiments, information may be received, for example, from the wireless 

device 250, through a receiving port 1304. !n some embodiments, the receiving port 

1304 may be, for example, connected to the one or more antennas in the netvvork node 

1 ,.. 210. In other embodiments, the network node 210 may receive information from another

structure in the wireless communications network 200 through the receiving port 1304. 

Since the receiving port 1304 may be in communication with the processing module 1302, 

the receiving port 1304 may then send the received information to the processing module 

1302. The receiving port 1304 may also be configured to receive other information. 

2 D The Information processed by the processing module 1302 in relation to the 

ernbodiments of method herein may be stored in the memory module 1303 which, as 

stated earlier, may be in communication IA�t!i the processing module 1302 and the 

receiving port 1304. 

2 b The processing module 1302 may be further configured to transmit or send 

information to the wireless device 250 or another node in the vvireless communications 

netvorl< 200, through a sending port 1305, which may be in communication with the 

processing module 1302,. and the memory module 1303. 

3D Those skilled in the art will also appreciate that the module 1301 described above 

may refer to a combination of analog and digital modules, and/or one or more processors 

configured with software and.tor firmware, e.g., stored in memory, that when executed by 

the one or more processors such as the processing module 1302, perform as described 

above. One or more of these processors, as well as the other digital t1ardware, may be 

3 S included in a single application-specific integrated circuit (ASIC), or several processors 
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and various digital hardware may be distributed among several separate components, 

whether individually packaged or assembled into a system-on-a-chip (SoC). 

ThLis, the methods according to the embodiments described herein for the net.-vork 

:, node 2 i 0 are respectively implemented by means of a computer program product, 

comprising instructions, Le,, software code portions, which, when executed on at least one 

processor, cause the at least one processor to carry out the actions described herein, as 

performed by the netvvork node 210. The computer program product may be stored on a 

computer-readable storage medium, The computer-readable storage mediL1m, having 

stored thereon the computer program, may comprise instructions which, when executed 

on at least one processor, cause the at least one processor to carry out the actions 

described herein, as performed by the netvvork node 2·10. In some embodiments. the 

compuleHeadable storage medium may be a non�lransilory compuleHeadable storage 

medium. 

To perform the method actions described above in relation to Figures 9, 10, 11 and 

12, the wireless device 250 is configured to detect the first synchronization slgna! and the 

associated information message configured to be sent by the network node 210, for 

synch roniz.ation of the wireless device 250 with the network node .210, The wireless 

2 Q device 250 comprises the following arrangement depicted in Figure 14. In some 

ernbodiments, the network node 210 may have performed the sending utilizing 

beamforming, The network node 210 and the wireless device 250 are configured to 

operate in the wireless communications network 200. The detailed description of some of 

the following corresponds to the same references provided above, in relation to the 

2 b actions described for the wireless device 250, and will thus not be repeated here_ 

The wireless device 250 may be configured to detect the first synchronization signal. 

The first synchronization signal is configured to have been sent by the network node 210 

in N OFDM symbols within a subframe, at least once in a time and frequency position in 

3D every one of the N OFOM symbols. N is equal or larger than 2, 

This may be performed by a detecting module 1401 in the wireless device 250, 

In some embodiments, the wireless device 250 is further configured to detect the 

associated information message at the pre-defined time and frequency position. The pre­

defined time and frequency position is relative to the time and frequency position of t!1e 
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detected first synchronization signaL The associated information message is associated 

with the first synchronization signal. 

This may be also be performed by the detecting module 1401. 

The first synchronization signal may be a PSS, 

:, In some embodiments, the associated information message comprises the 

associated second synchronization signal. The second synchronization signal may be a 

sss. 

In some embodiments, to detect the assodated information message comprises to 

match the sequence of the detected associated information message to the one of the set 

of possible information message sequences. 

In some embodiments, the associated information message comprises the 

associated PBCH. 

In some embodiments, the associated PBCH further comprises associated syslem 

information. 

1 ,.. The associated information message comprises the Index. 

The wireless device 250 may be configured to obtain the subframe timing and/or the 

frame timing by detecting the index comprised in the associated information message. 

This may be performed by an obtaining module 1402 in the wireless device 250, 

2 D In some embodiments, the associated information message is different in each 

OFDM symbol wherein the associated information message is configured to be sent by 

the network node 210, the associated information message comprises the index_ and the 

wireless device 250 is further configured to obtain the subframe timing by detecting the 

index. 

2 b This may be also be performed by the obtaining module 1402. 

In sorne embodiments, the associated information message is the same in each 

OFDM symbol wherein the associated information message is configured to be sent by 

the network node 210 within a subframe, the associated information message is different 

in each subframe wherein the associated information rnessage is configured to be sent by 

3D the net-.vork node 210 within a transmitted frame, the associated infonnation message 

comprises the index, and the wireless device 250 is further configured to obtain the frame 

timing by detecting the index. 

This may be also be performed by the obtaining module 1402. 

In some embodiments, the associated information message comprises the 

3 S associated SSS, the index is the sequence index, and the wireless device 250 is further 
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associated SSS. 

This may be also be performed by the obtaining module 1402. 

In some embodiments, the associated information message comprises the 

:, associated system information, and the wireless device 250 is further configured to obtain 

the frame timing by detecting the index comprised in the associated system information. 

This may be also be performed by the obtaining module 1402. 

In some embodiments, the sequence index comprises the index representing the 

sequence out of the set of possible sequences. 

In some embodiments, the wireless device 250 may be configured to discard 

detected OFDM symbols configured to be sent by the netvvork node 210, wherein 

detection of the First synchronization signal in the discarded detected OFDM symbols is 

poor .according to the threshold. 

lS This may be performed by a discarding module 1403 in the wireless device 250. 

In some embodiments, the wireless device 250 may be configured to send the 

message to the network node 210, the message comprising the information about which 

beam of the beams configured to be beamformed by the network node 210 to send the 

2 D first synchronization signal and the associated information message was used by the 

wireless device 250 for synchronization. 

This may be performed by a sending module 1404 in the wireless device 250. 

The embodiments herein for detecting the first synchronization signal and the 

2 b associated information message sent by the network node 210 e.g., utmzing 

bearnforrning, for synchronization of the wireless device 250 with the network node 210 

may be implemented through one or more processors. such as the processing module 

1405 in the wireless device 250 depicted in Figure '14, together with computer program 

code for performing the functions and actions of the embodiments herein. The program 

3D code mentioned above may also be provided as a computer program product, for instance 

in the form of a data carrier carrying computer program code for performing the 

embodiments herein when being loaded into the in the wireless device 250. One such 

carrier may be in the farm of a CD ROM disc. It may be however feasible with other data 

carriers such as a memory stick. The comp1.1ter program code may furthermore be 

3 S provided as pure program code on a server and downloaded to the wireless device 250. 
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The wireless device 250 may further comprise a memory module 1406 comprising 

one or more memory units. The memory module 1406 may be arranged to be used to 

store data in relation to applications to perform the methods herein \'\then being executed 

:, in the wireless device 250 Memory module 1406 may be in communication with the 

processing module 1405. Any of the other information processed by the processing 

module 1405 may also be stored in the memory module 1406.

In some embodiments, information may be received from, for example the network 

l G node 210, through a receiving port 1407. In some embodiments, U1e receiving port 1407 

may be, for ex.ample, connected to the one or more antennas in the \<\<'ireless device 250. 

In other embodiments, the wireless device 250 may receive information from another 

structure in  the wireless communications nel\ivork 200 through lhe receiving port 1407, 

Since the receiving port 1407 may be in communication with the processing module 1405, 

1 ,.. the receiving port 1407 may then send the received information to the processing module 

1405 The receiving port 1407 may also be configured to receive other information, 

The information processed by the processing module 1405 in relation to the 

embodiments of method herein may be stored in the memory module 1406 which, as 

stated earlier, may be in communication with the processing module 1405 and the 

2 D receiving port 140·7. 

The processing module 1405 may be further configured to t ransmit or send 

information to the network node 210, throL1gh a sending port 1408, which may be in 

communication with the processing module 1405, and the memory module 1406. 

Those skilled in the art will also appreciate that the different modules 1401¥1404 

described above may refer to a combination of analog and digital modules, and/or one or 

more processors configured with software and/or firmware. e g., stored in memory, that, 

when executed by the one or more processors such as the processing module 1405, 

3D perform as described above. One or more of these processors, as well as the other digital 

hardware, may be included in a single application�specific integrated circuit (ASIC), or 

several processors and various digital hardware may be distributed among several 

separate components, whether individually packaged or assembled into a system-onya­

chip (SoC), 

35 
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ThL1s, the methods according to the embodiments described herein for the wireless 

device 250 are respectively implemented by means of a computer program product, 

comprising instructions, Le., software code portions.; which, when executed on at least one 

processor, cause the at least one processor to carry out the actions described herein, as 

:, performed by the wireless device 250. The computer program product may be stored on 

a computer-readable storage mediL1m, The computeHeadab!e storage medium, having 

stored thereon the computer program, may comprise instructions which, when executed 

on at least one processor, cause the at least one processor to carry out the actions 

described herein, as performed by the wireless device 250. In some embodiments, the 

computeMeadable storage medium may be a non�transitory computer-readable storage 

medium. 

When using the word "comprise" or "comprising" it shall be inlerpreled as non­

limiting, Le, meaning "consist at least of'. 

The embodiments herein are not limited to the above described preferred 

embodiments. Various alternatives, modifications and equivalents may be used. 

Therefore, U1e above embodiments sho1 . .dd not be taken as limiting the scope of the 

invention. 
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CLAIMS: 

1. A method perfonned by a net\-vork node (210) for sendlng to a wlreless device

(250) a first synchronization signal and an associated information message, for

:·� synchronization of the wireless device (250) with the neh.vork node (210), U1e 

network node (210) and the wireless device {250) operating in a wireless 

cornmL1t1ications network (200), the method comprising. 

sending (801) the first synchronization signal in N OFDM symbols within a 

subframe, at least once in a time and frequency position in every one of the N 

OFDM symbols, wherein N is equal or larger U1an 2, and, 

for each sending of the first synchronization signaL sending (802) an 

associated information message at a pre�defined time and frequency position in an 

OFDM symbol, which pre-defined time and frequency position is relative to the 

time and frequency position of the first synchronization signal, and which 

associated information message is associated with the first synchronization signal. 

2. The method of claim 1, wherein the first synchronization signal is a Primary

Synchronization Signal, PSS, and wherein the associated information message

comprises an associated second synchronization signal, wherein the second

2:J synchronization signal is a Secondary Synchroniz.ation Signal, SSS,

3. The method of any of claims 1-2, wherein the associated information message

comprises an associated Physical Broadcast CHanneL PBCH, wherein the

associated PBCH further comprises associated system information.

4. The rnethod of any of claims 1-3, wherein the first synchronization signal is sent in

a beam state, and wherein the associated information message is sent using the

same beam state as the first synchronization signal associated with the associated

information message.

5. The method of any of claims 1-4, wherein the associated information message is

different in each OFDM symbol wherein the associated information message is

sent, '1.vhere!n the associated information message comprlses an index, and
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wherein a subframe timing is obtainable by the wireless device (250} by detecting 

the index. 

6. The method of any of claims 1�4, wherein the associated information message is

s the same 1n each OFDM symbol wherein the associated information message is

sent >vvithin a subframe, and wherein the associated information message is

different in each subframe wherein the associated information message is sent

within a transmitted frame, wherein the associated information message comprises

an index, and wherein a frame timing is obtainable by the wireless device (250) by

detecting the index.

7. The method of claims 2 and 5, wherein the associated information message

comprises the associated SSS, wherein the index is a sequence index, and

wherein the subframe timing is obtainable by the wireless device (250) by detecting

l S the sequence index comprised in the associated SSS.

8, The method of any of claims 2 and 6, wherein the associated information message 

comprises the associated SSS, wherein the index is a sequence index, and 

wherein the frame timing is obtainable by the wireless device (250) by detecting the 

? u sequence index comprised in the associated SSS. 

9. A method perfom1ed by a wireless device (250) for detecting a first synchronization

signal and an associated information message sent by a netvvork node (210) for

synchronization of the wireless device (250) with the network node (210), the

;:: :':. nel.\f\<'ork node (210,) and the wireless device (250) operating in a wireless

communications netvvork (200), the method comprising:

detecting (901) the first synchronization signal, wllerein tile first 

synchronization signal has been sent by the network node (210) in N OFDM 

symbols within a subframe, at least once in a time and frequency position in every 

one of the N OFDM symbols, 'wherein N is equal or larger than 2, and, 

detectmg (903) the associated information message at a pre-defined time 

and frequency position, which pre-defined time and frequency position is relative to 

the time and frequency position of the detected first synchronization signal, which 

associated information message is associated with the first synchronization signal; 

and 

IPR2022-00468 
Apple EX1016 Page 1184



\VO 2015/080ii4ti PCT/SE2014/05l 144 

40 

obtaining {904) subframe timing and/or frame timing by detecting an index 

comprised in the associated information message. 

10. The method of claim 9, wherein the first synchronization signal is a Primary

Synchronization Signal, PSS, and wherein the associated information message

S comprises an associated second synchronization signal, \'\/herein the second

synchronization signal is a Secondary Synchronization Signal, SSS.

11. The method of claim 10, wherein detecting the associated information message

comprises matching a sequence of the detected associated information message to

l G one of a set of possible inforrnation message sequences.

12. The method of any of any of claims 9�11, wherein the associated information

message comprises an associated Physical Broadcast CHannel, PBCH, wherein

the associated PBCH further comprises associated system information

13. The method of any of claims 9-12, wherein the associated information message is

different in each OFDM symbol wherein the associated information message is

sent by the network node (210), wherein t11e associated information message

comprises an index, and wherein a subframe timing is obtained by the wireless

2 ,J device (250) by detecting the index,

14, The method of any of claims 9-12, wherein the associated information message is 

the same in each OFDM symbol wherein the associated information message is 

sent by the network node (210} within a subframe, and wherein the associated 

2 ::, information message is different in each subframe wherein the associated 

information message is sent by the network node (210) within a transmitted frame, 

wherein the associated information message comprises an index, and wherein a 

frame timing is obtained by the wireless device (250) by detecting the index. 

3 D 15, The method of cla!ms 11 and 13, wherein the associated information message 

comprises the associated SSS, wherein the index is a sequence index, and 

wherein the subframe timing is obtained by the wireless device (250) by detecting 

the sequence index comprised In the associated SSS. 

3:: 16. The method of any of claims 11 and 14, wherein the associated information

message comprises the associated SSS. wherein the index is a sequence index,
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and wherein the frame timing is obtained by the wireless device (250) by detecting 

the sequence index comprised in the associated SSS. 

17. The method of claims 12 and 13 and 15, wherein the associated information

:, message comprises the associated system information. and wherein the frarne

timing is obtained by the wireless device (250) by detecting the index comprised in

the associated system information.

15 

18, A network node (210) configured to send to a wireless device (250) a first 

synchronization signal and an associated information message, for synchronization 

of the wireless device (250) with the network node (210), the netv.1ork node (210) 

and the wireless device (2.50) being configured to operate in a wireless 

commL1t1ications net\vork {200), the network node (210) being configured to; 

send the first synchronization signal in N OFDM symbols wlthin a subframe, 

at least once in a time and frequency position in every one of the N OFDM 

symbols, wherein N is equal or larger than 2, and, 

for each sending of the first synchronization signal, send an associated 

information message at a pre-defined time and frequency position in an OFDM 

symbol, which pre-defined time and frequency position is relative to the t!me and 

frequency position of the first synchronization signal, and which associated 

information message is associated with the first synchronization signaL 

19, The networl< node (210} of claim 18, wherein the first synchronization signal is a 

Primary Synchronization Signal, PSS, and wherein the associated information 

2 :":� message comprises an associated second synchronization signal, wherein the 

second synchronization signal is a Secondary Synchronization Signal, SSS. 

20, The network node (210) of any of claims 18-19, wherein the associated information 

message comprises an associated Physical Broadcast CHannel, PBCH, wherein 

3,:,: the associated PBCH further comprises associated system information. 

21. The nel\vork node (210) of any of claims 18-20, wherein the network node (210) is

further configured to send the first synchronization signal in a beam state, and to

send the associated information message using the same beam state as the first

3E, synchronization signal associated with the associated information message.
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22, The network node (210) of any of claims 18-21, wherein the associated information 

message is different in each OFDM symbol whereln the associated information 

message is configured to be sent by the network node (210), wherein the 

associated information message comprises an index, and wherein a subframe 

:, timing is obtainable by the wireless device {250) by detecting the index. 

lS 

23. The net-Nork node (210) of any of claims 18�21, wherein the associated infom1ation

message is the same in each OFDM symbol wherein the associated information

message is configured to be sent by the network node (210) within a subframe. and

wherein the associated information message is different in each subframe wherein

the associated information message is configured to be sent by the netvvork node

(210) within a transmitted frame, wherein the associated information message

comprises an index, and wherein a frame timing is obtainable by the wireless 

device (250) by detecting the index. 

24. The network node (210) of claims 19 and 22, wherein the associated information

message comprises the associated SSS, wherein the index is a sequence index,

and wt1erein tt1e subframe timing is obtainable by the wireless device (250) by

detecting the sequence index comprised in the associated SSS.

25. The network: node (210) of any of claims 19 and 23, wherein the associated

infom1aUon rnessage cornprises the associated SSS. wherein the index is a

seqLience index, and wherein the frame tlming is obtainable by the wireless device

(250) by detecting the sequence index comprised in the associated SSS.

26. A wireless device (250) configured to detect a first synchronization signal and an

associated information message configured to be sent by a network node (210), for

synchronization of the wireless device (250) with the netvvork node (210), the

network node (210) and the wireless device (250) being configured to operate in a

3 u wireless communications network (200), the wireless device (250) being configured

to:

detect the first synchronization signal, wherein the first synchroniz.ation 

signal is configured to have been sent by the network node (210) in N OFDM 

symbols within a subframe, at least once in a time and frequency position in every 

one of the N OFDM syrnbo!s, wherein N is equal or larger than 2, and, 
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detect the associated information message at a pre-defined time and 

frequency position, which pre-defined t!me and frequency position is relat!ve to the 

time and frequency position of the detected first synchronization signal.; and which 

associated information message is associated with the first synchronization signal: 

and 

obtain subframe timing and/or frame timing by detecting an index 

comprised in the associated information message. 

27, The wireless device (250) of claim 26, wherein the first synchronization signal is a 

Primary Synchronization Signal, PSS, and wherein the associated information 

message comprises an associated second synchronization signal, wherein the 

second synchronization signal is a Secondary Synchronization Signal, SSS. 

28. The wireless device (250) of claim 27, wherein to detect the associated lnfonnation

1 ,.. message comprises to match a sequence of the detected associated information

message to one of a set of possible information message sequences.

29. The wireless device (250) of any of claims 26-28, wherein the associated

information message comprises an associated Physical Broadcast CHannel,

? G PBCH, wherein the associated PBCH further comprises associated system

information,

30, The wireless device (250) of any of claims 26-29, wherein the associated 

information message is d ifferent in each OFDM symbol wherein the associated 

::: s infom1atlon message is configured to be sent by the network node (210), wherein 

the associated information message comprises an lndex, and wherein the wireless 

device (250) is further configured to obtain a subframe timing by detecting the 

index, 

3 u 31. The wireless device (250) of any of claims 26-29, wherein the associated

information message is the same in each OFDM symbol wherein the associated

infom1atlon message is configured to be sent by the network node (210) within a

subframe, and wherein the associated information message is different in each

subframe wherein the associated infom,ation message is configured to be sent by

3:, the network node (210) within a transmitted frame, wherein the associated
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infom1ation message comprises an index, and wherein the wireless device {250) is 

further configured to obtain a frame timing by detecting the index. 

32. The wireless device (250) of claims 27 and 30, wherein the associated information

s message comprises the associated SSS. wherein the index is a sequence index,

and wherein the wireless device (250) is further configured to obtain the subframe

timing by detecting the sequence index comprised in the associated SSS.

33. The Vvireless device (250) of any of claims 27 and 31, wherein the associated

information message comprises the associated SSS, wherein the index ls a

sequence index, and wherein the wireless device (250) is further configured to

obtain the frame timing by detecting the sequence index comprised in the

associated SSS

l S 34. The wireless device (250) of c!airns 29 and 31 and 33, wherein the associated

information message comprises the associated system infom1ation, and wherein

the wireless device (250) is further configured to obtain the frame timing by

detecting the index comprised in the associated system information.

? u 35. Computer program, comprising instructions which, when executed on at least one

processor, cause the at least one processor to carry out the method according to

any one of claims 1 to 8.

36. A computer�readable storage medium, having stored thereon a computer program,

"'::-, comprising instructions which, when executed on at least one processor, cause the

at !east one processor to carry out the method according to any one of claims 1 to

8.

37. Computer program, comprising instructions which, when executed on at least one

Ju processor, cause the at least one processor to carry out the method according to

any one of claims 9 to 17.

38. A computeMeadah!e storage medium, having stored thereon a computer program,

comprising instructions which, when executed on at least one processor, cause the

3 :, at !east one processor to carry out the method according to any one of claims 9 to

17
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801, Send the first synchronization signal in N OFDM symbols 

., 

802. Send, for each sending of the first synchronization signal, the associated information
message at a pre-defined time and frequency position in an OFDM symbol, relative to the first
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901. Detect the first synchronization signal

i 902. Discard detected· OFDM symbols wherein detection of the first synchronization ; 
: signal is poor : 
�y�y�---y�y----��¥--~-y�y~---y�y~---~�y--~-y�y~-~-~��--~-~�y~�~ y�y~---¥�¥~---~�--�y y�y~-~-~�--�y�y�---, 

903, Detect the associated information message 

904. Obtain the subframe timing and/or the frame timing by detecting an index
comprised in the detected information message

I I 

i 905. Send a message to the network node comprising information about which beam 
: was used for synchronization 
!-------------------------------------------------------------------------------------------------------' 

Figure 9 
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Sending module 
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Detecting module 
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INCRE\\cfENTAL TRANSl\llSSl0N OF SYSTEJ\l lNF0Rl\.lATlON 
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BACKGROUND 

FIELD OF THE DISCLOSURE 

10 (00021 The present disclosure, for example, relates to vvireless communication systems, 

and more particularly to the transmiss:im1 of on-demand system infom1ation in a \-Vireless 

communication system, such as a wireless communication s:ysten1 ha\•ing a user equipment 

(UE)-centric nervvork 

DESCRIPTION OF RELATED ART 

15 100031 \Vireless. communication systems are widely deployed to provide various types of 

communication content such as <./oice, video, packet data, messaging, broadcast, ami so on. 

These systems may be multiple-access systems capable of supporting conununication \\'1th 

multiple users by shadng the available system resources (e.g., time, frequency, and pow·er). 

Examples of such multiple-access systems include code--division multiple access (CD�-lA) 

20 systems, time-division multiple access (TD\JA) systen1s, frequency-division multiple access 

(FDJ\{A) system&, and orthogonal frequency-division multiple access (OFDMA) systems. 

(00041 By way of example, a wireless multiple-access cormnunkation syste.m may include 

a number of base stations, each simultaneously supporting communication for multiple 

communication devices, othenvise kn(wvn as user equipments (UEs} A base station iriay 

25 communicate with UEs on dmvnlink channels (e.g., for transmissions from a base station to a 

lJE) and uplink channels (e.g., for trnns:missions from a lJE to a base sta.tion) 
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l00051 ln a wireless multipk�access communication system, each cell of a network may 

broadcast synchrcmizaticm signals and system infonnation for UEs to discover. Upon 

discovering the synchronization signals and system infr)rmation broadcast by a particular cell, 

a UE may perform an initial acces s procedure to access the net:,.vork via the cell. The cell via 

5 which the UE accesses the netv,mrk may become the UE's serving cell. As the UE moves 

within the net\.vork, the llE may discover other cells (e.g., neighboring cells) and determine 

\vhether a handover of the CE to a neighboring cell or a cell reselection is warranted. 

S UtvHvlAR Y 

(00061 The present disclosure generally relates to \-vire!ess communication systems, and 

10 more particularly to the transmission of on-demand system information in a \•lire!ess 

communication system, such as a wireless communication system having a user equipment 

(lJE)-centric medium access control (!vfAC_> layer. Wireless communication systems such as 

Long Term Evolution (LTE) communication systems orLTE-Advanced (LTE-A) 

communication systems have a netw-ork-centric 01\JAC layer. rn a \vireless commu11ication 

15 s_ystcm h aving a network-centric MAC l a_ver, the nctvwrk perpetually broadcasts 

synchro nization signals and system information for UEs to discover. Upon discovering tfa: 

synchronization signals and system information broadcast by a pmticular cell, a UE may 

perform an initial a ccess procedure to access the net\vork via the eel!. Once connected to the 

nehvork, the UE may discover other cells as it moves within the nen-vork. The other cells 

20 may broadca st different synchronization signals or system information .. A wireless 

communic.ation system having a network-centric t'v1AC layer therefore entails various signal 

broadcas ts, ,.vhich broadcasts consume pmver and may or may not be received or used by 

some or all of a cell's tJEs. 

[00071 A wireless communication system having a net\.vork�centric tvlAC layer also places 

25 relatively more of the netw-ork processing on UEs (e.g., a UE identifies a first serving cell 

upon initially acces:;.ing the network, and then identifies and monitors handover targets (other 

serving cell s) as part of its mobility management). The present disclosure therefnre describes 

a \-vire!ess cornmunication system in \vhich system infonnation rnay be transmitted after 

being requested by one or more UEs. In some cases, the system information may be 

30 trans.mitted to a UE in a unicast or narrow-beam nperation. In some cases, the ,virdess 
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communication system in \.'vhich the system information is transmitted may have a UE�centric 

MAC layer. 

[0008] In a first set of illustrative examples, a 1nethod for \:vireless comrnunication is 

described. In one configuration, the method may include receiving, at a lJE, a first set of 

5 system .information; detennining, based at least in part on the first set of system inforn1ation, 

that additional system infomiation is available; transrnitting a request for the additional 

s_ystem infonnation; and receiving the additional system infonnalinn at the UE. 

(00091 In some embodiments of the method, receiving the first set of system infrxmation 

may include receiving an indication of one or more sets of additional system inforrnation that 

10 are available. In some embodiments of the method, transmitting the request may include 

identil\1ing, in the request. one or more sets of addit ional system infom1ation. In some 

embodiments of the method, receiving the first set of system inforrnation may include 

receiving master system information, ,vhere the master system information includes system 

information that allm-vs the UE to pe1form an initial access of a netvwrk using one or more of 

15 an identification of the nehvork, an identification of a base station in the nchvork, cell 

selection configuration and access restrictions, or nctwoi"k access configuration infom1ation. 

ln some embodiments of the method, receiving the additional system infom1a.tion may 

include receiving system infonnation indicat1ng \vhich radio access technologies (RATs) are 

available in a region and hov,1 the UE is to select an available RAT ln some emboditnents of 

20 the method, receiving the additional systen:1 1nft.,rnrntion may include receiving system 

information indicating 1,:vhich services are available in a region and how the UE is to obtain an 

available service. In some einbodiments of the method, receiving the additional system 

information may include receiving system infomiatio11 relating to a multimedia broadcast 

multicast service (J\,IBivlS) or a public. warning system (P\:VS) service. In some embodiments 

25 of the method, receiving the additional system inforrnation rna_y include receiving system 

infomrnt1on relating to location, positioning, or navigation services. 

[0010] ln some embodiments of the method, receiving the first set of system infbrmation 

may include receiving the first set of system information in response to a master system 

infonnation request. [n some of these examples, the method may include sending the master 

30 system infonnation request in accordance \Vith information decoded from a dov,,nlink channel 
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indicating that the master system information is received via request. The dov,mlink channel 

rnay in chide a synchronization signal. 

[OOH] In some embodiments of the method, transmitting the request may include 

including one or more capabilities of the UE in the request In some of these examples., 

5 receiving the additional system information may include receiving the additional system 

infomrntion based at 1ea5t in part on the one or more capabilities of the UE included in the 

request. 

(00121 In some embodiments of the method, tra.nsrnitting the request may include 

including a location of the lJE in the request In some of these ex.amples, receiving the 

10 additional system infonnation may include receiving the additional system information based 

at least in part on the location oflhe lJE included in the request. 

[0013] In some embodiments of the method, receiving the additional system information 

may include receiving the additional system information based at least in pait on a 

detem1ined location of the UE. In some embodiments, the method may include receiving a 

15 location signal identi(ying a determined location of the UE, and transmitting the request for 

the additional systcrn information based at least in part on the determined location of the UE. 

In some embodiments of the method, determining that additional system information is 

available may include identif\ing a distance bet,veen a current location of the UE and a 

location \vhere the lJE obtained the first set of system infmmat.ion,. and detem1ining that the 

20 identified distance exceeds a predetennined threshold. 

[0014] In some embodiments of the method, transmitting the request may include 

including an identification of the UE in the request. In some of these examples, receiving the 

additional system infonnatkm may include receiving the additional system infonnation based 

at least in part on the identification of the UE included in die request. ln some embodiments 

25 of the method, transmitting the request may include transmitting a plurality of requests for the 

additional sys.tern information .. 

100151 ln a second set of illustrative examples, an apparatus for \Vireless communication is 

described. ln one configuration, the apparatus may indude means for receiving, at a UE, a 

first set of system information; means for determining, based at least in patt on the first set of 

30 system information, that additional system infbnnation is available: means for transmitting a 
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request for the additional system information; and means for receiving the additional system 

information at the UE. In �oir1c examples, the apparatus rnay further include rneans for 

implementing one or more aspects of the method for \Vire!ess com rnunication described 

above \.\.--ith respect to the first set of illustrative examples. 

5 [00l(ij In a third set of illustrative examples, another apparatus for .vireless comrnunication 

is described In one configuration, the apparatus may include a processor, memory in 

electronic conununicalion ·with the proces:.or, and instructions stored in the memoiy. The 

instructions may he e.xecutahle by the processor to receive, at a OE, a first set of system 

information; to determine, based at least in part on the first set of system i 11formation, that 

l 0 additional system information is available; to transmit a request for the additional system 

information; and to receive the additional system infomrntion at the UE. In some exmnples, 

the instructions may also be executable by the processor to implement one or more aspects of 

the method for 1.vire!ess communication described above with respect to the first set of 

illustrative examples. 

15 [00171 In a fourth set of illustrative examples, a non-trnnsitory computer-readable medium 

storing computer-executable code for wireless communication is described. ln one 

configuration, the code may be executable by a processor to receive, at a user equipment UE, 

a. first set of system infonnation; to determine, based at !east in part on the first set of sy·sten:1

infom1ation, that additional system information is available; to trnnsmit a request for the 

20 additional system information; and to receive the additional systern i nfonnation at the UE. In 

some examples, the code may also be used lo implement one or more aspects of the method 

for 1,-virdess communication described ab<.ive with respect lo the firsl set of illustrative 

examples. 

[0018] In a fifth set of ilhistrative examples, another method for \,vireless communication is 

25 described. In one configuration, the method may include transmitting, from a base station, a 

first set of system information; receiving a request for additional syst{!ll1 infomrntion; and 

transmitting the additional system information based at least in part on the request. 

[0019] ln some embodiments of the method, transmitting the first set of systern 

information may include transmitting an indication of one or more sets of additional system 

30 infonnation that are available. In some embodiments of the method, receiving the request 

may include receiving multiple requests for additional system inforrnation corresponding to 
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multiple sets of additional system infom1ation to he transmitted In so1ne embodiments of the 

rnethod, transrnitting the first set of system information may indude transmitting rnaster 

system infomiation, \'<ihere the master system infomiation includes system infrmnation that 

allows a UE an initial access ofa nehvork using (me m nmre of an identification of the 

5 netv,·ork, an identification of the base station, ce11 selection configuration and acces-;; 

restrictions, or network access configuration. In some embodiments of the method, 

transmitting the additional system infonnalion may include transrnitting system infbnnation 

indicating \\.fo.ch RATs are available in a region and how a OE is to select an available RAT. 

ln some embodiments of the method, transmitti11g the additiona.l system infonnation may 

10 include transmitting system information indicating which services are available in a region 

and lmw a UE is to obtain an available service. In some embodiments of the method, 

transmitting the additional system information may include transmitting system inforn:-iation 

relating to location, positioning, or navigation services. In some embodiments of the method, 

transmitting the first set cJf system information may include transmitting the first set of 

J 5 system infr)mrntion in response to receiving a master system information request 

10020] In some embodiments of the method, recewing the request may include receiving, 

in the request, one or more capabilities of a UE transmitting the reques t In some of these 

examples, the method n1ay include identif1,ing the additional system infomrntion to transmit 

based at least in part on the one or more capabilities of the UE included in the reque5t. 

20 [0021] In some ernbodiments of the method, receiving the request may include receiving, 

in the request, a location of a UE transmitting the request. In some of these examples, the 

method may· include identifying the additional system information to tn111smit based at least 

in part on the location of the UE induded in the request Jn some ernbodiments, the method 

may include determining a location of a UE transmitting the request, and identit\ing the 

25 additional system information to transmit based at least in part on the location of the UE In 

some embodiments, the method may include receiving a location of a UE transmitting the 

request, and identifying the additional system information to transmit based at least in part on 

the location of the l.JE 

[00221 In sorne embodiments of the method,. receiving the request may include receiving, 

30 in the request, an identification of a UE transmitting the request Jn some of these examples, 

the method may include identifying the additional system infmrnation to transmit based at 
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least in part on the identification of the UE included in the request. ln some examples of the 

rnethod, idcntitYing the additional system information to transmit may include accessing a 

database that includes the identification of the UE transmitting the request and one or more 

capabilities of the UE. 

5 [00231 In a sixth set of illustrative examples, another apparatus for �vi rel ess conununication 

is described In one configuration, the apparatus may include means l<.)r transmitting, frorn a. 

base station, a first set of system information. means for receiving a request for additional 

system infonnation; and means for transmitting the additional system infixmation based at 

least in part on the request fn some examples, the apparatus may tlnther indude means for 

l O implementing one or more aspects of the method for wireless communication described

above \"1'ith respect to the fifth set of illustrative ex.am pies. 

10024] ln a seventh set of illustrative examples, another apparatus for ,virdess 

communication is described. ln one configuration, the apparatus may include a processor, 

memory in electronic communication with the processor, and instructions stored in the 

15 memory. The instructions may be execmabk by the processor to transmit, from a base 

station, a first set of system i nfonnati011; to receive a request for additi ona! system 

information, and to transmit the additional system infom1ation based at least in part on the 

request. In some examples, the instructions may also be executable by the processor to 

implement one or more aspects of the method fonvireless comnrnnication described above 

20 with respect to the :fifth set of illustrative examples. 

(0025] ln an eighth set of illustrative examples, another non-transitory computer-readable 

medium storing computer-executable code for \vireless communication is dese1ibed. I.n one 

configuration, the code may be executable by a processor to transmit, from a base station, a 

first set of system information; to receive a request for additional system information; and to 

25 transmit the additional system information based at !east in part on the request In some 

examples, the code may also be used to implement one or n1ore aspects of the method for 

wi re!ess communication described above \vith respect to the fifth set of illustrative exa:mp!es 

[002<ij The foregoing has outlined rather broadly the features a.nd teclmical advantages of 

examples according to the disclosure in order that the detailed description that /(Jllows may· 

30 be better understood Additional features and adv,mtages Yvill be described hereinatler. The 

conception and specific examples disclosed may be readily utilized as a basis for modifying 
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