
Case 6:22-cv-00327-ADA-DTG Document 19 Filed 08/19/22 Page 1 of 1 

AO 120 (Rev. 08/10) 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court Western District of Texas on the following 

D Trademarks or ~Patents. ( D the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATEF.ILED U.S. DISTRICT COURT 
6:22-cv-327 3/28/2022 Western District of Texas 
PLAINTIFF DEFENDANT 

TOGAIL TECHNOLOGIES LTD. GOOGLE INC. 

PAT1iNTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 10,743,238 8/11/2020 TOGAIL TECHNOLOGIES LTD. 

2 10,791,502 9/29/2020 TOGAIL TECHNOLOGIES LTD. 

3 10,972,972 4/6/2021 TOGAIL TECHNOLOGIES LTD. 

4 11,115,165 9/7/2021 TOGAIL TECHNOLOGIES LTD. 

5 

In the above-entitled case, the following patent( s )/ trademark( s) have been included: 

DATE INCLUDED INCLUDED BY 

D Amendment D Answer D Cross Bill □ Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

8/18/2002 - Text Order Granting # 18 Joint Motion to Dismiss 

CLERK 

Philip J. Devlin 

DATE 

8/19/2022 

Copy I-Upon initiation of action, mail this copy to Director Copy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 



Case: 1:22-cv-02176 Document#: 18 Filed: 08/15/22 Page 1 of 67 Page!D #:308 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria. VA 22313-1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGAR.DING A PATENT OR 

TRADEMARK 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court Northern District of rninois on the following 

D Trademarks or li!f Patents. ( D the patent action involves 35 U.S.C. § 292.): 

DOCKETNO. DATE FILED l U.S. DISTRICT COURT 
1 :22-cv-02176 4/26/2022 l Northern District of minois 

PLA1NTII<F DEFENDANT 

Togail Technologies Ltd. Motorola Mobility LLC 

PATENTOR DATE OF PATENT 
HOLDER m· PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l See attached 

2 

3 

4 

5 
,.._..._..._ ........................................................................................................................................................................................................................... ,. .,.,_ .................................................................................................................................................................................................................................................................................................. ...._...., '.><;>,. ........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................ ~ 

In the almve----entitied case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

D Amendment D Answer D Cross Bill □ Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER m· PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 

2 I -
3 

4 

5 

-
In the above--entitled case, the following decision has been rendered or judgement issued: 

DECISION/JlJDGEMENT 

CLERK 

Thomas G. Bruton 

(BY) DEPUTY CLERK 

Jannette Nunez 

DATE 

8/15/2022 ........................ 
I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ........ ~"':-............ ":-':-':-':-:-... s...· , 

Copy 1-Upon b.1.itiati.on of action, mail this copy to Director Copy 3-Upon termination of action, mail this copy to Director 
Copy 2--Upon ming document adding patent(s), mail this oopy to Director Copy 4-Case me copy 
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US 10,743)38 B2 
l 

SYS'l'.K\'I INFORM.\TION l.!Pl)ATE:S IN 
BAND \VIDTII PART {UWJ1

} S\VITCII 
OPEit\flO:\ 

CROSS REFERENCE TO RFLATFI) 
APPLICATIONS 

Thi~ ;ipplicMion.ckrirns the b,mdh f,f,md priority to U-S. 
Pmvisinnal Applic;itirm No. 62i58!i5'.iR fik'<-i on Nov. J 5, 
2017 anJemhkil "S'YS!I•:t',.,·l lNFORJ\,l/ffION UPD.-lifE !N 
BWP S\VITCH OPERi\TlON,'' (hereinaikr reforroo to us 
"US723 l 5 Hpplkation''). 11",e ,fad,:isuro of the l.IS72'.H5 
application is hereby incorporated fully by reference into lhe 
pr~'"si:nt tli~~•to~nr-.;~, 

TECFINK.\I .. FIFI!) 

The pn,,sent disdr,rnre ~enernlly .rel;lte~ tn a rn,,illl',d lhr 
hm1dwid1h part sw:iiching opcraii.(ms pc.rformed 'by a user 
;;,,q,iip:mt,n! ,l.nJ ,l~t:'I ,,quipimmt p(nforming th,: imnK'. 

B:\CKGRO!JND 

hi a cdlD!ar ndwork.. a UF-spt'i:ifo.: Slcrving ,,dl may 
ccmfigun., (HK' <)r rnort:' bamhvidth pm:b (B\VT',;) in downiink 
mid upllllk rnspe,,1ivdy for ,1 UE hy d,x!k:mlo'd RRC s.igrnd .. 
ing. Orn: !he oth<..'.r h<tud, ;; UF n:my be ;i!locato;xl to with a! 
mo,!. onc<Jctive DL BINPand~)nc;;;ctive TJLH\.VP ma given 
time by ilw c:dl. A ;;in.gk, sd,;;;xhdd downlink i:on!wl 
infrmmrtion (DC!) may b;.., appfo::d to swiuJung from om., 
acth-'t~ B\VP to anotht~· fr!r· i::lll op.i;'!11tj11g l}E. 

For a UE, .in inifo1l acctiw: DL B\.VP i~ ddlne<l a~ ihe 

2 
.!none aspect oftb<! present di~closur-.c, H user 0qmpnwn1 

(1JE) of~, c(mnt,ck{l statt, :is (e(ift!igured. to ,,;c1,,ei,·~, ,1 ;;y:,i:em 
information (SI) ch~wg,, imfa·,,tion lm,m.k:;skd by a p;1g"ing 
via a cu.rnc,nily active himdwidth pan (B\VP} during a. 
1.foxi:i/kation pcr.iod.: lo Wiikh fr,,m i.hc ,,urmotly active 
bm1dw:id1h p.Eirt (BWP) for dat3. trnn~m:ission to mi. .initial 
m:,iv<) H\:\/P fr,r an S! npd;ik: io r~'>-'~ive rem;iining min.irrmm 
SI (Ri\.:lSI) vi;., the initiHl iKt'tw B\VP during ;, next modi­
firn!:ion period tfmt imincdi,ildy follows the inodj/katinii 

H> peril)d .. 1he RJVf:Sl indnding infornmt.i,)n 1:1~socwu:d ·with 
ckmged sy,a.~m information biiJ<.cb (S!Hs); to deieni1int, 
which qft!li.:.' d:,imged 818~ !S n:,<J))irtcd !O he 1.wd;.)tcd for ifo,, 
UF.; and to rec;:ive c.cmtelll nf ih,: requirt:-tl changed SIB, 
based on the determination. 

BRlHF {)[SCR!I'lION or THE DRA\VINGS 

.i>..ffp(,,.:ts of th.: l'.K1,m1rlm:y di.~do~url'. ,m:?. best midcrs1<:iti;l 
from tb" fi)_llm;vin.g det,ilkd d,:;,;,::ription whe.n 1-e,id with the 

:,, .1ccmi1pm1ying ligui,..~, \'l;rious :fomuR~s :,rt:. noi drn,q; to 
:K:ilk, dimeu~i,_;J1~ pf Yatfoll$ foaturcs may b,: ,iJbitnu:liy 
incrt~ast':d o:r redu1,,,x.~d for cJ~:rit:y of i:Jl~cus:ih111,. 

.FIG, l i~ <> $(:fa,i:mHic ~fo~grn.m :dlustniting ,l HWP swiidt· 
-in.g C>fl<c-':l't1i.ion fr,r a Cor,nccti::-d .. Ul:; dne t,~ r<c---ccivlng ,m Sl 

JS dwng,e inJicati,_;i\ in ac:c:ord.am:c with one. ~,xe.mphry 
c.mb<:;dim,m! of 1J1c pr,a,~i:.~lt ,fo,dosm~~-

fI(i, 2 i, ,1,;c:h(,n:1.itk di,,grnm illu~tn,ting ,t B\.VP ~witdi­
in,s_ ClJlCGJfam to:;r ,, Cotmccti.'<l .. UE dne to r,xx:iving an Sl 
dmnge \ndka!:ion. in mx,on:lanc:e ,villi om~ e.K~mpl;i.ry 

30 :c.rnlx>dinK~nt oft~ pJ~:?t.~ni i::JfK:~D~lxr::::T 
FICL 3 is a sch0mc1ti;.: diagram i1hmrmi:ng a B\VP ~w1ti.:h­

i11g opcrnti()n for ,: Connedi:.'-d_ UE chic to reo:,iving ;.m Sl 
diang_e indirn!ion in ac,.x,rd,mce wiih Me e~;empktC)' 
embodi11i.e111 of the pres(,Hi disdosure. 

F!O, 4 ii; .i ~,:h.::,mrti;.'. di;,gr;1m ilfo~lrn,ing ~t BW P ~witdi­
ing opetatinn for ti Crmne.cikxl..,UE due t-;J n:cdving an SI 
dinnge indirntlrn1 in acc,,rdance ·wii11 ,,ne exempfo.ry 
.. -n:i!mdimem of Ult:, prc~e.nt Ji'ld,1~urc. 

frcqu;:m::y lm.:mion mid baudvddtl1 dt.1:lk:a1ed for hm,idcas!­
ing: re.waining minimnm SI (RMSIJ. \Vhen the N\V ~ci1Js to j> 
a Cnnnected. .. UF a ,ysitc:n1 inf;;,rn1;ition (Sf) du,ng.l, indk:;i­
iion tha1. 1:iotifies t.)f sysie.m infi.)rnwli,;n chang~c, the Cmi• 
m:dctl .. UI:' im1y IJiJv,: !.(.' ~'"iwh from the eu,nmlly aetiv<: 
13.\\.J> ro rhe inltbl nnivc BiVP for ;i.,'ce,ssing tilt' R.l'vtS1 nnd 
upcbi.ing to the chmiged SJ lf ,hert' is no Sf hrnadrn:,iing, nn 
th,' c,in·cn!ly ,K,tiv,, · n \VR F1;rtlwm1or,,, th<: Conncch:il.JJE 
1n:1y nol sut-i:i::,:;;sfo!ly- rni:npletc Bl updatl, irtbere is no c.km: 

FIG, 5 is a schenmtk~ diawam illn~trailng t, B\.VP swild,­
-:~o lng opi:~nition for· a c:orHH:~;te<t_lJE dut": 1.0 ret·x~h··ing fHl SJ 

,chatigc Jndic~tHQn in acci.)r'Ci.dt1cc 1,,v.ith. t·n1c ~xe:n1plnr;f 
~mbodime.nl (if thi::~ prcscrn di,;dm,urc . 

UE beh,1v.ior ddko,:'d :for B 'WP s·w itching_. :\s" resuh o fHl'VP 
s,viiching inahifoy tirnh!i:tn, ihc UE muy not h;;,, Bhk to 
l.ljl!fatt:, sysk·m infon:nmion. 

.FIG. 6 ls a sch~m,~1k diagram illustrnting a B\VP s,viieh· 
ing <JfHc'rn!i,\n fr,r " Conn;,-,_:icd ... 1.TF d:w !\> n:;.-s:iving an SJ 

4S dmngc i:nJicati,,n iu ac:c:ord;.im,e- with one. ~,xc.mp!m:y 
i:.:~1r~}Klt~!1n1~nt of th:-'-:~· ph:-::.0n1. di~ck:isJJ_r~"' 

Th,, prc~ent di.~dosutic'. L, dirci:t,,d t\1 bm1dv,1id.1.h pmt 
(B\VP\ switching <.)p;;,,rnti(i!i~ in nmjum.:iion with syst1.:?m 
·in:f~).rnl:atk1n np,dat.~~ fb.r ;:t: nsx~r ~~qu.iptnent. 

FIG, 7 is ~i sdl<llrnliic Ji~1grnm .illustn.,ting il IWd) switch· 
i.ng {.•p,,rnti<m fbr ,1 (}Hmc~:1,x!_JJE dm., to rect,iving a public 
\YHming systi<,m (P\VS) notificm.ion indication in iK;.,orJarn:e 

V! ,Yilh ,}me c:s:t,mplar:y ;;.,mb.odimo::m (if tht., preson disdosml'.. 

In (,rn~ ,t$pl'i'l of !he present dinck,$U!<:, a lXldhod for 
batidwidth part (BiVP) tiperHiiow, performed. by a U%'r 
"~quipt!KclH (UE,l ()f a comK,cted. ~tate is pn:ivH.kd. 'lhe 
rnethod i..-:nntpriJ{:3~ n,"::ce·ii-: . .:.ing ;i :,.ystc.:.~rn infr)n11Htil~n (S{j ss 
di;:lng~ lndkatio.n hfoadc;i:iied hy n p,lJ,d11g vfo "' cI1rtently 
ac:tive bm,d>YiJth pmt (!J\VP} during il m,,difa:;llion r~0ri,)d: 
,wi,d1in2, from tht.~ nm-e:rnly nefrve b;.)11dwidth JJ<Ht (BW-P) 
for daia !ransmi~~irm tn an iniii,11 ad.iv,, B\VP for an St 
!lpdtiic; i-ecdving remaining minimum SI (RMS!) vfa !he:> ,;,) 

iuili;;i! ttctive nwp di.wing ,1 n~xt modifkation perk,ct that 
imn1,,diwdy fo!knvs th,: rnodilkation period, ttrn RtvlSl 
im.:]uding infom1t1!io11;fisoda1ed wi!h cha1w:.:,dsvstc,m inlbr­
n:wtion b!o;,,b (SlBs); d(,[t'trnining. wl1idt of tlit' dmagcd 
sm,., h; req1Jir1;.'<.i lo Ix~ ui~d..::i:ted for th;,;, UF; and rccdvfop. ,;:; 
content of the rcquirnd dKtttged SH:h ba~cd N1 tht- ddenni-
:nmion. 

FIG. 8 is ,1 sd1~~11atk db1t.rum lHuslrn,i.n:,: a BWP sv,1ikh­
ii1g ,)pcn:,ti<.m for a 0)nnectc·J.J.!E due h) r;cdving;, pnhlic 
waming sy~krn (P\VS) notifo:atit,n indkatii:,n in a,~onforK't' 
,1dih oni..:' e~;~cJ11pfory "-'ltib<)dimeni nf th"~ pt-eseui disdosvre. 

FlG. !l is u i,chem;,tlc dfr,g.rmn mn~trMing a B\VP w"itt:ha 
i~; 1.,p~,rnti<..m for ii (\,nn,,ctl:'tLUE due to tccdving n p1.1biic 
wicimii:ig ;;ystcm (P\VSJ noh!ication indi;.,ation iu B<::<::ordmi,,c 
wifh one ,:xt'1npkrry ~,i.nbodimcm of th<c.~ present J.isdosure. 

FlO, .IO i~ a 'bl,Jck dlngx,m:l ;)f n dcvi~>;) fi.)r win:lt~;,, 
comm1mi,;.,;;tk,n in. actI:<i:d,mce. wit11 rnrfr.•DS e..mbodim"'nb trf 

DFL\JLEJ) IWS('.R1PT10N 

The followin~ ,k:;,:riptkrn coniains spe,,Hk i.nfoi-rn,,ik,n 
pertaining to exemplary lmpknientations in the pt<.,:stni 
di;;d()SUR'. Th;;,, .dn.,..,ving$ in !he pn::~i'.!li dis,:fo,;,m:: and th~cir 
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,lix,nmpanying dewi.bl desc:riptinn me direl,J:ed 10 mci:dy 
ex.cmplary impkmcntmwns. However, the present disclo­
sun;: i~ not limiK~l k, rn,,rc:ly these ;;.,Mmpfory impkm(:ul<1· 
tii)_ns, Othc.r ,m'iBiions and .implcmentatio.n:. or 1he present 
di,dosur<c' ,vill .r::c,'ni" tn lhos/! skilkd in th,i ar! Un.lei<& iwt<'d 
oth~r,,,isc, like (ff c:m:rc~pornhng etemems among the tlgun:;~ 
may be indic,Wd by Hh, or (:or.m~pomling rnforem:e irnmt:r•· 
ab, 1-.torcovn~ th.:, drawing~ and illus:tmtirn1~ in the 1:ircscnl 
di~d(lsurc arc g,m.crnHy no, t;; s~:ak:, ,md arc nnt ink,ndt:d to 
cotre;,pond to actual relative dimern,ions. 

~{lu.::: de$cript-!on 'lise~ the _phr-.:tst~s· ''it-1 on~ in1.plenH;:nt.:ifion-: .,'\ 
or "in ~ .. mw impkmNHatiom." which may each mkr lP on,\ 

4 
BWP inac:tivi1y timer) m opcr.ite on an ini;ia! m:llve DL 
BPW able to reeerve tlm co111ent ol changed Sl reqmred for 
tlK, UF SI l11xMt~, The UE i1rny ,ibn h,.r\.'i: m1 uplink (UL) 
H\VP for UL d@l transm:issirni and ;m inili.a! ,ictive UL 
Il\\-'P_ \\:'11hin nrh bro;Jdc;;ist ·ec~ntrol c_:}i;1r1nel HH.'>c.-lifk~1.tio1, 
pcriDd (denoted a,,; BCCH rnrn:!ilkatior1 period n), tile UE 
1m1y ope:ram on the incHeated HWP as 1he cun-~,ntly active 
H\VP for <l;;tH trans:mi;i~i(,u :1c:l·(1rJing to U. signaling, 

The Sl diangc: indic~ation i~ ,;::m w ,he U[ hyp,igrng(,qi;,, 
10 a Short Messagej from the NW w lrile the UE opemtes 011 the 

in.dil>:iit.'<I B\VP. &pedfr,~ally, th,, UE rec:t::ives indi~,ations 
:.1br,m SI i1mdificmion,: ,m(l/nr PWS llllti!'k:lliorn, u,;ing Sih)fl 
~ks$age 1nw~mi1tcd wi1J1 P~RNTJ ov~,r (.kNmliuk cm1trd ,1r HKH'<::tJf ihc: <;lmw m: dilli::n.,nl impkmcm;;tiom. Th;;., tt:'nn 

".::crnpk~" h defined a~ CQ!lllCCtc.'J, w'hctlwr directly m 
.iri~:lir.;.:x~tly th~1Jugh intet"i-·'e~1ing ~-on"rpc..1r1-t2:t1;l$~ ~J.niJ l:; J<t)f. nx"t..> l ~; 

c~~urily 1imil<.-X! 1,J physical C(1nncctinn~. The l1;n11 "mmpri;;~ 
in!?;," ,vhcr, mifr?:t,d, 1w:-;:m~ '·induding, hut nnt necesrnrlh 
limited ,o''; it ~pce.i!kally indi~c,iks opim-,,nd'c'd irnJu,ii.).H o:r 
nrnrnhcl'.\ihip in th.: so-descrikd ctm1bina1i6n, grnBp, ;;cdc:; 
<md th;:;~ equiv.8kut 

rnforniation (DC{). A! .101, upon K~:,~iving lhc Sl d1,mgc., 
.it:1.d.ict,tiofi.~ lJF H"H)Y ~\'i-.. ·ht'::h .itfft.11:~.d.int~Jy· to ,.he inhlal n~t$ ... /e. 

B\VP Crom th;;.' indicated B\VP dnring BCCU m,,diil1;.'.ation 
1,eriod n TI1e ST dumge in.dkation is med io inform ihe UTI 
th,!! \tl1:.'rc .i,; <• sy$li;'lll rnforrm1tw11 dimip.d,) or vpJ,itds}, 
;rnd may be car.ricd ,1~ rmr, of iht: Short /1.,·k:s,;ng,~, Then, RRC 

:,, ,;ubby(,r of the NVl m,iy inform ih;;: PHY s·uhbyer that the 
rmging !ms he;:n sen! to ,fa, UH imJ tli,, $iYi,ching nftht UE 
to the initial ,Ktive B\VP hM h:t'll perfoirmx!. S(,, lhe N\V 
:may ~1\>!? sending to ifa, UE ~my othu L! sign;;iUng: i\.g:., 

Jt i~ noted \J:wl th;;., li:::rm "awl/or" imJuJcs ,my m1d all 
c;.c1mhi11HtiNlfr of c,m., nr m(>r,:, ofth;;.: ,issocialed fo.tt'\.l itern,. 

i=')C ~) t~l~: '.~{\~f:f:~,v.it~:hirig. r.sp~tBtions, 
After svd1chlng lo the initial activ;: !TWP,. the UE may 

~·,mtimK; to stay ,)ll t!J;;_, iHiti,il a(:fri<.' ffWP until BCCH 
modilkmion p:eri,)d n+ l ernk Th,· E!('CTl irmddkalion 
pt:tio<l lH l h'mnc,,;.fo'\tdy follow~ llw HCCf! modi!kati,)n 
pt:riod .n in.tl.m;;: $Cqo..:ncc. Altliuttg}i the UE fom $\Vi,,,hcd iu 

lt wiH ,,:!w h .. , tmderstood H:t,,t, ,,ltlK,ug.h ,he ierms fir,,i, 
:;<:.'¢~)nd, ihh'd <:etc. may 11~, nscd .h.::rdn io d,i;;,;;'i-=h,<:'• v:frkr:i,,; 
ek:.nwnt~, compmw:ms. t'cginM, pans ,a,dior ;;t:~dons, th0$<:: JS 
;ilcrn,mt~, c,)rn1xm<:ei1t,;, regi,:,u,,, parts and/or sc:c:tion" sll,>uld 
not he lirnitc:d by the:,1:., t.:n:m. These terms are n11ly u~o:d to 
di;;;iag1.~i;,l1 .one ~knwnt, ,>1m1p<.1rn.mt, r ... ,gion, p;;n or s,;.-clfon 
from ilnothcr o::l.:,rn~nt, ,x,rnpon;;:nt, .r<ighm, hty•tr nr S<c-ctio.t1. 
Thu,, ,l hr>i ,d~·m,:nt. ,x,mpoiie!lL tegi,m, pmt or s,x;tion 
<lisc1.1s~cd hd(!w ,,-.-,uJd he Wnn~xl B :,1:.,.x,nJ d.:.•ms::,nt, l·<.m1~ 
pmwnt region, layer or st~:iion with<)lll dqx1rting from the 
ti:'ach.iug~ ,,,f th1:.1 pr,:scm dii,ck,sm<::. 

w tht initfal ,,ctlve !W-/P at cert,1in timlng (e.g., at 101} within 
HCCH m,xMkmi,)o p,,,-i,,d n, i, i!i in th;;, n~,:i-J BCCH 
rnQdific,,ifon p~~riod n+l thai the UE p~·rfotms tht, ;;yskm 
intbnm,tfon iicqui~itbn w llpt.fatc to di~uigcJ ~y~te,n inl};r­
mmion. 111 modifk,,tion petiud n+ 1, the UE may r.e.;;eive It should be noied lhBt, in the present discln,m~, a UE 

irwy :i.ndudi.:.'.- bui i;, not limited to, a rnobik1 ,tition, a m,)hik 
;m:min;il or devke. a w.;er C(1m.mnnic;ition mdhl t,1nwinal. l\,r 
example, ;.1 UE nrny he .a porwhk rndin ,x1uipment, wh:i\.'h 
include,, but is not limited to, a mobile phont:, a tablet, a 
wc~,rnbk;:.k1vice, a ,;~,n$lif. a 1wmmal digitHl ,:15si,im:H (PDA), 
ot 11 tekvisl<Jrt dbpfay with wirekss ,;:onununication ecip,l­
bilhy. The UE is collligurcd to rnccivic and. transmit signals 
over ftn ~~rir inh:':rfri.Ge· :io one or inr~re cx:n~ in ;."'.: radio acee~s 

A h::i.w sMi(,n may indwk, !nit i~ not limikd t,) a noJ;;:, B 
(NH);;~ in 1h.:: Ul\-ITS, .m t,vc,h-cd node H (cNH) a;; in ;he 
! .. TE-.<\.,,\ radio m'twotk contmlkr (RNC) a, in ihe UJ\,HS, 
.a lmse ~kilion o::ontr<:>lkr (HSC) a~ i;l the (:;SMiGElV\N, ,W 
NG-,,NB a$ in <ln E-UTRA b,is,, ~V;1tio11 in co.tmectiort with 
tk :5GC, ;1 ne~;I g,;;'nl:rntfon node B (gNB) ,w in the 50 
Access N>.:.>,work (50-.<\N), and any nth;;,r apparnt1rn -;,ipahk: 
uf euntr,1IJ.ir,g .rnd.io ,x:,1,1n;rn1itatlon with. cdfofor prwii.i,mit,g 
t1:.xclmok,gy mid !Hllrtaging ra<lio re&oun.c.e~ wiil:dn a cell. Th<;': 
b}1~e ~taifon may c,mmx:t to ;.:erve die one (l!' mo1,~ !JE~ 
.through ·~l n1~bt.1 irik~rfri:ct~· to the tieh~-'Ott~ 

,:;; !m,.:,d.::a$! rcm,1ii1ing minimnm syskm information (RMSI) 
tf,rrying in:fotnrntinn ;J~;,;odat~xl. \Vith efo,nged i;y~tem in.for­
rmiticm bh.x:k~ (SH-kt vh1 th: illi.foil active H\\rP mid perfixrn 
the SI upciate(s) according to the information. The RMS! is 
al;:;.,, known a, SIBl (~v,tcm ink,rmati<:m hlo-;k n. 11:ie UE 

.,;c, m,,y ri:.X'e!Yt' tht' RMS(,,,t c"ll-Win i.ime p<.rim in mf.•difk._ition 
period n+ 1 (e.g., Bi il1e st:u1 timc point of the modifk;;,ti,m 
period JH 1 ). A.fter recdving !he R 1\-lSl, the UF may deter, 
mine which oftfo:, changed SIB(s) is (or ar0)roquii·<.>d for Hw 
SI 1.1pdak,($) :::.wording to tlK n,,,dvm.'l infomiatirnL For 

4S ;;.,:,;m:npk, t!K, Ub nrny id;:ntiFy <Jne or more of tht, dmngt':i.l 
SHJ(~) th,« the UE req1Jirt-s ii.,r the ST np<latefa}. The,1. the UE 
i-11ay n::c:eive the i::(mt,:mt(s) of th~, dlilngt,d $Hh which are 
idontilkd as bdng r~'quiid for !he S1 up,fat,::(s} based on the 
det.erminafion. For anntht·r ~,xmnpk th,: UI1 miry kb1i.if1 

V! mx1,: nfth;:.- -;hmigcd S llfa :i,; t<a:qu ir;:.-J to updlltt:: and may not 
p~:d<.>i"nc ;my 81 upd;nds). Th,, UF n};Iy not updat,;, ih<.:, 
dwng0d S!B(;;j ba50d on the identification within HCCH 
modHk,,ition J)<)riod n+ 1 

Aftt'r th<' UE q.:,mpkt<,i, the Sl tlpd,il;;.i,), ihC N\V nwy 
ss iee-mke cHntml 1Jverthic B\VP ~witching of the UE on ,h~, end !none ~,inhixliment ,lfi:he pms,;mt di;;dil~l.m\ a Coml.<.::d·· 

<.'cd.J.fF m,'ly imp!id1ly ~w.it,;.'li hl an i.niifol ;ictive B\VP np,m 
.w,,eiving ,l system infrimrnlion (SI) ~·h,mgt, iwJiciHion 
btoadc,i;;w<l hy in,ging from n~llubr 1K~i,1'ork (i'f\:V). The SI 
change indicinion indic:,11,1, ,l Sl ehang:e!modification and 
notifk, the UE to updMi:;- io the chtmged Sl ff1-cquircd by ,ho ,;,) 
UE, This i~,;uJt,; ln r~>:h.Ktlm, d. i-cdi1nd;:int L l sig.naling for 
.swi;d1in,i:i, from ,i cun'ently ;i~ctiv;;,, B\VP t<.1 llw initial activ,, 
B\VP for tbt, UL fo FIG. L a. 13\VP s,'iikhing operntion for 

o:f HCCH modi:tk~·li.ifol ·ps::,.do<l .n+ 1 . 

In this .. ,:s;;.s, siEK'<i' 1hc NW may knc,w !IK1 UE by ddirnh 
will eompkte ll1,, SJ ut1d;,1tc within modific:,timl p,1rk~d 1H i , 
llic PHY suhfayer may re-t,1h' con!W!l nv;;,r the B WP ~·witch­
fo.g r;Jkr BCCl1 modi!k,,itkm picriod n+J. ;;:nd~. Th,,,:.:forc, n! 
l t.U on th" ending h('>~Uld,ny ,xf lMdiffo,,tion 1wri<.•<l n+ l th~ 
N\V r,,~rnkcs the H\V!-' s,vikhing: op~·t,,1ion~ by sending U 
.~ignalfog tr, switdi th~, ipiti,il ,ictiv1:, B\\'P to a. HWP for 
subs,x1u"1J1t data tmn,,mi;:sion. a Com1<':,,!i;'i.CUE dut' to nx,ei,,ing :in SI chang,1 im:l-k,nion :i,; 

il.lu;;im!<:.'<:!. ln DL, th~, lJE m;iy c,perntc <'>ll. an indicated HiVP ,;:; 
tis nirretH!y ,ictivt.: DL BW'P for DL ,bin n11.1.1smisskm (i.:'.g .. 
b,i~o:::cl ,.,n RRC ,xi.nhgurniion, DCJ ,x,n!rd ortlk bcfo,vmr for 

111 oni:l ~mhmfo11<:e.nL. thc ci.1rrn11tly active B \VP h;Jppcns h) 

be tho initiill nctlw BW'P. 1n !ll:lsca~c, it is.not .tK~essm} th.Hi 
a BWT s1-viR,hing ,.rp_tti;,ti(i.i;, if iil\'C)N'.hJ for updMing th~, SI 



US 10,743)38 B2 
5 

when ['l;'Ceiving the SI d1;mgt1 imfa:rn1(11i. For example,. ,he 
C(1lllwd,,d UE hR, ,ci!n,ady lw0u (1rt th,: in:iti,1[ a;;,twt, DWP ;;i:,; 

,_·uucul:ly adiv.:: BWP h,,c,w~c ,)f .::ertain on•goin,'i; $t'fl'J(;'% 
-in modi!katinn p-er1od n ;:md wlll ,,ti1y nn the initial act-iv,, 
¥{r\(l} ~q ·-:l~~~(f.(_'ffi.n ·.1:/:~}1..';nl ln.fr:1~-Yf1;~tio1~, ~;cq:tJisjtion lQ ~~on.duct 

the SJ uJ;,fate in BCCH mo-tljfa:aiion perk,d n+ l. The PHY 
,uhlBycr o l'the NW may ;.,nn:;;id,1· ihe completenes,; of ihc S ! 
_B}~t'.1t~k~ in. iht;. ~f~JJt~~¼}'.~ __ t!}:;~i~t}~:,;~I~~\\~~"::tj_(:-::_.n1-'1 . ~~11~n~ _:h~ 
PHY wbfaym: o:Y°fliE'i':l'W';°rfaY h'-iiRc dii)fro·l l'lvc,r the B 'NP 

l(> 
·;;witching opcrntion on the <:'nd of BCCH Enodi:tkathm 
period n+l. 

in .(,I1"' (-i_mlxxll.nrnnt ;he ·un ni.ay b,a, only p<:'nninoo 10 

receive (he Shorl Message of the paging on lhe initial active 
H \VI-', Fm: example, imsed <Jn tk f!<-i giug frnn~(;: and rrnging 1" 

0 ... 1:.,~i,)n dNiv ... '<l froin ,m a~si:;ciswd UE lD snd pcr-cnnfig• 
m~d pBrnm,,ter~, tfo.' Shnrt lvl,~,,11g.,! rnrn1ot lxi hmmk:maed 
(.Ill olher BV{P~ buttht' inhfol Hdiv;;.~ B\VP, On occasions, th(, 
UE may ,;·witi:h 1-<-1 th,: initi.,.,) .,,,rive BWP ,mi(>m,\tiG,li!y w 
ck"!<Xct whdh;;:r then: is a Short !Vkssage Hnd receiving the :,, 
Shoi-t !\-k,;;iigt, . .!f t('<.,eiving the SI ehmige indlc.at-inn cnn-.ied 
in the Short M<',S,,ge, the UE imiy st,ty on th;;., inifr1l ach,1e 
B\VP k,r th<.:' ~1c1h:;.(:.qu(:fll Sl updati,' wiihout the unxl for 
addiliomil HWP .:J\\i:hd1in.g. lJrece·iving. no Sho.rt ~fo;:sage i).r 
no SJ diange lndic:ltio.n ~·nnid in the Shor1 Mes:l.:lgc, the UE JS 
imiy ,;wltdi b:1ek lo llw prnvimi~ tKlh·c H\VP ,·villKmt 
invulv.::meni of lhc NW . .Alto:malivdy, the UE .nmy no! 
s,vi1d1 bii,;k hut shry ()fl the ini1bl 2ctiv.;, HWP ,ihet mi:,Ji­
fk,itiun f>"'riod u+ .l e.mk ·wailing for ll<:'X! L.l $.igrn,.ling fo)rn 

6 
The UE foedbad: of S[ update eompl~tt~ may h~' sew hy 

L ! ~igrmling (vi,t PUCCH) (Jr by ~'Li\C,CE 1,cill~rniii~ion ori 
:m tiplink iVI..) BWP rmirt><l ,•..-ith 1he inifoil achv~~ DL BWI'. 
If u,ing Ll slg1~:1ling, !he upper sublayer (c.g, RRC) of the 
UE mny inform PHY ,l1hlaycr ihat the Sf 1ipdHtc i:; rnm­
pkkd, and foe UE PHY subkiyt"l· nrny foedh;;,,,k h lo ilw N\V .. 
The N\V may nHake c,JJl!ml c,wr ihe H\..VP s,vitdrlng after 
t,'cdving thx, kx..'<.-lh,ick in N\V PHY sub.lnyi:!r. AlternMivdy, 
if w~ing !'vl-:'\.CCE fn111$i1:ri58·i.-m. !ht~ npp>"r st1hlaycr or Hie 
UE m,iy inform IV1A.C s..,ibbycr thm th,~ ~y~!em i.nfor:malion 
upuatc is complck\l, und the lJE .\\·l.AC sublayer may foecl­
h,id:i: .it to th.i N\V. Th~~ N\V nmy .rn-1nke co11i.ml lW<:'f the 
BWP switching once receiving Lhe feedback in N\V MAC 
~uhl~ty;.;~r. 

In ,11w 1:nibndimc:m ,,fth1: pr,.-,~c:.m disck)~l!t\\ up,)n rc(:<:iv­
in.g Hit> SJ ~hrnigg in.di,,11t1on, ll1~ UE may nol switdi to th,\ 
initial i1ctivt' BP\V until th~ emtx,nt BCCH 1nod-ilic,tlion 
periNl end;;. l:n FIG. J,;, HWP s,Yitchin,:i: orerai.ion for an 
RRC ... connccted UE due 10 rt.'l:'fiving. ,ln Sl ch.:i:nge indics­
Hrni. is il)11~tra.txl:. The. UF mny oiwrn,,J on ,,i) irnii<.::ll!ed l-3 WP 
,1s (:m-r,-;i.H!y at,,iv(' B\VP for d,1ta lran-sini,sion or opt'l,Ht' on 
an initi,,i ,ictlve BP\V iib:le io r\~cein .. , t1:-it' coment ofdwnged 
sr reqll.iti:xl :for th« UE sr npdili0, Within BCCH 11ll1dHka.­
tion p-etiod n, the UE may ope.rate on t!ie indi,;:i\k:d B\VP for 
dat1i trnnsnfr,~ion ,,i::wrding to !..l $igrn.iling, 

The SJ dwn.g:e indit.,ntion is ;;::m to ih<' UE bypag.i.ng(,,:,.g:,, 
~1 S.!\or! t\•:ki>s,,g;.;,) fr<.)m 1he N\V vd1ifo the UE mi-ly ,)p~mt~ 
ou lhc i.l1dic;;,icd H\VP. /\.t JOl,. up,m f<c'Ccivi.ug tli;.:, Sl cl,an.g(:" 

the NW (<~.g" DU) for BiVP swh.ehing. 
in O!l<' nnb,xfo:rnmt of th<:l prt.',Nnt disdosure, the C,,n~ 

nt'>-'t,xl UE mJiy f<.:.~:dbad, .. to the NW wllik th1;' Sl t1pd~1tc is 
.::om.pkto:d, and ilw NW rm,y ie-iak<: c,,niml ,;,v,:r the BWP 
s,vilching immediately upon receiving the feedback. In FIG. 
2, ,1 BWP ,,witdling 01wr,:1tion for ,m RRC-comwded UE 
dut~. to 1t}c~iv·ing an SI th:.:fftgt~ ind1cath:m. J·~ "Jllu:;ti~j1(:~L :--rhi:.:~ 
UE m;,y (ipern1e on an indic~tcd B\VP a~ cmrnnlly active 
UWP for data transmission or operate on an initial active 
BVl>V ahk tn tt'Cciw tllt, contcat of di,m.gt~J SI rcquinxl for 
the UE SJ up,hh'. \Viihin modifi,wlon p,~riod u. tll<.:' UE m«y 
operate on the indicated B\VP for d:1ta transmissil111 accord­
·ing tn LJ ;-;ignaling. 

w iJ1dicMkm, UE imtY wntim1e to :,lav on th"' indkatNl. BWP 
inst::mJ or° switchir;g imm<:dimdy tc:, tilt, initi,11 adh'~, B\VP: 
Ilwn, m<, UE switch,~~ io the i:nifol auiv:o BWP mitomati, 
e,i!ly on !he ,;:nd:ing, b,,undary Qf BCCH mQdilk,1tim1 perk,d 
n. The B\..VP S\Nltching apei-atiun(s) tor the UE rnuld be still 

,:;; perfomi;;.xl for eei:t,,in reqtrin.xl ;;(:nj;_,;:5 ht~fore th1: mitomal.ic 
1rwik11lng io the hi.itini ,,ci.ive B\V-P iI1.kes plaee on the end of 
BCCH modiflrntim1 re:ri,,d .11. 

Th,:, SI ch.ingc indkaiion fa sent k- th,i UE 1-ly f'il£.!nl?, (~,g .. 
,l. Short .Mes.sage} frtim tbs, N'N while the ur nrny opc.i:;itc 

111 i:his case, PHY sub fayer of the NW may know that the 
UE $,, .. itchc'S !o th;.:' initial active B\llP :mtomatit,allv on the 

.,;c, t'nd ,-1fBC-CH mod.ificafr:in pt"l'iod n, and may $top"scnd:ing 
tG thu UE .any otlrnr L1 slgmiling I6r B\VP s·wiwhing 
rip<.:'rniion, alkr modiflcatfon period n ,,nd;;. The PHY sub, 
byi:lr o:f 1he N\V may knmv the UF. l:iy ddrmlt will rnmpletc 
lh<:: SJ llp(fak wilhin ilic ncxl modifkMion p,n-iod n+ L the 

4S PHY ,;ublayer may re-tab., contm1 over the l·HVP ~Wlt;..,hing on 1hc indi,<li<:d BWl', At20.1, upon ,:.;.x_,~,iving lhc SI ,~hm1gc 
'l11dka.t1(H.1 .. UF may irn;itd.1 !o the initial adj,,,, B\..VP imme, 
diritdy frorn the indi(,atcd HWP in HCCH nmdificatiou 
p,~rk,cl. n. TlK, ST drnng,, indic,ition is u5,,,J to inforrn th;;~ UE 
1:h<n tht'rc !5 SI change(~) orupdato:(s), and may be can-ied a,,; 

pm:, of Short !'1.-:k~,;age iu th~, pBging. Then, RRC suhlny;.::r of V! 
the N\V .m;iy l.nfotm !1-,(;, PUY ~uhl;;y.:::1- that th,, p;,ging has 
h't."ll sent to the UE and the swiiching of the UF 10 the initi,il 
a,,tivt., BWP has b0en performd, Sn_ th(, N\V mny gtnp 
s,;;..'liding io t!u: U.E ,,ny oth,"l· L.l ~C1gi1,di11g l'<:,r H\..VP s,,,-ii.c.hing 
opt,rations, tttK! wa\t :for ihe UF t,mdhn.ck indk;iilng ,lie ss 
,,ompkti:lness. of th.; Sl update. 

After switching to the initial active BWP, the UE may 
coniimK, to siay on ihe i.nitlal ;:ittiv<:: B \\'I' until tb,, up,fot.;, to 
-Sl ls complett'<-1. At 2M, the UF completed tht' SJ upd,ii.e if 
r«Jnif,'d nnd focdh,-;d,. 10 i:h,;; N\V !h;Jt th.;; system inform,,- ,;,) 
tion \lrd,,tc fa rnmpl'c't!;'d by· m1ding @ SJ updat'c' comp!ct.0 
imlkmion. Upon n:.'l.:dving th~, S! ,ipdi:M co.mpkk: lndlca• 
tim:t as the HE Jh::dhad,, tfi~, PITY ;;uhl,iyer of the NV>/ may 
re-tiih' <::{;Intro! .:1v.c~r tlK B\VP BWitc:hing (>j)t"l·ini(ln imirnx!i­
nidy ... '\iihrnigh 1he U:E has io opd'a!" rni. tlw in.itbl ;3ctive ,;s 
BWf' for the SI update in DL ll1e N\V may be ,till able to 
Nhi::cluk dm;, !i:im~mi,;$ion on th~, initi,il ,v.;tiv~, H\VP. 

afo~r BCCH mpdifkatioi) rx~dod n+.l end,. The1't'fi.)re:. ,,t (ll)J 

on the.' ending hmni.d,iiy ,)fnh)dificati,>n po:riod Jl+l 1h~· N\V 
n:,-takes th~ B\VP ~i..vitching ;)p;:n1tion~ by Betding Ll Big­
@ling to ;svitch the lnitia! (icthc B\VP 10 a Erntp fot data 
H,m~mi~,;ion, 

_.-:\!br ~w.iu:.h:ing !o the ·initial ;_,ctive fi\..YP on th,?. ,,nd of 
rnodificafam period n, tht.' UE may wsit tn reedve; viii ihe 
i11hfa! ,K'tive BWP, bto,idcnst ink,nnaifon ncqui1w! for 
upd;ifoig to lh<.~ chmig,cd SJ in c1 !K'.Xi. HCCH modifk,;;1t11~n 
p~,riod dirx'(:tly fr,Howlng. mc,d.iflcation period fl. Therefom .. 
wlthi.n HCCH nhxlilkat)or, p.::rk,d n+J. (the next BCCH 
modiikation period as shown in FIG. 3), the UE performs 
the syswm lnfimmithm m;q~1isl1fon w upd1ik, the dmngt~d 
sy:r.;k~rn 1nfonnatio:n if re,-]uin:i.l. 

fo 1hh, ¢;J;,e, ~-ince th<! NW .mny knmv !he UE by dd;rnh 
wm compk-t"' tlw $! ,lp-dat~ ·within tile nc-?,:t 1noclific,1tiN1 
p(lt.im.l n+ l. the PHY suhk,)•·(l, may nH,,h, control ,wt,r ihic 
HWI) s\vhd1ing a{kr [·WC.H nwdifkntir,n perind .n+ 1 end,-. 
Thwdi:,rn, «t. 303 on foe t~nding bountfary of mpdi.tk .. ition 
1~~,ri,x! iH.l ;he NW 1.-.:,ct,~k~s,, lhk' B\VP ~\Vit,:;hir.g c,petafoms 
by sending Li signaling to switch the initial active B\VP to 
a !TWF for da!~ 11:,lil~mi,;~;i<Jn. 
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in (HI"' (:Inllncfomm:t cl thi!c pre~cnt disdosiµ-~-,, (th" Con­
nected UE may focdhack to the NW wluk t!i,~ SJ update ,s 
compkkd. ;md !ht' NW Jni'ly take ,~ont:r,)l over th(: B\VP 
swi1ching iminediBtdy upon r<c--ceiving the focdback. fo FlG. 
4, a l{\VP ,~witehi,·ig op,irnt]on for m, R.RC~cmmected UF 
du(! to re,,t>iving an SI ,,hange indi,,ation is illti~iratt>d, The 
UE may opcmt:e on an imll(:att.-'ll B\V!-' ,;s currnntly active 
HWP for cl.H<, trnns:mi~si<,u or o1K,rnk Qn mi initml m:iw~~ 
lWV{ ahk (\) re(:t'ive 1he .:ilnt~nt nf diangcd SI .rnquirt:'\l for 
tlw U/3 S! ur,dak. \Vii.bin BC(:J.l modifl,:.,;,i.,on p<.:\rlod 1,, i.h,;, H> 

UE may opernle on the indic,Jted HWP for (hita ,rnw;mission 
according ll"i L 1 signaling. 

The Sldi,mg;;.· indinrfom i, ~eni to ,he UE by p,iging fo.g .. 
<' Sb,)r! l\{;.c,~s,igc) fr<,m lhe N\V whik th~, UE may <.)p~~rnk 
o,n ihe indic,twd B\VP /\.t 401, npon r<.x,c,,ing the SI ch;mge l '­

indicntion, UE m:iy ,;:ontimK' 1<.1 stay (,nth;:;: indicat~d BWP 
in~tcnd of ~witching inun,:dfotdy t<', the initbl :ictlva !~\\':;, 
Th(:'!l, 1hc U:E ~witdJe$ tf.J llw il1ifrd H~"\J.\'t:> B\VP ,,utmnmi• 
cally on ,he <;s~}ls<:li}d'.-'&lsl.!\dN"Y·'i~f .lQi.iP:l,lt!,;i:,dk(lc:J.tion period 

8 
:iO:l~~J?.(m r.:,cciving the Si dmngc iml.icmion,. lhc UE rnay 
not ~witch !O the initial aeti,-'e B\VP }mt ,~onwrn,, ID ,;Wy on 
th,, inJie:ik:d B\VP. On !he N'W ~id~. the, RRC sublay,::,r may 
infor:m 1lw PI-IY sublayer t!wt the S! di;mg.e indication ia 
Si:"n.t lt) lh,2 Ul~- :--rhi.:~ SI cJ:i.~ctng~ jHd}c;_lti(JJ:l .Ulay he C~<trit"d :.:1s. 

pan or 1lw Sborl tvk~Kag<' .in 1b~, paging, In res1xm,t:' to lh<' 
UE rt.>t~ption o:f Hie SI d1m1.ge indication, lhe P1-1Y suhhlyer 
<)f thc NW im'ry ~ ... ,hcduk 1he LI $Jgmiling i$lld decidc when 
to ~,:nd tile L l ~.igrnding !(> ~witd1 ihe UF lo ,he imtiai m:,ive 
B\VP. AJl.,~r ~-ending fb1.:, S.l dmng,,, l_ndkat-ion,. i.hc NW may 
pei"lh1111 thdJ .signaling befo.t~ HCCH modilica.ion pent,d 
n ends. 

,\t 503. thl' UE s·wi!cfo:.-s !<) tlN inifrll m:iivE:" BWP in 
r.:;,p,,m;c K> rec.:iving. the U ,ign,llmg iient from 1hE:' Nl,V in 
BCCH modl.fk;iHm.t petind n. and i.lw N\\,' nwy ab:, ,top 
,;ending to the UE ,my other L l jgmding for B\VP ~witching 
OP°"'l'tfi.!Z:!tl,'>.,;Jj:\ 'fui:, caw, th,.,~ PHY imhby.::r of tht' NV{ nrny 
kuo,v !ht· UE by d•dirnlt. 'Nili i.'iJrnf)kt,a: ti,,,, SI llp(fate wi.tbir1 
the next modlfkatfon peri,xl (i.e., HCCH modilkMio.n 

:,, p,~riod n+! HS ~hown in FIG. 5\ and th,, PHY :-mhkiy,:r nwy 
,~>lci:k~, C(>!l!rol 0N<''.(',·hc• H,Y;i:Pl1?4'ifol:ci,~t '.>f'l.c\t" HCCH modi• 
(katiPn peri<:,d n+ l (,n,;.k 

n. Thi!" lJ\:VP~i\at1iJng. opc.r,1u·on(~i Tbr fhe UH. ,~rn1ld he $till 
perfonn"d fr,r cetrnio n,"l;.juired ~etvi,.,~,~ b<::fl)):~~ fhl' mrtmnalic 
switchin.._2: to th,~ initial f,ctive BWP i.;;,b::~ phice on the end ,\f 
modifkmion period n. fo this rnsc, PHY sublay;:r uf th~= N\V 
111,iy knm'i- th,it the UE switches to ,he in-Mal t,-~:,.iv-;:e B\VP 
m,toi:mitieally Nl tlw end of BCCH m(idific11tio11 p0ri.od n, JS 
;;nd n:my stop S(:'lldiog HY ihe UF any oiti(:'r Ll sigmding for 
HWP ~witdiing opcn.1tion~ ;,ikr period n e.nd~. 

A.ik.r sv,itd;li1;g t,) th" in.itiwl a,;tiv,, l:fWP on tlw end ,)f 
rnixlifo::Mion pi!riDd n, tli.: UE nwy ,,;,.i.uliuu"' ,u Stil)' iln th.: 
irdti,,l i1ctlvt' B\VP until the upd,ik of the 1s:qu·i1wl Sl w 
cfarng<,(~;} is emnpkt,;;d . ..'\t 403, lh,;; UE ,x,mpkic tbe SI 
upd,,k, Ri:ld fix.xlbad, to th,, NW that the ,y,;tm1 infomwlion 
1.1p,.;bt1,;,' ls ,,,,mpld,xl by ;scnding .ln Sl llpdatc ~,1mpkt;:, 
indication. Upon 1-eceiving the Sl update complete indica­
iioll a, i.h,;; UE fo(,dhnck, tlw PHY suhby,~r of the NW m,,y ,:;; 
re-lnke eontml ovei· i.hi: H\VP $Witching open-it.ion ,it 40J . 
. Although the UT: lwsto op .. initton the initial j<:tive l-3\VI' fo.r 
the SI update in DL, the NvV may b" still able to schedule 
<..fot;i trnn$mi,sion on th.:: initiH! Hctivl:'. B\\'P, 

Tll.m, at ~,15 th,;, N\V n>nih,, control over ihc_ l-3\VP 
~"ivitd1ing op;;rntlo11~ cm 1lw -0.11.ding boumhi:,· of m,1dHka­
tion petiod n+ l hy ~ending L ! sigrwling t(i w,i.1d1 the initial 
m .. ,nv.t, B\VP i(, a H\V!-' fox cbia trnn;;mi~&ion. 

i\lK,r!liltivdy, !he NW may rt,·takc e(mtrd nVt'r !he B\:VP 
~witd:i.ing openHimrn. upm1 .r;.;,cciving :, lt--cdbl!ck l:mrn the UE 
imlicathit thli' Sl opdak i,; compleie befo.r~, BCCH modW­
t,mi()n ptriod iHl (:n;k .ln FlG. 6, the UE nx::eivc.s a LI 
,;igmi!ing for ,;witching {(, ihe initial m:tiYLl HWP at 603 afwr 
nx:~~idng U1e SI dwngt' indic,,tioll. at liOt. in rnodifo.::,,1it,a 
per'.ic1d n, fo1krn'ed by thc SJ l..\pdalc <)[l<.'r,iti,,n~ in modJ.fi .• 
cation period n+l. Once the UE completes the St update at 
60-5, !he UE fo-cdb,,ek o:f SJ updHk: comp!de (t\.g., m, S1 
HJxh,te com1~kte1R,s;; JndJ:cation) m;c:y be :;em by ,111Dth,~r LI 
~igrniHng. (via PUCCB) ,,r by !VLV>C"E trnn~rni:;;,ion i)n an 
uplink ('UL) DWP paired with tl1e initial active DL BWP. If 
using U signaling,, Hw upp.:r ,uhlaycr (e.g., RRC) of the UE 

Thi:' UE (1,'l;"<J:l-,;1d, of SI updHte enmplet(;' may h,~ sent by 
Ll sigiialing (via 1-'UCCH) or by M.AC--CE trnn~missfon on 
,,n uplink (UT) BWP paln:,d 1:>,-ith th1:: ·initlal aciivc DI. H\1-/P 
li' w;ing .L 1 ,·ig.n,,!ing, thc tlPJl-er suhlay;;r (e.g., RRC) ,;Jf th,i 
UE 1m1y in!(_;nn PHY suhfay(;'r that th(: Sl t1pcb1e i;; t1)rn· 

plct~,d; aud tfa, UE PHY ~ubkiycr may fo .. -Jbm:k it to th",N"W. 
·-rl,i~ N\'li mzW n,-ial,:e c,~mrol nver th,, B\,.'P ;.wltdlinll ,i!'!-er 
rx-,;::civin« thi R-:edbad;: in NV\T PHY sublswr. Alle:tmrtivdv, 

.,;c, m,:y :in:f(irtn PHY subh)'tt tlrnf tht' SJ npdatc is tcninpkk,d, 
,1nd the UE PHY sublay(Ji may fo.,>d.bad~ it 10 the NW. The 
NvV may re-tih, .,:xmtro! nvx>r lhe H'NP ;,,;.dtcliing afi:er 
n.:~·dvlng ihe lt'Cdb;,ck in. NW PHY .,,ijhlnyer. l.f u~ing 
I\--IAC-CF lmihmisskm, th.::, upper ,mh!Hy~,r of !he UE nwy 

4S ii11'..,rm l\·:lAC subbyt,r Um! tht: ~y~K,rn inf()n:nalion up,hk, is 
cr:,mpktc.d. m1d thclJE t,--!A.C >'-nhhrcr nwy foedhackit ,o th,, 
N\V, The NV{ may .ri:.A;1ke .:ontrol ov~~r th,· BWP $'Witching 
im.fc r;;'i;,dvln:2; th~ l<cx,db;,ck in NW MAC ,.uhbvx,r. 

ln (JJJ,, cmh()dimem ,,f thx' prx,,c:n1 d.isdosun:, ittc UE may 
t-cceiw apubli-;., ,vaming ~y:;Km (PWS) m)tilkation J.Hdmt· 

tlon J'c,r f:'.T\\':i indication o;: C!'vt\S lndk;itk,n cat.rkd in 
ShNt 1',-k$S-'.ig~'. ,,fa p,iging. The PWS nntl!k,1tk,n indic-alion 

e:, ' ,. ' .,. 

if u,ing lVtAC-CE \nm~mis~ion, th<:: •.ipp('r subby.::r of ilw 
UE m,1y it1fr,nn :!-tiA{: st:tbhlyer t!mt ihi:: ~y,t,~ru -inform,1tion 
ilp(,b!e is ,:;omplckd, and ,hc UE lVL\C snhfaycr may fod- V! 
b;ick ii !<.1 the NW. Tlw NW n1ay f<.:""t;,ke cNitwl ov<.:'r t!m 
BWP sw:WAi.ng ,)n~'"' rceciving the fo:dbnd; in NW' M~AC 
,nbhlyer, iK,tiiks th,:, !JE of imm0dfate ,l'C('ptinn of a PWS notiHc.1-

1.itin. \-Vhen ,t Coi1rw1.-1.ed Ub r(,ccivcs _. [>\.'.'S notifk'.<lh(~ll lt, Olleembo,:lmk~nt oftil;;• pr!:.'scnt di,ck,~ore,_alkrtecc"t,'• 
ini;t. an Sl chnnge incfo.::at-inn the U:F may not swiit,h Ir) ,m 
initial .-;(,tiv"' B"\:VP until ;m L l ;dgn;1Jing is r~"'-'"·,iv~»:i from ,he 
N\V. ln F'JG, 5. ~t HV{l-' ;swi1d1ing opcrntion for an 
RRC_tnn!ll"-'t<":d UE du>:' lo receiving an Sl ch,ingt' indfo,,. 
tirm is lllusirawd. ·nw UE miiy operate nn mi im.l1c11lt,.1 H \VP 

ss ind·ic:itirm hrnadcn,tdl by paging ,,,f i.he NW, tht: RRC 
suhfayi:!r c,filw UE .mriy .infhi:m the PHY ;a1hfayer tb;~t a PWS 

, .. b ni1·1-cndy ;Jdive BWP Jhr dtoi;J trnn~missit-,n or opcmk on ,;,) 
$Ill inltfol ,,ctlv¢ BP\\? .i.b!c to rccdvc th(' c,,nt(.'nt c,f ,;:haog,;,d 
SI r,;;:4uircd for th<" UE SI update, Within BCCU modiika• 
tim:t ·period n, the liE may OjJL?rnt,;;, nn the indiea!i:d H \:VP for 
<l~::ita tn1n~rnissic1n <H>t~Jrding to Ll ~ign;:;1H11g. 

lht: $'! thangx~ .in~~k~1iion.is ~~nt to th~ lTE by paging (e.g,: ~~s 

ti. Shott 1Vk;s$age) fmm the NW while the UE may i:ip;;.-,rnte~ 
,;111 1hc rndic:Ht,.1 HW!-' in HCCH rn~1dihea1k,u p~:rilid n. Al 

nmi1k~«tion iw~pti,in is required irnm,;;:ditrtdy. 
lf !he UE tlx,ein•s 1.hc PW"S notlfo:Hi<m indieHt.ion(~ .l of,) 

paging frnm the N-\V, tbt' UF hm, tn imrritx-lii!k~ly start 
te,;dving thx' P\VS notifo:tlii6n(s) :}ccording tt, th,i schednl­
i.ng fof,,mrntk,n ln. Rr.•1SJ. llK PWS iwtilk;;itkm i.t1dk,1tiN1 
n1,1y irig..._~,;;:r the UE ,o pcrfr,rm r,,~w.")ni;;iiion Df t!i~, s-clw.d~ 
uling in!imw,,ion in Ri\-l8I for ch.:,::ki.ng f~cheduHng ,;h;mgm; 
for tlw SHh ii~;;ochited v,dth th>:' P\.VS nntificati,,n(s). Oncc 
1h.0 S.ln(s) ;m;,)dtl!<;··d w.ith th,~ ct,n·e;;:p~1miing !"\:VS n;Jti!kii­
tlon(s) i~ 1w longer ~d1c·dukd, the UE could sh)p recdves 
ttK, SU3(s). 
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in FlG, 7- a H\VP swhe:hing nperntim, for m1 RRC'_ __ ,~on­
nccted UL due !n rcce'ivmg a t'WS notiikwioa mdJ.cation 1s 
ilhistrakd. 111c UE !!lily OfM,lk t)n Hll indicak-;J IWlP ;i~ 

currently acli:ve H \VJ' for dat,i. tra11,,n.hsion. or ope_mte on. an 
i\1itbf a,~tive BP\V Bb'lri tn reu:,ive the Nmtent (,.f d1~rnged Sl 
rt-<qBtri:'d for fhe UI': 5! llpd,lle, Within BCCH modi:tkati@ 
pedod n, tlli:' UE may opt'.mtt~ on ttm indkawd FI\Vl-' as ,he 
c-uri:enl <,Clive HWP for <bl.l trm1~mi%ion ,it.~cording to Ll 
sigmili ,ig, 

The P\VS notification indlcalion h sent to the UE by 10 

p;,giii.g (e.g.,;, Shorrt-:!e:;.s,)ge) from the N\:V while ihc UE 
oper,1ws on Hi.e imlkatt'd mvp_ At 70 L upon r,x,dvi11g th,\ 
P\VS rn)'tiHo::mi(lo indirnfam, UL may switch mH~)milti-_.iHy 

10 
!he UE SI llpdak, \Vi.thin BCC!-1 n1odilkalinn _period ii,. lhe 
UE may operaw 011 the indicated BWl' for data trn11snuss10n 
ac<:<irding to Ll sigmi1ing, 

'!11e PW'S no!i!k;,tion incik~;Jfom i, ,mt 10 the UE by 
p,lglng {q!,-, a Short !\.k;.,,,,ge_) .frnm th,~ N\V whHe lhe UE 
!iwy opera11:;: on th<C' i1Jdi.,z,1k'{l HWP in BCCH modifo.,i.hon 
pm"iDd n, Al 9ot, ll{lD.H J:i':ceh-ing tllt:' PWS llO!ifiGllion 
imfa:iifa,n, th<~ tn:: miiy not switch lo ,hs: inifoi! ,K~tive B\\IP 
brn c:ontimit: in ~my Pn tht: indicatt:d BWP until mi Ll 
signaling from the N\,V i, r-eceivecl. At 903, the UE switch<':& 
!\) th~ ini1.ia! ,K,Liv~ [r\VP in r~,p,msc hl receiving th,, Ll 
sigmiling ;;ent from !he NW in BCCH modifo:atiun periud n, 
:md th,~ NV1/ nrny also $!of) sc:nJing to tile UE any mhs:r U 
~ign.;ling for H\VP switd1ing operatim1$. At 905_, lhi; Fl-!':{ to tht~ initial <i~,frv,::- BWP from the imfa·~icd H\Vl-' in BCCH 

modification _per.ind.I)- Thi, P\VS 1)nlifkatk111 Jndb,t-ion may l ~; mJ.hkjvr:r of th;..~ NY·/ ''-·:n!.dd ~,~~jt., J(➔.r Jh~~-lJJJ)rrn;1don frt)nl 
nppt't: lay(;'r(~) indl'c-dring tht.' stop o'f bfl.)~dcfff:'iing PWS 
notilicntion(s) at n C{:!'i.aln tlme p()inl, e_g. in BCCH modi­
fi;;,1<:i.(>ll. pt'riod .u+2. Then, ifa, PITY siJbbycr rn the' N\V 

be c~m-id as part uf S!Kwt &,k~ssi:w ln the psging, Then, 
RRC sublayer oftht' N\V m~,y infom1 rhe PHY snhlayci- tbm 
tb,~ p,iging hHs 6,i,~n s<:m to foe- UK S(1, 1he PHY ,mb!ayer of 
the NW know~ ,mcccs,;:fi1l ,,mom,itk :;witching io ih<: initial 
,ictiv,;r ffW'.P and m;iy sfop sending ln the UE m1y otb;;;r L.l :,, 
,;igm&ng for HWP s,vhching operntirn1s. Th;: PH'{ s11bby;:.r 
of Hw N\V -~·ot11d wait for the inforrm,lkill from upp.,;,r 
byer(s) ladkating tht' st(Jp qf bn.1adcasting P\V,S 
1'tr,t\flct1iinn(,,) :it ;J <:~rtidi1 i.hm' ·point,;,;.,;. at 7(t~ Jn BHCH 
modific:rtbn pcri,xl n+2- Then, tl:t(: PH'{ sublayer in tho: N\V JS 
,:,Add k'~stmt to iakl, C'-mtml ,N;:r :t-JWP ~wi1d1ing 
opcnnion(s). 

~,ould t"<c,-&tm, to t,,kc ,,onfml ,w,::,r B\VP s,vikhing 
(nx:wtion(~). 

Alt<::malivdy, th"; UE :m;iy i11fonn tk N\-V ,)ftb~, ~iopping 
hro,1dn1~l of ,lw P\VS notification.(;.) b:,1 « foedlnick ;ha1 
indicates tlw PWS notifitmi<m i;. no longer schedt1kd in thi~ 

ln ~nme emhod.ime.ni~ of the presern di:~ck,&mv, a BWP 
iimc:livi1y liJJ!ic'I'" i;; inlrnJnccd to ,'Nitd1 ,m ongoing inJieak;J 
BWP (or th<! nn:r<!mly active HWP) hJ a ddi.rull 13\VP ntkr 
~, Ci-'rt«in ilxwtive dine. The B\VP im,0!ivity thm,r nmy 1;t<irl 
to nm Jhr ,in irmctivt: time _p<lriod in:unt-·<li,i!dy aller thi?. UE 

w w,,dtd1,~~ dl' ttw defauH H \VP. ln other ,,t:,rd,, !Kl rnatt0rwlwt 
H WP, the.Conneo::k~d_ UE <-mn"(;'11lly nps:rnts:& 011, tb~~ UE may 
~>Yitch ln,ck \o the d,tfoult BWP inBrK~Jfotdy aftm.· the B WP 
im1cfo--ity fow.,'r l;)X:pirl:'~, 

fo <1llilth<:.r ,,mhodirn.:m ,if th,: prese.m Ji:,dot,urc, the 
Cuime('.k:d UE may foedb;:tck m the N\V w.hile the P'NS 
n,,iitknh()n is no loni,gr ,,ch"'dukJ. and the NW 11wv te-iake 
(.',mtrol o,-w the H\Vf';~i\il;.:hing m;m"--J:iatdy upon /w;:;iving 
,ht'. Ji.,,xlb«ck In FIG. 8, a BWP ,,witching opernii<,n for an 
RRC __ _ct:,m1.;:cK-<l UE dl\e 1.:, nx~iving ,1 P'NS m)tilk,iti(ia 
imiitation is illustrated. The UE may operate on an indicated 
B\VP ,cii, c1.1r1<,nlly ,Ktiw, Bi-VP for dat,i trnnsmi,J!.ion or ,:;; 
<:lj)<:t;ll<: on m1 -in.itl;i.1 m:i:iv~, BPV{ able 10 receiv,, th,, cmitent 
of cbang-..,J SI r,xi,iited for the VE 3! update, \Vhhin BCCH 
modificatio1i period n, the UE may operate on the indicated 
!3\VP fot datn h:,m~missh.m ,,ccmding to LJ 5jgn;Jling. 

Hthe in:ltia1 active B\VP i, ihe default BWP, the cul'fentiy 
nmn_ing B\VP in«ctivity fant,r would stop a.tkr n.:,ceiv'mg 
Short \1es~mge nn fo.,_, rn11H;;,,11red active B\VP. '!11t, UF may 
swllch to @other B\VP ;i!\er Sl acqukiik,n in r0spnm(: ki 
receiving an Ll signaJJing, and the BWP inactivity timer 
wc,uld reset •-vith th\'. configun;:d value and stiirt running, 

Thi:' P\VS 1).ofa!k,;,tii)n Jndlcmion i;, $enl io the UE by .,;c, If the initial acth·e BWP i~ 1w1 di\;) default BWP, the 
-paging (e.g., a Sllurt 1.fossagcj frnm the NW while the: UE 
nrny npcrnte;, on the-ladlcated BWP. At 801, upon ri,,cc~ving 
the P\VS nolifi,;,,,ic,11 imlkM!O.n, UF rnny ;;vdkh ID the. initial 
,ictiv,;r B\VP auton:mtieallv from d!i:., indi,~ated B\VP in 
HCCH m(i,:liJk,,timi Vri,i<l n, The PWS 11otifo::mi,,o indk.,~ 
~ion n~2v lK~ ~;~ffd'-'.x{ :1s r,~\'t1. o.f Shor? rvr.es~;_h}J_-' bi the~· p.f1gi~)J~ 

'Ifo:n, RRC sublayer of the N\V may i~form the t'I-I\' 
sublaver that th .. , pm.ting h,,s bl;)cn ,ent h::, th\;) 1.JE ,,rd lh<: 
,witt!Jing of !he u( t; i11.:, initi;;1l ,itiivt' BWP hm-, b,".l;)n 
perfonued, Sn, the N\V may ~!op s.c.nding to ,hs: UE any 
rAt~a;~r L.l ~.igna11ng .fr,r B\VP ~\~:ltt~hlng ,:)_pcrati1J11~. m1d \.Vtrfl 
for !he UE i<:-cdb:i(;l lndkating ilw P\,VS notifkati,)n i$ rm 
fong~!, sdwdukd. 

At 803, tlK' UL'. may rni1_)()11 lhe N\V or th¢ stopping 
t,_,,)1K'l(:11&l nf the PW~ 1.miilkatkm(") hy ;-, :foedhatk thili 
indi,,;~t<:s th.: PWS r,otilk,1tlon fa no lon~~r ~ch,,duled. 

fo ,)I!l' embodimt'nt or the prc~(m! disdn~ur,:, Riter n:\.'c'iv• 
ing ,1 P\VS notHk-a1io11 indic:atiou tht' UE may 1wi s,vli.ch to 
;m initial adiv,' H\VP until. an L1 sigm,lln:g i, re-,x,iv~:d frnm 

cu.t1·i:a1tly running H\VP inactifity timer may keep ru11nh1g. 
In wme ,imi,odjmenh, the H\VP ln:,ctiv-ity fo11er would 
n.:Mmt wHh th.: "~mtlglircd. v:1hK' wid start running, h is no!ed 
llm! the~ con:fammJ v,,lu,~ nmv be Jiffcm1t :fr<:>m the nomsal 

4S on<: (i,"'-, the ~~mirn1 ow.~ is !l~)l im,d for SI ,icqui~ition upon 
s\vhchl1.v2, u:, the hiitia'I actiV<': IJWP)_ Fnr ex;_u_11ple, 12,NB(sl 
may co1tl'ignrc the B\VP inactivity ·timer with two \alwc-;;; 
nn<:i~ 5 ms. th,\ <>lher is 40 ms (e.g., cq,1al l.o !he dnrntionof 
on<: BCCH m(,dific;,tfon period), and UE ,;vllJ mltomwically 

V! apply th"' ~""'1-'Pnd nu;:;, w:h<-'n th;: UE ni.:.-i;:d~ to pcrfmrn Sl 
ru.:~iul~1tii,)~l ~dtt:!-f n.':c:c:::-.iving. the. Sl i.Jiarig<.:~ i.ntlk:atio.n t~;:).rdi.!'.d. 

in lhe Shor! !Y.ks~;Jg,a:. 
ln oiw embodim~m (lfthe pn:,ent application, -if tlK\ BWP 

inactivity iiixH;-r t,xpir{:~ but iht' Sl updi!k ts rPJ< c(,mpkl<:, the 
ss UE may !,;:x,er ,a,iying 011 i:he initlal adive B\VP untH the 1.1<~x1 

L.l ,ignf;l_lfng fo-~-, DC!) i.'onin,ls the: UE to pe_rJ:(·,n11 :innihc:r 
BWP ;;witching, Tht' NW nmy rwed the 1.i.mi.ng of !h(: SI 
updat,, cornpkre(11;e,% b_y ,W! l'-TiV control m\;)dmnisn, ((:,g,, 
waiting for ihe whok, nCCI-1 rrmdifo::a1.inn period ls.1r 81 

,;,) ur,.fo1txi ,i, i.n!t"1:,.,h1i.:.ed .in m~,,1hnvc, c:mbodimc:n!,;) ;w an UF 
C<'.-•ntro! m~chi1rrism (e.g,, by W!llting foi' th~ UE :fu~db~1ck as 
imrnduct.,J in lhc abnvi.:. ernbo-dimc'nts)- The HWP inm.:ihhy 
timer w,mld tlwn resd ;md m~IBrt whlle !ht: UE i~ :tii,it,;~h(id 

,he NW, Sine<: the PWS n,_,,Jikni.ion fa for crncrgc:n~,e, th,,L 1 
,;;ign,,!ling for nvitd1ing, th◊ UE to the initiril acfr...-◊ HWP 
$hall b<: trm1srnittd ;,~ foz;i .,,; pn~.,ib!;:, ln FIG, I\ ;i BWP 
.s°\'11ikhing ()j1t,n,1it111 for ;in RRC_:~>:i1mected UE dne to 
rccdving a P\VS no!iflca!ion indication is lllustrait'-d. The 
UE nrny opc:dfo on. ,m indk:,itcd H\VP ,1_~ ctm·;,;ntly ;3ctive ,;:; 
BWP fot da!H trnnsml.sskm nr opi¢rnk on ,m lnhial acth·c 
B!-'W iihk k) r<:\.'c'iv<: 1he rnnlcnt ;j{ changed SJ g~quirtc,J for 

10 mK,ther B\VP, which is not iho:: default HW-P. On ih.,;, other 
fomd, if th;,; HWP in;3,,1ivity ti!'nct i~ ~xplr,:xl bu! the P\\'S 
nntilk~1tinn recdving is .nni tompkk, the UE would keep 
~t<1ying on lhe. miti<ll ac:tivs: B \'VP until tlw nexl L.! signal!ing 
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(e.g ... , [X:l) «mlrDh the UF rn pertimn mmt!H:.'r B\Vl' ,;wxtdi. 
The NV-/ \N(mtd m .. ';;.'<.i the' nming of th;;.> Sl compl.cte by an 
NW c:ontwl nK·,dmni~n (c:.g., Wlliling for tbe ,rhde BCCH 
nwdifo::mk,ii period Jhr S{ np,bted as in:tmduced in the 
x~r(ihtxHrnen~) ,:_ir ~HJ: TJF c:ontro1 n1cch.:.:1:.n-i$i:n (~:-.g.., b_y ,~..-.3..iting 
for the UE foedbatk as intmdticed in the embndimern). The 
IHVP irnictivi1y rinit~.r may tlk\ll rej;e! and resrnn wh.tk the 
UE ~witdl<~~ W ,mother H\\T whid1 i8 n.ot the ,k:fault BWl-~ 
tf tll!i:rc is no ;.y~l<c!J:n info.rmalion d1aag;;.> xmlic,Hirni m Puhfo.; 
Warning System (P\VS) notiflcatlon indication indicating 10 

ilrnt the following Si update or PW'S iwti:fo:alion wc:eivin~~ 
pi,icic,;Jure i~ r(xgHrt'd, on(~(! tlK~ BWP irnic:fr,dty timer 
CKpiR~S. !he: UE ',V(JU!cl ,rnt(iiil<ttfoally ;;v,-itdl to th~~ (.kfau:tt 
B\.VP willwu! U sigrni!H.ng. 

F!G. HI ·i!h!!ii.ru1x~,, r, hlod, d.iagrmn of n d.;·v.icc fo.r 1 '­

\Vire!e,;$ emnmunic:cHion, acc,,rding i.,) v<1riDU8 exemplary 
implemt'nWtions <Y!'1he r1-estn1 disdosu,,'.As ~hown in FIG. 
Hi, ,;ksvicc 100(} n:wy i1,dl1,k B:mi~t-'~~iver 1020, p11),,C$~O:r 
Hi26, .rn,~nlory 1028, one c,r mNc pr<!~<.'11iatfo11 com_pmicn,:i 
lOJ:1. mld Ht ka~1 one m1knm1 1036. Devi,x: 1000 mav ab) :,, 
indn~k ,rn RF i<fK~1..,trn:m bm1d mnduk,. ,1 b,1~~~ ~tmion· t·t)rn­
umnications module, a 1w1w~)rk communic'1tk,ne; nw,fok. 
nnd a system co1mtrnnkntion,,; mRnag,\mt>llt rn<x!ulc, input/ 
.OUi}>Bi (l/0_) piJrts, l/() Ct'.,111\~<)JlCnlS, ,,nd pOW<;ct' supply (nol 

explicitly shown in F!G. lH)- b1d1 ,,ftl:ws0 cnmp,,.nent~ tn.1y JS 
be. ill wn:ummicali,)n ,vilh ... ~1d1 oihc,; dir ... x;Hy or indirectly, 
over O!l"-' or mort' hti:,t,~ 1026, 

12 
may bt< rt<miwablt<, non--rt<movuhk, or a .:mnhrna1mn 
!hds:,>L Excmpbry memory inc.tndcs so!id-stik 1ncmory, 
hard dJiW$, opb,;:al-di~r dr:ivt~, and ~k. .-'\,$ illustmwd i.n 
FIG. 10; !nemrn'y HUR nmy store compnter:-readal:tle, sX)tn." 

J?U~i:.:~.-... "=~xecUUl:hk~ ·frt~tructk'tr1_$ l0:\2 (e.g_, ~cd.h~.:are t~ode~) 

!hat art< configured !o, w:htcn.t~K~t:llls.'<l, ,,;rns:e prorns,;rn: .102-6 
in pc:)rform various :fmKtlous i.bscrlbed herein, ibr exampk, 
wi1h rdeK~ncc !O nos . .l thrrn:igh 9, Allccmttivdy, im;iJ.'llC­
tions 1012 may not be diwo;:tiy ex;;..~utahlc by prrn.:c,;sor lll26 
but be configured to cau,e device 1000 (e.is., when compiled 
and exe,x:ted) Iii perform var:ion~ fondi,ins de~crit\o\,:ih,m:ihi~ 

Proz'es;;or :I 026 nmy indrnk ,uJ. intelligi:nt han!w:;m: 
do:vicc, c.g,, ;1 ,,n1trn! prn,:;;;.~~~ing unit (CPU), a micr,)c(1n, 
Jwlk~r, «.n ASIC, mid et,;:, Prni..:~,;or .11►26 rnay irn:lnd;;., 
1:\iCn.lot,y·; 'Pt·i)t:f.•:;~;ti.r :l 026 .rnHy pr'-~;"C$$. dat~:i lOJO fm.d lr~~tJ1Jc~ 
li<,n~ 1032 r~'>::dvd Jh:,m memory 1028, a:nd infomiation. 
through tmns.c:clve1· 1020, the hMe b;;md c<)mnumicmk,ns 
n:ioduk, and/,)r 1lw l}(!twwk comnmnks-1iw11s mocl,ik\ Pl:o­
<.:~~s;3nx .102~ n1ay also p.n),:c-s;) _i_nfr1nn11t.ion ii:) h.::- s~nt to 
lrntbt"~iv.:.,r 1020 f,x trnn~missiou llmn:igb mitctma 10%, h) 
\he nctwc,rk ,~Olllll!!mi,:;.foms modul;c for trnman.is$im1 ,c, ti 

CUI\: ne:twork. 
Ot:w or nmre Jsit<.:.,,Dntalion comp(>ns;nts 1034 presents ,fot,i 

i.t1dic~iti<.)n:,; to n p:~'!rson. ~)f tilht:-t .tk~,,,..1c,i, Exernplar:-.:r on~ o;~ 
morn pn:scntation eomponem-s lUJ4 include ,1 display 
devkt.\ :;p;;.,akcr., printing ,\c,mpmlt~nt, l-'ibn1ting ,\omponcm, 
and •et(:, 

Frum th~ ~ibove d-:.,;.:riptkm ii is nm.nifost !hat varfow; 
tt,o:hn.i4ncs ,,;m b~ lk,~d fbr impfom£'.U!i.ug !he cotJ,,<c-pl,i 

Trna~c:<!ivct .1020 h<iv.iug tmnsJ.t;itE:r 10.22 u.nd receiver 
Hi24 nmy be ,,mllgort:d tu nwi,~nrit arni:'or recdve 1irn,:;, 
;;1nd/ox :frequency n::s<::1im;(' p¥titioning inforn:wtion, In $Ome 
ii:npkment-<ltitms, tnw~c;;_~ivcr 1020 m..iy bi:.~ configured ,o 
tt,c1.!l$mit ia different typ,,;; of $llbfmn1<"; ,md. slot, h1duding. 
hut n<)t Un:dtcd h\ usable, nm1-t,$.1bk ,md ikxih!y \1Sabk 
subframe;; and sloi Jhnnais. ·ri-,msceiver tOZO may be con­
fig1.it,;;_,;j to r~--,:1;,iv,;., data ~md ,,ontn:,l Ghmrnt>h. 

w ,k~,,ribed. -in ih,, pf<c)s<.:.,nt disdowre v,-·ithout depmtlng from 
the w,,p;c cir i.hos;c c,,;Kcpb, 1'.·forcove:r, wink the ;.,,mc;;;c,pts 
hiiv,, bctn <foscribed ,vilh ,i~edfa: reforem:e to C<;>l1.iin ilnpk, 
ru~:1i:tati(m~. ,i per~@ ,,f ,sR!imcry skill in the mt wmil<l 
recognize that changes can be nrnde in fr)tlll and detail 

Dev foe .l 000 may inchi,k,. a vm.foiy nfcomplli{~r-re&fohle 
.media, Computcx-r-..,;-idahk n:wdi,, cm1 he m:iy aYailnhk 
media that can be accessed by device 1000 and include both 
volatik <Hl<l nnn-,·nlatik iwxliH, rt'mGvahk and non-r,::mJ.m'­
abk mct!ia, By ·w:l;-' of ,;,w,1mpk, and no! limita1i,:,11, ct-,m­
-puter-readubfo media nrny comprise computer storage media 
~ind ,.-::fHnrnluiicatitn·~ rnriHa (~nrnputer ~torage tnedJa 
im'::lud<c'S bmh voluiik and llt)n-volutifo, removabk, and n,,n­
r(:Ul,)'-'i,hk media impkmi:ntcd in m1y mdhnd or ki..,Jmology 
for $"lorng"' of inf,>rm:His>n $lldi a1s com_rutc.Nt.adabk 
:in.8tn.1:ctk1~1~: dat.::, :::;ttlK:u.1rt'~, 1wqgran1 .rt11)dn.le:s nr t)ther datt.i 

,:;; with,)ui. departing fo,1:m the S<:ope oftl:vw,, co.tW<:':pt,. A~; such, 
,he deso::dhd irnplemtininl-inns a;:-e 10 he considcn:d i.n all 
tc,,pects ,n i!Justr:itivc and nol m,lricthe. Ir sl1(n@i abo'li£ 
understood that the present <lisdosure is not linfrte<l to the 
panii::ular i.111plenwmatim);, de,,~ribed abovi:.'. hut mw1y rear-

-:~O n=uigt~rtK~nts.~ fft.C•dific~1tion~~ .and ~u hstitutions ;;1:rt..~ pi)s~rib}e 
without diipar!lng Jh:im the scope ,)f the prm;mi.t disclosure. 

\\'hat i, dainwcl is: 
L .A mt~thod for 11 t1ser (,:1uipnii:.,nt (UE) of a tx,1meckJ 

4S ~t,1!e, fh;c :me<bod ;_,ompri$i:ng: 

(\)mputcr ,;h)r<ige rnx:dia indudc$ RAJ\.t ROt'vt 
EEPROl\,L !l«~h metnotv Ntilhe.1· !lk%l1HrV k'i.,]m(•lot!V. CD­
RO!VL digital ver~mi!e -~llsh (D\iD) (ir :,thet 01-,!i;;l dfak 
smmgcc, magncti,;: '-'il~t;etks, rnag:ncl.i:c tape, magwa,iw di$k V! 
... ~torfig.\'..~ frr' otht.~r H.}ngnetic sintagt'! d~,:lc-t:t~. (.:ornp:ut<:~.r sto.r .. :1,g.x~ 
.media ,foe~ noi comprise a prnpag,1kd dnla :;lgrn,l. <\1mmu­
i1icntkm m<.:.'di.n typic<1!ly t~mbodies co,11:pvter-r,)adahle 
ii.,stttwrion&. dm.;;, :;truduti.:.'S, prcgrnm m<)dllkS or otl1i:t ~bt,i 
in ;J mt1dufomd dat,; signal such as a .::;rrkr wave or other ss 
11:l,mpott nwdwnlsm and fodmles any in:forn:w.tim1 ddivery· 
rm.,,fo1. The terrn ''moclu!.ned J,1la sigimr· mean~ H signal that 
h:Js O!l<\ (:If mor,, Qf its dtll,tett~ristics set or dm11.gcd in such 
t:. rnanner af,,; tn enL"lH.le ·hrfr~rn1atictn in the -~j gnal. By ,~·ay· of 
,:.;:,;~ur,ple, ;md not limiwtion, ,;;,mmnmication rn<!,:iia incln,k~ ,;,) 
wir~'<.i m<;',-di,1 si1d1 a~ il wired n<:-twork -:.11' dir<;',;;Mviri.:'d ,,011-

nection, and vvireless media such as acoustic, RF, infrared 
and other wi,de,-;s irKxfo;_ Cc,m.hh:iatinn;; of ,my of the ahove 
should 111',;c, ho indud.,'Cl \,jthiu tilt, $copi> of C<>mpnkt­
rfo(bbfo nwdla. 

:Mt11h1xy W28 mtty indude comrmer-stnrngi¢ ml'<lia in the 
form ,i:! vc,!;ihk :iml'or us:m•vo!ahk rnt~rnory, M.crnwy l Q.28 

.r.~cei\•·inR t~ ~y~tcn1 ·i1.l-t!-1rnJatiol'l (ST} cha.n:ge 1.ndii.:~tfit)i:1 
bnrn&<isto:d by a 1)aging via ,, ,~u"n·cnt!,/ m.,tivc banJ­
~vidth pllrt mWP) dnring 11 m,,difkation period: 

in r~~;;prmst' to wGeiving !he SJ d,;:inge ·indkation, s·wikh­
i:ag frmn tbs: ,;:m:rcntly ,Min; H\V:F to an imti~l ~rtivc 
])WP fr,f an S1 upth~k; 

re-cdving rei;dning mini.mum S! (RMSil vfo tll~\ initial 
as:tlve H\\!P dmfog a tlt'Xt llltKli!k,itinn period that 
rnlJnt'dwldy fol!o;vs the tnodiikatk>ll pt':riod, <,vbic,rein 
th.:: Rii,ts;l fodmks infom,Mimi as8<.X'.i<>ted with 
~,hang<:,'C! syst,;,m. inform,itlon hloch (S!B;;): 

clctem1inillf whkh ofth"' d,miged SH·h i:-; l°"'quired to he 
updated for t'h;: UE ac~,<.,rding lo thl' rcceivvd Rlv!Sl: 
and 

.n:,x'iving co11k\n; ,,f ;he 1s,(J1J.ir<-c'<i d1angcd SJH,; bii~~fl cm 
tll<;', d;;-t"'rmh·uitk,n. 

2. The method of daim l, wherein the currentlv ao;:tive 
Lfl.VP i:;; ;;wjtd1~xl t.i) the initi;1l t,ctive. BWP ;Jtlti>nw!i~t1lly rn, 
i.h,, <c\rtd of i.lx n.1odifrcafo.,11 JK'r!(H.1. 

J. The method (:,f dtrim 1 .. wlwn:'in ,he ,,un'ently ;;;.,th·e 
BWP is s1,vikhed to th'¢ initial 11ctivc BWP irnm0dfatdy upon 
rt:'i..''-~ivi n,~ th;;.~ Sl cl:miigc rnJic-:Hil>n. 
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4. Tile melhod of cbim l.. wlwrein ihe cm:rentlv active 
BWP i, ~wikht:d IQ th.-: initid ;;ldivt: BWP in J"t";-;{;l1n~.-: to 
rcw·iviog ,fownfo1k ,xrntml i11kinrn.tion (DCI). 

5. "Ill(: nwillod of cblm l, forlher C(imrffi;;lng: 
qnnph::!lng illc B.l update of lhc required di,:rngcd Sffh 

wi,llin tlit~ m~x, nmdifa:Hifon perli,d in r,i,p,,m;e to 
receiving 1he conk;.1! of ihe n::qnired dtani1ed SIB-~. 

6. T.h.: .mdhrH.i of cln)m l .. fo.rlher -~Y)mpd;;ing: 

14 
wlwrei.u lhc {UvlS.! ·in.eludes infnmwlmn a;;,;o~=iak'<l 
\,ilh d1angtxl systt:m inform11tion block (SIB\ 

d0h:,rmining which of 1h<: chang,xl SlBs i:s tc,quircd 10 
be npdm"'xl it)r !h:i.: UE acco,d·in:.:i:. to the nx:dved 
Rl\·lSL nnd ,. 

t<:.'Cdving o:mtent of the reqnirnd drnnp.ed Sll-h based 
on th,, ,k,te,--minMlon. 

12. The U:E ofdaim lL wherein !he c.m:rcntlv active HWP 
h ~wild1cd to ,he initi<1! m.:tlv.;; 1·3\-VI' a@:,m..iticallv on. thi:l 

~mi::!-ing a1, SI u1~dnk cc,tnpkte in.dil:ation ,1s ;1 ft:<:dhic~ 
indicming compldenes~ o:f the SI updme vi;i an upHnk H> 

H\\'F. 

c.nd Qf (he mndi!kmion p,,ri,xL · 
13. Th,, UF ofdnim H,. when,in the u1rrcntly active l-1\VP 

is &witched to tilt:: irritial active B\VP im1n~tliatdy upon 
r;c'i.cei-ving th": S'I chm1ge imJirnitinn 7. 'f1',.;: niNh,xl of cbim l. wher~i.n th,, UF is pm-­

conJigura;;d with a ,kfoul! B\VP am.I;, BWI' hmc:1iviiv limc.r 
for ,he ~·onn~'<.:icd ~mtc, ,md wfo,,rdn th,~ UF '>ll.lfl'> t!i~, IWiP 
imictivity tin:,er alkr ;,w,-hching off d:~;i default B\VP and 
,\,i!chi.:-s !nick ki tlw ddiiuli BWP atkr ifa, BWF' inactivity 
tilm.~.r ex pi:tes. ' 

8. Ttlt> 111<.--thc,d o:f d;iim 7,, wherein the B\VP inaciivi,v 
,h1Kr stops aftt'!' thx.~ currently t,ciivc B\VP for dam trnns-­
.n,l$;;k,o is ~witdicd to ;in l.niti,d ,wtiYc B\VP .in rn~p(>n;;;: to 
r .. ,,n,iving tb~, SO[ ('.ht;n1~a;; mdication. 

9 .. Th,, m~'thod of chim 7, ,vhei:ein th,, B\VP imicliYhY 
~in1~~r 1:'.{ fbrther co.nfignt~£? to ltf1Vx~ ::l ~J ... ~nrl 11-erlr:~d ~nd. tt k.1~1;1 
r~'nixl, ,1ud wh,;;,rdn th(' UE ,;;di-¾:is th(: long period for th,~ 
H\VP inacfrvi,y timer upmi .:,.;cdving th~, SI d,,mgc indk,i­
tHJ.n.. 

10. ·n1e .method of claim 7, \Yhert!in ,ht~ UE swvs on ,he 
inili,,! adive lJ\.VP in orckr to ,,omplde ilw Sl u1<!ak <llkr 
,he HWP im1divlty faw~r expires. 

ll, A ..i~-=::r equipment (UE} for wirdcs~ ,;:ommrn1kati,:,n. 
compds.ing: 

,1 n()ll-Wm$itory m«c:t1ine--r<'adable rn-...,Jmin slori:!l).,\ corn­
pu1er-exi."2ntahk inslructkm,;:_ 

.14 .. TheUE c,fchi)m H, wherointh~nlrren!.lv a~=tive H\VP 
i, j;Witdi~xlto ti«? initial ,1u:ls:,e B'Wl' in r,,s1xmsi? to rec:eiv:ii111. 

1" downlink ,~on1rol infom.1,r1ion (DCTJ. · •-
15. The UE (,!' cbim ll, wherdn !ht! processor i, further 

i.x~r~fig~Jre4.:l to ~);_ec~·~tf': ·lht~ cornJmti2r.-.<.:~Xt::l:tstahk': iustp_v..;ti<.ffl:,;.. 

lo .. ~msl: 1he UE of a o::rnmes-'kXl swte 10 perform opemlions 
compri~ing: 

1'' rn:mpk,ing 1h0 SI updat;;,, of tb,: rcqmNxl. dwugcd sm, 
wjthin the ne:>it modification perk,d. ii1 re~p;mse ln 
n:\..).:~i\.··ing th<:~ ,Gc,ntenl rrf the n::qnire·d. ch:J.ngi.:~i SiH~. 

lfr. Tht: UE of ,~foim 15. vvht.Ycin the pmn-,~or is lilriht:r 
configtH·,-x\ w, ex-Llcn1e 1he con:rpim~i--ex,xcuwble i11,:;1nic1irn1s 

15 to @U;;t> th"~ OE ,,f ii ,~,)rnwctc:d $tHk to pcrl<:,rm c,pa;;rntic,n~ 
comprising,: 

30 

sending mi SI upd,11-.., co:mpktc indk~iition .J:, H f,.x~dbm.;k 
h1dka!lng cornplde.ne,;s o:f1he Sl upda1c via an uplink 
H\VP. 

17. Th,., UE of dairn H, when.:in 1Jw UE iq,r,H:onfigunxl. 
wi,h a dd\m!i l:f\VP Mil. ;i {l\VP ilmctiv.itv timer for Hie 
cfn,~ltx~t¢d. $t~Jtt:. ;:u)d \ii·'i:it':r~•in th~ U.E ~t~1,tt:; \.he f1 \\?P -iru;c .. 
frvity limer afrer ,,,vi1d1ing offthe dt'l:rnlJ B\.VP and switdies 
h11ck to t!m .ddimlt ;i!icr the IJWP hmet:i,'ity :tiimir expires. a f'l\Kl~5Wr cnupled to th1:.\ nun-inm:iihw.v c,,m1-iu1t,r-rt::]d-1: :_;:~ .18. Tbt:-UE nf..J:iim.17, whcr;;,in ilic Ifi\'P i.uadtvitv tum:r 
:,top;; a:fl<lr th0 cun-c.htly ,, .. ,1.iv.il H\YP nw d;ita 1rnn,;mi;,;:ir:cn i,; 
;;witd1ed t(, <lli ·initinl active BWP in re:~pc,n::-e to rcc::civin,, 
,he Sl d1:mg;e indication. -· 

ahk medium, mid .:onll~ured fn exl<eHk' !he l'.,m,puter­
:e:-:~:t:x.~1:Hahle instnk:.!i6nS tq c~1u.&;.:.~ tht~ fJ_E of a ~xn1nectt"!d 
~t;1te tti r~r!i)1~rn op~r::1~ln11s cn!-n,prising: 
n.."cdving ;i syslern i11frmm1tion (SI} ch;JmH~ indic;ilion 

bn:w.kasted by « paging via a cn;.ren1ly,;cti.ve hand­
'width part {IW\-'P) durin~ a modi:tk,1tion period; 

in 1,,sp-::m,·l~ to t;.¾.x'iving the ST dw,ng;;• im:fa,~1ti(,n, 
;;witdiing :from cuncently ;ictiw B\VP to :m initinl 
titti¥t' B\V1' for an Sl updnie: and 

1t\:ci"~.iI,g n.,mainiog. rnlninrnm SI (R.MSO ,.-j., 11K, initial 
:x{ive H\VP during. a n,\XI modilic;1iion p,~riod that 
immcdiatdy follow, the modilknti,m p.:riod, 

19_ The{!Fnft,bim 17."when:'in theRWI'>in;idiVilvlirm:i" 
·=JC> 1s !imhcr conllgun-:d W have a short p~Tiild and ;J long tK=riod: 

.and wherein rhe UE selects the long period for the HWP 
inac:1ivi1y hmer upon rnedving t[ie SI dmnge 1mli.;:a1irn1. 

.20 .. The UE of :ch1h11 17, ,,,he.min the UI-'. stav;; on the 
initiul ac:1.lst.' !J\VP i11 Qr,kr to ~,,mpktc:: tb~, SJ up:J..iti! ;,ihcr 

4s the H\..VP inaCi.ivily ·t1nlt~_r eXJrites 
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_,'\ p.0-.:.:"!r equipn.1t;nt (J.J.E:) frn· \vfrc:k~-s~ Gt).n.wnul"lica.tio:n ?:; 

coflfigm:ei} !o perf::mn bandwidth par! !B\VP) sWile!iing 
operntion in xespo11,;e to receh·fo1!. a ;;ystem infonnatinn 
chtm~,~-indkiiiim. The UE .n,~eives !he system in:!imnation 
dmn;ic indiciitkm vi,i ;:i nimmtly act.in: B\VP in a BCCH 
motlifkation period. The systen~ infonnation change i11Jj. 
cn1ion notifk, tlw UE that c:onteni;, of ,{y~tem. .inform,,1,icin 
foive been ch,m!,\\s:L ThtJ UE ;,witch,~,{ from iiw ct1n-e.n.tly 
active B \Vl' w ,in in.itilll ,1niv,'.i ff\.VP to .r~,cdvi.:' the ,,h:mged 
conicnb of sy:,ii.)m li1timm1!ion whicl1 ml~ rnquinxl for th~ 
UE. Th,~ UE n:,:;:ivcs th,, di«ng",d ,,om,mh of ~ystcm 
in.formation vfo the initial active H\VP in ,; nexl BCCU 
modl!ic,iiion -perirx! ilmt immediMely fo!kiws the BCCH 
modification pefiod. Tl1.e UF updak,; !he sy,-tem information 
HlX~O:rd1n.g. to thx~ t:h:lng,:.d .t'.f?11ti'.!nt~, 
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ON-OEM.AND S\'STEM. l\FORMATIUN 
RKQUEST PROCIWURE ANH ERROR 

HANf>LING 

CROSS-REFERENCE TO RELATED 
AI'l'1J('.\flON(S) 

2 
m.: .. ,;mp::t.nyi.ng figure.~. 1hrinu,; foat1ire~ are not drnwn !o 
'5Cak, dimen~ions. of v<1rim1s foature'5 may bi? arhitrnrily 
incr,,a.wd ()r redu;;c."-1 fot tfofrty of Jisclwsion. 

l'IG. l i?> B S<c'<,1ll~nce dlagrnm i!instmtin~t !he trnn«rn.iss.ion 
r,.f S:I rrx.11.1:i.:~Si frtih1re. infr1n.\),iitioil, a"-x:r,n.ih1g i.n ~1n exe.,np};3_r:;:..-
1mp!~mt'n!ation nr the p.re,;ent ;iprlication. 

Tile p1:t.,;;t<11! app.li,,Btiondii.m,; th~, henefo or and priority 
to « pn)Yi~i(xwl. t\S. P,lkm Applk~ttit>(I Sec Ne,, (i2:i<\5L 
312- fikd ,m Am'- 2, 2:0Ut s.+ntitkd "On-D;:mrn:id Svm,m 
h,!,;rm,;iion H.e.:iuc,t !>rnnxiure ,md Frmr Handhng:·' ('here, 
inafler rdertod to iiS "US73481 app!icatlon'} The dlsclo­
~um nf tb", U;'-:7;\4R l itpp!im1tinn i;; hm·ehy wcmpnmtetl folly 
hy i~R~:r{:~n~-:~ in!~) th~ pto.:~~nt ;~pplit~1titHt. 

HG. -Z is ;i sm:1urni:e(, di;igrnm iHu~!nHi:ng m1,;1:sampk or an 
on•de.rmmd Sl ri:'r.1n.:st being tr.insmitk:d to ,.m MN rn ihe DC 
mrnk, atx:ording to :m exemplary impkm,:,,nw1im1 of the 

H> pn.ist:n! a-ppllcari.,m. 

P!ELD 

FIG, 3 i.s B s~xiu~n:ee cfoigr;im illustrn,i.ng Bn e:«11npk or an 
on-dc-m@d SI req1K's1. bijng trnmmiited to i.n SN in the DC 
mod,\ :i~·~·orcling_ tp an ;;_•;,;erupfary impk.m,,nWlion or the 
prn,.cen! appkat10.n . 

. Fl(}. 4 j;,~ ;:t ~-t-:qtH.:~tv.:c. di~1g.{tn-n. 1Hu~tp)t~n1~ ;ln ,~xan-~ph.'!. of ;J 

UE (lic:iennin.ing th~ foiiurn c-;f mi Sl 1~que~t in the DC mode, 
w.,<-'uxdillg to il.11 <.~x~·mpbry irnplem,~niation of ih~, pn:scni 
app!1r;itii)n . 

Thii' prt,s(,n! di~do~,H\, ggn~-i:aHy rt,lat;:·$ !(, ,\·irek:;;s twrl­

lll.Llllicatfon, ,ttld .moN pnrticMforly, l<l the ,,1Hkmand system 
. infr,rmntion (SI) i:>::,4u,:,st _pr~)Cocdnrn for tho:, next gcn,:-n1lio11 
\v·in.ile% com.mi1\1icntim1 netwnrks 

BACKGROUND 

.FIG. 5 ]~ ;l SC<jlle.m:e dbgn,m il.l.t1~,rnling ;m ,;;,:,w.mpk ,;Jf;I 

:,, UE receiving :SJ .r,,qw~, rtj~:Ction iHformatimi 1,ii lh◊ ,f;lf' 
mod,:, «tc(mfo1g \(.> an ex;;;•n:tplary :impkm,:utati,.m of the 
prnsent applicafo}tl. 

llw qincer,t of 011•d.:;mt1wl Sy~t(;l1J h1fonm,i.ion (Sl) 
r.:qucst has ·1x,m1 intn:,duccd ui th,: n'"?<t gent:'.rntion wirdc.·% JS 

S'~et\V~iik _{e.£,i~,. :;~~).~~r~~Ji.~-~t} fu~f~_f1e\~ _t;;~/Ho o-~-l~~ t1:et­
work), \ViR~JJ it hr!:',fo:s:is'"ilm:f'f{ reg-.r/iii'.1' j ! tfl~,:,1ge( &.) b not 
bnJ;idca,;,tl'<l, bitsed cni infomm!inn in. the Sys!cm lnfonm1-
ii<m mock Typ<l l (SJBJ) (,.~ .g., a <me-bit indiqitor ihai show,; 
\VlH:~the.r thc- cx;rr.::.~spo.ndino.: Sl .rr1,!:~~;:1ge i.~ cnrrcntly hrir~;H-i­
caskd or not) ,,nd tho:, mai;r)fog t)f ih:·sm~ ,o SI n1~ssagoJ~, w 
th;,? UF may perform mi. cm-lk'nmnd ~I .r:eque~t pri:ic:edil.r:e to 
,,sk tll(.' netw,:,rk (,1 !so rdi.:,rred 1.o ,ts N\V) to hroadc~ist tlle 
r~quiwd SIHf~) mid/or SI me.ssageis)- lh:iwt:ver, th~ nexl 
gcnernrton >Yirdcss ncn,ym'.k lncks an (:ffi.dent mech,mimi 
for ,,nw hmidling «~MK,iak'<l wiih !ht: (m•Jemand Si .rnqul-,;l j> 
ffRWc.BUf,:, 

SU1lMARY 

.FIG, 6 i, .i lhwd1mt for ,, nwthod of wird,,:,;; ,:omnru• 
nk,,iimH pcrfi:,rm~xl by ;J UE .. ac(:ordins. to an cx,,mpk 
impk1n.:n!,,timt ,:,f lhc p.fi..>~eirt Bpplicatit:,n, 

F!G, 7 iU!.1:itraics H h!i)ek <foigrnm of ri rn.xk for ,<:irnk~~ 
;.'tilmml!l:i.,:,ni,m, in ~i,;:cc!r<lancc with vari(!m :Mp;Xt$ <;)f lhc 

DETAJLED Dl:SCR1PT10N 

The foHowin:,,,. dt-sc-11i:iti(Hl cont<1ins sp;.:cifk ii1form,)1it,n 
p,:rt,ii11ing ts:, ex~·mph1ry impk:mcntati(m, in th<.< pt\'!Bmt 
djo;,dnsute. The di-;,,vin.gs in the pit:~em dis,,k,~me ,md their 
mx,ornp~,nying dt:1;iikd. des,,ripliorl MV diNded to rn"~rdy 
e:rnm·p.laty impkrnen:tations. l-fowtv,~r, the present cfo,do-
rnre l, not hmit .. 'd ,,:, rn\c'idy these ic'Xernplm)' impkmcma­
tions. Other v,iri,Hicm;; ,md frnpkmenl,Ttim1& <>f the pr,,s@:t 
dis"ln,ure v,<'ill rn:nu- to ifa:i;,;: ~kjJled. in tho: an. Uxik,~s 1mtxxi 

Hie prescm. d1&dos1.1t"1 is dinx:i.ed to (llHJcrnm1d sys:t<,~m. 
infi..,rrwnfon f<~qtK~s.i procedtm, ,ind. ih,~ <..x1rtc$1,ondi11g e-tror 
h,cindhn,;. nrocedw,:, for the next Q.ei.·K:>r,,tion wirdes:, i:orn-
1nw1-icatl,:i1 ndv,,ork;, -

.,;c, ot!wrwi:,t,. like(!!" e(Hh~,ponding denwni.,; mr,:mg Hw figw.v;, 
may be indkuted by lilw or CM1'tl-;;pondi11g refornnoe nmner­
,, k Mnn.x,vm·, the drmvings and i!h1stn1tlon, in the pn:~senl 
di;.ciosut-e at,i, gcnx,n1Hy not tc, :;.,;:,·1lc, ,ind Mii .not int~n.dcd to 

/\.(:(cording to ,tu ,i~p~x,t oftht p1>J;;i:11t disd,_-;w.r<c, u melh<)d 
ofwiwk.-;;;; cn111m1mk•.-Jik,ris pei·:forn%'d hy i1 iJs,,r <lqnipm<:.'J1l 

4
s 

{UF) fa pmvi,:fod. ··11i;1 ni,.'!hod indmk~.~ pm·fom1ing an on­
dc.>n:i.autl sy~tc.>m info.rm.:Hi(lu (SI) l'<:.'<{Ui.'S\ pr(>(:;..->i:luri.' in ~t ilrsl 
cdl; mid perfonnfog mi emir fwndlfog pro~,;;-,dure if thi.' 
mi-dmmrnd 81 re.guest pmceilnr~, in the fir,! cdl i~ mPmc­
cess:fol. Th;,• <:.,rr<..iT h,wdling procf;ldtie,, iudud;o-s ;;inring Sl 
r{,qnest failure information. 

,,on<::spcmd to ,wtm,:l rdut:ivc dim~,nsions, 
h.\r lht.' purpow of .. ,msi~k'HC)' mid ,rnsc of undo:rshmdi.ng, 

'iike featuxes ~ire 'identifkx{ (altht)U§._.th" in ~.(Hl~e 1:~x~<rnp1e:¼,~ nt)l 

shown) by nrnnt:'.rab in the o:xomplary figures. ffow,·vcr, th,· 
fo,itures in dilforx~nJ implemcnbti(,ns may he di!fonxl in 
oth;;'r ri.:.'SJx.~cts. ;;ind 1hm; s:lw!l not b(~ nan,;.,wly confined. to 

V! wlrnl is :;lmwn in th;,;' .figmcs .. 
:\,:cording. 1~~ rnx,i:her ilffl<.:X:t of the pms~,nt disdo,;ure, ,1 

UE is provided .. The lXF indmfos ont or more non-tran!-ilnry 
('.(Hnput,,r'-t'<~Nlabk nK-,.r,foi havfog Cf,miputer-t,xe,:ut .. hk~ 
in~1nictiQn, <,mbodkd. tl:mnx,n and ;;1t k;i,l. ow,, pr<Jc,,sso( 
c{mph::d to !he nn,;:; r,r .mow non-trnns.ito.ry compuls-'J:-r,,:md- ss 
,~hk m~xhl'.i, Th,, m k,-1,n one ·pn:,crns,;1r is cw1figurt:d to 
l:Xecme the tompul;;;·r,; .. ~xecurnbk mf<lrm.,1mm, to {K:rli.mn ,R, 
oiHkm,md $yst,,m infi..)tmHil◊n (Sl) n'que,t r,n:,ccdurc in a 
fa,-t \0cJl,,.,l!K1 JK1'form an em:,r hmidling: prnl.,;)dure if the 
(l11cd;;,1:ir.:ffRi W ft:'<}Ut'Si pro.:,::,:Jur;;, in th;;-, !irsl •~Yll b lHl.SlJC- ,;,) 

Qt~8,foL The (,.n,,::cr lwndling 1xoctxlure indud.es ~tt,ring SI 
request failure information. 

Th,; de,cription u~es du,, phta$e~ "h) om~ irnpknwntatlor,," 
or "in sc,me impknK11tmi<m~," wbieh nmy each rnfot -1<:. n.ui} 
m more onh~ i.(/!LtK' or dillhent -impkii1K'H(Hliun~, '1'10-'ttifo) 
'\,oupkd'. is ddmed a~ comw~skxJ,. ,,·hetb,~r di;::ect:y ni· 
indinx:,tly tlm,,ugh ini:,~rv<.:~ning_ z,ompc,ne.nt;;, 1H1d i;, not n,~t:­
~;;sarily limit~~:!. lO phyi;kiil ,,o.n11edions. ·111~ term. ''.cmnprfo. 
ing:' ',N!ien utiliz"'d, 1:nt.·,ms "including, but noi necessarily 
limikd to"·, h.specifo;ally imlicntes opei,-,::mfod inclusion or 
mem!'.l<:rship ln ihe so--d.,,,crlhed t:omhimtinn, group, ;,erie, 
,)mi the t:quivrikn,. The c:i,.pres;;Jon ";Jt lw:,i: mi.e of.A, Hand 
C'' ,,r '\\t !east ,)i.W (Jf the fr,lk,wh,g: A, B ~.d C' mc,ms 
"only A, or only B, or 011ly C, or any combinalion of A, t3 
;nJd .c.~~ 

BRlEF DESCRIPTION OP THE DRAWINGS 

Aspects ofthe exemplary disclosure are be,;t undersiood 
from !ht: :fi1Hmving ,kt:,ikd d~·s,~.ripti1.>n ,1,!J~,n reml ·witli th, 

Addi,i<1n;.11ly. for Hw purpnses of explrn1atfon and non­
,;:; limihition, ,;:_p,;:;d(k dt:Mifa, s1Jc.h ,is fancli.onnl <.'11thics, ls-'<.:h• 

niques, protucoh;, standard, and the like are set forth ibr 
providing ,m uni:k~rstanding of thi:' d.:~crikd k'dwology, In 
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oth;,.;'r examr,li:;s, ifowikd di:;:l(.Tiption (!f v,dl-known mi:,th­
ods, technologies, .sy~tem, archikctmes, m1d the like are 
oniittd ~o m, not is) ob~c,m:: the.· dc.~tripti.on with ,mn;;,,;.;,,;;­
,&ry details. 

P\'.t:\~~1.~-~-kiUi.~l ·in thi..':: art \ViH l(nn1J.~dfr1t.-...'::ly 1~2,e.og.njzl"; th::1t 

any nd,,·N'k hmcti<.:>r1{s) or alg(!rii.hm(,) de,crihic<l in th(.) 
p1·~,,,~,;1t dlsdoinire may !-,~, impkm;::ntul by lmrdw,,re, ,o!l­
wa,~ nr ;ci comh).natil'>n oho lhv,)re m1d. h,,rclwa\~, D.::;;crH,ed 
limction~ iwrJ· corm.,pc)nd in m,)duk~ nrny he s,,ftwan\ 

l(> h;:lnh,•at"t\ finuvf"ate-: or any ,:i:n:abination thcrtx>i·. Th~. ~c~ft-
ware implementatic\n may comprise computer execmabk 
instrnctiZ)lb sh'ir;:;d D.n cumpnt.-,r r.-,a,J;ibfo m.eclium ;;n,;h as 
m,,rnory ,;r o!h.:r l),p,: or ~lornge ,kvk.:~. i\;r e?i.an,pk, ,_,u~, 

4 
A ha~t' stalirn1 ma:-,' h~ ;.:oniigurtx! to pmvidc cmmrnmi­

canc,n services according to at leusl 0110 of the followmg 
rndiC! 2reC8$ to::dmc•l()gic:, (RAT$): \forklwidc Ink:i.t)perahi], 
ity for 11,,Jlc.nJ'\Vaw A,:::c;,,~s (\Vi~-:lAXl, filobal System !iJr 
.Mobile~ C(1m1m-.rl.it"1tio:m; (GSl\,:L nften rd~rred tn ~,:.; 2Cij, 
GS!'vl E[XiE radin ac:ct--ts Netwnrk (GFRAN), frencral 
f'ackcl R:,1dio S,-:rvi<:e (GRI'S\ Unlvei:,;al !V!ob!k T,~.lewm• 
rn,mi~-;.,ti(in Sy«ti::,m (UMTS, o!kn rd(;'.,n,J ,o <l:> 3G) based 
on basi;.,'. ,v1,kbm1d•r(ld;;; divi.s:ion. multiple a1:i-~i::'";; 
(W-CD!v!A) .. hlgh-,;.pee.(l -pa(ck,::t acce,;.s. (HSPA,.), I.TL !TT:­
,\, cl.TE (,,volvcd l.:lE.,i, N,,'<v Radio (NR. ofrcn :rcforred m 
c4& 5G), and/or LTE-A Pro .. However. the sc0pe of the present 
liipphi::mio!l ~lwuld :not bi: limited Kl th~-: ab(,v~, mo::ntioncd 
proto,x,b, 

"Tlii:.:~ hti:~~- 5:;tatioo . .i:~ Oflt~rnbtc. l.t1 pro'f.,.·idx~ ta.d-io (:{Jvenl_ge to 

a ~ps:dfo: g.::ogrnphkal ms:~, using a plnrn!ity <:,f cdls fr,rrn• 
in:i,l; the n,di() .~ccess. n"'hvoik. 11w b;oise s1atfoJ1 ;;upt1or1;; the 
op;;,,nHiO!l~ ,).f th~, ,:,,Jb. Kich ,di i~ l,)p,;:.,rnbk li) provid,;:., 
scrvi(:Os ti) ~~n ·1~':U~>i one tJ1~:- ,.-.v"ithin JtS, radio ,:.~<>V~rag_~. ~-1nrt.:. 

or mon: mi.:,,,pt(,;.,'1;;,~~or$" (!i' g_;;;ncrnl ptirp,)$,, C(•m_ruts:r:. ,-vi,h 
1

" 

C(m1munic;:rtion pn:,c1;:-s$:ing c,1pabifoy rnay he prngnn:mr~;;,J. 
\>,:ilh.currespomll!ig m,t!t:t1tahle utslntd:iom; :ind carry out ,lw 
d~!Stribed nd.worl,: l\Jnct.i(m(,) c>r cclgoritbm(,.). The micro­
prnccs,.o:rs or g,:ncrnl purposc t'(>mpl1t;:r·s m.iy be fomit'd (Jf 
;;,11pfo:atimi," ,:p,:ei!k intt'grm.d ci1cuhry (AS!C), pwgrnm• 
1w1hk .k,g.ic :irrny~, and/or n,~ing onii'. nr mm.:: digiKil ;;ignal 
p1t,1X.'%-:::1r (DSP;;\ AHhoug:h ,,,me of tlw cx.1:-:m:pfory imple­
mentation;; de$cri'bcd ·in thi, ,p,,cific,1tit>n ,m: oricntl.:'d to 
,;of'tw,,re inst,,!kd and exii'.,,nting ;in ,,omfuier har,-!<,;.,;n~, 
nc1'ctt!Jdcs,, altc.rm1tivc ei'\ctnpbty impkrncntatimt, imp!e­
mo::otcd <,s fm.nw.:tr>;) or a;, il,mlwar,, or emnhinali,.,n of 
hardwm:1,:, m1d ~dh,·,u-c are W<:.>11 wilhi.n t:bt· ti<.ctipt' tJf th;:,-: 
present dh,,,l<.,surc, 

:,, sr,;,x,ifo .. d!}\ (,;id1 edl {ofo:m ndi..'J.-r0d to ,,s a ,rnrving, wli) 
prnvi,;k~ s.,,rvics:8 g_) S<HYO:: 1.mo:: ,)r more Uf:$ within its rndin 
C<l\-'trng<.~,.(k'.g,, ic'c,dl ed1 ~d}(,d.nk,s th~ d0\,:1.J.link ,wd option, 
ally uplink tcs,}utccs to ,1t kc1oi on1:, OV within its radio 
nwm11gii'. for do,1,n!-in.k and optfo.naHy uplfok packd trmi;~-

The computer remfabk nwd1i:u1i l.tu.:h:td-:~ hnt i:; EllJt l)rnited 

JS missions), The base ,1ation c:in crnnmunic:::w with nne (ff 
nwt<:: Uli;, in iht.' radio .:1'1:i:mmmicalio11 syi;k,m ttm:mgh the 
plurn!ity of cells. A 1,-el! nmy ilHoc,,,ilc siddink (SL) n:srn.n1.:;:,,~ 
:thr 8,ipporting prN;imity serv,ci.:- (ProSe) or '\iehid~, to 

to randm11 mx,~,c;g im.,rnoty (RAJ\.-f,l, read only mernor:,' w 
( R()l\·1), cr,!><tbfo prngrnrnmabk rnad•,)uly mc.m,,ry 
(EPROivl\ ,,k~trk,i!ly "-'rmmbk programmable rcwJ-mily 
mcm<)l'}' (EhPRO!\·:O, lfash memory, c>.:impal.'i di~c r<:wJ-mily 
memory (CD-ROM), mzignetic cas,ettes, magnetic tape, 
irwgn.di,, disk storngc, or any other tx1uivaknt nwdium ,:;; 
c,;p;Ibk rl:f i,toting .:.Ylmput.cir-readabfo instmctions. 

Everything (V'.:X) servk~. F.ad1 cell may fo1ve overlapp<xl 
,;,>(-:ver,-1g:c: ~t(C~~::; \Vith (.)thcr cells. 

As <lhcu~~e<l abovc, ;ho:: frami:' ,Mu,~turc for NR is h) 
support t1exibk.~ tQnfigurntil1n~~ :i(~r a-cc:01ru:nod.adng vaxh:>u~ 
ni-'xt gcn~,rati,in (ic':,g.. 5G) .;c<Jm.mtmic .. tlm1 n.:tJt1lrctnents, 
such a, enhanced mob1le broadband (eMBB), massive 
machine type t")tmnmiic,ition (mf•.JTC), uhra wfobk ~,om­
nrnnkation mid ln,;v !:itency com.nrn.nk,itk,n (URi .. LC\ 

A.rndlo e(!mrnunic;:ition nctwol'k ar;.,hii~x:turc (e.g., a lt;Hg 
t,:::nn evohukm fLTF) ,y~!c.m, ;.i. L'Hi.·Advam,,;:,'d (I.TE-A.) 
sv0,tcni, a LTE-/,dv,,wx,d Prn "v:;icm. w a 5G New Radio 
(NR) Rad-lo Acee~~ Ni;,tv,,ork) 1ypicnlly-in"1.,!utk, at kast one .,;c, 
base ,wtien, at foast one u!!er equipment (UE), and one or 
mor,-: optirm~,l m:,.twnrk ek,ments llmt prnYid,, crnme,.:l.inn 
toward,:; a.nilhvm:k. The UF immm,m.icMe:; v.-iih ,he noc-lvw,rk 
(.::,g,, ;i ('-)N 1K,twork (CN), an cv,A~'"'d packet l>m:,,-: ([WC) 
ndwmk, ml Evoht,d Univ,,r$al 'Jl'ri:,c,,,ri,il l:hidio Ac~·;o~& 4S 

whik fo!fil!ing higJi reliability, high d,ili:1 raw tmd. !,)w 
bt;;.,n.cy rcquirenKnls. Th;;,· c.•rtimg:mrnl frcquen,::y~divbi,,n 
multipkxing (OFD~,t) technology t,$ agreed in 3GPP rmiy 
sers,:e ,,s 1i lw&diiw for NR waveform, Th,.: "c:,fobfo OFD!\·f 
111.llnerology, such as the adaptive suh-cm.1-kr 1,pacing, the 
dmand hm1d,,.,idth, mid Hm Cyclic Pis::frx (CP) rrwy ,i!sn h,· 
nsod. Addi,iomilly, two ,xidlng sc.h1;;mes nn: com;ider,'d frw 
Nit ( ! ) k,w-ckmity parity-di;:;,,'.k (LDPC) eo<lnmd (1) hilar 
0.)do::, Tbt, ,,-)ding s,::hen:Hc, <1sfap1i,,11 nrny be con:figurt~d ha,t,J 
f>H th:e channx'l tX)r.Kllfrons ar~d/t)•i• the ser,.rk~t.~ :.:1J.,plit:~1tic-m~. rK'l~voA (blJIRANt a 5G (\,t,' (5GC ). or r,n int<.:~·ndl, 

t!mmc:b e1 ·radio a(,,,c:,; nctwo.rk /lV\.i4) cst~bfo!id lw ou~, (~f .. , ·. . ' . ~· 
fft.c►n: ba:¼'~. ~t~'ttion~. 

1t ~lwuld he tiot<xl th,,t, in th,, pre;.,cmt applic(;tion. ,1 UE 
may im:ltKk, bm i~ .nut limi:ttd in, ,; rnnbik 8tatinn, a :mohik: 
~i:~rn1irwl l)( de:.··k':.{.::. a lJ~.f:":t' cornir~ttiYic;jtion . .ra.d.lo ti.:~ru1:1-nal. Fnr 
.:~:ample, a UE may he a porwhk mdin ~quipm,:nt, y,·hid1 
ii,chides, bw i.,; 1101: limitmJ to, a mob-ilt phoiw, <I ttiblN, a 
\Sit"!arribi~ dc-\,.iCt\ <~ ·~:cnso:r~ or ;;1 perso_rwl dig."fJ.;;11 a~.:ii:~;tant 
(PDA) with. wirdt::;s m.nmmnka,ion ,:,1p,ihiliiy. The UE is 
t.:01).JJgHr~d t,> re~:~iv~ and h'tHl8nTii. sig!1nl::: n·v~-r ;1.n air 
i,l!c.rfac·\! to m1c or Itl().N o::dl~ in;, rndio at'c~,~~ ni!tW<itk 

A. haw ,h1tiori nw_y indudc, bui. le: not limited ln, a ri11,k 
B (NH) as in the U!'v[TS, mi evolved. n<'idc B (cNH) as in illc 
x:q:1--A,- ,, rndio nctwotk .,,o.ntrnlkr (RNCl "'" in iht Ur..-1TS,. 
ri hr1iN ~-Mloa ,,ontro!kr (BSC) as in th,:;, GSMiGERAN, a 
ng~,:::NH ,ls in mi IH.!TR:\ rn,sc ;;tati,m inc<>1mcctio11 w·i!h th~, 
5GC ,; u~,xt g,m.,~r,;tion U.l\dii'. B (g.NB) ;i~ in the SG-Ri\N, 
and .,my ;Jth<.:'r ,1l1[iarnil1s ,,ap,1bk of controlling rndln c1..,m­
~nu~riCatJon.and 1nrm;~_g-lf~g r~tdio .t;<:."'-);O.Hrc;..~s \·vithin. ti ,;,,>ill. The 
b;,se st.-ition nKiY connect to sen·e the one ,x mnre UE$ 
tbrimgll H nidw ai!crfat·;;,• W lh~, n~,tw;irk. 

i\·lof"-':O<,··c.'r, ii is abo C<)n,idcrcd t!mt in a lnu1,m:igs1(m lime 
inten,:il TX of,) ,ing:k NR fomw, a do\,·nlink (DL} h'11115-
rnj;.,,ion d,1t:i, ,1 gmm:I p,,riod, and an uplink (UL) i.rnmmis-

V! sion ,fow should m km,! be irn:lnd.::d., wlwrn iho:c 1:t::;p;,>;,,tivc 
pnrt.ions of the DL trar,sn.,i,&ion ,farn, the .guard fK'riod, th<.:, 
UL trnn;;:mission dafo ihould DIS<) he mnfignnihfo, fot 
t'XHmple, lwstd on theiwp,,;·ork dynamics d'NR. ln addition, 
siddillk r1:.i~ourn, rnay ':<lso bi.:.-: im,v1dtxi rn H NR fo;l.lnt\ !Q 

ss &Hppt).rt Prt:S,e· ~.erVk'>t".'.S f}f: \:--·2x ~t~ndct~S. 

The .h>:J Gener-,Hk,n I'tli1iier,hip Project (:\GPP_i .ht,~ inlro­
dtK'~-:d a I!\!\, rndio ,s::,ourco:: o::ontrd (RRC) ~lat\! (_i,;;;,, th;;; 
RRC-INACTfVE ;;tat,,) fot tlK next g,,nt'nc1tk,)(l (<,.g., Sih 
gen-eratk1n "(5(1"}) \.V1re·!css conuntu1lc-~1lir>11 ·f1,;t\.\'nrks. "f'll:c 

,;,) RRC _ _TN.ACTl\T :;;;,k («l:ii) tdo.:n~d lo H:i inndive state in 
the folk,-i,vin$ de~<criptior,) ~ims to ,Khiev~ pow~1· ~,wing 
,vhh ,11:n,ptHbk m.:;,;~,;;.;; !ato::o,,y, ,,n<l .i~ suitabk. cs1wd..il!y for 
!,mall dah-1 lrnmmi;;sion, such as in n,;idiin"~ type comnrn­
nicatiom; (1,,.fTC) s,,enaril,)S, \-Vh.:.·n a UE i~ -in m1 imwti>,,-c 

,;:; swie, the SG .rndio access nei,v(,rk (5G-RA.N_i (e,fi., th-i ;~xt 
genci:atfon rmik> nttC:% .neix1'ork (NG-RA.NJ, ()titer 30Pl~i 
nim<KiFP .Ki,~¢,;; ni::tWQrk ~,)rnl~l,t<::d to a 5G ems:: network) 
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mid 1lw UE store the "UE cnnH,ixl'' (w!J.idi. :may in.drnk 
Access Stratum (AS) context and Non-Acee:., Stratum 
(NAS) c,,ntcxt ,if 1ht: UE) sqrnriltdy. hi HJditi(>n, when t11c 
rw: is in tht· inaclh'e stak\ l:hc UL nmy no! h;ivc an RRC 
cot,mlctlon 'il'ith th,, 5G,R_c\N, ;;Jthmij,.h th,: 5C,,RAN, rnay 
h.'t!p :1 cnnnedion ,viih the nexl geu<:'r:Hirni mm netwmk 
(e.g., :50 Core Ndwmk (5GC)). 

6 
fo ~mne of Jlle p.rn:.ent i:mhodimeuls, a le:mpnm.ry 

C-RNTl reteiv,x! m the MSG2 may be usui for an MSlr4 
r~1.:t>pti,.in. The UE may eh,;."(,k 1hc rnnkntion re~ollHi,_;n 
J\ledinm Aixes,; Control (t-.-l:AC) Conlml Elemen! WE) 
Ligain~l the tr.:..u.1:::J1·iitte,J. tl:f!Ui:"$l. 

S1x.-cifo::a!ly, bas~d on lhe< !V1SGl-h;i;;;ed S! .ft'i,{llt:SI proce­
dnn\ a UE whkh. mmsmits a prnmnhle m1 <1 dtidkak'tl 
PRACH n.·rnnr1.><> (Qr PRACH o,;.,;.,,a,;i,msl !i..,r the. SI X<:':ytwst 
niay 11eed to wait :for a ~'0Jfe$pondin.g Random Ai:~'~'";; 

The ,,n-,fonrn:nJ S[ t<:,qu;;.•st proce~'tluno nmy he impk· 
mcnk'ii dilkr<::ntly for the l.W.s thal an:: in. dilkrcnt Ra,ho 
lfosoun:c. C,)nl.t\ii (RRC) stMb. F(,.r ,,,rnrupk, in nn,' impk­
mcni;,ti,:m, for i'\ UF ;ha; i~.m a cDnnc,,kd swte, 1hc N\V .mav 
ddiv~•r ou-d~mMid SI J1wi;;;agee: or SIB(,) via dedic:imd 
sigmiling tti the UE ;rth,1· n.u:iving an Sl l<:'>;JWst from th~, 
UE. ln some impkn:tt.·11:tHliou,, for s UE tk11 ,~ iu ,m tdle $tHk 
or an innc.ti\.•'.~ fiti:"i.ie~ the. N\V rn.ny ,J.eli'Vcr Qn~d~n<tu-i(i. S.l 
me$s:;ige,; or SIB(s) via tm:,adcsstfog. In ;,,_;nw imph.!mcnW~ 
tlt,n;;, the N\V m,iy conm-11 1hc mc,~aii;c type for the on-

H> R,,sp,;w;~, (t(AR) \vlthin ,i cor.flgm~d RA,R w.;udnw Jf /1<.) 

R:\R that ,x;fi!;iins ;., RAP!D ,,orresponding 1:n 1:h~, twns.mit­
wd pr~~mihle ii; rnceivtxl, foe VE may rNmn~mit Ille RA 
prnmihk until (h~, eon,,,pomling R/\R is rc'cs:i,'ed, Ths: 
:~t$U l for SI rcquc~t fi;,>-tnm~missmn, in s,_;mc (>ftb~, pr,,.st>nt 

l ~; i:.:tn-~h{.ll~nn:r-0nt'$ ~ n1ay· bx~ t:qnfiu.ue{J u.ntH n .ti.ln)~.irrn.u)T pr~~;;Ul\b le. 
1.rmHmi~$ion fa r,;ad1ed. :!n $Olllto ()f such emb,Klimenl!i, an. 

d .. -iirnud SI reqw.,;;l pr<:,wduN, I<\ir ,,xmnp.!t:\ 1fos, llW%<1g,' 
type foi- the mt-dcnrnnd SI 1'<;,gue~! proc<':dlJl,;> n-.ny indudc n 
J\.·k;;:i<i:g,:, l (\-lSG I) b.i,,,d appn~,ch Mid a i',ks,mg,, 3 :,, 
(~-ISOJJ b<1s<::d. appnmch, 

In sonK, of the pn.,s,,nl t,mbodi1nents, if H R,1ndo11.1 A,.ccess 
(RA) prcambk and\x ,, Phy,ical Random At,ccs, (JwnrK:'l 
(PRACH) .tcsoui·cc ,ptx:.iik rn e;ich SIB or sd ,1f S!Bf 
(which the UE needs to m .. 'guire) is included in the rninlmum JS 
SI (.i::>,g._ in lhc 1\'1<1~.tc.r fofornmtion Block .;nd fos: SlH J ), ,he 
SI n::qucst nmy he im:!icaied m,i.ng au l'dSG J-based 
<•ppms,,h. 

In au :M:SGJ-lxwtcd SI re>.Jue;;;t, l.n ~<Jm,:;: impl;;:m;,;,ntaiion~. 
the minimum granubthy for a hxyut':SKXi SI may be ont, SI w 
me~s,,gt· (for<!~;;;.,, of Sm,, '" m an I.TE ~cenm"i,)). !n some 
<'f such impkmt,ntahon.s, one RA t~reamhk may b,., u&ed to 
reqW;.':St for nrnltipk S! m;,;,'s"'agc,. In some hnpkm;,;,,nt,lti,Hi:;. 
a Random Access l'reamble Index (RA.PID) may be 
indutk.d in a l'<,,k,,,;wge.: 2 (!\JSG2). Other fields, ;;uch ,1~ ,:;; 
Timing .Ad:vmwe .n:.<\.). UL ~_r;mJ ;rnd 'l~:11lpot,1ry (\,H R.adio 
Nel,Y(dk Tempornry I(ki1ti!kr (C-RNTI\ nmy i:~;1i be 
included in the MSG2 in ,cm,e implementations. 

RA prohlem may he ·indicmcd i,) the upper byers. Howl:'vet, 
,foring the whok MSGl-b:ised 81 r,':i.jU(;"St pr,x,ed,ir"', ih1;., 
i:cqu<':skd Sl11(:;,) ot SI me:;,;,1ge(,1 nwy he hrondcast..:d based 
on 1hc. NW d,,cision or oth;..,r UF's SI rcqnest(s), Th,,re nwy 
be ,1 p;nver rnnst1mp1icm i~~ll"-~ if 1h"· HE doe;; m,t ~i<>p the 
ongoing I>.JSGl -h~t~~~d SJ reque,t tH\>eic'\.1Hre vd1en tht' 
r~x1uired SIB(i) hmi lwcn bn1i..'l>.b,stc<t 

:\!; desc.rihs:d ab(,ve, h;rni:ld on. tlw M:SG l-based S ! rnguest 
pm•icdure, .i UE whkh !ran~mil,; a ptcB.mhlo: \)tl a dt.'dicai~\l 
PRACH Ks.:rn;ce for fot; S! n.,yucst nrny need t(> wmt for the 
com,':.'iprntding RA,R vrithiu il ,,m!lignred RA.R window. If nu 
RAR t!m! ,;:i.mt,liM a R/1.P!D c,Ji"rc,;p,.,nding l<) th,, lrnm!mil­
t,,d pn:<1rnhk fo rtxx,ivs;.,J, lh.e UE amy r,c:i.r;msrnh !he RA 
pr~',unbfolmtil rt'li<.,fon:g ~, m<1xfo1mn prcambh., trm1,;mi~)lfon, 
mid lho:n mi RA pwbl@:1 m;.iy be indicat,;:d tu ,ipp(;.'f' la)'ws. 
If the <..'mre~-pi>nding R.,\R 1~ re(:dved, thi;, l.fE nrny send ,m 
t-.lSG3 t(; ind.ic;;xte tl:ti: rcqi.lircd S!B(s) m:idfot Sl mc;:ss;:.,ge(s)­
AJ.ler sending the MSGJ, the UE may need to wait for a 
period t'.g., d.,fo«xl by a tontw1tkm re,olution timer) for 
i-ecdving ihe MS(l4 fr,r com,'1160.n r,,~nlui.ion. ff the con-
tentkm re$(1lntinn forwr ~,xoirns and nn !'v1SG4 ii; recdved, 
the UE may retransmit a preamble again. In some (>f the 
pr~-sc;:nt ,,,inb,xlimeut:;. ihe MSG l for thi:' SI ri:'.qt1e$t re-fo ;,Qmc. ()f the pn:::;cnt ~,mhodirnent:<., Ml RA p((><::ednrc for 

S! reqtK,$t nwy ht' e()JlSitkrcd $UC.::t%fhl when the UE 
n.'cdvos an lvfSG2 tlrnt includes 11 RAPID corre8pondfog to 
the lrnnsmii.ted. pre:.smbh The MSG2 receptirni may nse an 
.RA.-RN'f! thnt ,,on:esp,rnd, to ihtc lv!SG1 ,n,.nsmitt6d hy th,i 
UE. 

.,;c, 1.nurnnission JXWY !J<;., continun1 until a nwx:imurn prt~1mbk 
ti'-.:msmfosion is wachecl. Jn som.i asp<i.'C!s of the present 
embndirnents, ,m RA problem may h.:: indiuilkxi l<l th;:, tipper 
byi:l1-s, S.imilariy .. :;in.::~ con1c11tion rcsdutimi i:; ;J.\so .ndopkd 
for 1hc :MSG3-has:::d Sin:'tjtW«t prsxedi.m\ an RA problem 

4S nwy bt i11dii::,1tcd to 1he up1x>r lay~~rs if !he maximum 
prNim.bk' tra,1;.;mis~.ir,n i, T,';Jched 

Jn ~ome of 1hc. presc:m <::rubodirn;;.,nts, the UF m,1y ri:'tnm,.~ 
rnit the. R .. .::\. pw.:-H.nihle ;:leco:::ding lo ati N:T{ ·R)\ P'-'f'ii-ver·(.arnpit,g 
vdicn the SI r,xwe.,1 is rnit,i<kred to b,, uMw .. ~.,c%fuL The 
1-lSGl fot SI nx1ue;,t re•tnmstriission nmy b,~ wntinued until 
rc,idifog n1;;1xirnum '[)rNrmbk tn.n~missi"m in some of the 
fin,·;:(:nt <::rnbmlimcnts. Ths:rcaikr, an RA probkm may he V! 
·indicated to th,, np_p<:r lay,,'r (,,.g., RRC foyer). l.n snme oftlm 
pt¢<-Cnl embodiments, ;) Back off incdmni~m may be appli· 
ciib!e tP th◊ !\.fSG 1-ba,t'd SI rt,>qw.>st,. ln S{.itllt~ of such 
en:1hcK!imcnts, howcv<::r, no sp~,ci,il bm::k off sub-!K-;;.cleri 
·p1Y,c,xfore im,y I-le N(j!lfr~d. 

CASE l: A UE\ Bdl<JV:iour \\'lien an 011,!>enwud SI 
R<.:.x1u;,',;! i~ Um,1cc.e;.sfol for tlK 1JE in i.n [dlc S!i,te Man 
ltwt,tiv~' Statt·: 

\Vli.::n lin M:SG!-bm,:::d SI m-11wst <:>ran MSG:Hm;-;ed Sl 
rnquw,t pi1Ked1.we h1 a ,.dl i, fai'l,:,,:J, ihe .Ul': may consit'k,., 1h,, 
cdl ,1~ baned, or may consider that ihe required SIB(~) 
and,'i:1t SI 1n,}s~age{ii) ,,tt' fi()t av,r.lbbk. In mw irn:pl~m0ntn-
1fon. tt1~' UL may consider !he CHH.i.e1r1and Sl n,tJtie,t pn:,-

ss Ct:.s:lurn ,;~ ,m,;ucce:,;sfol ·when the nnmher of iime~ the UE 
in som,:; nftlw f)t,~,;ent e:mh,xlinwnts, lf th;;:, R.A p.riwmbk, 

aml/or th<:: PRACH n.·smm,c (or PRACH rn:casion") sr;:cHk 
to ~,c1,~h sm cir sd of SJfh (which the UE needs to _.cquiti:,) 
i~ not included in the minimum SL the Sl rm.Jlle~t may he 
1ncl1Jdtcd in. ,in MS.CB. ·n,,;; Ur. nwy dctcrrnin.:, wh.;ther !lw ,;,) 
!V1SG3-ba~~-..1 appr,,rich i~ succ~,;~fol M not bas,;:,o. on a 
.r~x:epti'-'u ,Jf!he MSG4, Tfo"' pm,unhk(~) anJA,nll,, PRA,C!l 
Ot~c,,,ion~ for !lw SI r,'qLiw,tusing. th,;; !VlSG3-based ,1ppnxwh 
n.1.c1y i1oi !K' rns,:t'1.·0ed -in S<)tlK' -1speus ofttw ptc,t,nt t1nbix!i­
mer&,. RRC signAlinfl m,,y h.:: used for the SI r,:;q1Jcst in ;m ,;:; 
\1SG3-ba~ed apprmid:t In some cmbndimems, lht- UE's ID 
rn~y noi h"-' indu(kd w the !VTSCB. 

ti1m,mirn ;i r;indom ;le,~cs,; J~r,,amble re,i.::hc,; a, ih~;lin!j. 
(t.·.g., msximum slh)'<Yabk pn.~~mbk irmi:mti,;si@~); .:JTRf,)r 
the UE nxdves Sl r,,qu~,,;t n;;ie-ction infommtion (c:.2,., i.l> a 
R/\.R) in some nf ilw pn,:,t'nt e1nhr,diments. 

ff the UE \;'Ons.ickrn tfoxi ,, cdJ i~ h;wred due !o an Sl 
1-;,,•qu~st fai!w~, tll~ UE may c0nsi,;kr th~ c~ll as b,)m:d fr,!' a 
configi.1.r,1bfo time pC'riod or .a llxc.d lime p;crio<l (q?c._ for :100 i, ). ·n1~, UF n.wy p;;,rform ,1 tdl resd,;.:;timi p,,)u.s:lur~, in llnd 
,mother cdl to ,,an:ip on. Ti:it' baning time period rrmy he 
hmmkasted tn 1he UF in ,y~k.':111 infr.,nn;ition, c;i.eri.::d in Hn 
tv1S{i2 or \.{SG4, or .1m1y ho pn.xkfincd HS <l fix(.>i:l value in 
~();HK' of th.:., prescrn embodims::nt,;. 
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lf rhe UF <.'Onside~ tlmt the requirl'{l sm(:.) ;iml/or SI 
mcssage(s) ,,re not mnn!able, ,he UE may not perform the Sl 
n.x1w;,~;t for the un;iv:iibbk SIR($) ,md/t:,r SI mc,,sage(s) 
againc;n. tile re.!!. In ;;.(Jme ni' ihe presenl e.mbodim,mts, when 
the HE uJM.ider, ,hat tht:: /'c~qui,ni S!B(s) and/or Sl 
llWtsage(t) are not avaibhle (;:,.g:" when an R:\ pro~,:;>dure 
problem ls reJ¼ln,xt or whe.u SI. lWjll<.:'St rnjtx~t!on inlhnn;1 .. 
thm is xt.'<..,.~ivt:J), the UE n:wy aciwak :_i pn,hihit tirnt:r. fo 
.SOUl.;i: (,r ~lldi i:lmb,x!imt:'nts, th;:.~ UE may li\'il:td inihating 

8 
n:;$pcm.~,, fmm the N\V s:idc to ddive.r thic reqiltl'(.'<I S!H(s) or 
SI mcssage(s), or receiving SI requt'.i;t rejection ·informa­
tion), tht: UF m.:iy eon~i,for th:1t 1h,~n.:.'. i~ an N\V ,~rror m1d 
p~di;mr reestahli;hmenl W ,mo1b,x qual.iik-..:! ed! ff !here ia 
tH}c)ihet qw1.lifa.,d cdl .vilh <, vafal UE cot,l.s>xt. ff 1he1·~, i, ll:l) 
1-ud1 a qual.ifi.ed cdl or if lh~ ree.stahlishme.m is r~jei.,tecl/ 
failc,d, lhti UE may swilch rn an klk state and iwrtbrm a cdl 
r;;,';;dn,tion pR>CeJm,.::, by ,,ow;~:,kring the ed! M baf!':::d, l:n 

am:itht:r on-dmnand SI i"t,-que~t procedure tmti1 the prohibit 10 

1imer expires, ln one implemenfatinn, the UE is fnrbidden iO 

pffihrm m,oiher otHlemmu'i SI r;;;~quest p-roc:wluni llntil th,\ 
pwtiibi! ,irn;;.~r ;;.'xrin:s, 1-'or i:.~?itirnpk•, th;;;' pwbihii tirn;;;'.r iilay 
st1u1: wlwu ,ln upper h)'W (<:.g., tb,'. RRC foyt,r) R,,x:ives tk 

;m(1!her impl.:mmtal:irni, 1hc UF may dim:;ly ~witeh io th(;) 
idle ,tate and then perform a ce1l reselection procedure by 
consi(kritig the cdl <i« bm:red. 

In mw i.mpkmentatiou, the N\V may re~pnml im Sl 
request n.jenion messc,gl'.:'.h.nk'inrnH.irni 11:i th,'. UE. :\fa'.r 
n.·,:t~iving th;;,' SI n:.-quest n:it.--cthm m:::ss~1g;;,~'infonrn~tbn, ,h;:, 
l}l? rnay·· <..;t•n-rnjder th.t1i the .r~q_ulri.:~d SH3(:7) or SJ rHf!~:~;1ge(r;_) 

Ht'e .not {lVHibbie and may not perform the SI r;..x1ut'St for 
i~~»~''ffritihi;; 8f me~~agc('S} agtiin on 1he cell. ln m1oihe1· 
i:mpk1n:::n1,,ti,:rn, ,, preh.ihit timer nmy bs'. imti,,t,:d when ih-., 
UE 1\'ccciv0;; the St rcqnesl rejection mes;;i1ge/in:fon11ation. 
A:ff,~r th,: pr,,hibit fon('r t:xpire~, 1h,, UE nrny perfont1 an Si 
,~qua:.~;;( pro.:;.,,~hi,~ H,g,o1in. The 1m1hibit iirn~1· may be pn.:i..,,rn-

Sl r~~qne:1t .t.'lii::cHfH.l in.fr:1rt1JJ:'ition: f>r rx·s.:.":i.:~; ;;,.-,c,:~~ th,.:- R .. \. _proh}.t':'..:.n l ~; 

dui: lO an SJ reqm.isJ failure .thim a 1m:ver lsyl'r (e.g., \he 
\'1!\C fayer). After ll,e im)bihil iimer expires, 1hr 'I:ifLltriJ!i1ll 
iiiifaiic ,moth~'.l' Sl.t<:i:qu~,;;i prt)ccdm:t'. Tb~, p.rohihii timer 1rniy 
be prcconfigur,,d or may be a fix0d value in some of the 
pnsi:nt <'.rnb,,d~ntn:t,,,. Tkcv:;Ie;>';)pf lbi·p<il/ibir tim,'.r t11,iy ;,,.i 
b1;: bm.;,km,k,<l in ~y$ic.m infornmfom, c,wrid in 21n MSG2 
(.I!' MSG4, or nu1y k pnxldined a, ,, fixed v.ilu~' in ,<.mie 
<,mhodimenb. 

fr, on.:: Jmpfomcnw.tion, i:f !he pmh.ihh Ii.mer i;; nol prest.'J.l! 
in the sigtm!ing fom:l the NW, lt i$ lt[l tn UE'$ impkmen~ 
i;ition on when to staft tlw 81 n::yuest p.1:')Ceduw again, 

In nm:., i:mp!i:mc:uwtion, ,he UE may dck~rniin,;; v,d1,:,,hcrto 
p.,,rfonn 21 :::dl rose!;;.~,;.kin prii,cedure due< to a failure of the 
M.SGlcba,d S:! f1.;'ql!t:Sl or !he MSG.',-b,,~i sr requ;.;,,;L Th,:> 
UE nrny m,;k~, ,mdi a d.dermiimtion bw,ed on ,,,.J:u:ilwt Hie 
r:::q!lir,~d SIB(.s) and\,, SI :i:u;:ssHgt'.i/) an: ess1mtial for ,lw 
UE (t\@. t:~St'ntfal for ihe UE's i;:11-geting servk,,s) ot hmv-:d 
QB ~;(.,me 1:,ih.;:r rm:d.diu~,d rnie~, hir exampk\ the UE m,iy 
determine to perform a cell reselection procedure as a result 
ofim u11st1,,n~ssfol SJ .request ifHw (,,quired SIB(s) uw,Vor SI 
rne&sag.t:(·~) a.r.t:?. t~&SJ.:~n.tial. 

llw UE may pc:rform ,1 cd! r1c.'iill!,x:tlon prnc,xlurn due to 
a failure of the MSG 1-based SI request or the MSG3-based 

flgun,xl or may hi,' a fixic.xi v,1lu.1;,,. 
In (,11t, impknwntHfo.,11, when 1.h0 SJ n.,quel\t rmictxiure is 

nnwc<.'"':.;;;fi.1!, th.:: UE may p,.wfonn, at leaM,. ;J i.~c~wbli;;h, 
JS mcni Jlt~:i~·edure, switch to an id!(;'. ,;fat<: t<:ir ,1 eel! res<:::k'Ci:ion 

piti,,cdurc, 1:nm:k (hm the r,xiti;.~~K'.d S!B(i,) or Sl m,'.;;;:ag~:(s) 
,rnc, not availnbk, etc. 

fo (me. irnp.!d1Js<,::,n1atioii, th<;i r,~qu-:d,xl SJH(;;) <.1r SI mes­
sag.~s{-:~} rnay h,~ dt~lJ1i~dA:.otisJdtf\.~l a~ 1hc essential Sl {~}r 

w difit,t1;,,nt UE c:akg,otil:!;. or UE typ(ss. The UE nwy '>w'ikh !,) 
\he idk ~mt::: m1d perfomi ,, (:dl rn;;dcct.iN, pnx:cJm"' ,,'h~'ll 
tlK, Sl r1:.·qrn;,t k,res~t,nti,Jl Sl is f;;1ik:;l 'Ihe UE may ,_,onsider 
th<., cdl i.n whkh th.; SI n:qucst b foikxi % bm:ted, m having 
a lower pritirity when pei'ibnnlng a cell reselection pn,ce-

,:;; ,lnn;,Ce.g., hy setting th<.> priotily of the fr<.,qtK,ncy 011. i\·hkh 
,he l~;n-~xi ,:dl i~ to a dd)rnh w,lne). The UE .. in ,,oim, ,,f tht> 
prc;sent em!K,dim"nh, 1m1y o.n!y mark tbat llK !'(,quested 
SIB(s) or SI me;;sage(s) are not available when the SI 

SI request. Sp~'Ci(kally, wha:.,n the UE performs 11 cdl (".'Sl:'­

keth.\L1 p.rocedtlte, ih,: l.11': m,11, (X:,nsidc,r the ,,dJ, for which .,;c, 
the UE fails to mquest the requi1x;d. SlB(s) undior SI me;;. 
,age;;(s), as barred nr having a lrn,..-er prinriiy (eg., hy ~etling 
the i~ri,.irity of ths> Jh,qu;;mcy on ,vhich !h,~ hnrrcd ec11 i~ tt, 

,'(,qJ.K.,St for nou-e;.~.;ntial SI i~ faikd. 
In the ,~omwcwd ,!Ht¢, 1.be NW rna:-,1 porfr,rm a handover 

(HO) proc.edurc (e.g., fa,m a snurt.c g,NB to .i rnrget gNH) 
,dien recdving the SI n:,quest for ret1u11'<:d SJB(,) or Sf 
rn.c,;sage(s) thm aw not provided hy the N\V. '!11e ta.rf!.N gNB 
may pnNkk tk r(:quin:<l SJB(:;.) or SI m<:::ss;;g:ch) in the HO ,i Jd\mh v,ilu,i). .In. ,)n>: impkrn~,ntalion, ihc .rcqw~f;kd 

S!B(~_j mid/or S! m!i:~~;1gcs(s) may b"" ,kfoMd/;..,,msid,-r;;,,J a& 
the: ,?~~011\1,,l Sf fr,r difli,'1.«m UE Cfti;"g.nric;; c)r UE typt,~. ff 
t!K~ kqu,:stdl SIB(i>) aud/or Sl rne~,,ag,,1,(s) at;:, not ddlned/ 
consid,,n.'>:J as \l1<, es$cnti.,d Sl for i.lw t',1kgory or typi,, of ilw 
UE. Ill(,. UE may ,kcide ,vh"th.:1 In X".:•1~q!l"-'~1. the R'X;w,,sted 
SIH(~i or S! rn~~«agc~(~).(m tli~ camped cdL ln nn;: impk~ 
mei1tati1:1J.1, if lht: 1\:!qt.l<:.,sttxl. SlB{s) <:Jf ST nJ~$:,(1ge~{$) are .noi. 

defrm.:.'dicomiderc:d ,1~ 1hc: ,%stntial SI for the ,.~ategnry N 
typ~ nf t!K' UE,. a prohibit tit1K,r nwy ·,tM when th,) npp0r 
hlyt-;· ((,.§., l1k lU{C fayer) receiw,s !he RA probkm due to 
.tin SJ r~qu-~~st f£,ih.H'\'.~ :fh)l11 th{! li.JVt:\'.~r )ay~~t (t~.g., th,2. !\-1.:\(~ 
by(:t). After ihe prnhihit iimer <!Xpires, ,he UE 1;m1y JH}r,fonJ1 
the S! feque~I pmcnforc 21gain.. Th,~ prohibit tlmcf ii:my !:i(, 
pw,c<;,1J'1figurnd ur \:><;., ,, fix"xi value. Th,, v:ilue ,,f the prohibit 
tlrner rrwv he bro.ru.1t:H~•teti in the s1 

.. :i.;ter11 irifon-rwhon. cHrried 
... ,,! • 

4S rnn:unam1 (q;., h;i~s'.d (HJ thi: SI !'(,qtJ<'.)ll iufm:mation .PW· 

vlded in !he HO Reqtw,t m0,:,.age fn:,m the ~nw,~e gNB). 
ln ,he Dtml Connci:tivi!y (DC) mNk tht~ UE urny iti1'onn 

the cHWit' of a S<,C<mdaty N,x!e (SN ,l S l R,q,,e,i failure, nr the 
in.formation relaid iQ the Sl reql\est faih.1r0 in a 1'l,)$terNC!de 

V! (1tN) wlwn the rnHkmand SI rs:qu~~i l'nr the SIB(s) <:,i' th"" 
SN is .rejeckd.-:,r faikxl. After ihe MN tecdvt'S thx, nmw of 
an SI r0quest failure or ih.; in:frirmation .td,M:d to ihc: SJ 
r,XJUN,l fni km:, in ~onw <1flh<;c pre,t'1lt embodinwnt,,. the idN 
may t(y 1.0 mwlvt: the SN ::,:1 request n::/<;{'cWn/f;;1ilt1rn prob-

ss lem. For exnmrk,, in one :i~pxX'.t c,ftht> pni!~ent emhodini.~ni:~ .. 
1h.,\!l.:1N.,11ay wk;ls,, the SN o.r ,~lrnnge l.h(; SN !o a new SN 
for the Ub. 

CASE 3: St.or<, and R;~port1.he fofonnation Rd,ik-s.11,) the 
Sl Rt'l.jUCst Fnihim: 

1n an MSC-2 <.W M:SG4, or may h,:, p.ri:.~;idlned ,,~ a fixed value. ,;,) 
CASE 2: A UE's lkh~1vio1.w ~vh.;-u th~ (J;),l)~ma11d SI 

An t1SG 1-hn:;cd SI it:.quest or ,m MSG3-bscd Sl rt.·qnc;;! 
prc.~c:cdi,tN nrny b<c' faHcd wh<c'i.\. :i lot\W layer (.;-.g,, th<c' fv1AC 
byerj iufonm ,m1ippetfoy,,r(c.g., t!I(' RRC bycr) ofan RA 
pmbkm. Since !he RRC l.r1y,1r kno,vs ihe RA proc,xlB.re is 
iriggt'f~d for the SI nxJtiesL Hie UE may :,in1~ the Sl ff(jtlc:,;t 

Request h lh1st1,0c.1:.,;;~fnl for thl: UE iu ,1 Counect;;;d St«t<::: 
A UE .m:iy fil;,o requ.:,sl ihc N,qui.red SH},(:s) l'.•r Sl 

n.,e%ag1:.'{S) ,vliile fh1:.· UE is in a <,cOrmect0d stHl"-'- Noni:wll)', 
,he UF may l'.C<.'i:liV(: the t1:.x1ui.1.~d SIB(~) or SI mes1,;igc(1,) via 
dedknted signaling. lfthc lJ.E ctne,. not R~ch·e th(, r1:..,quiwd 
SIB(~) or Sl nR'.~:mgc{~J via (kdicmt.-..:l signaling, (1::,g,, nil 

,;:; fo.ilm\1 .infc,nmition, The SI i~<Juest failnr<> in:fonmitbn nmy 
indude nnc or mN<: JJ~i:mmetw, used in til(~ on--dcm,rnd S.l 
rt:-J'WSl pnK·~'dme. Tlle SJ rcq1w~l failuN infomrnlion nrny 
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indndt, al ietis! one of llw following; ,he rn1--Je.mand SJH(;;) 
K'<{llC~t◊d hy !he UH, llw on-demand Si mc~sagc(s) 
n.x1w;,~;kd by HK~ UP, ihc cdl ID (nftlw c-dl in ,,-!iich tho UE 
has p~rfo.rmed theS! pnl,'.<:.··dure "tmthas fo:ih>:l\ SSH !ndex(s) 
(Sy;id.,t<)1)l:1Htion !i,lJ:lJl,,l Block Jndex(s)} i(, perform tl-w Sl 
rt-,qnest pro1.'.~fore, 1ht' mt'ssa~ lyp;:;- of tbt !inbl SI rnqnest 
prnctxlure (1qf .. , M:SG H.1ased nr MSG.3--ba~d) .. 1he time--­
st:unp (e,g., whc.n to p<:dmw 1:bt, SI requ~,:,,i prot.-:eJure\ e:t(:. 
"Iht: SSH -J:mkx may indi;..'.ate which SSB with RA ri:'~onn .. ,~, 
tor .R.A (Xx~asii.:)r;.S) is used fr:t a pre;:u:nh.k~ ~J"i~n~nxfs~·km .. Fo.r 
.;:,,;;'l.mple, for an i\:lSG 1--hased app.m;i,~h. 1he dedicated RA 
re~ource (or RA !~Casiom) frir trmmniHing a pR~cimble may 
bt.· ,,ss(ici,1Kd wi!h mt SSB, For an M.So;;.ha,;::d 11pp0.)B<:h, 

tb,-, cc,mrmrn l-t-\ r\:',;cm::,::"-, (or RA ncc<1$lOll$) for transmitting: 

10 
mid !hen f.<i.lrforrn a l,d! rcsek::!im! pm,,t,'dure hy c:(m;;id<!ri.ng 
!he cd! as ham~d. !'ht' i,rformatiDn of ttw Sl rt!quc"t :failure 
rnw,__. indw.k lit ka:,;, one of !ht following: thi:' J:t'>-jttirc.d 
SJH(,;), !he reqdx>~il SI mes~;ig"(s), !he ceH lD {oft!i~ <.'.ell in 
whkh th~' UE pt'°form& Sl. _prfK,dur0 but 1',,J,,,d}_ and 1.he 
lim~~rnmr of (ht' SJ: 1\:qnest pr1:inx!11re. UF .l02 may rt!ro:rl 
such fril.lure in:tilrmaliou io the N\V wtlen si.vi1chilllX to a 
C(Hlncctd ~krt:: l<1Kr, UE rnz mftY manda1ori.ly n,p,)r, fh;: 
:tnfor:mation nrf ~h't: Sl rt,,/trt'{.:i: 'tMJ~mt:, • ~tc,;,~::rding 10 fh(;) 

1 t~ ccmfigBrli~ion .. or upo.n rxx-:i.:.'i~··ing {}n N-\V n;:ql.K~sL Th~~ cot'lh;~ut 

o:hlie SI rt-,qu~~. failure infon1i;:1tion m;3y 6~ predefined, rn,1y 
tit' ba:Kxl on the rnqtM,xl infomimion indkrrted in the 
rt.'i..·civtd S.! 1:t-guest faihm:: ii1k~rm,1timi rn;:.s&iig~\ or BM.Y h;: 
b:is::d on the ,'.,__;nfigurn1iou. 

H. pr~Hlth.l~~ .rn:rv b.e -%'-;S~Jc:~:~tit.;.;xl ,)i,i~J~ DJ~- .S£f:~- ~The l}E rnny l ~; 
repmi such fai!ttw tnfr,mi:Wion lb rhei".f'\'{'\lll<;~1 swikhing tt:, 

Simifody, ·uE Hl2 may ,;i.,w,! th,~ S.I rnque~t foi!ur<:: infor• 
1mition when UF HU i~ irrn ,':l:im1,~ctcd ~tate if the SI rcque:,l 
fa nn.tucc<.:';.;sfol (where Sl 1~:quest ptocedurc may be m, 
MSG l-b,1~::d Sl ,ippw:di or mi MSG3·"bHss:-d Sl ,ippwm:h), 
The Sl ri;;,qu;:;,;t foJlure infotmmionmiJ)' indixfo ;Jt le:ist mw 

,, c.o,mected stme l.mw. The UE iwiy m~mdatorily n::r,ori th,~ 
i!lfonm1tion c,r lh<" SI Xi,'i..J11est foi.hir(;", m:"':lmii.ug 11) th,' 
ce,nfigurntkm, or upon ;H1 NW r,,qne;;t. Tht: mnmnt of the S! 
r::qBcst foi!ur:: infornrnlion may k prnddini:'.d, nwy lw bas",d 
on rhc req,iir,,d illfiJnrn,ti,.-,n indic.,iti:'.d iu tb~ rt.'i..'•;)iYi:'.d SI 
rt,qu~,;;i faihm.~ infonmiti<.-1[! m.ess;;1ge, nr nrny he lnv,~,j <in the 
G()!J:tlgurntinn. 

FIG . .t is H ;;,;;qu"'n,,e .d-i;;gx,m1 illrn,tn,ti.ng the tmns1i1iB;;iori 
ofSl .rt.'qHest failure information, m:co.tdi.ng to an exemplmy 
irnpkmern;itiim o:! t!K, prc-:itilt apphtmiou .. A~ shc,wi1 in 
cfoigrnrn 100, in action 110, ~t·1ving nmfo 104 (e.g., a gNB) 
.nmy ,;,:'i)d ii r'-lqti..•,;t !<) UE 101 (,) pt<.>vide th~, info.mrn!fon 

:,, of the fo:l!o1--ving: lhe (m~d;;,,mmid SIB(;;) r;,__,qubkd hy UP 
Hl2, thi: on•dem@d Sl nii:.,ssHg<,(SJ rnquesti:'<l by UE rn2, the 
edl ID(ofil.w cdl ,vhkhUE 102 prc::fr,nm SI ptnccdtll'c hw 
foikd), SSH Index(B) (Synchn:,nLwtiM Sigm1l l-3io.::k 
!t-idex(s)) to perform tlw mHfomand SI r,0,qtMa pn,,,<c'dure, 

JS rhe im.'S~~tge type of the un~n1..:ccs;;ful SI k'--lll<'Ia prOci:.:d.Ure 
(e.g., l\4S(d-•bas<c,1 ().f MSff,~l:>a$eJ), Rnd the tirni:.,~lfil1!fi 

(e.g:., when to perfomi !he SI r0quest pn:>ci:'.dll.rt'.), Tht· UE 
rn,l,Y mwKhti.n--ily :t,:.,:port th~ SI t,eq\te~! foi!m1.: inform~rti,m, 
;iccording io th,:: ,x,_11il.g11nl!iou, or by mi t,[\V n:4uest (,;'.fl. .. . tdak'<l iu Sl. nx111t,:,i failm\:. for example, S<i.tving node 104 

m.H}' ;..,_)nd an S! Re-qti,);sthiHurs:; Infr,rrnaiion Rx~JUCist mes­
;,;,igt "' U[ 102 lf UH .102 informs :,wving mxk 104 tki1 
such inform,1.tfon is :c;n:m,".L ln one impk,meniation, UE Hl2 
may Si:'i cme hit in ml RRC ni;;,,~~,1ge (e.g., la the RRC 
Connection Setup Complete message or in the IUtC Con­
mx!ion Rtcrnmt, mcss;,ge) to !me (or '1 ') to inform ;;etving ,:;; 
node 104 ,hiit UE 101 ;;,nppor!~ ~1<m1ge or iht SJ reqm,c~t 
failure lnform-sthm <tn<l it hm-; the. Si n:quest faih:ffe infor­
:m,ition ,t,.,.l,;;d. tkrving lwdc 104 rn,iy dc'.wm1ine to R,qu;;.,;;1 

w R'qu,,sted by s~)tvi.ng n;::,,:_k,, 104). Tht' wnteni. in the 81 
requ,,:,;, failure i11fonimti().n nmy bi:., prt,ddlncd, may lx: b;i:;t:d 
on the rt'quin:,d i.rd;:,rmati(Hl indic,ikd in !he recdv~x{ SJ 
Re-que\$! F,iihtre Info1:mathm n1e$sage, (.1t' ixmy be, k"i"""d .;,:m 
the rnn:l1guration. 

H !Mry lw b,~r,efidal fot ths:;N\V to krn.1w tfa, iuforrcwti;m 
i-datm:l. tn S1 reqnx,st foi"irn.\i. For example, the N\N may 
determine \>,hkh cdL S!B(sj/Sl 1XH:>~s<1ge($.J, nr lhc reieJtecl 
dedk,)l;;.'1..i prea:mbk tm\y }wv,;: prnbk1n.s. As ,, t<--'~n11, t!K N"\.V 
i:, likdy to ovi:rcome the pwhli;m ,,ile(ward,. o.r ihe N\V 
m,,y t'ori~ider iidopli ng m1m.lwr tnt'(."lrnnism for ,;erving. lh¢ Sl 
tequ;::st. 

ihe sr r,,',Fli;,;t failure information after (<~dving sue:h infi)(­
n:wtion fr,.\m lJE 102 .. In ,K,ti(!n ll 2, UE 102 inay St'nd i, -c)(> 

message induding the S1 n,qu(JS\ failure infonmliion to 
,erving nod_,, l 04. In the DC :xinde,_ a UF nrny inform ilw cmi,.e of a 

Sc.s:.,rn1dm:y Node (SN) Sl r(:q11<.-':lt lililnn.:, or the in.i\nmMio.n 
tdHkd to ,ht.· Sl n::quest failm'\l. io a Ma$tcr Node (JVfN) 

4S when t!i;:., on~dnnand SJ reqrn.,si for th;:., SIH(s) c,r the SN is 
t~'ieet;x{ or foiled i,.f!er: 1',fN reedvel< th," cause ,)f the Sl 
ri:'qtwsl failure or fh,: infornmthm rtMod. lO the SI r,a,-jtlt'S-t 
J';;,ihw,,. tht, !VtN rm~y iry it, rewlv(, the SN'~ Sl ff(JH¢»t 
njt'i..'iionifr1ilure _pmhkm. For m:am:_pk. ih,, ~IN may rdcase 

V! the SN lff -:hangc i.he SN ti) a £li;lW SN fo._r the UE, 
CASE 4.: fJm--mon17;,i.i(;ln of the SI !kquest Me~~agc~ in 

.!dk, ln.sctive, .snti ComitX'ted Srnles: 

By u,Hizing th.: Sl regncst i)iilm'<! info.rmation._ serving 
1Mk l 04 n:my kmw,.- b,.,w 1,., ,,dju$t iht SI rcquc~i 11K'thm1i;;m 
bttw,,,m tht 1-JSO l .fa,~t.sJ c1ppwHdl and lh.: t'>t·Ki'.Hm~~,d 
copproaeh. For e;,rnmpk., if lJE 102 repmt~ failure nf Wl 

MSo::q,a,i;'J Sl reque£1 pro-c-cdm:e in a cd! or a cern~in m·~·a, 
st,rd ng n..xk 104 may ~,on~.idt,r ,td,Jp!ing the t.,,!SG 1-b;;1$d SI 
r,::quest fbr Hw UEs in idk/ifmctive $!Mi: 10 ::ivoid an R.A 
,:dli~irn1 hy tlsia-g ihc <kdicatt.\i R:\ rcsmircc(s) for SI 
ft.~1.-1n<.:~L .,.AH.t~n1ative1y~ ~,:';r·v1ug, norl~ l 04 !<)I~Y c-:..)n1lrro.e to 
adopt the MS(L'-hrn,ed SI .tequc~;t pn:iccdmc when UF 102 
rep,1::J:ts,the failm\; (>fiik!- l\--:!SG3~b,,~l'd SI l~<JHt)St-prott~dun..,. 

fi., one imr,lt~rientaiion, U b rnz nwy $Mn.: the -inform.,1tion 
rd,1,,x-! in ihe S! reqrn~s! fallnn~ when UF rn2 c'.Oll;s.id,us ,lie ss 
(-:~n .t~~ ba:rr~d ;Jnd p-~t:frn11t~ .. a c~H I"~:S~}e-cJio.n plY~cednrt. lTE 
·un nrny .not ,-am,, the infonnati,)n J:t.,Jatad to the S! r~,ql1t.-,;! 

failure ,vht~l ur 102 t'011~kkr, llrnt the tiX]llired SIB(s) (!f SI 
n)ei•iS;.~1ge{).) firx~ not a'Vt~Hfthle. 

For ati !vlSCB-b~td Sl r,;-;quesl prneed\itt' .. tlw l\'!SG3 m.ay 
in.dud.:, an SI r;;,qu~'Si nli:.,,siigc f,,t1ich may bi; m1 RH.C 
messBge_) comait'iing n.o UE JD. Jn ,m idle stah:\ then, m.ay h~' 
11<:i: s<:.:1Wiiy key and/c;r ;sfa'llrity ;3lWlrithm. .:.\m!lgm<--st1 !o the 
UH yet T!i<:,,:d<:m.c, !he S! rec'1:.jtwst messagec' tmll$rnitted in an 
idk• ,;tik may bt' tl<1.!lsm1fa,d ,,n Sign"lin~ R,1diq H,:.:,rer (l 
(SRHO_i. ·Neitb,,r lntegrhy protectlnn, nor ciphering,. "pp1y t1 

·when il1e Sf .r;::que,;t pt<)C,~dm.·.:: for n UE that i:; in a 
conr,oct<:-d sMc ls faik'<l (,.g .. UE lll2 ~to,~ nN j\X'civc the 
.r,,q,1ir0d S!H(s) orS! me-'>,-;,ig,,(s) --.,··i;, ,kdkatt.,:J sigmi.!ing, Qf 

UE Hi2 r,~(:eives ;l.w sr reqnc:st rtdtx,tion inforrnn,.i()n), UF 
102 imry :,;ton.~ the i.n.ti:mnMion Qf the S! t,x111t,si fai!ur1:.-. ln 
on"' impkm,;;tiiation. wh"'n !he SI 1\1que,s:t r,n-,;::d:tm, is 
un::;uccossfal, UF nu may p~~rfrmn rt-1:.~iabli~hment to 
amitl!;;.<r yml.!ifo:J cdl, orUE 102 mi1y _,,,,.-nd1 H) an Jdk stake 

,;,) :(ic SRHO in s611_,!".e~;1_.i"'"_ -,_;\~t:~~¼~ }:~l';:--\'_ l:11r,h,~\·Wllic,n, t~c 
:-:;I t"c'q,,c~t m1:~,,1ge \wlufh ~n KK.C i'i,c%t."gcc'j m,iy bi? tlw 
;;m:nt.' for idk, .. in,Ktive, mid ,;:0JJJ1€:'.t.'1~,d ,;e;iks, resulting in an 
RRC llW&Rage fo,nmm·i:mti1m. Th;,:, SI .itiqlle~! rne,~;1gt, nW)' 

be tnu-1,;mitt,,d on the SRBO \liiilhoui. -intcgriiy pr,,tx~th,n M-d 
,;:; ciphi:,ring, ~w~n i:f th,;< UF fa -in ,l .:onn~~,1~xl starn,_ nr fo Hll 

inattivt stale, o,,·hcre inicgrlty proKcetinn and ciphering may 
ha,,,, b,"',n c1kcc1dy apJ).!is.':J. 
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in rnw impkme1rnrtion, (he SJ r,x1u,.,,l mes;;ai;w (wlnd1 is 
an RRC message) tha! ·indudcs no UE ID may be the same 
for idk--.. irmdivt.-. im.d ,-.:mwx,tix! $M.,,;;, The UE nmy lnm~mil 
th~ SI n.':i-juest nH:-,;;;;age on lhe SRHO when 1he UF is in an 
idkw ar, h}ac!i.ve :.!me. Tht! l)E may tran$mit 1.he Sl .reque,;t 
llWtsage mi Sig:naling Radio Bemer I. (SR.Bl) when lhe UE 
is iu ;i (:om1e(:11;:,d s!me. Boni 1megri1.:v pmw,;:,lon aml dpht'.,·· 
iug 1ht1y apply to th.:: SRHl. 

fo <Ju;;;, impkmem.'ltii)n, tht: SI lkque~t .mesSi,ge (v,-foeh i~ 
an RRC message) tnay be the ,ame for idle, inactive, and 10 

.. -onn~,ted sl<n,,s. Th~ UE m;i_y "transmit the SI rt.-qnest 
miiis,;:1i;w on thr SRBO wlwn !)Ki UE i~ in m1 idk ~tat(i. Tlw 
UE may fr,msrnit the SJ reylwstm,,s~ge on th,, SRBI wlwn 
tb,, Ub is in au in<K,tiv,, or a ,X>fme,,t,:J $t,!k:, Both inkgdty 
prote,,fo,,11 and .ciphering may r,pp'ly to th;., SRB l. fa nn. l '­

ina,:tiv'"° SIHk, lh<.: UE may $till have the UE 1.'on1exl mid \he 
N'.V's conHguratim1 fr,r i1*''llJ!'!y rrott-<:tion and dphedng. 

12 
the UH v:ia dediealt!d ~igrm!ing or vrn hmmlcm,l:i:ng, fo cme 
i111pknmrrtm1on, the UL may u8e a first bitmap tL) mdlc,He 
which SJ !lle$;;,1g.eH :is n.'tjuesti:d ;ind a $e,xmd hitrn<lp to 
imikah:' wh.idi SIB(s) is reynesled. In. one i.mphmiern;rtinn, 
there, may b,,, a et)rn111m1 hitmap fi.w ,1w UT:' t(.1 indi,~at<' ,,-hldi 
S.I rni::',sagc>(,;_j i,; t"<-·ques!ed nt 1-vhid1 SIB ID(s) is rt'inestt-,:L 

C\SE :'5-J: 
l.11 the Sl Requ",;;t m,;;,;~,g_"\ in :,1.>mt pf the pr~,:,~:nt 

t.mlx)dim;;,;nt,,, ,he UE may ruque,;t om: nr more S! mt:,;sag~•;; 
togei.het with one or more S113s. For exarnple, both 81 
m.,,s~:ige-hased grnnnfar.i,y and SIB-bm,ed grnnulnri,y rn,1y 
tit' potemi,dly u~ed in ilw SJ Reqm.:'st .tll(is:,ag{!. Speeiik'3!ly; 
n Ub n:wy wnd i'lnSI lkqu.;;~tui1;,,:,;:,age tlmt only \b% the SI 
nK,~~Hg<:~bi'J:-;;;;,d grnmA,rily, only U~i:.'~ th~, SHH1a,,,:d grnmi, 
larity~ t'.r n${.:~8 'btrth SJ fnx~s:;ti:g.x\~ba~i.:xi grm.1rd;u~h)' a.nd. STr~~ 
ha,rndgrnnu!mity. The UF muy u~c a fin, bitmap to indkme 
whic'h Sl me,~a~c:(:,) i~ 1'i:.'i.)tle$ted and ,i ~eeond bitmap to 
i:n~h:::iit,, wh.idi SlB(s) i.s · re-qne.sted. in -me i.mpkmcnl\itinn, 
there rmxy h~, ;J cmnmon hit mar, fr,r the UE M \ndkl11,, ,vhkh 

fo owi ixupkmc.nwtion, wheth,,r ilw S.I req,icst mcs$;1g(;' i:s 
tt·,,:nsmitt;;,d c,n the SRBO o.r the SRB .l for a UE in an im,.:1.ive 
slate m,,y be ddnmintd hil~t~J on HK, UE ',; irnpkmenwtion, 
1hc NW"s pr1;.t:1)nfigurnti,)u. :ind!nr ,,,.h"',hcr the UE rnn:t;;;;.;t 
fox -inkgd.1y prokctioxuw,d ciphering ·i,. ~kWtxt\,;)Jid or not 

:,, S! nK,,,Mig:,,(s) is n:qtK:>!ed ,_,_r w!iid1 SIB lDfo) is n::1-JUe&t<c,d. 

:!t may tl<.:.' bt~neficfo! to k<iep the <::onm1onHlity of tb:i.:: S! 
R0gnest tll.<:'S:,;,ge 1v.ilh. r<::l<pe-ct io ihe UF" in dilforc.n, :4arn~, 
v,-hich nmv kad 10 ~imnlificntion of 1h1o nve1n1l svs:tem JS 
design in ~on:it.· or iho:: pr~s;.,,nt ,mihodirnrnt&. ' 

CASE 5: Tht, Strndnrt, of an S.! Re4uest wks:rng:e: 
fo (H1ic>. impkmo,tit::rti,).n, the" S l r~u;._,:;,1 rne,;s,1g~, in thic>. 

M.SG3 (.i,g .. iH au !vISG3--hH~t.xl SJ regBest p.mct.xhH~) may 
b<: thi_: 1wir,e for idk, -inactive, ;;ind CdtuK<::tcd state;;. Di!l's,rt,nt w 
minimum grnm1l::irity ,)ftlw req1..K,:;h::d SI (q;., SlB-hasd or 
SI nKs~a:,w-b,tsedl m«y he comiid1c'1-ed. in Ct:JJmedion with the 
SI nxp,1c~r mt.'~$~igi-', FQr exmnpk, it rm1;.1 k bcndki,d for the 

CASE :5,4: 
In ,mme of the pr;;'st0nt emhodi1x1ents, tfa: tm nmy use ,l 

two-level bitmap fr,r 1he SI teqlwst nwssi.,gc,;. !n oome qf 
~uch embodimcm.,;, th Cl fir:;i fov1:c'l bhm;;p rn:iy h;., ll~Cld for i.he 
S!-hasoJ gtnnul<lri!y vihich may he mandatorily appcndi:::d 
in !he S! n.,qii,:,;l JT!i:::~s,ig,,. Tt;,a; Si::".\;N,J kvd billlwp m..iy be 
u,.ed k;r !he SI!3·ha~d grnnulari1y, which may be optionally 
~,pp,ind ... >tl \ti the SI n,"}twst nw,.:s",iW ifth;::, eom~;;pt.1uili11g SI 
bi1 i,; sd 10 "_l" i.n the :first kw! hituwp. i\.s an exmuple, i.u 
whid1 1.her~ ,u·t, 5 81 me~sng;:,, and the SJ nwssagdi:'i 
includes SlBH7, SHW8, SlIW9 mld SlH.iilO, wh<.-':n lh,: UE 
,1',mf, to rt'quc:=i:t S!B#9. th-=: fin,t kvd bi tmiilp 0f thl! UR,. SJ 
m.11.1e:,! me1m1g1; In,,y be "()10()" (,,hich iwJkl>k,.>. SJ,. lp{:S.· 

:mgeii}), and the UF m,iy !\:irtht:r optionally ;ipr~id ·,he SI req1Je-st mes.s,ige io !l.~e SJ mess;JJ?,<::· ba;;ed p,m.milarity 
(q,L the UE indicates v,--hidi SI tne&s,,ge(s_) is requested) in j> $t'"Cond. fovd bitmap "0 !Oit' (which irn.hq11t~, th,, third SlB 

·in thil S! rne,&agml''.'>)- (\-,n,%x1t1ently, n g,NB may pwlvidCl 
Sil-li/9 ,pecifically in rnsp,m~e tn ~uch a.n SI hxyueiit mes­
sage. In one implementation, if the second bitmap does not 

=he ]\,1S(f3,..}xised Sl t~(p.1.est prnct~dnr~.:- sincx~ then~ is a 
(me-hit indiG11oc in foe NR S!B I ti:; ~lww whether th;;; 
correspornliug SI message is currently brnadcasted or not, 
and th"-' ,mmber of SJ nK:;sagt'~ rn<1y be mw:h k,s than i.h(:' 
numbet (if SJB,. Hc,,, .. ~'ver, tlw SI m<:ss;'iw.:•hascd gr,inu!;;u·ii.y -•JC> 

may not provide stiflk-ien! information to the N'\V in n,--gatds 
to whkh 8JB(,) m,~ed, !o he hmadcm-a.,x-l ,mdi,,r whei.her the 
mapping of tho SJB(5) and th.; SI mec;;;agc(s), and tlw 
,1%0,,i,;k-d rM·io,fa.,ity nwy m."'---d to hs: re,aming;:c:d hi~d on 
1hc UH';; re4nirnm,,nts. Thr UF in ~:,_,nm,cK--<l stak m,iy 4S 
·rf·1 .. ~el,.--e th!: .t:6.:iuired ST vi:ti dedlc-at1.::d ~i:=:~nt1Jin1~- Thi:.::n_..j~)rc~: iu. 
one impk-m.::Mntic,n, 1he su:q,a~ed gra;rularil)-· rnay be used. 
~-g., by Uw UE ind.iciilting which 8TB(s) i" requested. 

Different implem,,ntatx()llS rt'J?,,Wding the ditfornnt sm­
lm~ed granul;ir1tit;-,; 'Nill be iliseu~sd .m:xt: 

CASF 5-l; 

upp-ear. ilw gN13 may pn.,vide the complete SI m~~sc1ge#}. 
CASE 6: On-[k·mm,d Sl Rt'i.JUest Pnx:edm-e in ,,n NR,NR 

DC Scc11mfo: 
AUE ln an NH:-N"R Dmil 0.1mK'd1<,ity (DC) mnd,~ may 

request 0110 t,r more r,;_;quirccl SIB;; m- one 01· mor;., SI 
meS$Bge$ for ctrfa,in pm-posd~) or ,,,~rfili(1 f;C,'\'1-Ce( » ), Si:'v<::ml 
impkm,ml,l!i<ws :.u.a~ ,kseribt.-d hclnw regarding lK,w fb., UE 
tftay tt:{'lUJ.:"::.;l ~:u1d ti:'t~.i.:·ivx" tht' i"<),:.1ui.rcd SlB(~) fro.n-1 a ~.;.:~:(~nd--

;,:ry node (SNJ N the se.n.-fr1g cells iu a sec<mdmy i,..-.ell gmliI\ 
($CG). 

CASE6-l. 
\Vlum ll UE .i~ Hl an NR~NR .DC HK><k, and orn: nr mc,re 

S.IB:-i or tYr'H.:~ of rnl;:rx~ ST .rn,:~:-;:;age~ ;31~.::: .t':C',q_uirt~d;- th&-l.fE n1..:::;y 

be oi1!y allowed to send tbe SI rt'i.jU@t n1c:5sa._gt' to ~1i{:,tdl'.lirter 
B(><k (fvJN) h1 80l.tK' ol the pre~ent 1:.~m bodil.nt~nb. 

FIG. 2 is a lK'i.J,W!K't' drngrnm ·illustrating Hn exmnpk~ ohm 

In !he S.I R~'i;jutst mes~,,gc. there m;-iy he a dmice struc­
turt iti wl1kh th.0 UE may th(),)~() to UlYJ tht) ST JIH:s~ag0-
b,1std granularity ot tht S.ttH»i:-:ed. gr,,muii,rity. U:K· UE nwy 
cDn,kkr ihe sigmi.ling overhetid !fl ~ek,ci ,vhk,h grnimlari!y 
;o 11~"- Ir, one ini.pkm<l!nWHon, th<l! 1:J"E m;iy u~e n fimi. hitm;ip 
to indirntc ·which SJ irn,'s~agi:'(s) i>- regu,;:~t;,:.,,J and a ~,.,,.,.mJ 
bitmap to i.udkme which SJB(:,) i~ rt,-JUG,,t,xl. fo om,' -imple­
mentaiion, !hen:: nrny be a common hitrnap for tbt, UF i.r, 

indic;Jie whkh S1 nwss,ig, .. >(_:;) ii, 1-C',}UCsted or ,vhich SlH 
lt)(~) i~ r~qiiest~d~ 

ss f>n-d.<i.nrnnd Sf reqnest hd11g trnmmit12d. to ;m !\IN in lht: DC 
m,xk, according to ;m <!>:<impfary ·imrkm,m!m.ion ,)f the 
prc~,ml upp!ieati()n. A~ ;;!i,ywn in diagram 200, iu a,,tinn 210, 
1:.JE 102 mHy !rnllsi.1.1it an SI rcque,i rn;;~ssag_c to 1"-':lN 106 
when UF I 112 requin:,, 011---,fomm1d ;.,y~tern infornrntinn of:, 

CASE 5-2: 

,;,) cd.l he:fong\ng ti:i MN 106 or ;J cell h"long.ing m SN 108. fo 
actio.n 212. ~-1N 106 nrny lnf(:,rm SN 108 tc, pl\1vi.:k th~ 
required SlU(s) or SI message(s) to UE 102 based on the SI 
request mess;:ige. F,,r .:,:>w,.n-pk, MN .Hl6 may u.~c a sigrial-ing, Jr, the SI Request nw;;sagc, there iwiy be n dwit:e !4rtJC­

i:t:m., in which ihe UE may d:w-qse w use the Sl mc~,rtgt'• 
h;ll,s-'<-i gi'mmfor.ity 6t tht, SlB-hased g,mimhirity. Th" UF may ,;:; 
~dt-ct one of the two types or grnnu!m:iiy b;ised ()11 the NW 
.conflgurati(!n. Tlw NW ,,,)_n!i.gnrntioii may h~, ddiver~,d to 

n __ ,(~:~,s~,ge bt~t\,,.~~n 'i\.VQ h~l$~ stirtions (e.g~~ }t2. .. J\P rne~'-;.age or 
Xn-.'\.P rn.::ss,~l1:0) wHh !fold;; indit,;iting !he r"---qm:;;l1;.'<l S!H(~.I 
or 8! message($). Wlwn SN l 08 !\~tdvts the SI request from 
!1-·lN Hl!l. SN 108 mi'lytrnm;unt the required S!H(s) nr SI 
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message(s) k, UE 102 by initialmg s.erving ~~J.! rdt.'1lS,~ and 
addition ai..:tion in the same RRC reconfiguration message to 
,ipo:1ik. th;;: SJB(~) or SI WC$~gd~J for ,x~nain, or all, ss::rving 
cdl(s). As slmwn fo diagram 20EL this RRC n:configurni.inn 
m:,y he inmsmhted. vi;, J'v!N :IE}6 ortr,)n:.mitkd via Sigrn,ling 
Radio [k.arer 3 (SRBJ), if rnnfigurecL 

\,Vhen !bx' UE .requires on·.,k:mm1d :;ysiem infomiatio.n of 
,i ,~dl hd<:inging h'l MN 106, l.fth~ 1.:,queMed S.l me~~age N 

SIB ·i;.; not bmadc::;~md. in ac1ion 214 .. ~{N .t 06 m,iy transmit 
ihe fl;.'<{Uin.,,:J Sl to UE .l 02.. \:Vh;.;>n th;;> UE 1-.;qnires on-d;.;>mand 
system inic:m:mition elf a cell belonging to SN l 08, if the 
reqB<::~ted sr m<aiss,;ge or sm i~ lW! pr,wided befoi-0, in 
,1c:tion 216. SN 108 :m;iy lnmsmil RRC RwoiJ.(igurnlion with 
1he Icquirnd SJ to UE 102 (c.;;.;., vi;i tht~ SRB3). In one 
, , . . . .._~"'.-;~ 1,..?'} ,, .<·.- ,,,"--;- ~~~- ":.)-R·>.1-~~1~ -~ .. tmJl!tmi.'ntmx,n. Stl! ,, .~ ,xmy i}1mi:1Hl•'l>- ~-,,·'i'\:-:;,;(mhgurnoon 
\>,ilh r,x111iml Sl ((i.g., ,K~tion 216) uuly wfo.m SN Hl~ 
n~eivi:.~, 1fa! SI ffoqu;;_,,i N(J1.ilk;,1tion frnm \<fN 1Q6 (e.g., 
c~t.~ti{fn 212), 

14 
FIG, 4 i,; a ~qmmce ;hagram il!w,lrmi.ng an example or 

1h0 UE dctem1ining the failure Clf an Si n:.-qucst -in the UC:: 
mode, ;;,;,;(,t,ling l,) mi cK('mplary impkmcntati-.)Xl ~if the 
presl!nt <1pplitatiim. A;.; ~!wv,c11 in diagrnm. 4it0, iu action 4.10, 
UF l n_z_ s,~r,Js ao:"""\w;i:q_y<:$1 r'.H'5s~r,$., ~~$.t'L~()~. ln acti,m 
412, UI.'. 102 dffi.>i"ftTomi.'~ b1!rrrt,~ ·ir~r':~qllest, e.g., 
when 1ht: 1m.rnher of 1inms UF .l nz 1:rm1$rnit,, tl1ti random 
"'cc0ss fircmnbk ,each;,,;; il !htic';;li,)!d. After ,.kWm;ining fhe 
O!!·d .. ~maml Sl :n.\jut:·st pro.::edurc is un:,iicccsdiil, UE W2 

H> mny ,toJc~ th,, SJ req1.K'$t fnihJr,' i.t)form,,1.ir,n rdi>!,,d tr, SN 
108. fo .action.414, UE 102 may l:rallsrniJ: ,he SN Sl mqw,~:l! 
failure i.nfor1m1ti.nn to .tvIN 106. 

H(L 5 is ;1 scyuc.m:t.~ dillg:rnn1 illustn.rting au 0xmnpk nf 
th;;., UE receiving SI tcque;;t f<..\\cc:tiN1 infon:m;lion in t!i'-~ DC 

l ~; 1:n.f:1di=.~. (h.:c.:)rdh~g. to ar~ x~xern1)bry in1.plcrn;.:~r1iat1(.1n of the. 
present ::ipplkmion. /\ .. ~ shown in diugi:um 500, in m:ii,in 51 H, 
UE Ui2 send~ un SI request mess;.1!!:e w SN 108. ln ,,ciinn 
SU, UE .102 n:ceivcs tlw SI I'c\.jWSt .rejecli,,.n i1x!hrm~rti1.)n 
frOm SN HiS, },Jic.r d.:iermlni.ng !h,, ,m-,km;md SI r<!'iuest 

:,, pm,x~durc i:s ,m~u,,,,es;;fol, UE .l 02 m;;y ${<.)N tb<;., ~I r<:!qtit:'.\i. 
frrilllrt:, inforn:;,!!ion rd«kJ to SN .lOB. fo :.i,~ti,m5.14, Uf 102 

In one impki1wniatio.n, SN 108 m;.ry directly trncrnmit the 
1)1(K!-ified SlH(s) {)r SJ i1lt\S$;i):iJi:S(~) !O U I'. HI;? withntll taking 
c:efl rckmsc m1d addiii.(m udion. wh,~t ]1..-fN 106 send, ilw SI 
Reqt1<,;.t Notil'ic,,,J,)n to SN Hl8. SN 10:8 nm:,' transmit th~ 
1't1od-ifo:d SXB(,) ot SI .m,:';;,;ago2~(s) dirne!ly fo UE .1 02 nn.ly 
\Vhcn rccdvi11g ihc SI R .. -quest Notificath)n .th:mi MN 106. JS 

rn<1y send !he SN SI reqnes! foifore infonn..ti<Jn to ?<,IN 106. 
IfUE 102 ,kt<:rmi1ws !hat !h~, SI requ~>si. proeedlt(t\ 011 SN 

l\)H fo,~ faifod (1:;;.g., ;Jdion 412 in diagrnm 400 or ;Jdfon SU 
ill dfagnm1 500), UE 102 may infc,tm l\-fN .106 (!f iht:: emse 
ot SN. SI ,cqwt,;f fad,m, o, tl1c iHform;,tion rdimxt w SN Sl Jn OIK~ impkrn;:.,ntmi(HJ, UE 10.2 xii mily ;il!m>,·cd h) ~end 

th;;: SI nx1uc~t mcs;;ap: 10 IVIN .W6. Th,, UE may indicate in 
th,, SI 31.•qnest ti}o::ssag,ntmt th~, SI Rilque;;i is for the SIH(s) 

nXJU<:51 failure (e.g .. by ,ii.nding 1m SN S! R1:,que,;t Fai!nre 
fofotuwti,:rn \Vh<"H 1ho:: ,.>n-,fomand S! r~"'}U(;Sl f<)r the SIB(s) 
of SN H)8 is .rt,]<:.'Ct;.;.d or folkd, e.g., l.t1,1~,iicm 414 ofdiag.rarn 
40!L or acifon 514 'ofd1;;1.gtnm 500). Tile infotmatiou of the 
S! 1-.;que~t faihm:: may indud~ ;;! ka;;i on,~ oflhc following: 
th,, r,~uired SIB(,;), th,~ n.~quin1d SI nwM,11ge(;.), the cdl ID 
(l.,fthc ~,d! w hkh ihc UE preform~ Sl prn<:(!dttrc but foikd), 
SSB lndex(,J (Synchrnnization Signal Block faclex(s)) to 

or tfo:Sl m(l;;s1ti..;(s) ,rn MN .!06 ilr SN l 08. Ji' iht: S.l R<;XJ[!t.~! 
me,,sage i~ marked for !vlN 106. l\.IN 106 tnay b,, rnspi)lJ;;ibk w 
for thi;; SI Rl,1.Jue;,I mcs,mge. On lhc: mh,;:r kmd, if the SI 
Req\lt,st meswg1" i~, inmked for SN 10:8, MN 106 may 
fonv,::rd ihb t!K'~~agc ,,., SN l OS «nd SN 108 m,1y be 
re;,pom;-ible for thi5 SJ Request message. lt should be noted 
th,!i UE 102 m«y follow tht\ (!linimum SI's indic<1ti,x1 (e.g., ,:;; perform SI l-(;.~\}Wi~L !h,~ friik-d ST t,,qm,,st pr,>eedlin, type 

1\\.(L !vlSGl--ht,,ed or /i,-1S(n-hti,ed). or ih,? 1.ime~tamp (e.g.,. 
when tQ p\:rform thi.' SI r;;.',;.JUC',t pt,)_ccdur<;)), A!kr MN 106 
r;:'-'"'lY(:'~ the <::«l:~C' of the SI .req,:.:,t Jhil nr~, ,Jcr the in:!imm1ti,,n 
,cbk'd io the SI n,·,p.1e;,i foik*-~- t.-IN 10ti nwy rn50J.w the SN 

St tr;mSJ.ni%ion J'.><:.,riod) o:f 1\--fN l 06 or SN .l 08 to receive ,li<.:, 
SI while the SJ r1c~mwt me,%tigic' is mm:ked to MN 10\'i m: RN 
lOS, n:';;~ctivdy. :In ,mother impkm.:nl,rtinu, UF 102 nmy 
nnt rnm:k ihc SI n:qu<::&t i.<.Ywmd MN 106 or SN' 108, and MN 
mt, may i*-•'>·i;:k: id! nvlN HJ6 mid SN lM.l r,,btlvt~ SJ in UE 
102 in a linkast appr1),1ch. 

.,;c, S! t<-~'1l!~'5i t,:iecik~n/faihu\: probkm. F<!r t,:,;,,nipk, MN 106 
may n::kase SN 108 01· d1ange SN 108 tu a new SN fur UE 
102. ff some t,r ,,ll of the ,erving cdl, in the SCG do nnt 

pttwkk 1he regtK,.:;ted S!H(:;) c,r SI m<..'><sage(s), SN lOS may 
inh)nn :MN 1(1(, llrnl tb<.~ SCG, or ;;(mw :s..,rving cell;; in the 
SCG, d,)es n<;l pim··id,r 1he rc:questcJ S!B(sJ or SI 4S 
rn~~'.')~:i_ge(~). J\i~J 1.h6 1n~y det:jde '\.Vhc~tht'l' to perku·n.1 thx~ 

SCG ehang.c ,Kt:ion (,r rdC<lSC SN 108 for ur 102. 

C .. ,\.SF 7: :'In R.A Pi-ohk:n1 Cau;;ed by !h,, MSG! -Bwied:' 
I\:!SG3,H,Htd SI R;;-quest Pror:dnrt~: 

A UE in ~xmn~cted ;;!,rte nrny be a!k,w~~l. to ,lpply ,m 
I'vL'>Gl,h2scd :-le! rt~qt,,'~\ proeeduxe anctl,:w an l\-1SG:,,hi,$ed 
Sl rcqu,,:;t proc,'1urc. l.n (,fK' irnpkmcnta.tion, if tt;;c: RA 
pmblem. i,; rnw::<.:'X.i by th1.:.' l'vlSGl-based or !he l',JSG3-hsed S1 
nxiu,,;;t proixxhm.,;s. the UE',; op-c,rnfam in e,;nm~cted st.,11,~ l,. 

CASE 6-2: 
\iVhcn H UE in tl1t: 'NR-'t's/R !)C mode and one w nw1"<~ SHh 

or SI i:rn:.',;$ags:~ ,~1:,;;: rcqnirn,l ,he UE may ;;.end ,hs:: SI request 
me~sa~e tr, tb", l\,tN i>!J.dinr the, SN wh,;111 r:equin,xt 

FJG. 3 fa i'l ~t'i.}U<:!Ke ,fa1grnm mu~.trnling ml 0~,mnpk \)r 
the otH!emand SI reque'i-t being tnt.tNtnitkd i{, an SN ill ilw 
UC mnd;;\, ac-i:x:irdjng k, an ,,xempl,;1.ry imp!emeuwtiqn of thr: 
·pn::,eni: applicm if,n. As $hown in ding.mm :100. in action :ll. !( 
UE :l 01 may ix,m.smit ih0.S! request m,;i,:St;~etc, SN .t08 (e.g., 

V! not a!f;;;.'\.:·Wd ihh(:' rt:\.juest.:d SI m.:,,~ag;;,-,(s) or S!B(,,j i~ not 
¢:S.St.~ntial fo.r: thi:~ lJE tf:1 p(:~rfrw1r1 th,:. t.r~rgc.ting :,:;cri:-it.~e~. 

In one inrpkmcirnnfon, tht.'. UE 1n,1y ~ii.ll be foK Oh~B iflhe 
r,XJUN,kd SIB(B) or SI m,>s::1ag(~(~.l -i, not r()tdved from \lw 
serving lKXk (c.g,, inn swgk t·mmecti<:ity moi.ieJ or ihe J\,lN 

ss (e.g.,. in dim.! cmmm:;tlvity .mode_) (,,.g.,. th,i rnque~Ic,d SlB <.)t 

S:l m1;.~~aR~~ may .not he <:::,5.entfol) . .in ,hi~ s,,<i.~m1rfo, ,he UF 
nl<lY nol ·com;iJc.r ;he RA prnblC'm ,l:S a m.,mwl n;clic, !ink 
falh1A,, and the UE n:ui_y nut fl,\rl<.Jrm a n,,-c,whlbhineni 

vi;; SRB3, if c:(mfigurnd). In actk,n 3.12, SN .l 08 may 
mmsr,iit RRC R<.xx.1n:fo,mrMion '-Yilh thi,, r,¢quir(;'<J SI io UE 
102 vfa ~-RFn. lf SRB3 i, not conflgm;.;~d, UE 102 may 
trnmmti, !he SI r<:.-q1ierii mes:mgc hl MN J!l6 and ki MN Hlo ,;,) 
!'1.)i'\.'Wlrd th,;, SI r,;,qtt~st JYt,:;,;~ag:i.:- to SN HlS. 

pnJ(:edun::~ rir enter .into Hn kf!e i.;hitc. 

fo om:, impl,;,m,inwtion, the UE mny still h.::. !ln.::. ,ivcn -il' the 
j'<.;-<.}\lCSkd sm(s) M .SI m~S:~;;'tl?,C(S) i~ !l,)t i·c.;dvo;d fr0,m tM 
SN (e.g., in a tluai cmlllectN·ity mode). 1n this sceiiarfo, the 
1JF niay not cni}sirk:r !lrt,. R/\. pmhkm ;;~ n nf,rm;iJ mdio Hi1k 
fallur;;~. ,ind ihi,_; UE nmy i,~p(>rt il:K' Sl faihu:i,, infornmtion tq 

\Vhen smi1e or all of the serving cells in the SCCi cannot 
provid .. , the n,qu·ired SJB(s) l>l' SI ;11t,;;~agc(s)c. SN 108 may 
inform ti.IN 106 11wt tht~ SCU, or S(JllV.: ,<;.~n,ing cdh; ln i.hr: 
SCC·, do6~ 11<:,1 provid,2 the rewwsted SIB(s) ,1r :SI 
.m,,l';,age($). l\'.tN l06 may dc,ddc wh'<'ther tn perfonn the 
SCU ehmigc ;,1..,tmn ,>r tde<isc SN 108 for UF .102. 

,;s th.e i:1N. :Fox l,xru11pl,),. w:lwn !IK~ RA fiJ\'.,bfom. is. r0_pork~;l anrl 
the upper hiyer (C.!L tho RRC foyer) knnws that the problem 
is ~:,m,ed by ;.m Sl t<::<{U<~:it, lhe UF may rnitiak a trnnsuns-
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;;imt or the SI foilm:c rnfommtion rt-'{'!nr! til lhe lV1N. fo 1!11:s 
irnpkmcnwtmn, t!Je UE may .nol suspend a!! Df !he SCCi dala 
rndio ht'arer:i- (DR!·h) (>f SCG tnm;;mi%ion !:i:1r the f,pfo 
DRH,; or tlK duplirntii.Ji1 DIUh. Also, !he UE nmy nnt 1:t!se1 
the :\f.AC' entity :.ss,;ociawd with the S(:(i (nr SN_). 

ln crne irnpleme1tlation, the UE may still be fine even if the 
,t.<Cjllt:st,xl SIB(s) or SJ mes~age(s) i~ not r~x;ehmd :from !he 
SN (e.g., i11 ,i du,.;! t·onn,:i:livity mmk:J. ln lhi~ ;;s.'.enMio, tb•a= 
UF may nOI emi~i,kr th;;.· R/l. pmhkm as .i .uonna! radii> link 
failure, and the UD may not report the SI fallu1e iaforrnatlon 10 

!<> !he J1,-1N. For exmnplt\ when th;;, RA problem is re_porkd 
and thk'uppcr layer (..i.g., RRC layer) knows !hat nw problem 
is 1..:;rnsed by ,Hl Sl n:4t10st, the UE rnay ;wt inifok a 
trn.nsmissi(m dthe SI failurn foformRtion rep,)r! to th;:., MN. 
In thi,; .implernen(niio.n, frw Ub mny /l(}t ~ll~pc,ud an nf i.he l '. 
SCG DIUh (ff SCG !rnn,;mis~i,in J'i..)r lhe split DRH~ ,ir \he 
dui\!icatfon DRfh. Aho, the UE miiy rn,t reset ihe !vL\C 
c.mity ,1:,~o,::i.11tt.~l ·wi!h the SCG (i)r SN). \Vb.en the tipper 
fayer (e.g., the RRC layer) n.-cdves the RA p.roblcm caused 
by the SI ruqu;;_,st from th, h•wer byer {t.i,lh ,he l\-:1AC fay;;:,r), ;,,.i 
it m:iy abo inform the NAS lay,,r {or th~ l:lppfo:mi(,n !iwer) 
,;t, that the NA:S layer (or tilt' application layer) dnes 1i.oi 

,dgg(:r tl.w SI rt.''JL!est pn,ct~duR, for GB<.= or iw.;iv r,x1uiri.:'d 
SIBS ,m ilw :;;Jm.; cell., or .not ,tigg.:1' the Sl reqn,,st pn)ce­
durn fot a v/hik (which may fo!low ,h(;' N\Vconflgurntlnn (If JS 
;; prcddin,,d period\ Hoy.,.- tt, !1,mdk the Sl requc$t failure 
C()ndition m.ay dqx:nd mi the, UE'~, impk·menlati,m, if th;:., 
N:\S 11-l)'Cf (onhe ~,pp!i;.,>i1fom fay'-"n is infonn<::d ,ihmH lfo, S l 
.rnqtit.':i<! foilure. 

fo on;:., 1mpfo1nen!,1t-i(>ll, \vhdher ih1: SN initiatt,~ H1e w 
.mrn..'>rni,sinn ,)f ·tb,, SI foihm; information rnp\:\fl ll; the ]'vlN 
1m1y dq,>e'nd on th,, N'\V configurnt.i(>!l. 

16 
7Jfi. Nod~ 70(! .may ;iho im:lrnle a RBdio frequ~iK)' (RF) 
Kreclrnm band mo,Juk, a hm;e ,;wlloneomnm.nications mild­
uk, ,, network ~-mnnnwieati,,ti,; modu!e, and a ,;y~krn ,.x,m~ 
i:tmnit~llirn1~ m;tmigern~nt i:noduk inpnt'(lnlpul (1/0) port,;, 
Ji() eumponenK ml.d p<.)\.V/!r ~Hpply (nnt explicitly &hown i.n 
HG. 7). Each of 1hese COIIiponent;; may be in commm1ica-
1ion wilh rn~h olher directly or lndirt:'i.:tly. iWE!r on,, or more 
bl!St.','i 140. 

Tmn~wivcr no lmving 1rnnm1ii.tcr 722 and J\.'i.:ei:n.tr 724 
may be configured to transmii anclior rnceive tim<.': ,md/0r 
fo..'quen.:y ft:~nure.e par1itilinit1g infomi;rtii>n. fo Sslrn~ impfo­
mcmWiom, ttUJii,('.t:iV(\f ·nu may b(i ('.Ollfignrtd to 1JHll',Jllit in 
dil:krnm types or s,ihfom!c.'S mid ~lots im.ikiding:, bnt m>t 
limiin1 k\ n,;;bk non~u,;;bk ,md lkxib!y u~abk subfrnrn~,, 
;u)d slot t~:H·r~1an;.. ;--f'r;JJ"t~c~1\·~~r 720 l"(HJy· b~~ crH1fign1·x~d to 

rc<cdvc J;1w ;mJ emitrd d1mmd~. 
Node 700 may lncl.udc " v,wkty of computx':r-remi;,hk 

n:;~,di.11- (',)rnp\H<cc1:.re:iJ,1bk n.wdi,1 ,:m1 be ,1ny ;ivB.ih1bk 
media that can be accessed by node 700 and include both 
vofolik and rnm .. v,)b!ik nw:Ji.H, rem,,,,,ibk and non-rem,.)Y· 
abk .nK,dia. Hy way of exmi:i._pk, and W.)t l1milation. eorn· 
pnitr-r;:.,,idHbletnt>dfa may .C,).mprisc coJ:npukr storage l1K:di;i 
and co.nmrnnication :m;:.,dla. Computer sitwage i1K:1.Ha 
hk')ud,i;; ho,h vi)h,,lfo ,;nd no.n,,i.:Jla!ifo, remov;ibl~- ;md non, 
;e.m,)vahfo n1di., impk'lnented in any method (!!' Wt'.]mology 
for storngs.=. <;f i;rformatinn ~ud1 ,i:i ,.x,mpuler-rt!.idahk 
ins1ru.~:tirn1.,, datn $trnctm:e;;, pmg:rnm moduk, or otli",r ,fata. 

C():nlpuJ.;;:r stornge nK>tlfa indu.t.k$ JV\l\-:L ROM, 
EEPROM., ibsh memnry or otl!,;;-r me:mnry t,:;x.,lrnologyi CD­
RO~·i, digit,1! v;:.,r,,rtik disk;; (UVD) ,,r other optic,H dic,k 
slornge, magm.,,K ,;:,ws::l!e$, n;,1gneli,: tap~:, rn,1gnnie di~k 
Sh}f~li;,t~ oi oth,~r 1:n::.1gn'=-~tic stot(~ge de~ .... lc~•S. CotllfHJte.r -stor{tge 
ru1;.·,Jia d,,e,; ,K>t <-',,:mpJ:iJ>e a prup,igated daia $igm,L O:,mrm.1-
nkation media typically embodies computer-readable 

FKl 6 i~ ~i !k,wdmri t'\:,r ,i meth,,d d 'irir(:'k~s e(,nlllm­
nkations peri<..)1111ed hy a UE, acc.ording io an example 
impkmenfa1tion of th,, pr,,~>e'nt iippfa,,1tion. Jn FIG .. 6, tlw 
·pi:t,c,~·;,~1me1hnd@O includes ad.it,m;iilH, 6iM,. 60li, and 610. 

In 11ctim:1 602. the UE m11y p{:rfo1m ,m rnMkrmmd 1,y,m::rn 
information request procedure in a cdl. The UE may be in 
idk inactive. (Jf conn<:ct'-'<.i ~i,1k'. In additi<m, ih.c UE ,rwv h(:' 
it, ,, ~ing,k conn<:-ctivit)' n:wdc or;, dual wii'nectivity n:~::,dt:. 

,:;; instriJdions, dHfa ,trne,ures, p:rognm1 rnodules or other dab 
-in ;; mothi.!at~x1. darn sign.al such a,;. n c,1rri,,r w,,ve nr oiher 
trM,pnn m1;.:1.,lmniSn:( and indud.:s ,my inR,rmmion ddivery 
media. ·n1e term "modulated data signal'' means a signal that 
hais one or nlor"=.~ trf it~ th~ff-=:;i.Cttris.iJc.s ~e,~·J.w ~?,h~1:~~ged in such 

h1 acti<)n 6-04, the UE m,1y determine whethiJr the 011-
dcmm1d SI rc,:.Jne~, pn:,c,:1c1ure is ,ucct:ss{ul. !n on,' imp!e, 
rncn!Mion, i:hc on..-,-kmnnd Sl. x-i:.'>;,JlK"'t prn~s,::,dure is ,,on~id­
,,red tm,;ut1..:c;;~hll ,,ih.:.·n th" numb(;'r of times tk, UE 
1rnrnm:1ils ;i .r.m.dom .,c,:c:-;~ prt.·,m,hk .r;;_,,idw~ ,1 lhrtAwiJ, 
mid/or the UF re,x'1V1?s the SJ r<'que~t n.jection i.nfonm11.i,)r1 
If the pm,·tc,;s 600 ,:ktc.rmim.,s, -iu ,i,=tion 604, i:hat the· Sl 
i-eq,)est procetltit;:., i, un~u(:t,e~-,fol tht' UE may p11,,eeed l(, 
,ictkrn 606. On ihc ,,tht:f hand, if the requ.,:~1 proctxh.11.·e ie; 
s111.>cd:-;l'ul, foe pnx:ess 6t)O may <;,:ml, 

.,;c, a mmmcr .is 10 /;'JlC(,,:,k, infr•rn1ntiou in the sigrnil. By WHY of 
..:;xam:ple, m1d not Hmitmfon, communication media includes 
\:V'ired n1edJ;J such 3.-.; f1 ';,··ired. iK't\vork nr i..hteet .. ,·vfred. l:{fft·-­

nection, m1d \Vh:eic,;,; m<o--;fa1 s,kh. ,,~ acow;tk, RF.. infomxl 
mid oth~·rwir;;·ks~ mdia. C1.rn1hinarion;; a.;)f@"' (,ftlK, .ibm-,: 

4S s:hrn.dJ ,ib() be indudo:d within th,: scopt= ·;if ,.x,mpm,,r· 
i'('ad,,,l,Je media. 

i\frmory 128 may indud~ eo!llJ1uler-storage tl1~xfo, i.n HK 
form of v(,btik and!or n(>n-voliii.ik mernon,. M~1w,ry 728 
may be r('m(,vahk. nun-n:,m,,vahk, or a c,nnhfriaiion tl;,:t,,of 

V! f:':xi;;mpla.i:-y memory inclmk:s solid~oelilt1;: m;:immy, h;:ml 
driv-,,,, . ..-,pti.:;il-disc (ldve,;. and -,i_c_ )\1,; i1lu,;trated 1,1 FlG. 7,. 
t1k=inory ns may gjote computeH;:.'.adibk, cmnputt·,r•.:x­
x'cuwhle in~tructlons 7:U k.g., 8oftwar,' C<Kk\i) that Hn, 
t'<Jt,fignred to, i-'Vtlen x'x,x,ui.t~d, c,wse prc;ee;;wr 721, 10 pet-

fo action 6!}(i, th~, UT: T\la}' -P~'rl,~r.m ;,n ermr handJ.irig, 
pn:,cdure mn~,tcmding to the on·dm,.md s; request p.ro­
,x~!m,.,. Th"w imiy he scvernl -impkirwn!Hliou~ 1\!ganling ilw 
error h,,nd.ling pn.-.lx,;Jmv in dilfe1,,rn irnpkmeni.,1tinn,. ln 
f)nt~ inlJ1k::n1cntH:tiot\. Hh.'!. etrfw hHndHng_ rw,Jc12durt.~ 1Y1.~3y 

incl1Jda;; 11 .. ·1k,n 61 O, in which ,he UE m;iy ~tore 1ha;; S:l rnqnest 
foifore i:nfnmill!ion. For cxampk. !he SI requ<;,:;;( failurn 
infonrnniun may -in.dude ,._;1K: ,,r more p,1xmn,,,t~r:; u,cd in i.he 
on-demand Si r,xinc~! procedure. ln ,me implementation, ille 
.::n·o.l' handHn.g -pinCi.-"<.forc may furth<-'f inch:,,d~ ilt knm one ,,f ,;,) 
l'<..,!ki,ving: ,, ptohibit tim-:-i' activation., a cdl 1·~-~ck·ctk,n 
procedure, and a re-esta.bllslunerrt procedure. 

ss form var:im:::; fon.c!ion.~ diz~crih1..:d h,~mln. for ex;-,mpkc. with 
tefoi-en,,il 10 FIG·S. l th1xmgh t,. Allilnwi.ivdy. fos1m<.:tions 
7]2 nmy not b<, Jir;;;,rt!y exf1..,utabk hy proi:~:,;,;or 726 hm h1;: 
t"Jnfigurcd t(, c,1,is.:, nod;.1 700 (e.g., \vhen tompik·d 1md 

Fl.G. 7 ilh:t!;trak,;. ti hl.n(:k diHgnm1 nf ,1 nodi:' for \'<-'ii.,;;k.~s 
n,tnmtmicmfon, in accordt1.11,,e whh vHriowi aspccb c,f i.lw 
·pn:;;;;a;;nt arplii:.,,itk,n. A;; ;;hown in FlG. 7, nod~ 7iHl may ,;:; 
includt tmnscd var 720, pniceswr 726, memory 728. one ,>r 
rnP.R' pn.'.s;;::ntmio!l eompimelH:i 7J4, and ;;t ka~i CHK= amernw 

cxr,cui.ed_j lo perfomJ vaxlon, foncdnns de,-cribed ht'rein. 
.Pro~:c;,-~.or 726 n1uy ·incltidc ttn. tntclHg.c11t h;lrd\\·Itrq 

,;l;:vk,;,, ,;,.g., ,, CNit.rr,l proc<:-%ing unit (CPU), a mkr,,coi,­
troller, an ASlC, and etc. Processor 726 may include 
mmm1ry . .Pr,,c.e,~or 726 may _pmce;;s ,fa.!l1 7JO mid in,;inicc 
!.ion~ 7:3:2 rl't'~:iVt'(J fro:m 111(,rnory 72R and iufomwiion 
1hxDugh trnn;;i.,dvcr 720,. ,h-,1 hm;c bnnd tomnrnnkafoms 
mndufo., ru:tdA,r the nd\.,\irk C(ltnmimk'<ltlrn1s module. Pm-
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mrns,~,-iver 720 for tmmmis~irn1 thr(mr:h ante1m;1 736, in !he 
network ,:;ommU11icatim1s module for 'li-ansmi"~ion lo a core 
:n-.·1,Ym'k. 

One t,r mme p:ri?sentalion componeuls 734 pri?s;.;,nts data 
ir~die~:tfions t() ~i re.r$nH i'.Jr tfliH:~r tk.~v~J,:_:~~ F~•Xi.:~rr~pku-y o,ne O:t" 

1norc presc.m;ition tompo:ne1iN 734 iHdud;::- a di;;pby ,:ievicc, 
,.pe;iker, printing crnxip,)m:mt. vihrniing cumronEml, and etc. 

From tht~ .1b{H'\:"C desefipi.iNi, it i:-; mmiiJ,~~1 thm vmiml); 
tt.'t:lmii.jue,; c;m be u~t'ii for unp!emcrn:mg thic c(meep!s 
,fosc:r.ih.,d in th~: 1-,i.\:cscnl. «pp"l;c;,l1<m withow dq.>,wi.i,-ig_ fo,m H> 
ihe s,xipe of lhose crnicep!,;. l\foreo\ie.r, while ,he ;.:o.iKepts 
have b~x-n de~cribedwith ~i,ecilk l\?.!brm1ct! IO t(irtain i.mple­
mt~i1tmion:;, a pcr~m1 ()f Ndimiry skill in !he' m·1 nmy re,og• 
nil\:"C lh:H dmng"''~ can b\:"C mrn:k in form ;ind (k.iai.l withmll 
dt.··p~uting frorn th<} .$.l.jJJK~ (1 f thf~:;,~ conc.~.pl~, .A~ ~uch~ the l ~; 

dcs,,ribcd irnplenwmations ari:' (() he 1;.;Dn~idcr1:cu in ;ill 
respects as muslmiivc and i1flt 1-estrktsvc. it ~hm.ild ill3o b,~ 
\m,kr:;iood 1hs,t th1;.- p,es<i:nt <'Pf'licmiou .i,; ll(>l !imiied t<i th,' 
_pm-ticnkrr ·imp]crnenh~1ion:; dc.sc.ribc.d above., btH many rc.,;.r­
rnng@K~nt,;, modilkati()n,-, and ,rnbstituti,,u~ are po,-~ihlc :,, 
witlK>U! departing from the ,COP'-' of fh(;'. pr,~$<-,nt di~d1..,surs,. 

.1, A. nwdK,d of ;Ji1 on.-,kmm1d sy;;wm infor:nrnti,m (Sl) 
rnqlle$t pm~,edure perfortnt,.1 by rt ,J:5er equipment (UF),. the JS 
mo::th,,J compri,;ing: 

trnn:;rnitting a fir~t SI r(-:qHett m<::$~,ig.e lo a ba;;e :;talion 
(BS) ,,lkr detcrrnii,ing tlml t:he UE i~ in a t>-mncded 
~trne, !he ilrs! Sl .l\!qt1<c~l mess,,,g<c im:hJding w l<c,1~, on,:, 
Xx'que,,1,.,d ,yw,ri1 .informntinn bl1>ck (SIB); 

a~·iivming H pn:ibibi1 tirn'c~r; and 
tmnm1itting a st~'nnd SJ rcqu¢Sl me,sr1g;: to t!K: BS p11ly 

whcu thic.' at k.;;1~, (!He n.'I.Jt1est.::d SIB i!> @i rn<.:dvctl .ind 
the prohibit timer expires. 

2 .. The, mNhod of daim 1, where-in thx: ,)rHfomwid SJ ,:;; 
rnq1m-,t _i,mc,,di.u1.:' is ,rnsncces$ful when one of"the :k,Howfog 
condili(;n~ ls rn~=l. 

a number of limes the UE transmits a random access 
preamble f"-'adie~ ;, lhr"~hdd-, ,md 

ill~ UE n.~edv<.,s SI r1:,q!l;;'st R:.ieciion infornwtion. 
3. The method of d,iim 1, \Vherdn ,shen the UE is in a 

dual cnnnecfrvity mode, the rndhod forth<.::r c,:,mprises: 
tmusmittiilg a third SJ K-quc·~t message to a master node 

wfom th;:- UE r(,quires ,1J1-,.fom1rnd &y;,km iufr:,n11ation 
Qf ,1 ed! bdongiug !(, <l. semmfary m:tde. 

4. The nklhr,J. of cfaii:n 1, wherein the flr,;.t Sl '""'-}1K'Sl_ 

rn,,s.,,1ge i~ t,Ji,smith.,d on signaling rndio bearer I (SRB.t). 
5. Th"' meth,Jd of clnim L hu1lwr <..,omptising: 
reedvi:rig. fwm. lh<, BS, th<: ai least ,~W,' reque~ted SlB via 

d1.'llicat,:d ~igual.iug tha! is lraimnittc'd in n.:;;pnn~e ;.o V! 
the flr~.t Sl :n;(}_D.e~t Htc~$.<<g,,.::. 

6. The nJetlwd of cfaim .I, forther C(iBlfH'.tslng: 

18 
a ;;ynchrw1ii,,Hinu s1gmt:! block (SSH) indt:x for JH:>rfo.rm­

ing the on-demand SI n,que:,;t prui.:otdure; 
<t m .. ',;Migt~ typ-., d thc.' on~Js.,irnmd SJ ni,it1<::$t pwc.:duR,; 

;H1d 

,-, tim.,,~umip for pedonning the ,w,dcrnr,11d Sl te<JUC~t 
proct,dut<,. 

HLThe rneihnd of daim S, fofihe.r cnmprfr,i11g: 
tm.n&miHJ.ng the Sl t<X\U0:l! faih.n~ .inJ:.:m-n;Jtion; 
w·hemir, the S! r~=que;;t failm:.! u1l'o;m;1linn is 1,an~miH,.:'d 

to ,i nms!t:r nNk. ·wht,n !he UE is in a dual t:<:,nn,x,tivily 
uwdi.l, 

TL,\ nser e-qllipmem (\.ii:'\ wrnpi.i,ing: 
onoe or m,m; :nmHnm::ilWry -;,,(_,rnpuk,r·r(;'.m..h,ibk nwdb fon·-

rng -;,,()lBJ)uti;;r-cx~:,:ut<ibk instnm!i{m;; ,~mbndi~,J 
the.reon: nnd 

at h::a~l m1e p-n:K'.i?.~";or <.'.utlp!t:d lo tli~ mw or i:uom llD.H· 
trn11sit1:,1y comi:imcr-rt',Kfabk, .media. mid ~,ou!igured. to 
i;;xenii,;, 111-, eompnh:'H,'X<',;,uwb:k instn1t1.ioo,; io ps,r­
fr,rm oJierntion, for an on•dermmd systtm informtilinn 
(S ! ) rt"tllle,a !)(()t.'<2'd:urc, ihe opern,ions comprh,ing: 

transmitting ·a fitst SI rt\.J1.l()~t .me$:,age to 11 b,i,e statiN1 
{BS) a!kt d<c:t0m1ining that 1fo: UE i~ in ,1 -;,'<)ruK:ekd 
stt,te, th~, iirst Sl JX:i:pesi nws8;Jge including ,11 .I.dis! nn<? 
requested ~y,aem inform,iticm block (SIB); 

<ittiv:1ting.a pr,~hibil tinier; ,1mJ 
!nm~miHin.g il ~comd SJ n::q!K:~l message to !ht' BS only 

,,.;hen !he a! !em;t l.Jt\e 1<-''i.jUested S:!B ii< !K>t rcc;.oiv.;•d mJ:<:l 
the. pnlhihi! timt:r e~;pires. 

12. Tb,: UF <>f dilim IL wlwr¢i:t1 the tm-dernaild 81 
r"<::qu,,;;, pr,,c1.'cim,~ is 1.u1~t1e,;,e$$:hil ,vh,,n Oil<' (>ftbt: foliowiug 
conditinns ·is l.-nt~t: 

,1 rmmb<.'r Qf timc~ the UE lrarrnmi1.:; a random w .. ,c¢;s, 
preamble reache;; a threshold; and 

th,, UE nc,cdv,,~ SJ nx}\Wst r,;iection iufon:n,itfou. 
H. The UE of daim 1:C 1i,vh~,rdn ·wh,in ,h<.:~ UE iis in a dmil 

C(HJn(,•,;:tivhy 1:nodc, th-., opc:ratkms fotihcr 1-,'<jrnprisc; 
tran.smitting a third SI request message to a master uode 

when tho; UE rt'quii<:s on-demm:td ,yst,'m infomiatimi 
-:,f H cdl bdunging t,., ,1 se1:undm:v node, 

14. Thti UE c,f claim 11, wherein the fas! SI request 
rn,,,,rn:ige ls trnn:srnittcd nn si grni!ing radio hemc.r l (gRB 1 ). 

15. The Uf' of claim 11, wherein th.:;: opcrntions further 
,~nrv·1d~t· 

;~~;<i:i~-i~l!.!. fa,m the BS. the m k:ast one 1:eqll,,~tcd S!B via ,._. . , . . . ......................... . 
d.l'd·ic~ned ~-i-g.nafrng that is tt·a~)~,njn.ed: ·in. 1t.~-lt:;:"i;~~e-. l~ 

the l:it:,t S[ rtx11K~1 message. 
H.,. T!ic UE of d:1im 11, \Yh,'-rdn 1k (>perntiom h1rthm· 

cornprise: 
ttlltmmining a fourth SI It.'l.juest rn~',,mge U) lhic HS art(:r 

dx~t-t:.rrnfa1·in1J~ .ibat tlle .lJE Js not in fhx~ c.o.un'--x::ti.:~d ~tate. 
the fourth 's1 rcqttc:;t m¢,;;,agc including ;:it k.i~i ,m~ 
wqw~ted Sl mt$sage. \i·un,mH:ii.ng a fbunh S! reque,n nw::;s,ige to th,~ BS afkr 

dt',ermining ihat th,~ Ul:.- 1s not. in iJ1e c,:,m)ected ;,;t,H<:, 
the R·,nr,h SI i·eqmi;;i. rne~sag,?. indB<.-!ing a, kast one 
1«quest<!od. Sl m!:-'llf!:tl!).0. 

17. The Ub of ck,i!ll Hi, wtwreui th<: fotutb SI reque,t 
ss messBge h trnm;m.itk'---l nn ,,;Ji:w,aling rad·io hearer O (:SRBO) .. 

i. The method of d,1im 6, 1,·hors,in th~, founh S! r,:qlK'><! 
me;,,sag;;' h 1.rm,~mi1ted on ,ig_n«Hng rndfo bearer O (SRBO). 

8. The method of claim 1, fi.irther t'<)rnprising: 
stf,rin.g Sl t<-··que,;1 failutc infornwi.km ;i:ik,,t d.:::tcrmining ,;,) 

th;it tho ,,1Hkmand Sl r,:quc.;;t pNc~d.,,ro fa l.lMI.Ws'<;%­
foi. 

9. The method of tfoim 8, wherdn the ST t<,x1uesi failBte 
infonnaifon con:1pri,t'$ Rt kw;t on<c~ of tht' 1:JJo,vin.g: 

th", m k;J::,t imt, .:\:qut:st;;,d S:!H; 
the at k'-H$l one ,-oquestcd Sl message; 
a ;;dl id;;.·ntilicf (JD) as:;1iemk,d Wllh the HS; 

Ut The UE n:f daiff, H, w:h~n,in ,he opi:rn1ion~ iiu'lher 
,;,ompnse: 

storing SI requ,,,1 failure infonrwtion <1tkr d,,tennin:ing 
that ihe ,m,denw.nd. SI rt'!\jllC:,t pn-,c,xhlte h tl1'1stKX'"s:,­

fol. 
19, Tlw UE of cfaJm 18, ,vh;,:rdn the Sl n,·qw;;r foHw" 

information comprises at least one of the following: 
the ;Ji leas! one rnqm~:,lxx-l S1H: 
th,' ,n k«st one i:;;xirwsk,J SI tlks~age; 
a ,,dl iMniHfor (ID) assodaled with th;:, BS:. 
,, synd1mni1.2tion ,ignal block ISSB) .index for perform­

ing th.:., ,,,n-•J;;,Jmmd Sl rcqu,,~i pmcednrc: 
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a m~~;;agi:, iyp;.;~ of thi: rn1-di:,rmmd Kl requtst pmc:t.'1:lure:. 
and 

;i tini.e,;!amp for r1,,rfonning th<:: (nHkmanJ SJ R~u;;;,,;! 
prn,,~<.'hm,. 

20. The UF ,)f da,m l8,. wh,,rei.n the operation& .frnthe.r 
1-:ornpris!:'; 

1ram;m.iui11g 1hc 5! wqiit,~l failm1c, information; 
w'kr0i1i 1hc Si rcqm.,,H faih.1l~ infonm.itim1 i$ !nm;;miitcd 

m a mw;;t~r mxk- w:h~11 tlm Hb i:;c m a d!lai c:nnn~-,,,:1:i\:ity 
rnnde l(> 

20 
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UE capability 
power saving indicator 
- {True/Support, False/Not support} 
timer for antenna panel status 

lJS 10,972,972 B2 

- {True/Support, False/Not support} 
maximum number of support antenna panels 
- { one, two, four or eight} 
support indication method 
- {True/Support, False/Not support} 
require time for antenna panel status switch 
- { 1 ms, 2ms, 3ms, 4msf 
UE assistance 
- {True/Support, False/Not support} 
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{602 

Timer for antenna pane! states 
length 
- 4 slots 
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Start 

UE is configured with multiple 
sets of parameters corresponding 
to different operation modes 

UE receives a DC! message from BS 

UE applies a TC! state indicated 
by the DC! message 

UE applies a KO value corresponding 
to the antenna pane! status 
associated with the TCI state 

End 

FIG, 7 

lJS 10,972,972 B2 
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/802 , 
tel-State #1 

qc!-Type1 
- referenceSigno! 

- CSI RS resource#4 
- qcl-TypeA 
qc!-Type2 

referenceSigno! 
- CSI RS resource#5 
qcl-TypeA 

power saving mode 
- true 

- tci-State #64 
qc!-Type1 
- referenceSigno! 

- CSI RS resource#4 
- qcl-TypeA 
qc!-Type2 

referenceSigna! 
- CSI RS resource#5 
qcl-TypeA 

power saving mode 
- false · 

FIG. 8 

lJS 10,972,972 B2 
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antenna panel status 
power saving mode 
- true 

lJS 10,972,972 B2 
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Start 

UE is configured with multiple 
sets of parameters corresponding 
to different operation modes 

UE receives a DC! message containing 
a CS! request from BS 

UE applies a KO value corresponding 
to the antenna panel status 
indicated by the CSI request 

End 

lJS 10,972,972 B2 

1202 

"1204 

1206 
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1302 -,,...,.._ - NZP-CSI-RS-ResourceSet 
- aperiodicTriggeringOffset 

- index:1O 

1304~ Row index KO(normo!,!ong) 

00 (O slot, 4 slots) 

01 (1 slot, 4 slots) 

10 (2 slot, 6 slots) 

1 1 (3 slot 7 slots) 
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FIG. 14 
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Start 

UE is configured with /_,.,, 1802 
a DRX inactivity timer 

UE switches the antenna 1804 
pane! status based on 
the DRX inactivity timer 

End 
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/ 1902 
I 

DRX configuration 
Inactivity timer 
- 2ms 
DRX cycle 
- 50 ms 

Antenna ponel stotus 
Power saving mode 
-false 

lJS 10,972,972 B2 

Timer for antenna panel states 
length 
- 4 slots 

FIG, 19 
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/ 2102 
; 

DRX configuration 
Inactivity timer 
- 2ms 
DRX cycle 
- 50 ms 

Antenna panel status 
Power saving mode 
-true 

FIG, 21 

lJS 10,972,972 B2 
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Case 6:22-cv-00328-ADA-DTG Document 18 Filed 08/10/22 Page 1 of 1 

AO 120 (Rev. 08/10) 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court Western District of Texas on the following 

D Trademarks or ~Patents. ( D the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATEF.ILED U.S. DISTRICT COURT 
6:22-cv-328 3/28/2022 Western District of Texas 
PLAINTIFF DEFENDANT 

TOGAIL TECHNOLOGIES LTD. SAMSUNG ELECTRONICS CO., LTD., SAMSUNG 
ELECTRONICS AMERICA, INC. 

PAT1iNTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 10,743,238 8/11/2020 TOGAIL TECHNOLOGIES LTD. 

2 10,791,502 9/29/2020 TOGAIL TECHNOLOGIES LTD. 

3 10,972,972 4/6/2021 TOGAIL TECHNOLOGIES LTD. 

4 11,115,165 9/7/2021 TOGAIL TECHNOLOGIES LTD. 

5 

In the above-entitled case, the following patent( s )/ trademark( s) have been included: 

DATE INCLUDED INCLUDED BY 

D Amendment D Answer D Cross Bill □ Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

8/10/22 - Order Dismissing Case - Doc # 17 

CLERK 
Philip J. Devlin 

DATE 

8/10/2022 

Copy I-Upon initiation of action, mail this copy to Director Copy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 



Case: 1:22-cv-02176 Document#: 4 Filed: 04/27/22 Page 1 of 133 Page!D #:155 

AO 120 (Rev. 08/10} 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P,O. Box 1450 

FILING OR DETER.MINA TION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

[n Compliance with 35 1-LS.C. § 290 and/or 15 U.S.C. § l l 16 you are hereby advised that a court action has been 

filed in the U.S. District Court Nortt1ern District of Illinois on the following 

D Trademarks or ~Patents. ( D the patent ac110n invoives 35 U.S.C:. § 292.): 

DOCKET NO. DATEF[LED U.S. rnSTRlCT COURT 
1 :22-cv-02176 4/26/2022 Northern District of Illinois 

PLAfNTIFF DEFENDANT 

Togail Technologies Ltd. Motorola Mobility LLC 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l See attached 

2 

3 

4 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DA TE INCLUDED INCLUDED BY 

n Amendment □ Answer □ Cross Bill □ Other Pleadrng 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 

2 

3 

4 

5 

[n. the above----·entitied case, the following decision has been rendered or judgement issued: 

DECJSIONiJUDGEMENT 

CLERK (BY) DEPUTY CLER,.'<. DATE 

Thomas G. Bruton Jennifer Kuldanek 4!27i2022 

Co1iy 1-----Upon initiatioll of action, mail this copy to Director Copy 3-----lJiion termination of adion, mail this copy to Director 
Copy 2----·IJJJOll filing documellt adding patellt(s), mail this copy to Director Copy 4-----Case file copy 



70
1 

7
0

3
 

I 
I 

:.:-
::-:

-:-·
;.'/t

.i::-
_:_

.,:>
:'·.~

·o:'
.; .. >

 .. :-,:
_>

.-;.
->i

·\··
>>

'.<
.;-<

 .. ·.:
:.r.

:·/:
'::'-

< 
In

d
ic

a
te

d
 

BW
P 

1> :
:.,::-.

: :,
t, -

'.·,
Jo

ltt'
ot;

: /A
.c

tiv
.~

i'<
BW

P 
i•\

I· 
~<>

 <·: 
... ::

;.._
.:.::

 .. j
• :

·;,'_
·: .. ,

· :: 
:.-.>

..:~
 ':.

, ::
._, 

,:,_
.,··:

· <
' · .. 

· .. ··:·
.,.·,_

 .,:·
: ....

 ·'-:·
:· :·

·,:c
-T•

· :~
.:. -

::,._
.:.: 

"
"
-
-
-
-

~
-
-
-
A

 _
_

_
_

 ~
-
-
-
A

 _
_

_
 _ 

y 
I 

y 
I 

y 
B

C
C

H
 

M
o

d
if

ic
a

ti
o

n
 

: 
B

C
C

H
 

M
o

d
if

ic
a

ti
o

n
 

: 
B

C
C

H
 

M
o

d
if

ic
a

ti
o

n
 

P
e

ri
o

d
 

n 
: 

P
e

ri
o

d
 

n
+

 1
 

: 
P

er
io

d 
n

+
2

 
I 

I 

M
o

d
if

ic
a

ti
o

n
 

P
er

io
d 

B
o

u
n

d
a

ry
 

M
o

d
if

ic
a

ti
o

n
 

P
e

ri
o

d
 

B
o

u
n

d
a

ry
 

FI
G

. 
7 

-
) 

e • 0
0

 
• ~
 

~
 
~
 

~
 =
 

~
 

~ ~ .... :-
' 

N
 

0 N
 

0 rJ
'1 =­ ('D ('

D
 .....
 

--.
.J 

0 .... .... 0 d r.,;
_ ""'"
' '"=
 

-...
.l 
~
 

w
 

'N
 

w
 

0
0

 =
 

N
 

I ij &a
 ~ i i ti :i-::
. 

f ..
 ~ ~
 
~
 I ~ ¼
 
~
 

@
. 

M
 

19
 1 (

p
 

@
 

w
 

O
" 

F
<

', ~ i g ;;j
;'­ ;:
f ~ ~ 



US 11,115,165 B2 
11 12 

instructions, data structures, program modules or other data 
in a modulated data signal such as a carrier wave or other 
transport mechanism and includes any information delivery 
media. The term "modulated data signal" means a signal that 

In some of the present implementations, the BS may 
indicate at least one sTRP resource set to the UE through at 
least one of the configuration of the sTRP, the predetermined 
resource(s) associated with the sTRP ID, and the best 
compatible channel quality in terms of the pTRP determined 
by the BS or UE. 

5 has one or more of its characteristics set or changed in such 
a manner as to encode information in the signal. By way of 
example, and not limitation, communication media includes 
wired media such as a wired network or direct-wired con-

In some of the present implementations, the UE may 
identify different resource(s)/resource set(s) from different 
TRPs via at least one of the information of QCL 
assumption(s), the target RS port group(s), and reference RS 10 

correlation indication. 
For example, the network/BS may indicate target RSs to 

the UE in terms of two reference RS resource sets. Accord­
ing to the TCI state configuration, the target DMRS may be 
spatially quasi co-located with the reference RS from a TRP. 15 

The DMRS ports may be in different target DMRS port 
groups. In some other implementations, the UE may be 
configured with an information element of correlation infor­
mation, and the UE may use it to determine whether two or 
more resources are from the same TRP. In this case, a low 20 

correlation means that the reference RS resources may have 
a rich spatial multiplexing/diversity and come from different 
TRPs, and a high correlation may mean that the reference 
RS resources may come from the same TRP. 

FIG. 6 is a block diagram illustrating a node for wireless 25 

communication, in accordance with various aspects of the 
present disclosure. As shown in FIG. 6, a node 600 may 
include a transceiver 620, a processor 628, a memory 634, 
one or more presentation components 638, and at least one 
antenna 636. The node 600 may also include an RF spectrum 30 

band module, a BS communications module, a network 
communications module, and a system communications 
management module, Input/Output (I/O) ports, I/O compo­
nents, and power supply (not explicitly shown in FIG. 6). 
Each of these components may be in communication with 35 

each other, directly or indirectly, over one or more buses 
640. In one implementation, the node 600 may be a UE or 
a BS that performs various functions described herein, for 
example, with reference to FIGS. 1 through 5. 

The transceiver 620 having a transmitter 622 ( e.g., trans- 40 

mitting/transmission circuitry) and a receiver 624 (e.g., 
receiving/reception circuitry) may be configured to transmit 
and/or receive time and/or frequency resource partitioning 
information. In some implementations, the transceiver 620 
may be configured to transmit in different types of subframes 45 

and slots including, but not limited to, usable, non-usable 
and flexibly usable subframes and slot formats. The trans­
ceiver 620 may be configured to receive data and control 
channels. 

nection, and wireless media such as acoustic, RF, infrared 
and other wireless media. Combinations of any of the above 
should also be included within the scope of computer-
readable media. 

The memory 634 may include computer-storage media in 
the form of volatile and/or non-volatile memory. The 
memory 634 may be removable, non-removable, or a com­
bination thereof. Example memory includes solid-state 
memory, hard drives, optical-disc drives, and etc. As illus­
trated in FIG. 6, The memory 634 may store computer­
readable, computer-executable instructions 632 (e.g., soft­
ware codes) that are configured to, when executed, cause the 
processor 628 to perform various functions described herein, 
for example, with reference to FIGS. 1 through 5. Alterna­
tively, the instructions 632 may not be directly executable by 
the processor 628 but be configured to cause the node 600 
( e.g., when compiled and executed) to perform various 
functions described herein. 

The processor 628 ( e.g., having processing circuitry) may 
include an intelligent hardware device, e.g., a Central Pro­
cessing Unit (CPU), a microcontroller, an ASIC, and etc. 
The processor 628 may include memory. The processor 628 
may process the data 630 and the instructions 632 received 
from the memory 634, and information through the trans­
ceiver 620, the base band communications module, and/or 
the network communications module. The processor 628 
may also process information to be sent to the transceiver 
620 for transmission through the antenna 636, to the network 
communications module for transmission to a core network. 

One or more presentation components 638 presents data 
indications to a person or other device. Examples of pre­
sentation components 638 may include a display device, 
speaker, printing component, vibrating component, etc. 

From the above description, it is manifested that various 
techniques may be used for implementing the concepts 
described in the present application without departing from 
the scope of those concepts. Moreover, while the concepts 
have been described with specific reference to certain imple-
mentations, a person of ordinary skill in the art may recog­
nize that changes may be made in form and detail without 
departing from the scope of those concepts. As such, the 

The node 600 may include a variety of computer-readable 
media. Computer-readable media may be any available 
media that may be accessed by the node 600 and include 
both volatile and non-volatile media, removable and non­
removable media. By way of example, and not limitation, 
computer-readable media may comprise computer storage 
media and communication media. Computer storage media 
includes both volatile and non-volatile, removable and non­
removable media implemented in any method or technology 
for storage of information such as computer-readable 
instructions, data structures, program modules or data. 

50 described implementations are to be considered in all 
respects as illustrative and not restrictive. It should also be 
understood that the present application is not limited to the 
particular implementations described above, but many rear­
rangements, modifications, and substitutions are possible 

55 without departing from the scope of the present disclosure. 

60 

Computer storage media includes RAM, ROM, 
EEPROM, flash memory or other memory technology, CD­
ROM, Digital Versatile Disks (DVD) or other optical disk 
storage, magnetic cassettes, magnetic tape, magnetic disk 
storage or other magnetic storage devices. Computer storage 65 

media does not comprise a propagated data signal. Commu­
nication media typically embodies computer-readable 

What is claimed is: 
1. A user equipment (UE) comprising: 
one or more non-transitory computer-readable media hav­

ing computer-executable instructions embodied 
thereon; and 

at least one processor coupled to the one or more non­
transitory computer-readable media, and configured to 
execute the computer-executable instructions to: 

receive, in a Physical Download Control Channel 
(PDCCH), Transmission Configuration Indicator (TCI) 
state data for determining a plurality of Physical Down­
link Shared Channels (PDSCHs ), the TCI state data 
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being associated with a plurality of Demodulation 
Reference Signal (DMRS) port groups; and 

obtain a plurality of Quasi Co-Location (QCL) assump­
tions for receiving the plurality of PDSCHs based on 
the plurality of DMRS port groups associated with the 5 

TCI state data, wherein: 
each of the plurality of QCL assumptions corresponds to 

one of the plurality of DMRS port groups, 
the TCI state data corresponds to a TCI state configuration 

that includes a plurality ofQCL Reference Signal (RS) 10 

sets, and 
each of the plurality of QCL RS sets corresponds to one 

of the plurality of DMRS port groups. 
2. The UE of claim 1, wherein the at least one processor 

is further configured to execute the computer-executable 15 

instructions to: 
identify a plurality of Transmit/Receive Points (TRPs) 

based on the plurality of QCL assumptions. 
3. The UE of claim 1, wherein the at least one processor 

is further configured to execute the computer-executable 20 

instructions to: 
receive an instruction for indicating a relationship 

between the plurality of QCL assumptions and the 
plurality of DMRS port groups via Medium Access 
Control (MAC) Control Element (CE) signaling. 25 

4. The UE of claim 1, wherein the at least one processor 
is further configured to execute the computer-executable 
instructions to: 

indicate a relationship between the plurality of QCL 
assumptions and the plurality of DMRS port groups 30 

when a timer configured for the UE expires. 
5. The UE of claim 1, wherein the at least one processor 

is further configured to execute the computer-executable 
instructions to: 

receive the plurality of DMRS port groups via Radio 35 

Resource Control (RRC) signaling, wherein the plural-
ity ofDMRS port groups is associated with the plural-
ity of PDSCHs. 

6. The UE of claim 1, wherein each of the plurality of 
QCL assumptions includes at least one of a time-domain 40 

QCL parameter, a frequency-domain QCL parameter, and a 
spatial-domain QCL parameter. 

14 
7. A method of wireless communications by a user equip­

ment (UE), the method comprising: 
receiving, in a Physical Download Control Channel 

(PDCCH) Transmission Configuration Indicator (TCI) 
state data for determining a plurality of Physical Down­
link Shared Channels (PDSCHs ), the TCI state data 
being associated with a plurality of Demodulation 
Reference Signal (DMRS) port groups; and 

obtaining a plurality of Quasi Co-Location (QCL) 
assumptions for receiving the plurality of PDSCHs 
based on the plurality ofDMRS port groups associated 
with the TCI state data, wherein: 

each of the plurality of QCL assumptions corresponds to 
one of the plurality of DMRS port groups, 

the TCI state data corresponds to a TCI state configuration 
that includes a plurality ofQCL Reference Signal (RS) 
sets, and 

each of the plurality of QCL RS sets corresponds to one 
of the plurality of DMRS port groups. 

8. The method of claim 7, further comprising: 
identifying a plurality of Transmit/Receive Points (TRPs) 

based on the plurality of QCL assumptions. 
9. The method of claim 7, further comprising: 
receiving an instruction for indicating a relationship 

between the plurality of QCL assumptions and the 
plurality of DMRS port groups via Medium Access 
Control (MAC) Control Element (CE) signaling. 

10. The method of claim 7, further comprising: 
indicating a relationship between the plurality of QCL 

assumptions and the plurality of DMRS port groups 
when a timer configured for the UE expires. 

11. The method of claim 7, further comprising: 
receiving the plurality of DMRS port groups via Radio 

Resource Control (RRC) signaling, wherein the plural­
ity of DMRS port groups is associated with the plural­
ity of PDSCHs. 

12. The method of claim 7, wherein each of the plurality 
of QCL assumptions includes at least one of a time-domain 
QCL parameter, a frequency-domain QCL parameter, and a 
spatial-domain QCL parameter. 

* * * * * 
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U.S. Patent No.10,743,238 ('"238 Patent") 

Defendant's Accused Products, including those which comply with 3GPP Standard TS 38.311 Vl5.15.0, 3GPP Standard TS 38.331 
Vl6.6.0, 3GPP Standard TS 38.212 V.16.7, 3GPP Standard TS 38.213 V.16.7, and 3GPP Standard TS 38.214 V.16.7, infringe at least 
claim of the '238 patent as set forth below, which Plaintiff provides without the benefit of information about the Accused Products 
obtained through discovery. 

Element a 
A method for a user equipment (UE) of a 
connected state, the method comprising: 
Element b 

, , ·~ ,, ''*·~· ; ft , i.:,1r tsl) 
(l.. cl}~ivI11 .in. L.ilHct.U\".l \,.,1,., 

idication 

TS 38,331 V15.15.0 (2021-09) 
Section 5.2.2.2.2 SI change indication and PWS notification 
A , .. , .. ,AA,-,,,, . ls i.e. updated SI ( other than for ETWS and CMAS) is 
broadcasted in the modification period following the one SI change indication 
is "1'•,i\,,\·i,,n,)n The modification period boundaries are defined by SFN values for 
which SFN mod m = 0, where m is th number of radio frames comprising the 
modification period. The modification period is configured by system information. 
The UE receives indications about SI modifications and/or PWS notifications using 

t·kssage n\tr DCI (see clause 6.5). Repetitions of SI 
change indication may occur within preceding modification period. 
For Message . . UE . PDCCH 
rnnn;i"i·\r~no· '"""''"·''"'' 
-.1 .. h/ d ... "\)ii. 1..d t,· '•''"''"''•ii,_..," · as specified in TS 38.304 [20] and TS 38.213 [13]. 
If the UE receives a Short .1v1c::-i::ii.1~c. the UE shall: 

l> if the UE is ETWS capable or CMAS capable, the etwsAndCmaslndication bit 
of Short Message is set, and the UE is provided with 
searchSpaceOtherSystemfliformation on the active BWP or the initial BWP: 
2> immediately re-acquire the SIBJ; 
2> if the UE is ETWS capable and si-Schedulingflifo includes scheduling 

information for SJB6: 
3> acquire SIB6, as specified in sub-clause 5 .2.2.3 .2, 

Page 1 



Element c 
in response to receiving the SI change 
indication, switching from the currently 
active BWP to an initial active BWP £or 

immediately; 
2> if the UE is ETWS capable and si-Schedulinginfo includes scheduling information 
for SIB7: 

3> acquire SIB7, as specified in sub-clause 5 .2.2.3 .2, 
immediately; 

2> if the UE is CMAS capable and si-Scheduling!rifo includes scheduling 
information for SIB8: 

3> acquire SIB8, as specified in sub-clause 5 .2.2.3 .2, 
immediately; 

NOTE: In case SIB6, SIB7, or SIB8 overlap with a measurement gap it is left to 
UE implementation how to immediately acquire SIB6, SIB7, or SIB8. 

l> if lhe svstemfnJ'Of\./_1l1(_...1ia,ii0.?11C11iW,",...01ll1 bit of Short JVl.es~;1~e is set: 
2> apply the SI acquisition procedure as defined in sub-clause 5.2.2.3 from the start of 
the next modification eriod. 
TS 38.331 (V15.15.0) 
Section 5.2.2.3 ic<>UisitiorlOfS> stemlnformation ,:,:,:,:,:,:,:9:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:Y.:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:, 

5.2.2.3.1 Acquisition of MIB and SIBJ 
The UE shall: 

l> apply the specified BCCH configuration defined in 9.1.1.1; 
l> if the UE is in RRC _IDLE or in RRC _ INACTIVE; or 
l> if the UE is in RRC _ CONNECTED while T3 l l is running: 

2> acquire theMIB, which is scheduled as specified in TS 38.213 
[13]; 2> if the UE is unable to acquire theMIB; 

3> perform the actions as specified in clause 5.2.2.5; 
2> else: 

3> perform the actions specified in clause 5.2.2.4.1. 
l> if the UE is in RRC _ CONNECTED with an active BWP with common search space 
configured by searchSpaceSIBJ and pagingSearchSpace and has received an indication 
about change of system information; or 

l> if the UE is in RRC _IDLE or in RRC _ INACTIVE; or 
l> if the UE is in RRC CONNECTED while T3 l l is running: 

2> if ssb-SubcarrierO set indicates SIBJ is transmitted in the cell TS 38.213 
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[13]) and if SIBJ acquisition is required for the UE: 
3> acquire the SIBJ, which is scheduled as specified in TS 38.213 
[13]; 3> if the UE is unable to acquire the SIBJ: 

4> perform the actions as specified in clause 5.2.2.5; 
3> else: 

4> upon acquiring SIBJ, perform the actions specified in clause 5.2.2.4.2. 
2> else if SIBJ acquisition is required for the UE and ssb-SubcarrierO!fset 

indicates that SIBJ is not scheduled in the cell: 
3> perform the actions as specified in clause 5.2.2.5. 

NOTE: The UE in RRC _ CONNECTED is only required to acquire broadcasted 
SIBJ if the UE can acquire it without disrupting unicast data reception, 
i.e. the broadcast and unicast beams are quasi co-located. 

Section 5.2.2.4.2 Actions upon reception of the SIBJ 
Upon receiving the SIBJ the UE shall: 

4> if the UE has not stored a valid version of a SIB, in accordance with 
sub- clause 5 .2.2.2.1, of one or several required SIB( s ), in accordance 
with sub- clause 5 .2.2.1: 
5> for the SI message( s) that, according to the si-Schedulingbifo, 

contain at least one required SIB and for which si-BroadcastStatus 
is set to broadcasting: 

6> acquire the SI message( s) as defined in sub-clause 5 .2.2.3 .2; 
PDCCH-ConfigCommon 

The IE P DCCH-ConfigCommon is used to configure cell specific PDCCH parameters 
provided in SIB as well as in dedicated signalling. 

PDCCH-ConfigCommon information element 

PDCCH-ConfigCommon ::= SEQUENCE { 
controlResourceSetZero ControlResourceSetZero 
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commonControlResourceSet ControlResourceSet 

searchSpaceZero SearchSpaceZero 

searchSpaceSIB 1 SearchSpaceld 

searchSpaceOtherSystemlnformation SearchSpaceld 
() lJf-~ () N i1~ r , \1\1 \_:: 

\., .\_ """ "'-.\.,. \_l \.L,, '' 

pagingSearchSpace SearchS paceld 

ra-SearchSpace SearchSpaceld 

... , 
[[ 
firstPDCCH-MonitoringOccasi onOfPO 

sCS15KHZoneT 
(SIZE (l .. maxPO-perPF)) OF INTEGER (0 .. 139), 

sCS30KHZoneT-SCS l 5KHZhalff 
(SIZE (1..maxPO-perPF)) OF l:NTEGER (0..279), 

sCS60KHZoneT-SCS30KHZhalff-SCS l 5KHZquarterT 
\r:ru iFNt'i:: ((~r7D (1 maxPO perPF)) np r~·:"Ti::ripp (0 559) : ... L,\~ \)Ln \.,L, ,,ll'..-.L .. • \}., .L~\: l. L,\h.,i\ .. ) 

sCS 120KHZoneT-SCS60KHZhalff-SCS30KHZquarterT­
SCS l 5KHZoneEighth T 

(SIZE (1..maxPO-perPF)) OF INTEGER (0 .. 1119), 
sCS 120KHZhalff-SCS60KHZquarterT-SCS30KHZoneEighthT-

SCS l 5KHZoneSixteenthT (SIZE (1..maxPO-perPF)) ...... -- ...... ... 
(0..2239), 

sCS 120KHZquarterT-SCS60KHZoneEighth T-SCS30KHZoneSixteenth T 
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Element d 
■1-'\'\\lB'l'll'\1 SI (RMSI) ~~\\\~\\\\\\\~,,~~~\\\\\\\\\\\\\\\','.(\)~\\\\\\\\\\\\\\\\~\\\~ 

via the initial active BWP during a next 
modification period that immediately 
follows the -wherein 
the RMSI includes information 
associated with chan ed system 

~. 

sCS120KHZoneEighthT-SCS60KHZoneSixteenthT 
~r:pr :rNPP (("r7i:: (1 maxPO perPF)) rn: r~ITnr:·c,K··1 (0 8959) :_."L, <'UL·.l '\",.\., ,.,i.L,L .. - \)I u ~ .l .'-.,\.Ll .. •.l .. ' 

sCS 120KHZoneSixteenth T 
(~I7C (1 PO PF)) OF 1NTcnrn) (0 17919) : .. H.,L· .. max -per .)x .u U .. ,,-.,., .. 1\ .. 

]] 

searchSpaceSIBl 
ID of the search space for SIBJ message. In the initial DL BWP of the UE's PCell, the 
network sets this field to 0. If the field is absent, the UE does not receive S1BJ in this 
BWP. see TS 38.213 13 , clause 10 
TS 38,331 (V15.15.0) 
Section 5.2.2.2.2 SI change indication and PWS notification 

,A modificati~n ~eriod '.s,used, je. 11.i .•. lf ~lll\\\t\tl~~~ 
~'~)M~~)~~~,;.~~~$ ~~\~ M•~l~*]~\$x~%~ ~-~~/~·$~~~,~~* \\~~M ~m~~,$ R1 where SI change md1cat10n 
is transmitted. The modification period boundaries are defined by SFN values for 
which SFN mod m 0, where m is th number of radio frames comprising the 
modification period. The modification period is configured by system information. 
The UE receives indications about SI modifications and/or PWS notifications using 
Short Message transmitted with P-RNTI over DCI (see clause 6.5). Repetitions of SI 
change indication may occur within preceding modification period. 

Section 5.2.2.3.1 Acquisition of MIB and SIBJ 
The UE shall: 

l> apply the specified BCCH configuration defined in 9. 1. 1. l; 
l> if the UE is in RRC IDLE or in RRC INACTIVE; or 
l> if the UE is in RRC CONNECTED while T3 l l is runnin : 
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2> acquire theMIB, which is scheduled as specified in TS 38.213 
[13]; 2> if the UE is unable to acquire theMIB; 

3> perform the actions as specified in clause 5.2.2.5; 
2> else: 

3> perform the actions specified in clause 5.2.2.4.1. 
l> if the UE is in RRC CONNECTED with an active BWP with common search 

space configured by searchSpaceSIB 1 and pagingSearchSpace and has received 
an indication about change of system information; or 

l> if the UE is in RRC _IDLE or in RRC _ INACTIVE; or 
l> if the UE is in RRC _ CONNECTED while T3 l l is running: 

2> if ssb-SubcarrierO!fset indicates SIBJ is transmitted in the cell (TS 38.213 
[13] and if SIBJ acquisition is required for the UE: 
3>, which is scheduled as specified in TS 38.213 
[13]; 3> if the UE is unable to acquire the SIBJ: 

4> perform the actions as specified in clause 5.2.2.5; 
3> else: 

4> upon acquiring SIBJ, perform the actions specified in clause 5.2.2.4.2. 
2> else if SIBJ acquisition is required for the UE and ssb-SubcarrierO!fset 

indicates that SIBJ is not scheduled in the cell: 
3> perform the actions as specified in clause 5.2.2.5. 

NOTE: The UE in RRC _ CONNECTED is only required to acquire broadcasted 
S1Bl if the UE can acquire it without disrupting unicast data reception, 
i.e. the broadcast and unicast beams are quasi co-located. 

Section 5.2.2.4.2 Actions upon reception of the SIBJ 
Upon receiving the SIBJ the UE shall: 

4> if the UE has not stored a valid version of a SIB, in accordance with sub- clause 
5 .2.2.2.1, of one or several required SIB( s ), in accordance with sub- clause 5 .2.2.1: 

5> for the SI message(s) that, according to the ~t\llt~ii~\1l~fi 
contain at least one re uired SIB and for which si-BroadcastStatus 
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is set to broadcasting: 
6> acquire the SI message(s) as defined in sub-clause 5.2.2.3.2; 

SIBl 
SIBJ contains information relevant when evaluating if a UE is allowed to access a 
cell and defines the scheduling of other system information. It also contains radio 
resource configuration information that is common for all UEs and barring 
information applied to the unified access control. 

Signalling radio bearer: NI A 
RLC-SAP: TM 
Logical channels: BCCH 
Direction: Network to UE 

SIBl ::= 
cell Sel ecti onlnfo 

q-RxLevMin 
q-RxLevMinOffset 

(\ ]Jf)" (\·\: b ~ \ .. · 
\} f .\ .\ \} ! '}. )J .. ,, ' 

q-RxLevMinSUL 

q-QualMin 
1_ .. ) rr~,~"~,~ {)N, T ,A l . m; (' 

'"'·' ., ., '"•2 . .. , l., .. , :) 

q-QualMinOff set 

cellAccessRelatedlnfo 
connEstF ailureControl 
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{ 
Q-RxLevMin, 

(1..8) 

Q-RxLevMin 

Q-QualMin 

CellAccessRelatedlnfo, 
ConnEstF ail ureControl 
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servingCell ConfigCommon ServingCell ConfigCommonSIB 

eCall OverIMS-Support 

ue-TimersAndConstants 

uac-B arringlnfo 
uac-BarringF orCommon 

uac-BarringPerPLMN-List 

Tr:n {t } l.L.U rue 

UE-TimersAndConstants 
R 

{ 
U A C-B arringPerCatLi st 

UAC-BarringPerPLMN-List 
s 

uac-BarringlnfoSetList U AC-BarringlnfoSetList, uac-
AccessCateg01y 1-SelectionAssistancelnfo CHOJCE { 

plmnCommon UAC-AccessCategory 1-
SelectionAssistancelnfo, 

individualPLMNList SEQUENCE (SlZE (2 .. maxPLMN)) 
UAC-AccessCategory 1-SelectionAssistancelnfo 

} 

useF ullResum eID 

lateN onCriticalExtension OCTET 
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nonCriticalExtension 

SI-Schedulinglnfo information element 

SI-Schedulinglnfo ::= 
schedulinglnfoList 

Schedulinglnfo, 
si-WindowLength 

s320, s640, s1280}, 
si-RequestConfig 

si-RequestConfigSUL 

systernlnformati onAreaID 

} 
Schedulinglnfo : := 

si-B roadcastStatus 
notBroadcasting}, 

si-Periodicity 
rf256, tf512}, 

sib-Mappinglnfo 
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,.,-w)r, r 5 10 20 40 80 160 l i::.U t S , S , S , S , S , S , 

SI-RequestConfi g 

SI-RequestConfig 

{rf8, tfl6, rf32, rf64, rfl28, 

SIB-Mapping 



SIB-Mapping : := 
SIB-Typelnfo .. 

~nn1 1n~rrc (~17F (1 SIB)) nr: SIB T I .r , . ..-.. ,\,'.UJ..,!~,.L ... tL:.,.. ..max ,..-1 - ype n10 
{ 

type TED { sibType2, sibType3, sibType4, 
sibType5, sibType6, sibType7, sibType8, sibType9, 

spare8, spare7, spare6, spare5, 
spare4, spare3, spare2, spare 1, ... } , 

l T ,·i,. ;•,,r·t'i''•1 (0 31) va ue ag .u~ I Eut.tt .. 

area Scope 
s 

SI-RequestConfig ::= 
rach-Occasi ons SI 

RACH-ConfigGeneric, rach-ConfigSI 
ssb-perRACH-Occasion 

oneHalf, one, two, four, eight, sixteen} 
} 

si-RequestPeri od 
ten, twelve, sixteen} 

si-RequestResources 
RequestResources 
} 
SI-RequestResources ::= 

ra-PreambleStartlndex 
ra-AssociationPeriodlndex 

OPTIONAL, ,, R 
ra-ssb-Occasi onMasklndex 
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Element e TS 38.331 (V15.15.0) 
de.terminin which offfl changed SIBs is Section 5.2.2.4.2 Actions upon reception of the SIBl 
required to be updated for the UE Upon receiving the SIBJ the UE shall: --; 4> 

5> for the SI message(s) that, according to the si-Scheduling!,ifo, 
contain at least one required SIB and for which si-BroadcastStatus 
is set to broadcasting: 
6> acquire the SI message( s) as defined in sub-clause 5 .2.2.3 .2; 

-1~-x 
~ ~ 

The UE shall apply the SI acquisition procedure as defined in clause 5.2.2.3 upon cell 
selection (e.g. upon power on), cell-reselection, return from out of coverage, after 
reconfi uration withs nc com letion, after enterino the network from another RAT, • PWS notification; and 
The UE shall: 

l> delete any stored version of a SIB after 3 hours from the moment it was 
successfully confirmed as valid; 

l> for each stored version of a SIB: 
2> if the 1111 is associated and its value for the sto~ed version of the SIB is 

the same as the value received in the - for that SIB from the 
serving cell: 

3> if the first P LMN-Identity included in the P IMN-IdentitylnfoList, the 
systeml~formationAreaID and the -that are included in the si­
Schedulin In o for the SIB received from the servin cell are identical to 
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the PIMN-Identity, the systemlnformationAreaID and the value Tag 
associated 
with the stored version of that SIB: 
4> consider the stored SIB as valid for the cell; 

2> if the l\\\1 is not present for the stored version of the SIB and the areaScope 
value is not included in the - for that SIB from the serving 
cell: 
3> if the first P LMN-Identity in the P LMN-IdentitybifoList, the cellldentity 
and 
-that are included in the si-Schedulingbifo for the SIB received from 

the serving cell are identical to the PIMN-Identity, the cellldentity and the 
value Tag associated with the stored version of that SIB: 
4> consider the stored SIB as valid for the cell; 

SI-Scltedulinglnf o 
The IE S1-Schedulingbifo contains information needed for acquisition of SI messages. 

SI-Schedulinglnfo information element 

SI-Schedulinglnfo ::= 
schedulinglnfoList 

Schedulinglnfo, 
si-WindowLength 

s320, s640, sl280}, 
si-RequestConfig 

si-RequestConfigSUL 

systemlnformati onAreaID 
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SI-RequestConfig 

SI-RequestConfig 

{s5, slO, s20, s40, s80,sl60, 



} 

{broadcasting, 
Schedulinginfo : := 

si-B roadcastStatus 
notBroadcasting}, 

si-Periodicity 
rf256, tf512}, 

sib-Mappinginfo 

TED {rf8, tfl6, rf32, rf64, rfl28, 

SIB-Mapping 

SIB-Mapping::= (SIZE (1..maxSIB)) OF SIB-Typeinfo 
SIB-Typein-'-'o ·.·.= ~n,\r)11F~rrr: { 11 1...15.., ,:_ \., ••• 1. ,, •.• \..,' 

type TED { sibType2, sibType3, sibType4, 
sibType5, sibType6, sibType7, sibType8, sibType9, 

spare8, spare7, spare6, spare5, 
spare4, spare3, spare2, sparel, ... } , 

-

il\fTJ::(~IiP (Q 31) 
IT Ll ~ .I. .l..,\H.,.1.\ .. 
\~ 

OPT!ON.i\I . .-, --
s 

SI-RequestConfig ::= 
rach-Occasi ons SI { 

RACH-ConfigGeneric, rach-ConfigSI 
ssb-perRACH-Occasion 

oneHalf, one, two, four, eight, sixteen} 
{oneEighth, oneFourth, 

} 

si-RequestPeri od 
ten, twelve, sixteen} 

si-RequestResources 
RequestResources 
} 
SI-Re uestResources ::= 

Page 13 
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Element f 

ra-PreambleStartlndex 
ra-AssociationPeriodlndex 

ra-ssb-Occas1·onMasklndex TNTcni::ti (0 15) .\}. tt.,,.)Ld\ .. 

TS 38.331 (Vl5.15.0) 

Section 5.2.2.4.2 Actions upon reception of the SIBJ 
Upon receiving the S1BJ the UE shall: 

6> 

4> if the UE has not stored a valid version of a SIB, in accordance with 
sub- clause 5.2.2.2.1, of one or several required SIB(s), in accordance 
with sub-clause 5.2.2.1: 

5> for the SI message(s) that, according to the si-Schedulinglnfo, 
contain at least one required SIB and for which si-BroadcastStatus 
is set to broadcasting: 

as defined in sub-clause 5 .2.2.3 .2; 
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EXHIBIT 6 



U.S. Patent No.10,791,502 ("'502 Patent") 

Defendant's Accused Products, including those which comply with 3GPP Standard TS 38.311 Vl5.15.0, 3GPP Standard TS 38.331 
Vl6.6.0, 3GPP Standard TS 38.212 V.16.7, 3GPP Standard TS 38.213 V.16.7, and 3GPP Standard TS 38.214 V.16.7, infringe at least 
claim of the '502 patent as set forth below, which Plaintiff provides without the benefit of information about the Accused Products 
obtained through discovery. 

Element a 
A method of ;:m 

procedure 
performed by a user 
equipment (UE), the method 

a first SI request message 
to a base station (BS) 
after determining tbatthW/Iff@is 

the first SI 

TS 38.331 (v16.6.0) 

RRC CONNECTED 

The UE shall: 

in 

l> with an active BWP not configured with 
common search space with the field searchSpaceOtherSystemlliformation and 
the UE has not stored a valid version of a SIB, in accordance with sub-clause 
5.2.2.2.1, of one or several required SIB(s), in accordance with sub-clause 
5 .2.2.1 or if requested by upper layers: 

2> for the SI message( s) that, according to the si-Schedulinglnfo or posSI­
Schedulinglnfo in the stored SIB 1, contain at least one required SIB or 
requested posSIB: 

3> if onDemandSIB-Request is c~nfigured and timer T350 is not 
runnmg: 

4> Of n1,) r},)(11 ,·,•itNlsrqiz i:t•"llii:t''°( p·ws.:··i ·i"•:, 1'n \ .. \i L \, Ll,(t ,\,,.,:.,U., L,).l ,..,,,::L, .Jl\,,.,J(,,t}, 

accordance with 5.2.2.3.6; 
4> start timer T350 with the timer value set to the onDemandSIB­

RequestProhibitTimer; 

l> else if the UE is in RRC _ CONNECTED with an active BWP configured with 
common search space with the field searchSpaceOtherSystemlliformation and 
the UE has not stored a valid version of a SIB, in accordance with sub-clause 
5 .2.2.2.1, of one or several required SIB( s ), in accordance with sub-clause 
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5 .2.2.1 or if requested by upper layers: 

2> for the SI message( s) that, according to the si-Schedulinglnfo in the stored 
SIB 1, contain at least one required SIB and for which si-BroadcastStatus is 
set to broadcasting: 

3> acquire the SI message(s) as defined in sub-clause 5.2.2.3.2; 

> for the SI message( s) that, according to the si-Schedulinglnfo in the stored 
SIB 1, contain at least one required SIB and for which si-BroadcastStatus is 
set to notBroadcasting: 

3> if onDemandSIB-Request is configured and timer T350 is not running: 

4> initiate transmission of the DedicatedSIBRequest message in 
accordance with 5.2.2.3.6; 

4> start timer T350 with the timer value set to the onDemandSIB­
RequestProhibitTimer; 

3> acquire the requested SI message( s) corresponding to the requested 
SIB( s) as defined in sub-clause 5 .2.2.3.2. 

Section 5.2.2.3.6 Actions related to transmission ofDedirntedSrBRequest 

follows: l> if the procedure is triggered to request the required 

SIB(s): 

in the onDemandSIB-RequestList to indicate 
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l> if the procedure is triggered to request the required posSIB(s): 

2> include requestedPosSIB-List in the onDemandSIB-RequestList to 
indicate the requested posSIB(s ). 

Section 6.2.2 Message definitions 
DedicatedSIBRequest 

The DedicatedSIBRequest message is used to request SIB(s) required by the 
UE in RRC CONNECTED as specified in clause 5.2.2.3.5. 

Signalling radio bearer: SRB 1 RLC-SAP: AM 

Logical channel: DCCH 

Direction: UE to Network 

DedicatedSIBRequest message 

-- ASNlSTART 
-- TAG-DEDICATEDSIBREQUEST-START 

DedicatedSIBRequest-r16:: 
SEQUENCE 

{ criticalExtensions CHOICE { 
dedicatedSIBRequest-r16 DedicatedSIBRequest­
r16-IEs, criticalExtensionsFuture SEQUENCE 
{} 

DedicatedSIBRequest-r16-
SEQUENCE { onDemandSIB-
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RequestList-r16 SEQUENCE { 

OPTIONAL, 
requestedPosSIB-List-r16 SEQUENCE (SIZE 

(1 .. maxOnDemandPosSIB- r16)) OF PosSIB-Reqinfo-r16 
OPTIONAL 

} 

lateNonCriticalExtension 
STRING OPTIONAL, 
nonCri ticalExtension SEQUENCE {} 

OPTIONAL, 
OCTET 

OPTIONAL 

SIB-Reqinfo-r16 : := ENUMERATED { sib12, sib13, sib14, 
spare6, spare5, spare4, spare3, spare2, sparel } 

PosSIB-Reqinfo-r16 : := 
gnss-id-r16 GNSS- 6 OPTIONAL, 
sbas-id-r16 SBAS-ID-r16 OPTIONAL, 
posSibType-r16 ENUMERATED { posSibTypel-1, 

posSibTypel-2, posSibTypel , posSibTypel-4, 
posSibTypel-5, posSibTypel-6, 

posSibTypel , 
posSibTypel-8, posSibType2-1, posSibType2-2, 
posSibType2-3, posSibType2-4, 

posSibType2-5, 
posSibType2-6, posSibType2 , posSibType2-8, 
posSibType2-9, posSibType2-10, 

posSibType2-11, 
posSibType2- , posSibType2-13, posSibType2-14, 
posSibType2-15, 

posSibType2-16, 
posSibType2-17, posSibType2-18, posSibType2-19, 
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Element c 

posSibType2-20, 
posSibType2-21, 

posSibType2-22, posSibType2 3, posSibType3-1, 
posSibType6-1, 

posSibType6-2, posSibType6-
3, ... } 

-- TAG-DEDICATEDSIBREQUEST-STOP 
-- ASNlSTOP 

. ,.,.p, ,. . . DedicatdWBRequest field descriptions 
·tt'.t:1;:}::r,n}f /:~>~3s{ nu · · 
i •. '.)l(tii.t:i,, ,: :t~: \ . .-.: ,.u>1 the UE requests while m RRC CONNECTED. 
requestedPosSIB-List -

Contains a list of posSIB(s) the UE requests while in RRC _ CONNECTED. 

TS 38.331 (v16.6.0) 
Section 5.2.2.3.5 Request for on demand system information in 
RRC CONNECTED 

The UE shall: 

l> if the UE is in RRC _ CONNECTED with an active BWP not configured with 
common se-withthefieldsearchSpaceOtherSystemlnformation and 

has' W@tu;rw~@monor fa SIII, in accordance with sub-clause 
5.2.2.2.1, of one or several required SIB(s ), in accordance with sub-clause 
5 .2.2.1 or if requested by upper layers: 

2> for the SI message( s) that, according to the si-Schedulinglnfo or posSI­
Scheduling1lifo in the stored SIB 1, contain at least one required SIB or 
requested posSIB: 

3> if onDemandS1B-Re 
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4> m 
accordance with 5.2.2.3.6; 

4> with the timer value set to the onDemandSIB-
RequestProhibitTimer; 

l> else if the UE is in RRC _ CONNECTED with an active BWP configured with 
common search space with the field searchSpaceOtherSystemlnformation and 
the UE has not stored a valid version of a SIB, in accordance with sub-clause 
5.2.2.2.1, of one or several required SIB(s ), in accordance with sub-clause 
5 .2.2.1 or if requested by upper layers: 

2> for the SI message( s) that, according to the si-Schedulingl~fo in the stored 
SIB 1, contain at least one required SIB and for which si-BroadcastStatus is 
set to broadcasting: 

3> acquire the SI message( s) as defined in sub-clause 5 .2.2.3 .2; 

2> for the SI message( s) that, according to the si-Schedulingllifo in the stored 
SIB 1, contain at least one required SIB and for which si-BroadcastStatus is 
set to notBroadcasting: 

3> if onDemandSIB-Request is configured and timer T350 is not running: 
4> initiate transmission of the DedicatedSIBRequest message in 

accordance with 5.2.2.3.6; 

4> start timer T350 with the timer value set to the onDemandS1B­
RequestProhibitTimer; 

3> acquire the requested SI message( s) corresponding to the requested SIB( s) as defined 
in sub-clause 5.2.2.3.2. 

Page 6 



Exhibit 7 



U.S. Patent No.10,972,972 ('"972 Patent") 

Defendant's Accused Products, including those which comply with 3GPP Standard TS 38.311 Vl5.15.0, 3GPP Standard TS 38.331 
Vl6.6.0, 3GPP Standard TS 38.212 V.16.7, 3GPP Standard TS 38.213 V.16.7, and 3GPP Standard TS 38.214 V.16.7, infringe at least 
claim of the '972 patent as set forth below, which Plaintiff provides without the benefit of information about the Accused Products 
obtained through discovery. 

Element a 

A wireless communication device 
comprising: a plurality of antenna panels; 
a processor coupled to the plurality of 
antenna anels and confi ured to: 
Element b 

maintain 
e plurality of leading time 
dicating a plurality of­

. r 1v n 

from a 
base station (BS); 

Each of the Accused Products are wireless communication devices comprising a 
plurality of antenna panels and a processor coupled to the plurality of antenna panels. 

TS 38.214 (v16.7) 
Section 5.3.1 Application delay of the minimum scheduling off set 
restriction 
When the UE is scheduled with DCI format 0 1 or 1 1 with a - -

: field in slot n, it shall determine the K0min and K2min 
values, if configured respectively, to be applied, while the previously applied K0min 
and/or K2min values are applied until the new values take effect. 

the indicated K0min 
(K2min) value in the new active DL (UL) BWP, if configured, is applied from the slot 
indicated by the slot offset value of the time domain resource assignment field in the 
DCI. Otherwise, change of applied minimum scheduling offset restriction indication 
carried by DCI in slot n, shall be applied in slot n+ X of the scheduling cell. The UE 
does not expect to be scheduled with DCI format 0 _ l or l _ l with 'Minimum 
applicable scheduling offset indicator' field indicating another change to K0min or 
K2min for the same active BWP of the scheduled cell before slot n+ X of the 
scheduling cell. 
When the DCI format 0 _ l or l _ l with 'Minimum applicable scheduling offset indicator' 
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Element c 
one of the plurality of 

leading time values to · 
of the 

plurality of antenna panels 

receive 
from 

the BS, the scheduling offset 
value comprising at least one of 
a KO parameter for a Downlink 
(DL) channel and a ~g 

D 1 .,,,,, .. k ....... ( ....... .... 1 p~rijiµ~tijfi Qt>in>WP lij < >WP 
¢hwffiijl; 

mm mm w 

ls of slot n, tb,'. ".,.-, .. u,.•"·'·· .. ,, .Xis 

) Z } where K is the currently applied K value of the active DL BWP in 
p. 0minOld 0min 

the scheduled cell and is zero, if minimumSchedulingO!fsetK0 is not configured for 
the active DL BWP in the scheduled cell, t\ try 

and µPDCCH and µPDSCH are the sub-carrier spacing configurations for PDCCH 
of the active DL BWP in the scheduling cell and PD SCH of the active DL BWP in 
the scheduled cell, res ectivel , in slot n. 
TS 38,312 (v16.7) 

Section 7.3.1.1.2 Format O 1 

-0, I or 2 bits as determined by the number of UL BWPs 
nBWP RRC configured by higher layers, excluding the initial UL bandwidth 

' 
part. The bitwidth for this field is determined as ~log 2 (nBWP )~ bits, where 

- 11BWP = nBWP,RRC + I if nBWP,RRC 3 , in which case the bandwidth part 

indicator iequivalent to the ascending order of the higher layer parameter 
BWP-Id; 

· otherwise nBWP = nBWP,RRC , in which case the bandwidth part indicator 

is defined in Table 7.3 .1.1.2-1; 
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1 bit if higher layer parameter minimumSchedulingQ/j5etK2 is configured. 
The 1 bit indication is used to determine the minimum applicable K2 for the 
active UL BWP and the minimum applicable KO value for the active DL 
BWP, if configured respectively, according to Table 7.3 .1.1.2-33. If the 
minimum applicable KO is indicated, the minimum applicable value of the 
aperiodic CSI-RS triggering offset for an active DL BWP shall be the same 
as the minimum applicable KO value. 

TS 38,331 (v16.6) 

PDSCH-Config 

The IE is used to configure the UE specific PDSCH parameters. 

minimumSchedulingOff setKO-r 16 SetupRelease { MinSchedulingOffsetKO-
Values-r 16} OPTIONAL, --Need M 

minimumSchedulingOff setK 0 

List of minimum KO values.Minimum KO parameter denotes minimum applicable 
value(s) for the TDRA table for PDSCH and for A-CSI RS triggering Offset(s) (see TS 
38.214 [19], clause 5.3.1). 

PUSCH-Config 

The IE is used to configure the UE specific PUSCH parameters 
applicable to a particular BWP. 

minimumSchedulin OffsetK2-r 16 Setu Release r MinSchedulin OffsetK2-
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Element d 

and determine that the 
scheduling offset value is · 
when a time duration indicated by the 
scheduling offset value · 

Values-r 16 } OPTIONAL, --NeedM 

mirumumScneduHn&OffsetK2 :.:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:::,:-:-:,:,:,:,:,:::,:,:::,:,:,:,:,:,:,:,:,:~::,:,:,:::,:,:,:,:,:,:::,:,:,:,:,:,:,:,:,:,:, 

List of minimum K2 values.Minimum K2 parameter denotes minimum applicable 
value(s) for the Time domain resource assignment table for F~S@ffl (see TS 38.214 
[19], clause 6.1.2.1 . 
TS 38.214 (v16.7) 
Section 5.1.2.1 Resource allocation in time domain 
When the UE is configured with minimumSchedulingO!fsetK0 in an 
it applies a minimum scheduling offset restriction indicated by the 

field in DCI format 1 1 or DCI format 0 1 if - -
the same field is available. When the UE is configured with 
minimumSchedulingQffsetK0 in an active DL BWP and it has not received 'Minimum 
applicable scheduling offset indicator' field in DCI format 0 1 or 1 1, the UE shall 
apply a minimum scheduling offset restriction indicated based on 'Minimum 
applicable scheduling off set indicator' value '0'. When the minimum scheduling 
offset restriction is applied the :'.:~::~\::·.'.:·::::.: to be scheduled with a DCI in slot 
n to receive a PDSCH scheduled with C-RNTI, CS-RNTI or MCS-C-RNTI with KO 

• :1 L where K0min and ~ are the 

and the numerology of the active DL BWP of the scheduled cell when 
receiving the DCI in slot n, respectively, and ~, is the numerology of the new active DL 
BWP in case of active DL BWP change in the scheduled cell and is equal toµ, 
otherwise. 
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U.S. Patent No.11,115,165 ('"165 Patent") 

Defendant's Accused Products, including those which comply with 3GPP Standard TS 38.311 Vl5.15.0, 3GPP Standard TS 38.331 
Vl6.6.0, 3GPP Standard TS 38.212 V.16.7, 3GPP Standard TS 38.213 V.16.7, and 3GPP Standard TS 38.214 V.16.7, infringe at least 
claim of the' 165 patent as set forth below, which Plaintiff provides without the benefit of information about the Accused Products 
obtained through discovery. 

Element a The Accused Products include a user equipment (UE) comprising one or more non-
transitory computer-readable media having computer- executable instructions embodied 

A user equipment (UE) comprising: one thereon; and at least one processor coupled to the one or more non-transitory computer-
or more non- transitory computer- readable media, and configured to execute the computer-executable instructions. 
readable media having computer-
executable instructions embodied 
thereon; and at least one processor 
coupled to the one or more non-transitory 
computer-readable media, and configured 
to execute the computer-executable 
instructions to: 
Element b TS 38.212 (v16.7) 

Section 7.3.1.2.2 Format 1 1 

1 1 is used for the in one cell. 
-Antenna port(s)- 4, 5, or 6 bits as defined by Tables 7.3.1.2.2-1/2/3/4 and 
Tables 7.3.l.2.2-1A/2A/3A/4A, where the number of CDM groups without 
data of values 1, 2, and 3 refers to CDM groups { O}, {O, 1}, and {O, 1,2} 
respectively. The antenna ports {pO, ... ,pv-1} shall be ..-i.:,,•,~fi,•ii,·io..-! .,_.,.., .. "•·n,•,-,.., to 
the given by Tables 7.3 .1.2.2-1/2/3/4 or Tables 
7.3. l .2.2-1A/2A/3A/4A. When a UE receives an activation command that maps 
at least one codepoint of DCI field •:•"·'''·"·'·,,.:,,, .. ,., to 
two TCI states, 

Page 1 



Element c 

and qp~in i plµraiity qf Qµa$i Co­
Locati on ( QCL) ij$ijµffipti&ns for 
receiving the 

·· The UE can receive an entry with DMRS 
ports equals to 1000, 1002, 1003 when two TCI states are indicated in a 
codepoint of DCI field 'Transmission Configuration Indication'. 

TS 38.214 (v16.7) 

Section 5.1.5 Antenna ports quasi co-location 

When a UE supports two TCI states in a codepoint of the 
,,, .... ,,,,.,,,'\ ... · '~:::,·//:::::·: the UE 

may receive an activation command, as described in clause 6.1.3 .24 of [l 0, TS 
38.321 ], the activation command is used 

to to the codepoints of the DCI field 
'Transmission Configuration Indication'. The UE is not expected to receive more than 8 
TCI states in the activation command. 
TS 38.213 (v16.7) 

Section 5 Radio link monitoring 

if the for , .. """"""' .," the UE expects that 
one RS is configured with gel-Typeset to [6, TS 38.214] and the UE uses the 
RS configured with gel-Typeset to 'typeD' for radio link monitoring; the UE does not 
expect both RS to be configured with qcl-Type set to 'typeD' 

TS 38.214 (v16.7) 

Section 5.1.5 Antenna ports quasi co-location 
The UE can be configured with a list of up to M TCI-State configurations within 
the higher layer parameter PDSCHConfig to according to a 
detected with intended for the UE and the given serving cell, where 
M depends on the UE capability maxNumberConfiguredTCistates PerCC. Each 
TCI-State contains parameters for configuring a #i$i QQHP9iti&nf~tatiPP$P[ 
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Element d 

wherein: each oftp~ plµrijllty &f QC)~ 
j~ijijtiip(ipµij corresponds to rnw of Uw 

g}Ol1pS, 

corresponds to a TCI state 
configuration that 
QOP ~efere11ce ..... ..,,..... >'>>>>>>>· 

each of the plurality 
Corresponds to 1\n1~ ;-l i-h1~ 

\.J.\~\.' ,),\ \'.\~, .. 

between of the 
PDSCH, the DM-RS port of PDCCH or the CSI-RS port(s) of a CSI-RS resource. 
The quasi co-location relationship is configured by the higher layer parameter qcl­
Typel for the first DL RS, and qcl-Type2 for the second DL RS (if configured). 
For the case of two DL RSs, the QCL types shall not be the same, regardless of 
whether the references are to the same DL RS or different DL RSs. The quasi co­
location types corresponding to each DL RS are given by the higher layer 
parameter qcl-Type in QCL-Info and may take one of the following values: -
'typeA': {Doppler shift, Doppler spread, average delay, delay spread} -'typeB': 
{Doppler shift, Doppler spread} -'typeC': {Doppler shift, average delay} -'typeD': 
{ Spatial Rx parameter} 
TS 38.214 (v16.7) 

Section 5.1.5 Antenna ports quasi co-location 

The UE can be configured with a list ofup to M TCI-State configurations within the 
higher layer parameter PDSCHConfig to according to a detected 

with intended for the UE and the given serving cell, where M depends 
on the UE capability maxNumberConfiguredTCistates PerCC. Each TCI-State 
contains parameters for configuring a qµj§fl¢9Hqqij(i9µtijlijti&R$fllP between 
t\#6d6ilirikreferet1ce signals and the of the PDSCH, the DM-RS port 
of PDCCH or the CSI-RS port(s) of a CSI-RS resource. The quasi co-location 
relationship is configured by the higher layer parameter qcl-Typel for the first DL 
RS, and qcl-Type2 for the second DL RS (if configured). For the case of two DL RSs, 
the QCL types shall not be the same, regardless of whether the references are to the 
same DL RS or different DL RSs. The quasi co-location types corresponding to each 
DL RS are given by the higher layer parameter qcl-Type in QCL-Info and may take 
one of the following values: -'typeA': {Doppler shift, Doppler spread, average delay, 
delay spread} -'typeB': {Doppler shift, Doppler spread} -'typeC': 
{Doppler shift, average delay} -'typeD': {Spatial Rx parameter} 
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TS 38.331 (v16.6) 

TCI-State 

The IE TCI-State associates one or two DL reference signals with a corresponding 
quasi- colocation (QCL) type. TCI-State information element 

QCL-Info ::= SEQUENCE { 

cell ServCelllndex OPTIONAL, -- Need R 

bwp-Id BWP-Id OPTIONAL, -- Cond CSI-RS-

Indicated referenceSignal CHOICE { 

csi-rs NZP-CSI-RS-Resourceld, 

ssb SSB-Index 

} ' 
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US 10,743,238 B2 
1 

SYSTEM INFORMATION UPDATES IN 
BAND WIDTH PART (BWP) SWITCH 

OPERATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of and priority to U.S. 

2 
In one aspect of the present disclosure, a user equipment 

(UE) of a connected state is configured to receive a system 
information (SI) change indication broadcasted by a paging 
via a currently active bandwidth part (BWP) during a 

5 modification period; to switch from the currently active 
bandwidth part (BWP) for data transmission to an initial 
active BWP for an SI update; to receive remaining minimum 
SI (RMSI) via the initial active BWP during a next modi-

Provisional Application No. 62/586,598 filed on Nov. 15, 
2017 and entitled "SYSTEM INFORMATION UPDATE IN 10 

fication period that immediately follows the modification 
period, the RMSI including information associated with 
changed system information blocks (SIBs); to determine BWP SWITCH OPERATION," (hereinafter referred to as 

"US72315 application"). The disclosure of the US72315 
application is hereby incorporated fully by reference into the 
present disclosure. 

TECHNICAL FIELD 

The present disclosure generally relates to a method for 
bandwidth part switching operations performed by a user 
equipment and user equipment performing the same. 

BACKGROUND 

In a cellular network, a VE-specific serving cell may 
configure one or more bandwidth parts (BWPs) in downlink 
and uplink respectively for a UE by dedicated RRC signal­
ing. One the other hand, a UE may be allocated to with at 
most one active DL BWP and one active UL BWP at a given 
time by the cell. A single scheduled downlink control 
information (DCI) may be applied to switching from one 
active BWP to another for an operating UE. 

15 

which of the changed SIBs is required to be updated for the 
UE; and to receive content of the required changed SIBs 
based on the determination. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Aspects of the exemplary disclosure are best understood 
from the following detailed description when read with the 

20 accompanying figures. Various features are not drawn to 
scale, dimensions of various features may be arbitrarily 
increased or reduced for clarity of discussion. 

FIG. 1 is a schematic diagram illustrating a BWP switch­
ing operation for a Connected_UE due to receiving an SI 

25 change indication in accordance with one exemplary 
embodiment of the present disclosure. 

FIG. 2 is a schematic diagram illustrating a BWP switch­
ing operation for a Connected_UE due to receiving an SI 
change indication in accordance with one exemplary 

30 embodiment of the present disclosure. 
FIG. 3 is a schematic diagram illustrating a BWP switch­

ing operation for a Connected_UE due to receiving an SI 
change indication in accordance with one exemplary 
embodiment of the present disclosure. 

FIG. 4 is a schematic diagram illustrating a BWP switch­
ing operation for a Connected_UE due to receiving an SI 
change indication in accordance with one exemplary 
embodiment of the present disclosure. 

For a UE, an initial active DL BWP is defined as the 
frequency location and bandwidth dedicated for broadcast­
ing remaining minimum SI (RMSI). When the NW sends to 35 

a Connected_UE a system information (SI) change indica­
tion that notifies of system information change, the Con­
nected_UE may have to switch from the currently active 
BWP to the initial active BWP for accessing the RMSI and 
updating to the changed SI if there is no SI broadcasting on 
the currently active BWP. Furthermore, the Connected_UE 
may not successfully complete SI update if there is no clear 
UE behavior defined for BWP switching. As a result ofBWP 
switching inability problem, the UE may not be able to 
update system information. 

FIG. 5 is a schematic diagram illustrating a BWP switch-
40 ing operation for a Connected_UE due to receiving an SI 

change indication in accordance with one exemplary 
embodiment of the present disclosure. 

FIG. 6 is a schematic diagram illustrating a BWP switch­
ing operation for a Connected_UE due to receiving an SI 

45 change indication in accordance with one exemplary 
embodiment of the present disclosure. 

SUMMARY 

The present disclosure is directed to bandwidth part 
(BWP) switching operations in conjunction with system 
information updates for a user equipment. 

FIG. 7 is a schematic diagram illustrating a BWP switch­
ing operation for a Connected_UE due to receiving a public 
warning system (PWS) notification indication in accordance 

50 with one exemplary embodiment of the present disclosure. 
FIG. 8 is a schematic diagram illustrating a BWP switch­

ing operation for a Connected_UE due to receiving a public 
warning system (PWS) notification indication in accordance 
with one exemplary embodiment of the present disclosure. 

FIG. 9 is a schematic diagram illustrating a BWP switch­
ing operation for a Connected_UE due to receiving a public 
warning system (PWS) notification indication in accordance 
with one exemplary embodiment of the present disclosure. 

In one aspect of the present disclosure, a method for 
bandwidth part (BWP) operations performed by a user 
equipment (UE) of a connected state is provided. The 
method comprises receiving a system information (SI) 55 

change indication broadcasted by a paging via a currently 
active bandwidth part (BWP) during a modification period; 
switching from the currently active bandwidth part (BWP) 
for data transmission to an initial active BWP for an SI 
update; receiving remaining minimum SI (RMSI) via the 
initial active BWP during a next modification period that 
immediately follows the modification period, the RMSI 
including information associated with changed system infor­
mation blocks (SIBs ); determining which of the changed 
SIBs is required to be updated for the UE; and receiving 65 

content of the required changed SIBs based on the determi-

FIG. 10 is a block diagram of a device for wireless 
60 communication in accordance with various embodiments of 

the present disclosure. 

nation. 

DETAILED DESCRIPTION 

The following description contains specific information 
pertaining to exemplary implementations in the present 
disclosure. The drawings in the present disclosure and their 
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accompanying detailed description are directed to merely 
exemplary implementations. However, the present disclo­
sure is not limited to merely these exemplary implementa­
tions. Other variations and implementations of the present 
disclosure will occur to those skilled in the art. Unless noted 
otherwise, like or corresponding elements among the figures 
may be indicated by like or corresponding reference numer­
als. Moreover, the drawings and illustrations in the present 
disclosure are generally not to scale, and are not intended to 
correspond to actual relative dimensions. 

The description uses the phrases "in one implementation," 
or "in some implementations," which may each refer to one 
or more of the same or different implementations. The term 
"coupled" is defined as connected, whether directly or 
indirectly through intervening components, and is not nec­
essarily limited to physical connections. The term "compris­
ing," when utilized, means "including, but not necessarily 
limited to"; it specifically indicates open-ended inclusion or 
membership in the so-described combination, group, series 
and the equivalent. 

It is noted that the term "and/or" includes any and all 
combinations of one or more of the associated listed items. 

4 
BWP inactivity timer) or operate on an initial active DL 
BPW able to receive the content of changed SI required for 
the UE SI update. The UE may also have an uplink (UL) 
BWP for UL data transmission and an initial active UL 

5 BWP. Within nth broadcast control channel modification 
period ( denoted as BCCH modification period n), the UE 
may operate on the indicated BWP as the currently active 
BWP for data transmission according to Ll signaling. 

The SI change indication is sent to the UE by paging ( e.g., 
10 a Short Message) from the NW while the UE operates on the 

indicated BWP. Specifically, the UE receives indications 
about SI modifications and/or PWS notifications using Short 
Message transmitted with P-RNTI over downlink control 
information (DCI). At 101, upon receiving the SI change 

15 indication, UE may switch immediately to the initial active 
BWP from the indicated BWP during BCCH modification 
period n. The SI change indication is used to inform the UE 
that there is a system information change(s) or update(s), 
and may be carried as part of the Short Message. Then, RRC 

20 sublayer of the NW may inform the PHY sublayer that the 
paging has been sent to the UE and the switching of the UE 
to the initial active BWP has been performed. So, the NW 
may stop sending to the UE any other L1 signaling (e.g., It will also be understood that, although the terms first, 

second, third etc. may be used herein to describe various 
elements, components, regions, parts and/or sections, these 25 

elements, components, regions, parts and/or sections should 
not be limited by these terms. These terms are only used to 
distinguish one element, component, region, part or section 
from another element, component, region, layer or section. 
Thus, a first element, component, region, part or section 
discussed below could be termed a second element, com­
ponent, region, layer or section without departing from the 
teachings of the present disclosure. 

DCI) for BWP switching operations. 
After switching to the initial active BWP, the UE may 

continue to stay on the initial active BWP until BCCH 
modification period n+l ends. The BCCH modification 
period n+ 1 immediately follows the BCCH modification 
period n in time sequence. Although the UE has switched to 

30 the initial active BWP at certain timing (e.g., at 101) within 
BCCH modification period n, it is in the next BCCH 
modification period n+l that the UE performs the system 
information acquisition to update to changed system infor­
mation. In modification period n+l, the UE may receive It should be noted that, in the present disclosure, a UE 

may include, but is not limited to, a mobile station, a mobile 
terminal or device, a user communication radio terminal. For 
example, a UE may be a portable radio equipment, which 
includes, but is not limited to, a mobile phone, a tablet, a 
wearable device, a sensor, a personal digital assistant (PDA), 
or a television display with wireless communication capa­
bility. The UE is configured to receive and transmit signals 
over an air interface to one or more cells in a radio access 
network. 

A base station may include, but is not limited to a node B 
(NB) as in the UMTS, an evolved node B (eNB) as in the 
LTE-A, a radio network controller (RNC) as in the UMTS, 
a base station controller (BSC) as in the GSM/GERAN, an 
NG-eNB as in an E-UTRA base station in connection with 
the 5GC, a next generation node B (gNB) as in the 5G 
Access Network (5G-AN), and any other apparatus capable 
of controlling radio communication with cellular positioning 
technology and managing radio resources within a cell. The 
base station may connect to serve the one or more UEs 
through a radio interface to the network. 

In one embodiment of the present disclosure, a Connect­
ed_UE may implicitly switch to an initial active BWP upon 
receiving a system information (SI) change indication 
broadcasted by paging from cellular network (NW). The SI 
change indication indicates a SI change/modification and 
notifies the UE to update to the changed SI if required by the 
UE. This results in reduction of redundant Ll signaling for 
switching from a currently active BWP to the initial active 
BWP for the UE. In FIG. 1, a BWP switching operation for 

35 broadcast remaining minimum system information (RMSI) 
carrying information associated with changed system infor­
mation blocks (SIBs) via the initial active BWP and perform 
the SI update(s) according to the information. The RMSI is 
also known as SIB! (system information block 1). The UE 

40 may receive the RMSI at certain time point in modification 
period n+ 1 ( e.g., at the start time point of the modification 
period n+l). After receiving the RMSI, the UE may deter­
mine which of the changed SIB(s) is ( or are) required for the 
SI update(s) according to the received information. For 

45 example, the UE may identify one or more of the changed 
SIB(s) that the UE requires for the SI update(s). Then the UE 
may receive the content(s) of the changed SIBs which are 
identified as being required for the SI update(s) based on the 
determination. For another example, the UE may identify 

50 none of the changed SIBs is required to update and may not 
perform any SI update(s). The UE may not update the 
changed SIB(s) based on the identification within BCCH 
modification period n+ 1. 

After the UE completes the SI update(s), the NW may 
55 re-take control over the BWP switching of the UE on the end 

of BCCH modification period n+ 1. 
In this case, since the NW may know the UE by default 

will complete the SI update within modification period n+ 1, 
the PHY sublayer may re-take control over the BWP switch-

60 ing after BCCH modification period n+ 1 ends. Therefore, at 
103 on the ending boundary of modification period n+ 1 the 
NW re-takes the BWP switching operations by sending L1 
signaling to switch the initial active BWP to a BWP for 

a Connected_UE due to receiving an SI change indication is 
illustrated. In DL, the UE may operate on an indicated BWP 65 

as currently active DL BWP for DL data transmission (e.g., 
based on RRC configuration, DCI control or the behavior for 

subsequent data transmission. 
In one embodiment, the currently active BWP happens to 

be the initial active BWP. In this case, it is not necessary that 
a BWP switching operation is involved for updating the SI 
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when receiving the SI change indication. For example, the 
Connected UE has already been on the initial active BWP as 
currently active BWP because of certain on-going services 
in modification period n and will stay on the initial active 
BWP to perform system information acquisition to conduct 5 

the SI update in BCCH modification period n+l. The PHY 
sublayer of the NW may consider the completeness of the SI 
update in the next BCCH modification period n+ 1. Then, the 
PHY sublayer of the NW may re-take control over the BWP 
switching operation on the end of BCCH modification 10 

period n+l. 
In one embodiment, the UE may be only permitted to 

receive the Short Message of the paging on the initial active 
BWP. For example, based on the paging frame and paging 

15 
occasion derived from an associated UE ID and per-config­
ured parameters, the Short Message cannot be broadcasted 
on other BWPs but the initial active BWP. On occasions, the 
UE may switch to the initial active BWP automatically to 
detect whether there is a Short Message and receiving the 20 

Short Message. If receiving the SI change indication carried 
in the Short Message, the UE may stay on the initial active 
BWP for the subsequent SI update without the need for 
additional BWP switching. If receiving no Short Message or 

6 
The UE feedback of SI update complete may be sent by 

L1 signaling (via PUCCH) or by MAC-CE transmission on 
an uplink (UL) BWP paired with the initial active DL BWP. 
If using L1 signaling, the upper sublayer (e.g., RRC) of the 
UE may inform PHY sublayer that the SI update is com­
pleted, and the UE PHY sublayer may feedback it to the NW. 
The NW may re-take control over the BWP switching after 
receiving the feedback in NW PHY sublayer. Alternatively, 
if using MAC-CE transmission, the upper sublayer of the 
UE may inform MAC sublayer that the system information 
update is completed, and the UE MAC sublayer may feed-
back it to the NW. The NW may re-take control over the 
BWP switching once receiving the feedback in NW MAC 
sublayer. 

In one embodiment of the present disclosure, upon receiv­
ing the SI change indication, the UE may not switch to the 
initial active BPW until the current BCCH modification 
period ends. In FIG. 3, a BWP switching operation for an 
RRC_connected UE due to receiving an SI change indica­
tion is illustrated. The UE may operate on an indicated BWP 
as currently active BWP for data transmission or operate on 
an initial active BPW able to receive the content of changed 
SI required for the UE SI update. Within BCCH modifica­
tion period n, the UE may operate on the indicated BWP for 
data transmission according to Ll signaling. 

The SI change indication is sent to the UE by paging ( e.g., 
a Short Message) from the NW while the UE may operate 
on the indicated BWP. At 301, upon receiving the SI change 

no SI change indication carried in the Short Message, the UE 25 

may switch back to the previous active BWP without 
involvement of the NW. Alternatively, the UE may not 
switch back but stay on the initial active BWP after modi­
fication period n+ 1 ends, waiting for next Ll signaling from 
the NW (e.g., DCI) for BWP switching. 30 indication, UE may continue to stay on the indicated BWP 

instead of switching immediately to the initial active BWP. 
Then, the UE switches to the initial active BWP automati­
cally on the ending boundary of BCCH modification period 

In one embodiment of the present disclosure, the Con­
nected UE may feedback to the NW while the SI update is 
completed, and the NW may re-take control over the BWP 
switching immediately upon receiving the feedback. In FIG. 
2, a BWP switching operation for an RRC_connected UE 35 

due to receiving an SI change indication is illustrated. The 
UE may operate on an indicated BWP as currently active 
BWP for data transmission or operate on an initial active 
BPW able to receive the content of changed SI required for 
the UE SI update. Within modification period n, the UE may 40 

operate on the indicated BWP for data transmission accord­
ing to L1 signaling. 

The SI change indication is sent to the UE by paging ( e.g., 
a Short Message) from the NW while the UE may operate 
on the indicated BWP. At 201, upon receiving the SI change 45 

indication, UE may switch to the initial active BWP imme­
diately from the indicated BWP in BCCH modification 
period n. The SI change indication is used to inform the UE 
that there is SI change(s) or update( s ), and may be carried as 
part of Short Message in the paging. Then, RRC sublayer of 50 

the NW may inform the PHY sublayer that the paging has 
been sent to the UE and the switching of the UE to the initial 
active BWP has been performed. So, the NW may stop 
sending to the UE any other L1 signaling for BWP switching 
operations, and wait for the UE feedback indicating the 55 

completeness of the SI update. 
After switching to the initial active BWP, the UE may 

continue to stay on the initial active BWP until the update to 
SI is completed. At 203, the UE completed the SI update if 
required and feedback to the NW that the system informa- 60 

tion update is completed by sending an SI update complete 
indication. Upon receiving the SI update complete indica­
tion as the UE feedback, the PHY sublayer of the NW may 
re-take control over the BWP switching operation immedi­
ately. Although the UE has to operate on the initial active 65 

BWP for the SI update in DL, the NW may be still able to 
schedule data transmission on the initial active BWP. 

n. The BWP switching operation(s) for the UE could be still 
performed for certain required services before the automatic 
switching to the initial active BWP takes place on the end of 
BCCH modification period n. 

In this case, PHY sublayer of the NW may know that the 
UE switches to the initial active BWP automatically on the 
end of BCCH modification period n, and may stop sending 
to the UE any other L1 signaling for BWP switching 
operations after modification period n ends. The PHY sub­
layer of the NW may know the UE by default will complete 
the SI update within the next modification period n+l, the 
PHY sublayer may re-take control over the BWP switching 
after BCCH modification period n + 1 ends. Therefore, at 3 03 
on the ending boundary of modification period n+ 1 the NW 
re-takes the BWP switching operations by sending L1 sig­
naling to switch the initial active BWP to a BWP for data 
transmission. 

After switching to the initial active BWP on the end of 
modification period n, the UE may wait to receive, via the 
initial active BWP, broadcast information required for 
updating to the changed SI in a next BCCH modification 
period directly following modification period n. Therefore, 
within BCCH modification period n+l (the next BCCH 
modification period as shown in FIG. 3), the UE performs 
the system information acquisition to update the changed 
system information if required. 

In this case, since the NW may know the UE by default 
will complete the SI update within the next modification 
period n+l, the PHY sublayer may re-take control over the 
BWP switching after BCCH modification period n+l ends. 
Therefore, at 303 on the ending boundary of modification 
period n+l the NW re-takes the BWP switching operations 
by sending L1 signaling to switch the initial active BWP to 
a BWP for data transmission. 
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In one embodiment of the present disclosure, the Con­
nected UE may feedback to the NW while the SI update is 
completed, and the NW may take control over the BWP 
switching immediately upon receiving the feedback. In FIG. 
4, a BWP switching operation for an RRC_connected UE 5 

due to receiving an SI change indication is illustrated. The 
UE may operate on an indicated BWP as currently active 
BWP for data transmission or operate on an initial active 
BPW able to receive the content of changed SI required for 
the UE SI update. Within BCCH modification period n, the 10 

UE may operate on the indicated BWP for data transmission 
according to L1 signaling. 

The SI change indication is sent to the UE by paging ( e.g., 
a Short Message) from the NW while the UE may operate 
on the indicated BWP. At 401, upon receiving the SI change 15 

indication, UE may continue to stay on the indicated BWP 
instead of switching immediately to the initial active BWP. 
Then, the UE switches to the initial active BWP automati­
cally on the ending boundary of BCCH modification period 
n. The BWP switching operation(s) for the UE could be still 20 

performed for certain required services before the automatic 
switching to the initial active BWP takes place on the end of 
modification period n. In this case, PHY sublayer of the NW 
may know that the UE switches to the initial active BWP 
automatically on the end of BCCH modification period n, 25 

and may stop sending to the UE any other L1 signaling for 
BWP switching operations after period n ends. 

After switching to the initial active BWP on the end of 
modification period n, the UE may continue to stay on the 
initial active BWP until the update of the required SI 30 

change(s) is completed. At 403, the UE complete the SI 
update and feedback to the NW that the system information 
update is completed by sending an SI update complete 
indication. Upon receiving the SI update complete indica­
tion as the UE feedback, the PHY sublayer of the NW may 35 

re-take control over the BWP switching operation at 403. 
Although the UE has to operate on the initial active BWP for 
the SI update in DL, the NW may be still able to schedule 
data transmission on the initial active BWP. 

The UE feedback of SI update complete may be sent by 40 

L1 signaling (via PUCCH) or by MAC-CE transmission on 
an uplink (UL) BWP paired with the initial active DL BWP. 
If using L1 signaling, the upper sublayer (e.g., RRC) of the 
UE may inform PHY sublayer that the SI update is com­
pleted, and the UE PHY sublayer may feedback it to the NW. 45 

The NW may re-take control over the BWP switching after 
receiving the feedback in NW PHY sublayer. Alternatively, 
if using MAC-CE transmission, the upper sublayer of the 
UE may inform MAC sublayer that the system information 
update is completed, and the UE MAC sublayer may feed- 50 

back it to the NW. The NW may re-take control over the 
BWP switching once receiving the feedback in NW MAC 
sublayer. 

In one embodiment of the present disclosure, after receiv­
ing an SI change indication the UE may not switch to an 55 

initial active BWP until an L1 signaling is received from the 
NW. In FIG. 5, a BWP switching operation for an 
RRC_connected UE due to receiving an SI change indica­
tion is illustrated. The UE may operate on an indicated BWP 
as currently active BWP for data transmission or operate on 60 

an initial active BPW able to receive the content of changed 
SI required for the UE SI update. Within BCCH modifica­
tion period n, the UE may operate on the indicated BWP for 
data transmission according to Ll signaling. 

The SI change indication is sent to the UE by paging ( e.g., 65 

a Short Message) from the NW while the UE may operates 
on the indicated BWP in BCCH modification period n. At 

8 
501, upon receiving the SI change indication, the UE may 
not switch to the initial active BWP but continue to stay on 
the indicated BWP. On the NW side, the RRC sublayer may 
inform the PHY sublayer that the SI change indication is 
sent to the UE. The SI change indication may be carried as 
part of the Short Message in the paging. In response to the 
UE reception of the SI change indication, the PHY sublayer 
of the NW may schedule the L1 signaling and decide when 
to send the L1 signaling to switch the UE to the initial active 
BWP. After sending the SI change indication, the NW may 
perform the L1 signaling before BCCH modification period 
n ends. 

At 503, the UE switches to the initial active BWP in 
response to receiving the Ll signaling sent from the NW in 
BCCH modification period n, and the NW may also stop 
sending to the UE any other L1 signaling for BWP switching 
operations. In this case, the PHY sublayer of the NW may 
know the UE by default will complete the SI update within 
the next modification period (i.e., BCCH modification 
period n+l as shown in FIG. 5), and the PHY sublayer may 
re-take control over the BWP switching after BCCH modi­
fication period n+l ends. 

Thus, at 505 the NW re-takes control over the BWP 
switching operations on the ending boundary of modifica­
tion period n+ 1 by sending L1 signaling to switch the initial 
active BWP to a BWP for data transmission. 

Alternatively, the NW may re-take control over the BWP 
switching operations upon receiving a feedback from the UE 
indicating the SI update is complete before BCCH modifi­
cation period n+l ends. In FIG. 6, the UE receives a Ll 
signaling for switching to the initial active BWP at 603 after 
receiving the SI change indication at 601 in modification 
period n, followed by the SI update operations in modifi­
cation period n+l. Once the UE completes the SI update at 
605, the UE feedback of SI update complete ( e.g., an SI 
update completeness indication) may be sent by another L1 
signaling (via PUCCH) or by MAC-CE transmission on an 
uplink (UL) BWP paired with the initial active DL BWP. If 
using L1 signaling, the upper sublayer ( e.g., RRC) of the UE 
may inform PHY sublayer that the SI update is completed, 
and the UE PHY sublayer may feedback it to the NW. The 
NW may re-take control over the BWP switching after 
receiving the feedback in NW PHY sublayer. If using 
MAC-CE transmission, the upper sublayer of the UE may 
inform MAC sublayer that the system information update is 
completed, and the UE MAC sublayer may feedback it to the 
NW. The NW may re-take control over the BWP switching 
once receiving the feedback in NW MAC sublayer. 

In one embodiment of the present disclosure, the UE may 
receive a public warning system (PWS) notification indica­
tion for ETWS indication or CMAS indication carried in 
Short Message of a paging. The PWS notification indication 
notifies the UE of immediate reception of a PWS notifica­
tion. When a Connected UE receives a PWS notification 
indication broadcasted by paging of the NW, the RRC 
sublayer of the UE may inform the PHY sublayer that a PWS 
notification reception is required immediately. 

If the UE receives the PWS notification indication(s) of a 
paging from the NW, the UE has to immediately start 
receiving the PWS notification(s) according to the schedul­
ing information in RMSI. The PWS notification indication 
may trigger the UE to perform re-acquisition of the sched­
uling information in RMSI for checking scheduling changes 
for the SIBs associated with the PWS notification(s). Once 
the SIB(s) associated with the corresponding PWS notifica­
tion(s) is no longer scheduled, the UE could stop receives 
the SIB(s). 
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In FIG. 7, a BWP switching operation for an RRC_con­
nected UE due to receiving a PWS notification indication is 
illustrated. The UE may operate on an indicated BWP as 
currently active BWP for data transmission or operate on an 
initial active BPW able to receive the content of changed SI 5 

required for the UE SI update. Within BCCH modification 
period n, the UE may operate on the indicated BWP as the 
current active BWP for data transmission according to Ll 
signaling. 

The PWS notification indication is sent to the UE by 10 

paging ( e.g., a Short Message) from the NW while the UE 
operates on the indicated BWP. At 701, upon receiving the 
PWS notification indication, UE may switch automatically 

10 
the UE SI update. Within BCCH modification period n, the 
UE may operate on the indicated BWP for data transmission 
according to L1 signaling. 

The PWS notification indication is sent to the UE by 
paging ( e.g., a Short Message) from the NW while the UE 
may operate on the indicated BWP in BCCH modification 
period n. At 901, upon receiving the PWS notification 
indication, the UE may not switch to the initial active BWP 
but continue to stay on the indicated BWP until an Ll 
signaling from the NW is received. At 903, the UE switches 
to the initial active BWP in response to receiving the L1 
signaling sent from the NW in BCCH modification period n, 
and the NW may also stop sending to the UE any other L1 
signaling for BWP switching operations. At 905, the PHY to the initial active BWP from the indicated BWP in BCCH 

modification period n. The PWS notification indication may 
be carried as part of Short Message in the paging. Then, 
RRC sublayer of the NW may inform the PHY sublayer that 
the paging has been sent to the UE. So, the PHY sublayer of 
the NW knows successful automatic switching to the initial 
active BWP and may stop sending to the UE any other L1 
signaling for BWP switching operations. The PHY sublayer 

15 sublayer of the NW would wait for the information from 
upper layer(s) indicating the stop of broadcasting PWS 
notification(s) at a certain time point, e.g. in BCCH modi­
fication period n+2. Then, the PHY sublayer in the NW 
could re-start to take control over BWP switching 

20 operation(s). 

of the NW would wait for the information from upper 
layer(s) indicating the stop of broadcasting PWS 
notification(s) at a certain time point, e.g. at 703 in BBCH 
modification period n+2. Then, the PHY sublayer in the NW 25 

could re-start to take control over BWP switching 
operation( s). 

In another embodiment of the present disclosure, the 
Connected UE may feedback to the NW while the PWS 
notification is no longer scheduled, and the NW may re-take 30 

control over the BWP switching immediately upon receiving 
the feedback. In FIG. 8, a BWP switching operation for an 
RRC_connected UE due to receiving a PWS notification 
indication is illustrated. The UE may operate on an indicated 
BWP as currently active BWP for data transmission or 35 

operate on an initial active BPW able to receive the content 
of changed SI required for the UE SI update. Within BCCH 
modification period n, the UE may operate on the indicated 
BWP for data transmission according to Ll signaling. 

The PWS notification indication is sent to the UE by 40 

paging ( e.g., a Short Message) from the NW while the UE 
may operates on the indicated BWP. At 801, upon receiving 
the PWS notification indication, UE may switch to the initial 
active BWP automatically from the indicated BWP in 
BCCH modification period n. The PWS notification indica- 45 

tion may be carried as part of Short Message in the paging. 
Then, RRC sublayer of the NW may inform the PHY 
sublayer that the paging has been sent to the UE and the 
switching of the UE to the initial active BWP has been 
performed. So, the NW may stop sending to the UE any 50 

other L1 signaling for BWP switching operations, and wait 
for the UE feedback indicating the PWS notification is no 
longer scheduled. 

At 803, the UE may inform the NW of the stopping 
broadcast of the PWS notification(s) by a feedback that 55 

indicates the PWS notification is no longer scheduled. 
In one embodiment of the present disclosure, after receiv­

ing a PWS notification indication the UE may not switch to 
an initial active BWP until an L1 signaling is received from 
the NW. Since the PWS notification is for emergence, the Ll 60 

signalling for switching the UE to the initial active BWP 
shall be transmitted as fast as possible. In FIG. 9, a BWP 
switching operation for an RRC_connected UE due to 
receiving a PWS notification indication is illustrated. The 
UE may operate on an indicated BWP as currently active 65 

BWP for data transmission or operate on an initial active 
BPW able to receive the content of changed SI required for 

Alternatively, the UE may inform the NW of the stopping 
broadcast of the PWS notification(s) by a feedback that 
indicates the PWS notification is no longer scheduled in this 
case. 

In some embodiments of the present disclosure, a BWP 
inactivity timer is introduced to switch an ongoing indicated 
BWP (or the currently active BWP) to a default BWP after 
a certain inactive time. The BWP inactivity timer may start 
to run for an inactive time period immediately after the UE 
switches off the default BWP. In other words, no matter what 
BWPs the Connected_UE currently operates on, the UE may 
switch back to the default BWP immediately after the BWP 
inactivity timer expires. 

If the initial active BWP is the default BWP, the currently 
running BWP inactivity timer would stop after receiving 
Short Message on the configured active BWP. The UE may 
switch to another BWP after SI acquisition in response to 
receiving an L1 signalling, and the BWP inactivity timer 
would reset with the configured value and start running. 

If the initial active BWP is not the default BWP, the 
currently running BWP inactivity timer may keep running. 
In some embodiments, the BWP inactivity timer would 
restart with the configured value and start running. It is noted 
that the configured value may be different from the normal 
one (i.e., the normal one is not used for SI acquisition upon 
switching to the initial active BWP). For example, gNB(s) 
may configure the BWP inactivity timer with two values, 
one is 5 ms, the other is 40 ms ( e.g., equal to the duration of 
one BCCH modification period), and UE will automatically 
apply the second one when the UE needs to perform SI 
acquisition after receiving the SI change indication carried 
in the Short Message. 

In one embodiment of the present application, if the BWP 
inactivity timer expires but the SI update is not complete, the 
UE may keep staying on the initial active BWP until the next 
L1 signalling ( e.g., DCI) controls the UE to perform another 
BWP switching. The NW may need the timing of the SI 
update completeness by an NW control mechanism (e.g., 
waiting for the whole BCCH modification period for SI 
updated as introduced in the above embodiments) or an UE 
control mechanism ( e.g., by waiting for the UE feedback as 
introduced in the above embodiments). The BWP inactivity 
timer would then reset and restart while the UE is switched 
to another BWP, which is not the default BWP. On the other 
hand, if the BWP inactivity timer is expired but the PWS 
notification receiving is not complete, the UE would keep 
staying on the initial active BWP until the next L1 signalling 
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(e.g., DCI) controls the UE to perform another BWP switch. 
The NW would need the timing of the SI complete by an 
NW control mechanism ( e.g., waiting for the whole BCCH 
modification period for SI updated as introduced in the 
embodiments) or an UE control mechanism (e.g., by waiting 5 

for the UE feedback as introduced in the embodiment). The 
BWP inactivity timer may then reset and restart while the 
UE switches to another BWP, which is not the default BWP. 
If there is no system information change indication or Public 
Warning System (PWS) notification indication indicating 10 

that the following SI update or PWS notification receiving 
procedure is required, once the BWP inactivity timer 
expires, the UE would automatically switch to the default 
BWP without L1 signalling. 

FIG. 10 illustrates a block diagram of a device for 15 

wireless communication, according to various exemplary 
implementations of the present disclosure. As shown in FIG. 
10, device 1000 may include transceiver 1020, processor 
1026, memory 1028, one or more presentation components 
1034, and at least one antenna 1036. Device 1000 may also 20 

include an RF spectrum band module, a base station com­
munications module, a network communications module, 
and a system communications management module, input/ 
output (I/O) ports, I/O components, and power supply (not 
explicitly shown in FIG. 10). Each of these components may 25 

be in communication with each other, directly or indirectly, 
over one or more buses 1026. 

12 
may be removable, non-removable, or a combination 
thereof. Exemplary memory includes solid-state memory, 
hard drives, optical-disc drives, and etc. As illustrated in 
FIG. 10, memory 1028 may store computer-readable, com­
puter-executable instructions 1032 ( e.g., software codes) 
that are configured to, when executed, cause processor 1026 
to perform various functions described herein, for example, 
with reference to FIGS. 1 through 9. Alternatively, instruc­
tions 1032 may not be directly executable by processor 1026 
but be configured to cause device 1000 ( e.g., when compiled 
and executed) to perform various functions described herein. 

Processor 1026 may include an intelligent hardware 
device, e.g., a central processing unit (CPU), a microcon­
troller, an ASIC, and etc. Processor 1026 may include 
memory. Processor 1026 may process data 1030 and instruc­
tions 1032 received from memory 1028, and information 
through transceiver 1020, the base band communications 
module, and/or the network communications module. Pro­
cessor 1026 may also process information to be sent to 
transceiver 1020 for transmission through antenna 1036, to 
the network communications module for transmission to a 
core network. 

One or more presentation components 1034 presents data 
indications to a person or other device. Exemplary one or 
more presentation components 1034 include a display 
device, speaker, printing component, vibrating component, 
and etc. 

From the above description it is manifest that various 
techniques can be used for implementing the concepts 
described in the present disclosure without departing from 
the scope of those concepts. Moreover, while the concepts 
have been described with specific reference to certain imple­
mentations, a person of ordinary skill in the art would 
recognize that changes can be made in form and detail 

Transceiver 1020 having transmitter 1022 and receiver 
1024 may be configured to transmit and/or receive time 
and/or frequency resource partitioning information. In some 30 

implementations, transceiver 1020 may be configured to 
transmit in different types of subframes and slots including, 
but not limited to, usable, non-usable and flexibly usable 
subframes and slot formats. Transceiver 1020 may be con­
figured to receive data and control channels. 

Device 1000 may include a variety of computer-readable 
media. Computer-readable media can be any available 
media that can be accessed by device 1000 and include both 
volatile and non-volatile media, removable and non-remov­
able media. By way of example, and not limitation, com- 40 

puter-readable media may comprise computer storage media 
and communication media. Computer storage media 
includes both volatile and non-volatile, removable and non­
removable media implemented in any method or technology 
for storage of information such as computer-readable 45 

instructions, data structures, program modules or other data. 

35 without departing from the scope of those concepts. As such, 
the described implementations are to be considered in all 
respects as illustrative and not restrictive. It should also be 
understood that the present disclosure is not limited to the 

Computer storage media includes RAM, ROM, 
EEPROM, flash memory or other memory technology, CD­
ROM, digital versatile disks (DVD) or other optical disk 
storage, magnetic cassettes, magnetic tape, magnetic disk 50 

storage or other magnetic storage devices. Computer storage 
media does not comprise a propagated data signal. Commu­
nication media typically embodies computer-readable 
instructions, data structures, program modules or other data 
in a modulated data signal such as a carrier wave or other 55 

transport mechanism and includes any information delivery 
media. The term "modulated data signal" means a signal that 
has one or more of its characteristics set or changed in such 
a manner as to encode information in the signal. By way of 
example, and not limitation, communication media includes 60 

wired media such as a wired network or direct-wired con­
nection, and wireless media such as acoustic, RF, infrared 
and other wireless media. Combinations of any of the above 
should also be included within the scope of computer-
readable media. 65 

Memory 1028 may include computer-storage media in the 
form of volatile and/or non-volatile memory. Memory 1028 

particular implementations described above, but many rear­
rangements, modifications, and substitutions are possible 
without departing from the scope of the present disclosure. 

What is claimed is: 
1. A method for a user equipment (UE) of a connected 

state, the method comprising: 
receiving a system information (SI) change indication 

broadcasted by a paging via a currently active band­
width part (BWP) during a modification period; 

in response to receiving the SI change indication, switch­
ing from the currently active BWP to an initial active 
BWP for an SI update; 

receiving remaining minimum SI (RMSI) via the initial 
active BWP during a next modification period that 
immediately follows the modification period, wherein 
the RMSI includes information associated with 
changed system information blocks (SIBs ); 

determining which of the changed SIBs is required to be 
updated for the UE according to the received RMSI; 
and 

receiving content of the required changed SIBs based on 
the determination. 

2. The method of claim 1, wherein the currently active 
BWP is switched to the initial active BWP automatically on 
the end of the modification period. 

3. The method of claim 1, wherein the currently active 
BWP is switched to the initial active BWP immediately upon 
receiving the SI change indication. 
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4. The method of claim 1, wherein the currently active 
BWP is switched to the initial active BWP in response to 
receiving downlink control information (DCI). 

5. The method of claim 1, further comprising: 
completing the SI update of the required changed SIBs 5 

within the next modification period in response to 
receiving the content of the required changed SIBs. 

6. The method of claim 1, further comprising: 
sending an SI update complete indication as a feedback 

indicating completeness of the SI update via an uplink 10 

BWP. 

14 
wherein the RMSI includes information associated 
with changed system information block (SIB); 

determining which of the changed SIBs is required to 
be updated for the UE according to the received 
RMSI; and 

receiving content of the required changed SIBs based 
on the determination. 

12. The UE of claim 11, wherein the currently active BWP 
is switched to the initial active BWP automatically on the 
end of the modification period. 

13. The UE of claim 11, wherein the currently active BWP 
is switched to the initial active BWP immediately upon 
receiving the SI change indication. 7. The method of claim 1, wherein the UE is pre­

configured with a default BWP and a BWP inactivity timer 
for the connected state, and wherein the UE starts the BWP 
inactivity timer after switching off the default BWP and 
s_witches ~ack to the default BWP after the BWP inactivity 
timer expJres. 

14. The UE of claim 11, wherein the currently active BWP 
is switched to the initial active BWP in response to receiving 

15 downlink control information (DCI). 
15. The UE of claim 11, wherein the processor is further 

configured to execute the computer-executable instructions 
to cause the UE of a connected state to perform operations 
comprising: 

. 8. The method of claim 7, wherein the BWP inactivity 
timer stops after the currently active BWP for data trans­
mission is switched to an initial active BWP in response to 
receiving the SI change indication. 

20 completing the SI update of the required changed SIBs 

9. The method of claim 7, wherein the BWP inactivity 
timer is further configured to have a short period and a long 
period, and wherein the UE selects the long period for the 
BWP inactivity timer upon receiving the SI change indica­
tion. 

within the next modification period in response to 
receiving the content of the required changed SIBs. 

16. The UE of claim 15, wherein the processor is further 
configured to execute the computer-executable instructions 

25 to cause the UE of a connected state to perform operations 
comprising: 

10. The method of claim 7, wherein the UE stays on the 
initial active BWP in order to complete the SI update after 
the BWP inactivity timer expires. 

11. A user equipment (UE) for wireless communication, 
comprising: 

a non-transitory machine-readable medium storing com­
puter-executable instructions; 

30 

a processor coupled to the non-transitory computer-read- 35 
able medium, and configured to execute the computer­
executable instructions to cause the UE of a connected 
state to perform operations comprising: 
receiving a system information (SI) change indication 

broadcasted by a paging via a currently active band-
width part (BWP) during a modification period; 

in response to receiving the SI change indication, 
switching from currently active BWP to an initial 
active BWP for an SI update; and 

40 

receiving remaining minimum SI (RMSI) via the initial 45 
active BWP during a next modification period that 
immediately follows the modification period, 

sending an SI update complete indication as a feedback 
indicating completeness of the SI update via an uplink 
BWP. 

17. The UE of claim 11, wherein the UE is pre-configured 
with a default BWP and a BWP inactivity timer for the 
connected state, and wherein the UE starts the BWP inac­
tivity timer after switching off the default BWP and switches 
back to the default after the BWP inactivity timer expires. 

18. The UE of claim 17, wherein the BWP inactivity timer 
stops after the currently active BWP for data transmission is 
switched to an initial active BWP in response to receiving 
the SI change indication. 

19. The UE of claim 17, wherein the BWP inactivity timer 
is further configured to have a short period and a long period, 
and wherein the UE selects the long period for the BWP 
inactivity timer upon receiving the SI change indication. 

20. The UE of claim 17, wherein the UE stays on the 
initial active BWP in order to complete the SI update after 
the BWP inactivity timer expires. 

* * * * * 



Exhibit 2 



c12) United States Patent 
Chen et al. 

(54) ON-DEMAND SYSTEM INFORMATION 
REQUEST PROCEDURE AND ERROR 
HANDLING 

(71) Applicant: FG Innovation Company Limited, 
Tuen Mun (HK) 

(72) Inventors: Hung-Chen Chen, Hsinchu (TW); 
Chie-Ming Chou, Hsinchu (TW); 
Yung-Lan Tseng, Hsinchu (TW) 

(73) Assignee: FG Innovation Company Limited, 
Tuen Mun (HK) 

( *) Notice: Subject to any disclaimer, the term ofthis 
patent is extended or adjusted under 35 
U.S.C. 154(b) by O days. 

(21) Appl. No.: 16/372,389 

(22) Filed: 

(65) 

Apr. 1, 2019 

Prior Publication Data 

(60) 

(51) 

(52) 

US 2019/0306784 Al Oct. 3, 2019 

Related U.S. Application Data 

Provisional application No. 62/651,312, filed on Apr. 
2, 2018. 

Int. Cl. 
H04W 4100 
H04W 48114 
H04W 48116 
H04W 76118 
H04W36/30 
H04W 76115 
H04W36/08 
H04W 74/08 
H04W 76/28 
U.S. Cl. 

(2018.01) 
(2009.01) 
(2009.01) 
(2018.01) 
(2009.01) 
(2018.01) 
(2009.01) 
(2009.01) 
(2018.01) 

CPC ........... H04W 48114 (2013.01); H04W 36/08 
(2013.01); H04W 36/305 (2018.08); H04W 

48116 (2013.01); H04W 76115 (2018.02); 

IBfl 
US010791502B2 

(IO) Patent No.: 
(45) Date of Patent: 

US 10,791,502 B2 
Sep.29,2020 

H04W 76118 (2018.02); H04W 74/0833 
(2013.01); H04W 76/28 (2018.02) 

(58) Field of Classification Search 
CPC ..... H04W 48/14; H04W 48/16; H04W 76/18; 

H04W 36/305; H04W 76/15; H04W 
36/08; H04W 74/0833; H04W 76/28 

USPC ........................................... 455/434; 370/338 
See application file for complete search history. 

(56) References Cited 

U.S. PATENT DOCUMENTS 

2006/0189336 Al * 8/2006 Miyata. 

2015/0140999 Al 5/2015 Zhang et al. 
2018/0270792 Al * 9/2018 Park. 
2018/0376375 Al* 12/2018 Turtinen 
2019/0124715 Al* 4/2019 Chen. 
2019/0215858 Al* 7/2019 Ishii . 

FOREIGN PATENT DOCUMENTS 

CN 
CN 
CN 

107223353 A 
107690200 A 
107809753 A 

* cited by examiner 

9/2017 
2/2018 
3/2018 

Primary Examiner - Marcos Batista 

H04W 48/18 
455/515 

H04W76/27 
H04W 48/14 
H04W76/ll 
H04W76/25 

(74) Attorney, Agent, or Firm - ScienBiziP, P.C. 

(57) ABSTRACT 

A method of wireless communications performed by a user 
equipment (UE) is provided. The method includes perform­
ing an on-demand system information (SI) request proce­
dure in a cell; and performing an error handling procedure 
if the on-demand SI request procedure in the cell is unsuc­
cessful. The error handling procedure includes storing SI 
request failure information. 

20 Claims, 7 Drawing Sheets 

600 

,/ 

f!02 Perfonn an on-demand Sf request procedure in a r:ell 

Perform an error handling pJocedure 

610-, Store SI request failure iofonnafron I 



U.S. Patent 

0 
0 
"!'.'"" 

Sep.29,2020 Sheet 1 of 7 

a 
··················1 ;~ ") 

I l 

0 
~ 
c::: 
QJ 
l.. :., 

US 10,791,502 B2 

l..U ~11 ! ::) ...-l ""', ______ ,l. ___ l'l'-'-._,, .............................. ~ ............................................. ... 

v •••••••••••• l 



~'
'!i

f"
"'

 
~
 

(h
 ff

\.:
2«

 
L

 

U
E 

,:1
02

 

' 
M

a
st

e
r 

N
od

e 
l 

10
6 

I ' 

L
l 

,,,
,,_

,,,
_ 

'} 
0 

51
 R

e
q

u
e

st
 
~
 

I 
e

i 21
4 

·~
 

C
: 

R
e

q
u

ir
e

d
 S

! 

21
2 

~
 

20
0 

✓
 

•~
_.

._
.._

.._
,._

._
.._

.._
.._

,._
,._

._
•_

•_
•_

•_
•_

•_
•_

•_
••

-•
••

••
••

••
••

••
••

••
••

m
~ 

S
ec

on
da

ry
 N

o
d

e
 

10
8 

S!
 R

eq
ue

st
 N

o
tl

fl
ca

ti
o

n
 

.....
 

R
R

C
 R

e
co

n
fi

g
u

ra
ti

o
n

 w
it

h
 R

e
q

u
ir

e
d

 S
! 

.,
,,

,,
,,

,,
,,

,,
,,

,,
,,

,,
,,

,,
,,

,,
,,

,m
 

? 
1 

21
6 

e • 0
0

 
• ~
 

~
 
~
 

~
 =
 

~
 

rJ
J 

('
D

 

'?
 

N
 

'"
\,C

i 

N
 

0 N
 

0 rJ
J =­ ('D ('

D
 .....
 

N
 

0 .... -...
.J d r.,;
_ "'""
' '"=
 

-...
.l 

\0
 

"'""
' 

ti
t =
 

N
 =
 

N
 

I ij &a
 ~ I ti :i-::
. 

f ..
 ~ ~
 
~
 I ~ ~ fD
 r:ii i j @

-

0"
 

F
<

', ~ i g ;;j
;'­ :::t
: 
~
 

~
 



U.S. Patent Sep.29,2020 Sheet 3 of 7 US 10,791,502 B2 

~--------
u., 

'O 
0 z 
> 00! ~--ro O! ~~ .... --~ 
v rl; ,i 
C Vl 0 
{_) -u 
Q) OJ 
V) ~y -~-

"' --- ,.,., 
0" 
OJ 

cc: 
.c 
-1-' -~ 
C 
g ,..,, 
f',J 
l... 
~ 

.~o -;::::: 0 
u 

~ UJ 
' l cc: 
I 

(l) I u 
u l cc: I 
0 I oc I 

z I ~?1 l '.- 0, 
(l..f rl l ,.,..... 
<l'l 
m ""'y 
2: 

"'"' I ill 
0) 
:::::l 
IT j 

0) 

cc: 
~ 

VI 

0 <"-i 
H 

rl M m ., 
' w.J NI j ~ 

'") 0 -.-..,-

L 



FI
G

,. 
4 

U
E 

M
a

st
e

r 
N

o
d

e
 

.1
02

 
10

6 

41
0 

S!
 R

eq
ue

st
 

,,.
.; 

U
E 

d
et

er
m

in
es

 t
h

e 
41

2 
fa

ilu
re

 o
f S

! 
R

e
q

u
e

st
 

I ! 
~
~
~
~
~
~
~
~
~
~
 

! 
! ! I 

41
4 

SN
 5

1 
R

eq
ue

st
 F

ai
lu

re
 !

n
fo

rm
a

tl
o

n
 

_,
,.,)

 
-

,m
 

-1 I ! ! 

40
0 

✓
 

S
e

co
n

d
a

ry
 N

o
d

e
 

10
$ 

•~
 ·-

~ ! ' 

e • 0
0

 
• ~
 

~
 
~
 

~
 =
 

~
 

rJ
J 

('
D

 

'?
 

N
 

'"
\,C

i 

N
 

0 N
 

0 rJ
J =­ ('D ('

D
 .....
 

.i;
...

 

0 .... -...
.J d r.,;
_ "'""
' '"=
 

-...
.l 

\0
 

"'""
' 

ti
t =
 

N
 =
 

N
 

I ij &a
 ~ i i ti :i-::
. 

f ..
 ~ ~
 
~
 I ~ ¼
 
~
 

@
. 

M
 

19
 1 i ~
 

O
" 

F
<

', ~ i g ;;j
;'- ~ 0 



U.S. Patent Sep.29,2020 

Q) 

tl 

!~ 

Sheet 5 of 7 

! :g! I I ~ 1------§,..,.,.,,-- r~7 
........... ~ 
;")! 

.:=. I 
4--t ! 

12 m I E 
\.,_ 

•._ ........................................ ....... ..Q 
C 

C: 
0 

~y 
V 
<lJ ,--, 
<lJ 

0:::: 
,'-' 
(,,'J 

<lJ 
::;::; 
O" 
<ll ' cc 
v~ 

0 
rl N 

US 10,791,502 B2 

~ 
C l 
0 ! 

! ·.;:::; I 
1 ro 
! f: 

~ ... ~ 

0 
""-
C 

(l,1 ._ =j 
ro 
u.. ,,,_, 
if! 
(JJ 
~ 
O" 
Q,,1 

0:::: 
(I) 

z 
V"\ 

~ 8
1 

'I;« ___ l..f'l ____ ~_:j_•~_:i_ 
_, ..---{ i 

I 
., __________ __] 



U.S. Patent 

I I 
l 

Sep.29,2020 Sheet 6 of 7 US 10,791,502 B2 

600 

Start 

L~ 

602 - 1 Perform an on--demand SI request procedure in a cdl. 
l 
l 
! 
! ,--~----- 1 

y 

604 , 

N 

606 



~
..

.,
,,

 
~ 

,r
,\

 
o!'"

"G
· 

1 
~
 

~
 

~
 

. 

--
--

--
--

--
--

--
--

--
--

-,
,,

,,
,,

,,
,,

,,
,,

,,
,,

,,
,,

,,
,,

,,
,,

 __
__

__
 _ 

r~
Ae

rn
or

y 
72

8 

[ 
.,,,,,,,, 

J 
D

a
ta

 
.7

3J
) 

,,
,,

,,
,,

,,
,,

,,
,,

,,
,,

_,
,,

,,
 

!n
st

ru
cU

on
s 

73
2 

,,
,,

,,
,_

,~
 __

 ,,,,,,,, 

1
··

··
··

··
··

··
··

··
··

··
··

··
··

··
··

··
··

··
··

··
··

··
··

··
··

··
··

··
··

··
··

··
·~

 

! j 
P

re
se

nt
at

io
n 

] 
C

o
m

p
o

n
e

n
~

 
• 

~ 
73

~;1
 

i 
i 

~ 
,. 

i 
; 

i 
~
 .. .,

..,.
 ...

. .,.
.,..

,.,.
,,.,

..,.
_.,

..,.
_. _

_
_

_
_

_
_

_
_

 .,.
.,.

.,.
.,.

.r
;_

j 

Z.Q
O 

j,
, 

. .J
 I ........ -i-'- r 1 

7
4

0
 T

ra
n

sc
e

iv
e

r 
72

0 

T
ra

n
sm

itt
e

r 
j j j j 

72
2 

j j j 

~
 

R
e

ce
iv

e
r 

I 
7

24
 

~ 
L.

,,.,
.;.

,.,.
 

i 
,,.,.

.,..,
.,..,

....,
....,

..,..
,..,,

,,,,,
,.,.,

,.,,.
,.,,.

,,.,.
,,.,,

.,..,
,.,,,

,.,..
,.,..

,..,.
.,..,

..,..
,..,.

.,..,
.;, ' 

7
24

 
~ 

. .,..,.
.,..,.

,..,..
..,...

..,..,
..,..,

 
L.

,..,
,;.

,.,.
 ..,,.

,,,,..,
..,.,..

,..,..,
..,..,.

.,..,..
,. ~

 

,,.,,
..,,.

.,,..
,,..,

,..,,
..,,.

.,..,
,..,.

.,..,
..,..

,..,.
.,..,

..,..
,..,.

....,
..,,,

,.,,.
.,,..

,,..,
,..,,

..,,.
.,,.,

,.,,.
,,.,,

.,,.,
,.,,.

,,.,,
.,,.r

;_ 

P
ro

ce
ss

o
r 

,7
26

 
P

ro
ce

ss
o

r 
,7

26
 

?
"

',
v

.,
..

,,
..

,.
,,

..
..

..
..

..
..

.,
,_

..
.,

,,
,,

.,
,.

,~
 

1 

D
at

a 
I 

?"
',

v.
,..

,..
,.,

,..
...

...
...

..,
,_

 
j 

,, 
I 

' 

i 
T2

0 
L

, 
~
 ,

,;:
., 

·:,
,,,

 
-

~ 
L

, 

D
at

a 
7

".
.1

(\
 

.J.
...

:d
.W

. 
~ 

_
, 

l 
--

-
,,,

,. 
,,,

, .
 

-
-
, 

! 
ln

st
ru

ct
w

n
s 

! 
. 

---
,,

,,
. 

,,
,,

,.
 
·-

,, 
l 

l 
t 

~t
' 

1 
,n

s 
ru

t, 
io

ns
 

! 
~ 

~7
32

 
·7~

2 
! 

' 
L

, _
_

_
_

 _
 

!
L

-
-
-
-
-
l
 

! i 

73
6 ~ -

_
_

_
_

_
_

_
_

 ,,
,,

,,
,,

,,
,,

,,
,,

,,
,,

,,
,,

,,
,,

,,
,,

,,
,,

,,
,,

,,
,,

,,
,,

,,
,,

,,
,,

,~
~

~
~

~
~

~
--

--
--

--
-,

,_
,_

,,
,_

,.
 

e • 

I 
0

0
 

• ~
 

~
 

~ 
~
 

~
 =
 

s
) 

~
 

&a
 ~ 

rJ
J 

('
D

 

i 
'?

 
N

 
...

 \,C
i 

N
 

i 
0 N

 
0 

ti :i-::
. 

f ..
 ~ ~
 

rJ
J =-

~
 

('
D

 

I 
('

D
 .....
 

-...
.J 

0 
~
 

¼
 

.... 
~
 

-...
.J 

fD
 -~ M
 i ~ (~
 

d 
w

 
O

" 
r.,;

_ 
F

<
', 

"'""
' 

~ 
... =

 
--.

.l 

i 
\0

 
!"'

" 
U

I 
g 

=
 

N
 

;j
;'- :::
t 

=
 

~ 
N

 
V.

) 



c12) United States Patent 
Chen et al. 

(54) SYSTEM INFORMATION UPDATES IN 
BAND WIDTH PART (BWP) SWITCH 
OPERATION 

(71) Applicant: FG Innovation Company Limited, 
Tuen Mun (HK) 

(72) Inventors: Hung-Chen Chen, Hsinchu (TW); 
Chie-Ming Chou, Hsinchu (TW) 

(73) Assignee: FG Innovation Company Limited, 
Tuen Mun (HK) 

( *) Notice: Subject to any disclaimer, the term ofthis 
patent is extended or adjusted under 35 
U.S.C. 154(b) by O days. 

(21) Appl. No.: 16/191,465 

Nov. 15, 2018 (22) Filed: 

(65) Prior Publication Data 

US 2019/0150064 Al May 16, 2019 

Related U.S. Application Data 

(60) Provisional application No. 62/586,598, filed on Nov. 
15, 2017. 

(51) Int. Cl. 
H04W 4100 
H04W 48110 
H04W 48/12 

(2018.01) 
(2009.01) 
(2009.01) 

101 

Indicated BWP 

I 
I 
I 
I 

II II 
US010743238B2 

(IO) Patent No.: 
(45) Date of Patent: 

US 10,743,238 B2 
Aug. 11, 2020 

(52) U.S. Cl. 
CPC ............ H04W 48110 (2013.01); H04W 48/12 

(2013.01) 
(58) Field of Classification Search 

CPC .............................. H04W 48/10; H04W 48/12 
USPC ......................................... 370/328, 329, 330 
See application file for complete search history. 

(56) References Cited 

U.S. PATENT DOCUMENTS 

2019/0053029 Al* 2/2019 Agiwal H04W 76/27 
2019/0132109 Al* 5/2019 Zhou ..................... H04L 5/0098 

* cited by examiner 

Primary Examiner - Chuong T Ho 
(74) Attorney, Agent, or Firm - ScienBiziP, P.C. 

(57) ABSTRACT 
A user equipment (UE) for wireless communication is 
configured to perform bandwidth part (BWP) switching 
operation in response to receiving a system information 
change indication. The UE receives the system information 
change indication via a currently active BWP in a BCCH 
modification period. The system information change indi­
cation notifies the UE that contents of system information 
have been changed. The UE switches from the currently 
active BWP to an initial active BWP to receive the changed 
contents of system information which are required for the 
UE. The UE receives the changed contents of system 
information via the initial active BWP in a next BCCH 
modification period that immediately follows the BCCH 
modification period. The UE updates the system information 
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ON-DEMAND SYSTEM INFORMATION 
REQUEST PROCEDURE AND ERROR 

HANDLING 

2 
accompanying figures. Various features are not drawn to 
scale, dimensions of various features may be arbitrarily 
increased or reduced for clarity of discussion. 

CROSS-REFERENCE TO RELATED 
APPLICATION(S) 

FIG. 1 is a sequence diagram illustrating the transmission 
5 of SI request failure information, according to an exemplary 

implementation of the present application. 

The present application claims the benefit of and priority 
to a provisional U.S. Patent Application Ser. No. 62/651, 
312, filed on Apr. 2, 2018, entitled "On-Demand System 
Information Request Procedure and Error Handling," (here­
inafter referred to as "US73481 application"). The disclo­
sure of the US73481 application is hereby incorporated fully 
by reference into the present application. 

FIG. 2 is a sequence diagram illustrating an example of an 
on-demand SI request being transmitted to an MN in the DC 
mode, according to an exemplary implementation of the 

10 present application. 

FIELD 15 

FIG. 3 is a sequence diagram illustrating an example of an 
on-demand SI request being transmitted to an SN in the DC 
mode, according to an exemplary implementation of the 
present application. 

FIG. 4 is a sequence diagram illustrating an example of a 
UE determining the failure of an SI request in the DC mode, 
according to an exemplary implementation of the present 
application. 

The present disclosure generally relates to wireless com­
munication, and more particularly, to the on-demand system 
information (SI) request procedure for the next generation 
wireless communication networks. 

BACKGROUND 

FIG. 5 is a sequence diagram illustrating an example of a 
20 UE receiving SI request rejection information in the DC 

mode, according to an exemplary implementation of the 
present application. 

The concept of on-demand System Information (SI) 
request has been introduced in the next generation wireless 25 
network (e.g., a 5th generation (5G) new radio (NR) net­
work). When a UE finds that a required SI message(s) is not 
broadcasted, based on information in the System Informa­
tion Block Type 1 (SIB 1) ( e.g., a one-bit indicator that shows 
whether the corresponding SI message is currently broad­
casted or not) and the mapping of the SIBs to SI messages, 30 

the UE may perform an on-demand SI request procedure to 
ask the network ( also referred to as NW) to broadcast the 
required SIB(s) and/or SI message(s). However, the next 
generation wireless network lacks an efficient mechanism 
for error handling associated with the on-demand SI request 35 

procedure. 

SUMMARY 

The present disclosure is directed to on-demand system 40 
information request procedure and the corresponding error 
handling procedure for the next generation wireless com­
munication networks. 

According to an aspect of the present disclosure, a method 

FIG. 6 is a flowchart for a method of wireless commu­
nications performed by a UE, according to an example 
implementation of the present application. 

FIG. 7 illustrates a block diagram of a node for wireless 
communication, in accordance with various aspects of the 
present application. 

DETAILED DESCRIPTION 

The following description contains specific information 
pertaining to exemplary implementations in the present 
disclosure. The drawings in the present disclosure and their 
accompanying detailed description are directed to merely 
exemplary implementations. However, the present disclo-
sure is not limited to merely these exemplary implementa­
tions. Other variations and implementations of the present 
disclosure will occur to those skilled in the art. Unless noted 
otherwise, like or corresponding elements among the figures 
may be indicated by like or corresponding reference numer-
als. Moreover, the drawings and illustrations in the present 
disclosure are generally not to scale, and are not intended to 
correspond to actual relative dimensions. 

For the purpose of consistency and ease of understanding, 
like features are identified (although, in some examples, not 
shown) by numerals in the exemplary figures. However, the 
features in different implementations may be differed in 
other respects, and thus shall not be narrowly confined to 

of wireless communications performed by a user equipment 
45 

(UE) is provided. The method includes performing an on­
demand system information (SI) request procedure in a first 
cell; and performing an error handling procedure if the 
on-demand SI request procedure in the first cell is unsuc­
cessful. The error handling procedure includes storing SI 
request failure information. 50 what is shown in the figures. 

According to another aspect of the present disclosure, a 
UE is provided. The UE includes one or more non-transitory 
computer-readable media having computer-executable 
instructions embodied thereon and at least one processor 
coupled to the one or more non-transitory computer-read- 55 

able media. The at least one processor is configured to 
execute the computer-executable instructions to perform an 
on-demand system information (SI) request procedure in a 
first cell, and perform an error handling procedure if the 
on-demand SI request procedure in the first cell is unsuc- 60 

cessful. The error handling procedure includes storing SI 
request failure information. 

The description uses the phrases "in one implementation," 
or "in some implementations," which may each refer to one 
or more of the same or different implementations. The term 
"coupled" is defined as connected, whether directly or 
indirectly through intervening components, and is not nec­
essarily limited to physical connections. The term "compris-
ing," when utilized, means "including, but not necessarily 
limited to"; it specifically indicates open-ended inclusion or 
membership in the so-described combination, group, series 
and the equivalent. The expression "at least one of A, B and 
C" or "at least one of the following: A, B and C" means 
"only A, or only B, or only C, or any combination of A, B 
and C." 

BRIEF DESCRIPTION OF THE DRAWINGS 

Aspects of the exemplary disclosure are best understood 
from the following detailed description when read with the 

Additionally, for the purposes of explanation and non-
65 limitation, specific details, such as functional entities, tech­

niques, protocols, standard, and the like are set forth for 
providing an understanding of the described technology. In 
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other examples, detailed description of well-known meth­
ods, technologies, system, architectures, and the like are 
omitted so as not to obscure the description with unneces­
sary details. 

4 
A base station may be configured to provide communi­

cation services according to at least one of the following 
radio access technologies (RATs): Worldwide Interoperabil­
ity for Microwave Access (WiMAX), Global System for 

Persons skilled in the art will immediately recognize that 
any network function(s) or algorithm(s) described in the 
present disclosure may be implemented by hardware, soft­
ware or a combination of software and hardware. Described 
functions may correspond to modules may be software, 
hardware, firmware, or any combination thereof. The soft­
ware implementation may comprise computer executable 
instructions stored on computer readable medium such as 
memory or other type of storage devices. For example, one 

5 Mobile communications (GSM, often referred to as 2G), 
GSM EDGE radio access Network (GERAN), General 
Packet Radio Service (GRPS), Universal Mobile Telecom­
munication System (UMTS, often referred to as 3G) based 
on basic wideband-code division multiple access 

10 (W-CDMA), high-speed packet access (HSPA), LTE, LTE­
A, eLTE (evolved LTE), New Radio (NR, often referred to 
as 5G), and/or LTE-APro. However, the scope of the present 
application should not be limited to the above mentioned 
protocols. 

The base station is operable to provide radio coverage to 
a specific geographical area using a plurality of cells form­
ing the radio access network. The base station supports the 
operations of the cells. Each cell is operable to provide 
services to at least one UE within its radio coverage. More 

or more microprocessors or general purpose computers with 
15 

communication processing capability may be programmed 
with corresponding executable instructions and carry out the 
described network function(s) or algorithm(s). The micro­
processors or general purpose computers may be formed of 
applications specific integrated circuitry (ASIC), program­
mable logic arrays, and/or using one or more digital signal 
processor (DSPs). Although some of the exemplary imple­
mentations described in this specification are oriented to 
software installed and executing on computer hardware, 
nevertheless, alternative exemplary implementations imple­
mented as firmware or as hardware or combination of 
hardware and software are well within the scope of the 
present disclosure. 

20 specifically, each cell ( often referred to as a serving cell) 
provides services to serve one or more UEs within its radio 
coverage, ( e.g., each cell schedules the downlink and option­
ally uplink resources to at least one UE within its radio 
coverage for downlink and optionally uplink packet trans-

The computer readable medium includes but is not limited 
to random access memory (RAM), read only memory 
(ROM), erasable programmable read-only memory 
(EPROM), electrically erasable progranimable read-only 
memory (EEPROM), flash memory, compact disc read-only 
memory (CD-ROM), magnetic cassettes, magnetic tape, 
magnetic disk storage, or any other equivalent medium 
capable of storing computer-readable instructions. 

25 missions). The base station can communicate with one or 
more UEs in the radio communication system through the 
plurality of cells. A cell may allocate sidelink (SL) resources 
for supporting proximity service (Pro Se) or Vehicle to 
Everything (V2X) service. Each cell may have overlapped 

30 coverage areas with other cells. 
As discussed above, the frame structure for NR is to 

support flexible configurations for accommodating various 
next generation (e.g., 5G) communication requirements, 
such as enhanced mobile broadband (eMBB), massive 

35 machine type communication (mMTC), ultra reliable com­
munication and low latency communication (URLLC), 
while fulfilling high reliability, high data rate and low 
latency requirements. The orthogonal frequency-division 
multiplexing (OFDM) technology as agreed in 3GPP may 

A radio communication network architecture ( e.g., a long 
term evolution (LTE) system, a LTE-Advanced (LTE-A) 
system, a LTE-Advanced Pro system, or a 5G New Radio 
(NR) Radio Access Network) typically includes at least one 
base station, at least one user equipment (UE), and one or 
more optional network elements that provide connection 
towards a network. The UE communicates with the network 
(e.g., a core network (CN), an evolved packet core (EPC) 
network, an Evolved Universal Terrestrial Radio Access 45 

network (E-UTRAN), a 5G Core (5GC), or an internet), 
through a radio access network (RAN) established by one or 
more base stations. 

40 serve as a baseline for NR waveform. The scalable OFDM 

It should be noted that, in the present application, a UE 
may include, but is not limited to, a mobile station, a mobile 50 

terminal or device, a user communication radio terminal. For 
example, a UE may be a portable radio equipment, which 
includes, but is not limited to, a mobile phone, a tablet, a 
wearable device, a sensor, or a personal digital assistant 
(PDA) with wireless communication capability. The UE is 55 

configured to receive and transmit signals over an air 
interface to one or more cells in a radio access network. 

A base station may include, but is not limited to, a node 
B (NB) as in the UMTS, an evolved node B (eNB) as in the 
LTE-A, a radio network controller (RNC) as in the UMTS, 60 

a base station controller (BSC) as in the GSM/GERAN, a 
ng-eNB as in an E-UTRA base station in connection with the 
5GC, a next generation node B (gNB) as in the 5G-RAN, 
and any other apparatus capable of controlling radio com­
munication and managing radio resources within a cell. The 65 

base station may connect to serve the one or more UEs 
through a radio interface to the network. 

numerology, such as the adaptive sub-carrier spacing, the 
channel bandwidth, and the Cyclic Prefix (CP) may also be 
used. Additionally, two coding schemes are considered for 
NR: (1) low-density parity-check (LDPC) code and (2) Polar 
Code. The coding scheme adaption may be configured based 
on the channel conditions and/or the service applications. 

Moreover, it is also considered that in a transmission time 
interval TX of a single NR frame, a downlink (DL) trans­
mission data, a guard period, and an uplink (UL) transmis­
sion data should at least be included, where the respective 
portions of the DL transmission data, the guard period, the 
UL transmission data should also be configurable, for 
example, based on the network dynamics ofNR. In addition, 
sidelink resource may also be provided in a NR frame to 
support ProSe services or V2X services. 

The 3rd Generation Partnership Project (3GPP) has intro­
duced a new radio resource control (RRC) state (i.e., the 
RRC_INACTIVE state) for the next generation (e.g., 5th 
generation (5G)) wireless communication networks. The 
RRC_INACTIVE state (also referred to as inactive state in 
the following description) aims to achieve power saving 
with acceptable access latency, and is suitable especially for 
small data transmission, such as in machine type commu­
nications (MTC) scenarios. When a UE is in an inactive 
state, the 5G radio access network (5G-RAN) (e.g., the next 
generation radio access network (NG-RAN), other 3GPP/ 
non-3GPP access network connected to a 5G core network) 
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and the UE store the "UE context" (which may include 
Access Stratum (AS) context and Non-Access Stratum 
(NAS) context of the UE) separately. In addition, when the 
UE is in the inactive state, the UE may not have an RRC 
connection with the 5G-RAN, although the 5G-RAN may 5 

keep a connection with the next generation core network 
(e.g., 5G Core Network (5GC)). 

The on-demand SI request procedure may be imple­
mented differently for the UEs that are in different Radio 
Resource Control (RRC) states. For example, in one imple- 10 

mentation, for a UE that is in a connected state, the NW may 
deliver on-demand SI messages or SIB(s) via dedicated 
signaling to the UE after receiving an SI request from the 
UE. In some implementations, for a UE that is in an idle state 
or an inactive state, the NW may deliver on-demand SI 15 

messages or SIB(s) via broadcasting. In some implementa­
tions, the NW may control the message type for the on­
demand SI request procedure. For example, the message 
type for the on-demand SI request procedure may include a 
Message 1 (MSG 1) based approach and a Message 3 20 

(MSG3) based approach. 
In some of the present embodiments, if a Random Access 

(RA) preamble and/or a Physical Random Access Channel 
(PRACH) resource specific to each SIB or set of SIBs 
(which the UE needs to acquire) is included in the minimum 25 

SI (e.g., in the Master Information Block and the SIB!), the 
SI request may be indicated using an MSG I-based 
approach. 

In an MSG I-based SI request, in some implementations, 
the minimum granularity for a requested SI may be one SI 30 

message (for a set of SIBs, as in an LTE scenario). In some 
of such implementations, one RA preamble may be used to 
request for multiple SI messages. In some implementations, 
a Random Access Preamble Index (RAPID) may be 
included in a Message 2 (MSG2). Other fields, such as 35 

Timing Advance (TA), UL grant and Temporary Cell Radio 
Network Temporary Identifier (C-RNTI), may not be 
included in the MSG2 in some implementations. 

In some of the present embodiments, an RA procedure for 
SI request may be considered successful when the UE 40 

receives an MSG2 that includes a RAPID corresponding to 
the transmitted preamble. The MSG2 reception may use an 
RA-RNTI that corresponds to the MSG! transmitted by the 
UE. 

6 
In some of the present embodiments, a temporary 

C-RNTI received in the MSG2 may be used for an MSG4 
reception. The UE may check the contention resolution 
Medium Access Control (MAC) Control Element (CE) 
against the transmitted request. 

Specifically, based on the MSG I-based SI request proce­
dure, a UE which transmits a preamble on a dedicated 
PRACH resource (or PRACH occasions) for the SI request 
may need to wait for a corresponding Random Access 
Response (RAR) within a configured RAR window. If no 
RAR that contains a RAPID corresponding to the transmit-
ted preamble is received, the UE may retransmit the RA 
preamble until the corresponding RAR is received. The 
MSG! for SI request re-transmission, in some of the present 
embodiments, may be continued until a maximum preamble 
transmission is reached. In some of such embodiments, an 
RA problem may be indicated to the upper layers. However, 
during the whole MSG I-based SI request procedure, the 
requested SIB(s) or SI message(s) may be broadcasted based 
on the NW decision or other UE's SI request(s). There may 
be a power consumption issue if the UE does not stop the 
ongoing MSGl-based SI request procedure when the 
required SIB(s) has been broadcasted. 

As described above, based on the MSG I-based SI request 
procedure, a UE which transmits a preamble on a dedicated 
PRACH resource for the SI request may need to wait for the 
corresponding RAR within a configured RAR window. If no 
RAR that contains a RAPID corresponding to the transmit­
ted preamble is received, the UE may retransmit the RA 
preamble until reaching a maximum preamble transmission, 
and then an RA problem may be indicated to upper layers. 
If the corresponding RAR is received, the UE may send an 
MSG3 to indicate the required SIB(s) and/or SI message(s). 
After sending the MSG3, the UE may need to wait for a 
period e.g., defined by a contention resolution timer) for 
receiving the MSG4 for contention resolution. If the con-
tention resolution timer expires and no MSG4 is received, 
the UE may retransmit a preamble again. In some of the 
present embodiments, the MSG 1 for the SI request re­
transmission may be continued until a maximum preamble 
transmission is reached. In some aspects of the present 
embodiments, an RA problem may be indicated to the upper 
layers. Similarly, since contention resolution is also adopted 
for the MSG3-based SI request procedure, an RA problem 

45 may be indicated to the upper layers if the maximum 
preamble transmission is reached. 

In some of the present embodiments, the UE may retrans­
mit the RA preamble according to an NR RA power ramping 
when the SI request is considered to be unsuccessful. The 
MSG 1 for SI request re-transmission may be continued until 
reaching maximum preamble transmissions in some of the 
present embodiments. Thereafter, an RA problem may be 50 

indicated to the upper layer (e.g., RRC layer). In some of the 
present embodiments, a Back off mechanism may be appli­
cable to the MSGl-based SI requests. In some of such 
embodiments, however, no special back off sub-header/ 
procedure may be required. 

CASE 1: A UE's Behaviour when an On-Demand SI 
Request is Unsuccessful for the UE in an Idle State or an 
Inactive State: 

When an MSG I-based SI request or an MSG3-based SI 
request procedure in a cell is failed, the UE may consider the 
cell as barred, or may consider that the required SIB(s) 
and/or SI message(s) are not available. In one implementa­
tion, the UE may consider the on-demand SI request pro-

55 cedure as unsuccessful when the number of times the UE 
In some of the present embodiments, if the RA preamble 

and/or the PRACH resource (or PRACH occasions) specific 
to each SIB or set of SIBs (which the UE needs to acquire) 
is not included in the minimum SI, the SI request may be 
included in an MSG3. The UE may determine whether the 60 

MSG3-based approach is successful or not based on a 
reception of the MSG4. The preamble(s) and/or the PRACH 
occasions for the SI request using the MSG3-based approach 
may not be reserved in some aspects of the present embodi­
ments. RRC signaling may be used for the SI request in an 65 

MSG3-based approach. In some embodiments, the UE's ID 
may not be included in the MSG3. 

transmits a random access preamble reaches a threshold 
( e.g., maximum allowable preamble transmissions), and/or 
the UE receives SI request rejection information (e.g., in a 
RAR) in some of the present embodiments. 

If the UE considers that a cell is barred due to an SI 
request failure, the UE may consider the cell as barred for a 
configurable time period or a fixed time period ( e.g., for 300 
s ). The UE may perform a cell reselection procedure to find 
another cell to camp on. The barring time period may be 
broadcasted to the UE in system information, carried in an 
MSG2 or MSG4, or may be predefined as a fixed value in 
some of the present embodiments. 
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If the UE considers that the required SIB(s) and/or SI 
message(s) are not available, the UE may not perform the SI 
request for the unavailable SIB(s) and/or SI message(s) 
again on the cell. In some of the present embodiments, when 
the UE considers that the required SIB(s) and/or SI 5 

message(s) are not available (e.g., when an RA procedure 
problem is reported, or when SI request rejection informa­
tion is received), the UE may activate a prohibit timer. In 
some of such embodiments, the UE may avoid initiating 
another on-demand SI request procedure until the prohibit 10 

timer expires. In one implementation, the UE is forbidden to 
perform another on-demand SI request procedure until the 
prohibit timer expires. For example, the prohibit timer may 
start when an upper layer (e.g., the RRC layer) receives the 
SI request rejection information, or receives the RA problem 15 

due to an SI request failure from a lower layer (e.g., the 
MAC layer). After the prohibit timer expires, the UE may 
initiate another SI request procedure. The prohibit timer may 
be preconfigured or may be a fixed value in some of the 
present embodiments. The value of the prohibit timer may 20 

be broadcasted in system information, carried in an MSG2 

8 
response from the NW side to deliver the required SIB(s) or 
SI message(s), or receiving SI request rejection informa­
tion), the UE may consider that there is an NW error and 
perform reestablishment to another qualified cell if there is 
another qualified cell with a valid UE context. If there is no 
such a qualified cell or if the reestablishment is rejected/ 
failed, the UE may switch to an idle state and perform a cell 
reselection procedure by considering the cell as barred. In 
another implementation, the UE may directly switch to the 
idle state and then perform a cell reselection procedure by 
considering the cell as barred. 

In one implementation, the NW may respond an SI 
request rejection message/information to the UE. After 
receiving the SI request rejection message/information, the 
UE may consider that the required SIB(s) or SI message(s) 
are not available and may not perform the SI request for 
those SIB(s) or SI message(s) again on the cell. In another 
implementation, a prohibit timer may be initiated when the 
UE receives the SI request rejection message/information. 
After the prohibit timer expires, the UE may perform an SI 
request procedure again. The prohibit timer may be precon-
figured or may be a fixed value. or MSG4, or may be predefined as a fixed value in some 

embodiments. 
In one implementation, if the prohibit timer is not present 

in the signaling from the NW, it is up to UE's implemen­
tation on when to start the SI request procedure again. 

In one implementation, the UE may determine whether to 
perform a cell reselection procedure due to a failure of the 
MSG I-based SI request or the MSG3-bsed SI request. The 
UE may make such a determination based on whether the 
required SIB(s) and/or SI message(s) are essential for the 
UE (e.g. essential for the UE's targeting services) or based 
on some other predefined rules. For example, the UE may 
determine to perform a cell reselection procedure as a result 
of an unsuccessful SI request if the required SIB( s) and/or SI 
message(s) are essential. 

In one implementation, when the SI request procedure is 
unsuccessful, the UE may perform, at least, a reestablish-

25 ment procedure, switch to an idle state for a cell reselection 
procedure, mark that the requested SIB(s) or SI message(s) 
are not available, etc. 

The UE may perform a cell reselection procedure due to 
a failure of the MSG I-based SI request or the MSG3-based 

In one implementation, the requested SIB(s) or SI mes­
sages(s) may be defined/considered as the essential SI for 

30 different UE categories or UE types. The UE may switch to 
the idle state and perform a cell reselection procedure when 
the SI request for essential SI is failed. The UE may consider 
the cell in which the SI request is failed as barred, or having 
a lower priority when performing a cell reselection proce-

35 dure ( e.g., by setting the priority of the frequency on which 
the barred cell is to a default value). The UE, in some of the 
present embodiments, may only mark that the requested 
SIB(s) or SI message(s) are not available when the SI 

SI request. Specifically, when the UE performs a cell rese­
lection procedure, the UE may consider the cell, for which 40 

the UE fails to request the required SIB(s) and/or SI mes­
sages( s ), as barred or having a lower priority ( e.g., by setting 
the priority of the frequency on which the barred cell is to 

request for non-essential SI is failed. 
In the connected state, the NW may perform a handover 

(HO) procedure (e.g., from a source gNB to a target gNB) 
when receiving the SI request for required SIB(s) or SI 
message(s) that are not provided by the NW. The target gNB 
may provide the required SIB(s) or SI message(s) in the HO a default value). In one implementation, the requested 

SIB(s) and/or SI messages(s) may be defined/considered as 
the essential SI for different UE categories or UE types. If 
the requested SIB(s) and/or SI messages(s) are not defined/ 
considered as the essential SI for the category or type of the 
UE, the UE may decide whether to re-request the requested 
SIB(s) or SI messages(s) on the camped cell. In one imple­
mentation, if the requested SIB(s) or SI messages(s) are not 
defined/considered as the essential SI for the category or 
type of the UE, a prohibit timer may start when the upper 
layer (e.g., the RRC layer) receives the RA problem due to 
an SI request failure from the lower layer ( e.g., the MAC 
layer). After the prohibit timer expires, the UE may perform 
the SI request procedure again. The prohibit timer may be 
preconfigured or be a fixed value. The value of the prohibit 
timer may be broadcasted in the system information, carried 

45 command (e.g., based on the SI request information pro­
vided in the HO Request message from the source gNB). 

In the Dual Connectivity (DC) mode, the UE may inform 
the cause of a Secondary Node (SN) SI request failure, or the 
information related to the SI request failure to a Master Node 

50 (MN) when the on-demand SI request for the SIB(s) of the 
SN is rejected or failed. After the MN receives the cause of 
an SI request failure or the information related to the SI 
request failure, in some of the present embodiments, the MN 
may try to resolve the SN SI request rejection/failure prob-

55 !em. For example, in one aspect of the present embodiments, 
the MN may release the SN or change the SN to a new SN 
for the UE. 

CASE 3: Store and Report the Information Related to the 
SI Request Failure: 

in an MSG2 or MSG4, or may be predefined as a fixed value. 60 

CASE 2: A UE's Behaviour when the On-Demand SI 
An MSG I-based SI request or an MSG3-bsed SI request 

procedure may be failed when a lower layer ( e.g., the MAC 
layer) informs an upper layer (e.g., the RRC layer) of an RA 
problem. Since the RRC layer knows the RA procedure is 
triggered for the SI request, the UE may store the SI request 

Request is Unsuccessful for the UE in a Connected State: 
A UE may also request the required SIB(s) or SI 

message(s) while the UE is in a connected state. Normally, 
the UE may receive the required SIB(s) or SI message(s) via 
dedicated signaling. If the UE does not receive the required 
SIB(s) or SI message(s) via dedicated signaling, (e.g., no 

65 failure information. The SI request failure information may 
include one or more parameters used in the on-demand SI 
request procedure. The SI request failure information may 
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include at least one of the following: the on-demand SIB(s) 
requested by the UE, the on-demand SI message(s) 
requested by the UE, the cell ID ( of the cell in which the UE 
has performed the SI procedure but has failed), SSB Index(s) 
(Synchronization Signal Block Index(s)) to perform the SI 5 

request procedure, the message type of the failed SI request 
procedure (e.g., MSGl-based or MSG3-based), the time­
stamp (e.g., when to perform the SI request procedure), etc. 
The SSB Index may indicate which SSB with RA resource 
(or RA occasions) is used for a preamble transmission. For 10 

example, for an MSG I-based approach, the dedicated RA 
resource ( or RA occasions) for transmitting a preamble may 
be associated with an SSB. For an MSG3-based approach, 
the common RA resource ( or RA occasions) for transmitting 
a preamble may be associated with an SSB. The UE may 15 

report such failure information to the NW when switching to 
a connected state later. The UE may mandatorily report the 
information of the SI request failure, according to the 
configuration, or upon an NW request. The content of the SI 
request failure information may be predefined, may be based 20 

on the required information indicated in the received SI 
request failure information message, or may be based on the 
configuration. 

FIG. 1 is a sequence diagram illustrating the transmission 
of SI request failure information, according to an exemplary 25 

implementation of the present application. As shown in 
diagram 100, in action 110, serving node 104 (e.g., a gNB) 
may send a request to UE 102 to provide the information 
related to SI request failure. For example, serving node 104 
may send an SI Request Failure Information Request mes- 30 

sage to UE 102 if UE 102 informs serving node 104 that 
such information is stored. In one implementation, UE 102 
may set one bit in an RRC message (e.g., in the RRC 
Connection Setup Complete message or in the RRC Con­
nection Resume message) to true ( or '1 ') to inform serving 35 

node 104 that UE 102 supports storage of the SI request 
failure information and it has the SI request failure infor­
mation stored. Serving node 104 may determine to request 
the SI request failure information after receiving such infor­
mation from UE 102. In action 112, UE 102 may send a 40 

message including the SI request failure information to 
serving node 104. 

By utilizing the SI request failure information, serving 
node 104 may know how to adjust the SI request mechanism 
between the MSGl-based approach and the MSG3-based 45 

approach. For example, if UE 102 reports failure of an 
MSG3-based SI request procedure in a cell or a certain area, 
serving node 104 may consider adopting the MSG I-based SI 
request for the UEs in idle/inactive state to avoid an RA 
collision by using the dedicated RA resource(s) for SI 50 

request. Alternatively, serving node 104 may continue to 
adopt the MSG3-based SI request procedure when UE 102 
reports the failure of the MSG3-based SI request procedure. 

In one implementation, UE 102 may store the information 
related to the SI request failure when UE 102 considers the 55 

cell as barred and performs a cell reselection procedure. UE 
102 may not store the information related to the SI request 
failure when UE 102 considers that the required SIB(s) or SI 
message(s) are not available. 

When the SI request procedure for a UE that is in a 60 

connected state is failed ( e.g., UE 102 does not receive the 
required SIB(s) or SI message(s) via dedicated signaling, or 
UE 102 receives the SI request rejection information), UE 
102 may store the information of the SI request failure. In 
one implementation, when the SI request procedure is 65 

unsuccessful, UE 102 may perform re-establishment to 
another qualified cell, or UE 102 may switch to an idle state 

10 
and then perform a cell reselection procedure by considering 
the cell as barred. The information of the SI request failure 
may include at least one of the following: the required 
SIB(s), the required SI message(s), the cell ID (of the cell in 
which the UE preforms SI procedure but failed), and the 
timestamp of the SI request procedure. UE 102 may report 
such failure information to the NW when switching to a 
connected state later. UE 102 may mandatorily report the 
information of the SI request failure, according to the 
configuration, or upon receiving an NW request. The content 
of the SI request failure information may be predefined, may 
be based on the required information indicated in the 
received SI request failure information message, or may be 
based on the configuration. 

Similarly, UE 102 may store the SI request failure infor­
mation when UE 102 is in a connected state if the SI request 
is unsuccessful (where SI request procedure may be an 
MSG I-based SI approach or an MSG3-based SI approach). 
The SI request failure information may include at least one 
of the following: the on-demand SIB(s) requested by UE 
102, the on-demand SI message(s) requested by UE 102, the 
cell ID (of the cell which UE 102 preforms SI procedure but 
failed), SSB Index(s) (Synchronization Signal Block 
Index(s)) to perform the on-demand SI request procedure, 
the message type of the unsuccessful SI request procedure 
(e.g., MSGl-based or MSG3-based), and the timestamp 
( e.g., when to perform the SI request procedure). The UE 
may mandatorily report the SI request failure information, 
according to the configuration, or by an NW request (e.g., 
requested by serving node 104). The content in the SI 
request failure information may be predefined, may be based 
on the required information indicated in the received SI 
Request Failure Information message, or may be based on 
the configuration. 

It may be beneficial for the NW to know the information 
related to SI request failure. For example, the NW may 
determine which cell, SIB(s)/SI message(s), or the related 
dedicated preamble may have problems. As a result, the NW 
is likely to overcome the problem afterwards, or the NW 
may consider adopting another mechanism for serving the SI 
request. 

In the DC mode, a UE may inform the cause of a 
Secondary Node (SN) SI request failure, or the information 
related to the SI request failure, to a Master Node (MN) 
when the on-demand SI request for the SIB(s) of the SN is 
rejected or failed. After MN receives the cause of the SI 
request failure or the information related to the SI request 
failure, the MN may try to resolve the SN's SI request 
rejection/failure problem. For example, the MN may release 
the SN or change the SN to a new SN for the UE. 

CASE 4: Harmonization of the SI Request Messages in 
Idle, Inactive, and Connected States: 

For an MSG3-bsed SI request procedure, the MSG3 may 
include an SI request message (which may be an RRC 
message) containing no UE ID. In an idle state, there may be 
no security key and/or security algorithm configured to the 
UE yet. Therefore, the SI request message transmitted in an 
idle state may be transmitted on Signaling Radio Bearer 0 
(SRBO). Neither integrity protection, nor ciphering, apply to 
the SRBO in some embodiments. In one implementation, the 
SI request message (which is an RRC message) may be the 
same for idle, inactive, and connected states, resulting in an 
RRC message harmonization. The SI request message may 
be transmitted on the SRBO without integrity protection and 
ciphering, even if the UE is in a connected state, or in an 
inactive state, where integrity protection and ciphering may 
have been already applied. 
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In one implementation, the SI request message (which is 
an RRC message) that includes no UE ID may be the same 
for idle, inactive, and connected states. The UE may transmit 
the SI request message on the SRB0 when the UE is in an 
idle or an inactive state. The UE may transmit the SI request 5 

message on Signaling Radio Bearer 1 (SRBl) when the UE 
is in a connected state. Both integrity protection and cipher­
ing may apply to the SRBl. 

In one implementation, the SI Request message (which is 
an RRC message) may be the same for idle, inactive, and 10 

connected states. The UE may transmit the SI request 
message on the SRB0 when the UE is in an idle state. The 
UE may transmit the SI request message on the SRBl when 
the UE is in an inactive or a connected state. Both integrity 
protection and ciphering may apply to the SRBl. In an 15 

inactive State, the UE may still have the UE context and the 
NW's configuration for integrity protection and ciphering. 

12 
the UE via dedicated signaling or via broadcasting. In one 
implementation, the UE may use a first bitmap to indicate 
which SI message(s) is requested and a second bitmap to 
indicate which SIB(s) is requested. In one implementation, 
there may be a common bitmap for the UE to indicate which 
SI message(s) is requested or which SIB ID(s) is requested. 

CASE 5-3: 
In the SI Request message, in some of the present 

embodiments, the UE may request one or more SI messages 
together with one or more SIBs. For example, both SI 
message-based granularity and SIB-based granularity may 
be potentially used in the SI Request message. Specifically, 
a UE may send an SI Request message that only uses the SI 
message-based granularity, only uses the SIB-based granu­
larity, or uses both SI message-based granularity and SIB­
based granularity. The UE may use a first bitmap to indicate 
which SI message(s) is requested and a second bitmap to 
indicate which SIB(s) is requested. In one implementation, 
there may be a common bitmap for the UE to indicate which 

In one implementation, whether the SI request message is 
transmitted on the SRB0 or the SRB 1 for a UE in an inactive 
state may be determined based on the UE's implementation, 
the NW's preconfiguration, and/or whether the UE context 
for integrity protection and ciphering is stored/valid or not. 

20 SI message(s) is requested or which SIB ID(s) is requested. 
CASE 5-4: 
In some of the present embodiments, the UE may use a 

It may be beneficial to keep the commonality of the SI 
Request message with respect to the UEs in different states, 
which may lead to simplification of the overall system 25 

design in some of the present embodiments. 

two-level bitmap for the SI request messages. In some of 
such embodiments, the first level bitmap may be used for the 
SI-based granularity, which may be mandatorily appended 
in the SI request message. The second level bitmap may be 

CASE 5: The Structure of an SI Request Message: 
In one implementation, the SI request message in the 

MSG3 (e.g., in an MSG3-based SI request procedure) may 
be the same for idle, inactive, and connected states. Different 30 

minimum granularity of the requested SI (e.g., SIB-based or 

used for the SIB-based granularity, which may be optionally 
appended in the SI request message if the corresponding SI 
bit is set to "1" in the first level bitmap. As an example, in 
which there are 5 SI messages, and the SI message#3 
includes SIB#7, SIB#S, SIB#9 and SIB#l0, when the UE 

SI message-based) may be considered in connection with the 
SI request message. For example, it may be beneficial for the 
SI request message to use SI message-based granularity 
(e.g., the UE indicates which SI message(s) is requested) in 35 

the MSG3-based SI request procedure, since there is a 
one-bit indicator in the NR SIB! to show whether the 
corresponding SI message is currently broadcasted or not, 
and the number of SI messages may be much less than the 
number of SIBs. However, the SI message-based granularity 40 

may not provide sufficient information to the NW in regards 

wants to request SIB#9, the first level bitmap of the UE's SI 
request message may be "0100" (which indicates SI mes­
sage#3), and the UE may further optionally append the 
second level bitmap "0100" (which indicates the third SIB 
in the SI message#3). Consequently, a gNB may provide 
SIB#9 specifically in response to such an SI request mes­
sage. In one implementation, if the second bitmap does not 
appear, the gNB may provide the complete SI message#3. 

CASE 6: On-Demand SI Request Procedure in an NR-NR 
DC Scenario: 

to which SIB(s) needs to be broadcasted and/or whether the 
mapping of the SIB(s) and the SI message(s), and the 
associated periodicity may need to be re-arranged based on 
the UE's requirements. The UE in connected state may 
receive the required SI via dedicated signaling. Therefore, in 
one implementation, the SIB-based granularity may be used, 
e.g., by the UE indicating which SIB(s) is requested. 

Different implementations regarding the different SIB­
based granularities will be discussed next: 

CASE 5-1: 
In the SI Request message, there may be a choice struc­

ture in which the UE may choose to use the SI message­
based granularity or the SIB-based granularity. The UE may 
consider the signaling overhead to select which granularity 
to use. In one implementation, the UE may use a first bitmap 
to indicate which SI message(s) is requested and a second 
bitmap to indicate which SIB(s) is requested. In one imple­
mentation, there may be a common bitmap for the UE to 
indicate which SI message(s) is requested or which SIB 
ID(s) is requested. 

CASE 5-2: 
In the SI Request message, there may be a choice struc­

ture in which the UE may choose to use the SI message­
based granularity or the SIB-based granularity. The UE may 
select one of the two types of granularity based on the NW 
configuration. The NW configuration may be delivered to 

AUE in an NR-NR Dual Connectivity (DC) mode may 
request one or more required SIBs or one or more SI 
messages for certain purpose( s) or certain service(s ). Several 

45 implementations are described below regarding how the UE 
may request and receive the required SIB(s) from a second­
ary node (SN) or the serving cells in a secondary cell group 
(SCG). 

50 

CASE 6-1: 
When a UE is in an NR-NR DC mode and one or more 

SIBs or one or more SI messages are required, the UE may 
be only allowed to send the SI request message to the master 
node (MN) in some of the present embodiments. 

FIG. 2 is a sequence diagram illustrating an example of an 
55 on-demand SI request being transmitted to an MN in the DC 

mode, according to an exemplary implementation of the 
present application. As shown in diagram 200, in action 210, 
UE 102 may transmit an SI request message to MN 106 
when UE 102 requires on-demand system information of a 

60 cell belonging to MN 106 or a cell belonging to SN 108. In 
action 212, MN 106 may inform SN 108 to provide the 
required SIB(s) or SI message(s) to UE 102 based on the SI 
request message. For example, MN 106 may use a signaling 
message between two base stations ( e.g., X2-AP message or 

65 Xn-AP message) with fields indicating the requested SIB(s) 
or SI message(s). When SN 108 receives the SI request from 
MN 106, SN 108 may transmit the required SIB(s) or SI 
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message(s) to UE 102 by initiating serving cell release and 
addition action in the same RRC reconfiguration message to 
update the SIB(s) or SI message(s) for certain, or all, serving 
cell(s). As shown in diagram 200, this RRC reconfiguration 
may be transmitted via MN 106 or transmitted via Signaling 5 

Radio Bearer 3 (SRB3), if configured. 
When the UE requires on-demand system information of 

a cell belonging to MN 106, if the requested SI message or 
SIB is not broadcasted, in action 214, MN 106 may transmit 
the required SI to UE 102. When the UE requires on-demand 10 

system information of a cell belonging to SN 108, if the 
requested SI message or SIB is not provided before, in 
action 216, SN 108 may transmit RRC Reconfiguration with 
the required SI to UE 102 (e.g., via the SRB3). In one 

15 
implementation, SN 108 may transmit RRC Reconfiguration 
with required SI (e.g., action 216) only when SN 108 
receives the SI Request Notification from MN 106 (e.g., 
action 212). 

In one implementation, SN 108 may directly transmit the 20 

modified SIB(s) or SI messages(s) to UE 102 without taking 
cell release and addition action, when MN 106 sends the SI 
Request Notification to SN 108. SN 108 may transmit the 
modified SIB(s) or SI messages(s) directly to UE 102 only 
when receiving the SI Request Notification from MN 106. 25 

In one implementation, UE 102 is only allowed to send 
the SI request message to MN 106. The UE may indicate in 
the SI request message that the SI Request is for the SIB(s) 
or the SI message(s) on MN 106 or SN 108. If the SI Request 
message is marked for MN 106, MN 106 may be responsible 30 

for this SI Request message. On the other hand, if the SI 
Request message is marked for SN 108, MN 106 may 
forward this message to SN 108 and SN 108 may be 
responsible for this SI Request message. It should be noted 
that UE 102 may follow the minimum SI's indication (e.g., 35 

SI transmission period) of MN 106 or SN 108 to receive the 
SI while the SI request message is marked to MN 106 or SN 
108, respectively. In another implementation, UE 102 may 
not mark the SI request toward MN 106 or SN 108, and MN 
106 may provide all (MN 106 and SN 108) relative SI to UE 40 

102 in a unicast approach. 
If some or all of the serving cells in the SCG do not 

provide the requested SIB(s) or SI message(s), SN 108 may 
inform MN 106 that the SCG, or some serving cells in the 
SCG, does not provide the requested SIB(s) or SI 45 

message(s). MN 106 may decide whether to perform the 
SCG change action or release SN 108 for UE 102. 

CASE 6-2: 
When a UE in the NR-NR DC mode and one or more SIBs 

14 
FIG. 4 is a sequence diagram illustrating an example of 

the UE determining the failure of an SI request in the DC 
mode, according to an exemplary implementation of the 
present application. As shown in diagram 400, in action 410, 
UE 102 sends an SI request message to SN 108. In action 
412, UE 102 determines the failure of the SI request, e.g., 
when the number of times UE 102 transmits the random 
access preamble reaches a threshold. After determining the 
on-demand SI request procedure is unsuccessful, UE 102 
may store the SI request failure information related to SN 
108. In action 414, UE 102 may transmit the SN SI request 
failure information to MN 106. 

FIG. 5 is a sequence diagram illustrating an example of 
the UE receiving SI request rejection information in the DC 
mode, according to an exemplary implementation of the 
present application. As shown in diagram 500, in action 510, 
UE 102 sends an SI request message to SN 108. In action 
512, UE 102 receives the SI request rejection information 
from SN 108. After determining the on-demand SI request 
procedure is unsuccessful, UE 102 may store the SI request 
failure information related to SN 108. In action 514, UE 102 
may send the SN SI request failure information to MN 106. 

IfUE 102 determines that the SI request procedure on SN 
108 has failed (e.g., action 412 in diagram 400 or action 512 
in diagram 500), UE 102 may inform MN 106 of the cause 
of SN SI request failure or the information related to SN SI 
request failure (e.g., by sending an SN SI Request Failure 
Information when the on-demand SI request for the SIB(s) 
of SN 108 is rejected or failed, e.g., in action 414 of diagram 
400, or action 514 of diagram 500). The information of the 
SI request failure may include at least one of the following: 
the required SIB(s), the required SI message(s), the cell ID 
(of the cell which the UE preforms SI procedure but failed), 
SSB Index(s) (Synchronization Signal Block Index(s)) to 
perform SI request, the failed SI request procedure type 
( e.g., MSG I-based or MSG3-based), or the timestamp ( e.g., 
when to perform the SI request procedure). After MN 106 
receives the cause of the SI request failure or the information 
related to the SI request failure, MN 106 may resolve the SN 
SI request rejection/failure problem. For example, MN 106 
may release SN 108 or change SN 108 to a new SN for UE 
102. 

CASE 7: An RA Problem Caused by the MSG I-Based/ 
MSG3-Based SI Request Procedure: 

A UE in connected state may be allowed to apply an 
MSGl-based SI request procedure and/or an MSG3-based 
SI request procedure. In one implementation, if the RA 
problem is caused by the MSG I-based or the MSG3-bsed SI 
request procedures, the UE's operation in connected state is 

or SI messages are required, the UE may send the SI request 
message to the MN and/or the SN when required. 

50 not affected if the requested SI message( s) or SIB( s) is not 
essential for the UE to perform the targeting services. 

In one implementation, the UE may still be fine even if the 
requested SIB(s) or SI message(s) is not received from the 
serving node ( e.g., in a single connectivity mode) or the MN 

FIG. 3 is a sequence diagram illustrating an example of 
the on-demand SI request being transmitted to an SN in the 
DC mode, according to an exemplary implementation of the 
present application. As shown in diagram 300, in action 310, 
UE 102 may transmit the SI request message to SN 108 ( e.g., 
via SRB3, if configured). In action 312, SN 108 may 
transmit RRC Reconfiguration with the required SI to UE 
102 via SRB3. If SRB3 is not configured, UE 102 may 
transmit the SI request message to MN 106 and let MN 106 60 

forward the SI request message to SN 108. 

55 (e.g., in dual connectivity mode) (e.g., the requested SIB or 
SI message may not be essential). In this scenario, the UE 
may not consider the RA problem as a normal radio link 
failure, and the UE may not perform a re-establishment 

When some or all of the serving cells in the SCG cannot 
provide the required SIB(s) or SI message(s), SN 108 may 
inform MN 106 that the SCG, or some serving cells in the 
SCG, does not provide the requested SIB(s) or SI 
message(s). MN 106 may decide whether to perform the 
SCG change action or release SN 108 for UE 102. 

procedure, or enter into an idle state. 
In one implementation, the UE may still be fine even if the 

requested SIB(s) or SI message(s) is not received from the 
SN ( e.g., in a dual connectivity mode). In this scenario, the 
UE may not consider the RA problem as a normal radio link 
failure, and the UE may report the SI failure information to 

65 the MN. For example, when the RA problem is reported and 
the upper layer (e.g., the RRC layer) knows that the problem 
is caused by an SI request, the UE may initiate a transmis-
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736. Node 700 may also include a Radio Frequency (RF) 
spectrum band module, a base station communications mod­
ule, a network communications module, and a system com­
munications management module, input/output (I/O) ports, 

sion of the SI failure information report to the MN. In this 
implementation, the UE may not suspend all of the SCG data 
radio bearers (DRBs) or SCG transmission for the split 
DRBs or the duplication DRBs. Also, the UE may not reset 
the MAC entity associated with the SCG (or SN). 5 I/O components, and power supply (not explicitly shown in 

FIG. 7). Each of these components may be in communica­
tion with each other, directly or indirectly, over one or more 
buses 740. 

In one implementation, the UE may still be fine even if the 
requested SIB(s) or SI message(s) is not received from the 
SN ( e.g., in a dual connectivity mode). In this scenario, the 
UE may not consider the RA problem as a normal radio link 
failure, and the UE may not report the SI failure information 10 

to the MN. For example, when the RA problem is reported 
and the upper layer ( e.g., RRC layer) knows that the problem 
is caused by an SI request, the UE may not initiate a 
transmission of the SI failure Information report to the MN. 
In this implementation, the UE may not suspend all of the 15 

SCG DRBs or SCG transmission for the split DRBs or the 
duplication DRBs. Also, the UE may not reset the MAC 
entity associated with the SCG ( or SN). When the upper 
layer (e.g., the RRC layer) receives the RA problem caused 
by the SI request from the lower layer ( e.g., the MAC layer), 20 

it may also inform the NAS layer (or the application layer) 
so that the NAS layer (or the application layer) does not 
trigger the SI request procedure for one or more required 
SIBS on the same cell, or not trigger the SI request proce­
dure for a while (which may follow the NW configuration or 25 

a predefined period). How to handle the SI request failure 
condition may depend on the UE's implementation, if the 
NAS layer ( or the application layer) is informed about the SI 
request failure. 

In one implementation, whether the SN initiates the 30 

transmission of the SI failure information report to the MN 
may depend on the NW configuration. 

Transceiver 720 having transmitter 722 and receiver 724 
may be configured to transmit and/or receive time and/or 
frequency resource partitioning information. In some imple­
mentations, transceiver 720 may be configured to transmit in 
different types of subframes and slots including, but not 
limited to, usable, non-usable and flexibly usable subframes 
and slot formats. Transceiver 720 may be configured to 
receive data and control channels. 

Node 700 may include a variety of computer-readable 
media. Computer-readable media can be any available 
media that can be accessed by node 700 and include both 
volatile and non-volatile media, removable and non-remov­
able media. By way of example, and not limitation, com-
puter-readable media may comprise computer storage media 
and communication media. Computer storage media 
includes both volatile and non-volatile, removable and non­
removable media implemented in any method or technology 
for storage of information such as computer-readable 
instructions, data structures, program modules or other data. 

Computer storage media includes RAM, ROM, 
EEPROM, flash memory or other memory technology, CD­
ROM, digital versatile disks (DVD) or other optical disk 
storage, magnetic cassettes, magnetic tape, magnetic disk 
storage or other magnetic storage devices. Computer storage 
media does not comprise a propagated data signal. Commu­
nication media typically embodies computer-readable 

FIG. 6 is a flowchart for a method of wireless commu­
nications performed by a UE, according to an example 
implementation of the present application. In FIG. 6, the 
process/method 600 includes actions 602, 604, 606, and 610. 

In action 602, the UE may perform an on-demand system 
information request procedure in a cell. The UE may be in 
idle, inactive, or connected state. In addition, the UE may be 
in a single connectivity mode or a dual connectivity mode. 

35 instructions, data structures, program modules or other data 
in a modulated data signal such as a carrier wave or other 
transport mechanism and includes any information delivery 
media. The term "modulated data signal" means a signal that 
has one or more of its characteristics set or changed in such 

In action 604, the UE may determine whether the on­
demand SI request procedure is successful. In one imple­
mentation, the on-demand SI request procedure is consid­
ered unsuccessful when the number of times the UE 
transmits a random access preamble reaches a threshold, 
and/or the UE receives the SI request rejection information. 
If the process 600 determines, in action 604, that the SI 
request procedure is unsuccessful, the UE may proceed to 
action 606. On the other hand, if the request procedure is 
successful, the process 600 may end. 

40 a manner as to encode information in the signal. By way of 
example, and not limitation, communication media includes 
wired media such as a wired network or direct-wired con­
nection, and wireless media such as acoustic, RF, infrared 
and other wireless media. Combinations of any of the above 

45 should also be included within the scope of computer­
readable media. 

Memory 728 may include computer-storage media in the 
form of volatile and/or non-volatile memory. Memory 728 
may be removable, non-removable, or a combination thereof 

50 Exemplary memory includes solid-state memory, hard 
drives, optical-disc drives, and etc. As illustrated in FIG. 7, 
memory 728 may store computer-readable, computer-ex­
ecutable instructions 732 (e.g., software codes) that are 

In action 606, the UE may perform an error handling 
procedure corresponding to the on-demand SI request pro­
cedure. There may be several implementations regarding the 
error handling procedure in different implementations. In 
one implementation, the error handling procedure may 55 

include action 610, in which the UE may store the SI request 
failure information. For example, the SI request failure 
information may include one or more parameters used in the 
on-demand SI request procedure. In one implementation, the 
error handling procedure may further include at least one of 60 

following: a prohibit timer activation, a cell re-selection 
procedure, and a re-establishment procedure. 

FIG. 7 illustrates a block diagram of a node for wireless 
communication, in accordance with various aspects of the 
present application. As shown in FIG. 7, node 700 may 65 

include transceiver 720, processor 726, memory 728, one or 
more presentation components 734, and at least one antenna 

configured to, when executed, cause processor 726 to per­
form various functions described herein, for example, with 
reference to FIGS. 1 through 6. Alternatively, instructions 
732 may not be directly executable by processor 726 but be 
configured to cause node 700 ( e.g., when compiled and 
executed) to perform various functions described herein. 

Processor 726 may include an intelligent hardware 
device, e.g., a central processing unit (CPU), a microcon­
troller, an ASIC, and etc. Processor 726 may include 
memory. Processor 726 may process data 730 and instruc­
tions 732 received from memory 728, and information 
through transceiver 720, the base band communications 
module, and/or the network communications module. Pro-
cessor 726 may also process information to be sent to 
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transceiver 720 for transmission through antenna 736, to the 
network communications module for transmission to a core 
network. 

One or more presentation components 734 presents data 
indications to a person or other device. Exemplary one or 5 

more presentation components 734 include a display device, 
speaker, printing component, vibrating component, and etc. 

From the above description, it is manifest that various 
techniques can be used for implementing the concepts 
described in the present application without departing from 10 

the scope of those concepts. Moreover, while the concepts 
have been described with specific reference to certain imple­
mentations, a person of ordinary skill in the art may recog­
nize that changes can be made in form and detail without 
departing from the scope of those concepts. As such, the 15 

described implementations are to be considered in all 
respects as illustrative and not restrictive. It should also be 
understood that the present application is not limited to the 
particular implementations described above, but many rear­
rangements, modifications, and substitutions are possible 20 

without departing from the scope of the present disclosure. 

What is claimed is: 
1. A method of an on-demand system information (SI) 

request procedure performed by a user equipment (UE), the 25 

method comprising: 
transmitting a first SI request message to a base station 

(BS) after determining that the UE is in a connected 
state, the first SI request message including at least one 
requested system information block (SIB); 30 

activating a prohibit timer; and 
transmitting a second SI request message to the BS only 

when the at least one requested SIB is not received and 
the prohibit timer expires. 

2. The method of claim 1, wherein the on-demand SI 35 

request procedure is unsuccessful when one of the following 
conditions is met: 

a number of times the UE transmits a random access 
preamble reaches a threshold; and 

the UE receives SI request rejection information. 40 

3. The method of claim 1, wherein when the UE is in a 
dual connectivity mode, the method further comprises: 

transmitting a third SI request message to a master node 
when the UE requires on-demand system information 
of a cell belonging to a secondary node. 45 

4. The method of claim 1, wherein the first SI request 
message is transmitted on signaling radio bearer 1 (SRBl). 

5. The method of claim 1, further comprising: 
receiving, from the BS, the at least one requested SIB via 

dedicated signaling that is transmitted in response to 50 

the first SI request message. 
6. The method of claim 1, further comprising: 
transmitting a fourth SI request message to the BS after 

determining that the UE is not in the connected state, 
the fourth SI request message including at least one 55 

requested SI message. 
7. The method of claim 6, wherein the fourth SI request 

message is transmitted on signaling radio bearer O (SRBO). 
8. The method of claim 1, further comprising: 
storing SI request failure information after determining 60 

that the on-demand SI request procedure is unsuccess­
ful. 

9. The method of claim 8, wherein the SI request failure 
information comprises at least one of the following: 

the at least one requested SIB; 65 

the at least one requested SI message; 
a cell identifier (ID) associated with the BS; 

18 
a synchronization signal block (SSB) index for perform­

ing the on-demand SI request procedure; 
a message type of the on-demand SI request procedure; 

and 
a timestamp for performing the on-demand SI request 

procedure. 
10. The method of claim 8, further comprising: 
transmitting the SI request failure information; 
wherein the SI request failure information is transmitted 

to a master node when the UE is in a dual connectivity 
mode. 

11. A user equipment (UE), comprising: 
one or more non-transitory computer-readable media hav­

ing computer-executable instructions embodied 
thereon; and 

at least one processor coupled to the one or more non­
transitory computer-readable media, and configured to 
execute the computer-executable instructions to per­
form operations for an on-demand system information 
(SI) request procedure, the operations comprising: 

transmitting a first SI request message to a base station 
(BS) after determining that the UE is in a connected 
state, the first SI request message including at least one 
requested system information block (SIB); 

activating a prohibit timer; and 
transmitting a second SI request message to the BS only 

when the at least one requested SIB is not received and 
the prohibit timer expires. 

12. The UE of claim 11, wherein the on-demand SI 
request procedure is unsuccessful when one of the following 
conditions is met: 

a number of times the UE transmits a random access 
preamble reaches a threshold; and 

the UE receives SI request rejection information. 
13. The UE of claim 11, wherein when the UE is in a dual 

connectivity mode, the operations further comprise: 
transmitting a third SI request message to a master node 

when the UE requires on-demand system information 
of a cell belonging to a secondary node. 

14. The UE of claim 11, wherein the first SI request 
message is transmitted on signaling radio bearer 1 (SRBl). 

15. The UE of claim 11, wherein the operations further 
comprise: 

receiving, from the BS, the at least one requested SIB via 
dedicated signaling that is transmitted in response to 
the first SI request message. 

16. The UE of claim 11, wherein the operations further 
comprise: 

transmitting a fourth SI request message to the BS after 
determining that the UE is not in the connected state, 
the fourth SI request message including at least one 
requested SI message. 

17. The UE of claim 16, wherein the fourth SI request 
message is transmitted on signaling radio bearer O (SRBO). 

18. The UE of claim 11, wherein the operations further 
comprise: 

storing SI request failure information after determining 
that the on-demand SI request procedure is unsuccess­
ful. 

19. The UE of claim 18, wherein the SI request failure 
information comprises at least one of the following: 

the at least one requested SIB; 
the at least one requested SI message; 
a cell identifier (ID) associated with the BS; 
a synchronization signal block (SSB) index for perform­

ing the on-demand SI request procedure; 



US 10,791,502 B2 
19 

a message type of the on-demand SI request procedure; 
and 

a timestamp for performing the on-demand SI request 
procedure. 

20. The UE of claim 18, wherein the operations further 5 

comprise: 
transmitting the SI request failure information; 
wherein the SI request failure information is transmitted 

to a master node when the UE is in a dual connectivity 
mode. 10 

* * * * * 

20 
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/502 

UE capability 
power saving indicator 
- {True/Support, False/Not support! 
timer for antenna panel status 
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- {True/Support, False/Not support! 
maximum number of support antenna panels 
- {one, two, four or eight! 
support indication method 
- {True/Support, False/Not support! 
require time for antenna panel status switch 
- { 1 ms, 2ms, 3ms, 4ms ! 
UE assistance 
- {True/Support, False/Not support! 

FIG. 5 



U.S. Patent Apr. 6, 2021 Sheet 6 of 27 US 10,972,972 B2 

/602 
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length 
- 4 slots 
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Start 

UE is configured with multiple 
sets of parameters corresponding 
to different operation modes 

UE receives a DCI message from BS 

UE applies a TCI state indicated 
by the DCI message 

UE applies a KO value corresponding 
to the antenna panel status 
associated with the TCI state 

End 
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/802 

tci-State #1 
qcl-Type1 
- referenceSignal 

- CSI RS resource#4 
- qcl-TypeA 
qcl-Type2 

referenceSignal 
- CSI RS resource#5 
qcl-TypeA 

power saving mode 
- true 

tci-State #64 
qcl-Type1 
- referenceSignal 

- CSI RS resource#4 
- qcl-TypeA 
qcl-Type2 

referenceSignal 
- CSI RS resource#5 
qcl-TypeA 

power saving mode 
- false 
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/902 

antenna panel status 
power saving mode 
- true 

FIG. 9 

US 10,972,972 B2 



U.S. Patent 

...;I­

+ 
E 

:::;j:::: 

-+-' 
0 

(/) 

E 
:::;j:::: 

-+-' 
0 

(/) 

..----
+ 
C 

:::;j:::: 

-+-' 
0 -

(/) 

C 
:::;j:::: 

-+-' 
0 

(/) 

u 
0 

...;I-
C) 
C) 
...-1 

...-1 

Apr. 6, 2021 

'° C) 
C) 
...-1 

Q) 

> 0 ,,--... 
-+-' C en 0 c~ 0 Q) Q) N 
'+- -+-' C z 
0 C 0 

0 0... 
:::;j:::: 

Sheet 10 of 27 

..----
z 

Q) 

E 
~ 

US 10,972,972 B2 

<I 
C) 
~ 

LJ 
i------; 

LL 



U.S. Patent 

..Y. 
~ 

-+-' 
0 

Cf) 

"° 
r--,.. 
+ 
E 
~ 

-+-' 
0 

Cf) 

u 
0 

c.o 
+ 
E 
~ 

-+-' 
0 

Cf) 
(\J 
...-1 
D 
...-1 

Apr. 6, 2021 

(X) 
...-1 
D 
...-1 

...-1 
D 
...-1 

(I.) 

> or--. 
-+-' C en (.) 

C ~ 0 (I.) (I.) N 
'+- -+-' C z 
QC 0 

0 0... 

~ 

Sheet 11 of 27 

..----
z 

(I.) 

E 
i-= 

US 10,972,972 B2 

~ 
C) 
~ 

LJ 
i------; 

LL 



U.S. Patent 

-+-' 
0 

(/) 

E 
~ 

-+-' 
0 -

(/) 

..----
+ 
C 
~ 

-+-' 
0 -

(/) 

C 
~ 

-+-' 
0 

(/) 

0 
0 

..._,.. 
0 
......-1 
......-1 

Apr. 6, 2021 Sheet 12 of 27 

Q) 

I- -+-' -~ l en 

~--~- ----- ----------------- ------ -- ..8 

Q) 

> 0,,,,......... 
......-1 

-+-' C en 
......-1 u C ':::::::' 0 Q) Q) 

'+- -+-' C 
0 C 0 

0 0... 

~ 

(X) 
0 
......-1 
......-1 

'° 0 
......-1 
......-1 

N 
z 

..----
z 

en 
I.... 
Q) 

E 
i-= 

US 10,972,972 B2 

<I 
~ 

~ 

LJ 
i------; 

LL 



U.S. Patent 

I") ..... 
+ 
E 

==1:1:::: 

+-' 
0 

(/) 

0) 

+ 
E 

==1:1:::: 

+-' 
0 

(/) 

(X) 
..-I 
..-I 
..-I 

~ 

==1:1:::: 

+-' 
0 

(/) 

I") 

I 
0 

00 
+ 
E 

==1:1:::: 

+-' 
0 

(/) 

<.O 

+ 

0 

E ru 
==1:1:::: ..-I 

..-I 
+-' ..-I 

0 
(/) 

Apr. 6, 2021 Sheet 13 of 27 

Q) 

E 
i-= 

en 
t:'. 
0 

--- - --------------- ----- - +-' 

..-I 

..-I 

..-I 

'¢ 
..-I 
..-I 
..-I 

Q) 

-~ 0 ......... 
+-' C en o c..._,, 
0 Q) Q) 

- +-' C 0 C 0 
0 a. 

==1:1:::: 

N 
z 

en 
I... 
Q) 

E 
i-= 

en 
Q) 
I... 

a. 
--- ----- - X 

Q) 

I... 
Q) 

E 
i-= 

..... 
z 

US 10,972,972 B2 

~ 
~ 

~ 

LJ 
i------; 

LL 



U.S. Patent Apr. 6, 2021 Sheet 14 of 27 

Start 
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DRX configuration 
Inactivity timer 
- 2ms 
DRX cycle 
- 50 ms 

Antenna panel status 
Power saving mode 
-false 
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Timer for antenna panel states 
length 
- 4 slots 

FIG. 19 
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DRX configuration 
Inactivity timer 
- 2ms 
DRX cycle 
- 50 ms 

Antenna panel status 
Power saving mode 
-true 

FIG. 21 
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METHODS AND APPARATUSES FOR 
OPERATING MULTIPLE ANTENNA PANELS 

CROSS-REFERENCE TO RELATED 
APPLICATION(S) 

The present application claims the benefit of and priority 
to a provisional U.S. Patent Application Ser. No. 62/699,465 
filed on Jul. 17, 2018, entitled "Method and Apparatus for 
leading time of beam switching for multi-panel transmis­
sion,". 

FIELD 

The present disclosure generally relates to wireless com­
munications, and more particularly, to methods and appara­
tuses for operating multiple antenna panels. 

BACKGROUND 

2 
BRIEF DESCRIPTION OF THE DRAWINGS 

Aspects of the present disclosure are best understood from 
the following detailed description when read with the 

5 accompanying figures. Various features are not drawn to 
scale. Dimensions of various features may be arbitrarily 
increased or reduced for clarity of discussion. 

FIG. 1 is a schematic diagram illustrating a wireless 
communication device including a number of antenna pan-

10 els, in accordance with example implementations of the 
present disclosure. 

FIG. 2 is a schematic diagram illustrating a timeline of an 
antenna panel status of a wireless communication device, in 
accordance with example implementations of the present 

15 disclosure. 

20 

FIG. 3 is a schematic diagram illustrating a timeline of an 
antenna panel status of a wireless communication device, in 
accordance with example implementations of the present 
disclosure. 

FIG. 4 is a schematic diagram illustrating a timeline of an 
antenna panel status of a wireless communication device, in 
accordance with example implementations of the present 
disclosure. 

FIG. 5 is an example data structure indicating user equip-
25 ment (UE) capability information, in accordance with 

example implementations of the present disclosure. 

Various efforts have been made to improve different 
aspects of wireless communications (e.g., data rate, latency, 
reliability, mobility, etc.) for the next generation (e.g., 5G 
New Radio (NR)) wireless communication systems. Multi 
Input Multi Output (MIMO) is one of the key features in the 
next generation wireless communication systems. With the 
MIMO technology, a number of antenna panels at the 
transceiver/receiver can bring extra degrees of freedom to 
increase the data throughput, beamforming gain and cover- 30 

FIG. 6 is an example data structure indicating a configu­
ration of a timer for antenna panel status, in accordance with 
example implementations of the present disclosure. 

FIG. 7 is a flowchart for a method of selecting a sched­
uling offset value based on a Transmission Configuration 
Indicator (TCI) state indicated by a BS, in accordance with 
example implementations of the present disclosure. 

age. 
However, due to the lack of proper signaling mechanisms, 

the network may not know the current antenna panel status 
(e.g., how many and/or which of the antenna panels of the 
user device is turned on/off) at the UE side, resulting in a 
reduced scheduling performance. 

Hence, there is a need in the art for an improved signaling 
mechanism for operating multiple antenna panels. 

SUMMARY 

The present disclosure is directed to methods and appa­
ratuses for operating multiple antenna panels. 

According to an aspect of the present disclosure, a wire­
less communication device is provided. The wireless com­
munication device includes a plurality of antenna panels and 
a processor coupled to the antenna panels. The processor is 
configured to maintain a plurality of leading time values. 
The plurality of leading time values may indicate a plurality 
of leading time durations. The processor is further config­
ured to receive an indicator for antenna panel status infor­
mation from a base station (BS), and apply one of the 
plurality of leading time values to switch an antenna panel 
status of the plurality of antenna panels based on the 
indicator for antenna panel status information. 

According to another aspect of the present disclosure, a 
method for operating a plurality of antenna panels is pro­
vided. The method includes maintaining, by a wireless 
communication device, a plurality of leading time values. 
The plurality of leading time values indicates a plurality of 
leading time durations. The method further includes receiv­
ing, by the wireless communication device, an indicator for 
antenna panel status information from a BS, and applying, 
by the wireless communication device, one of the plurality 
of leading time values to switch an antenna panel status of 
the plurality of antenna panels based on the indicator for 
antenna panel status information. 

FIG. 8 is an example data structure indicating TCI state 
35 configuration, in accordance with example implementations 

of the present disclosure. 

40 

FIG. 9 is an example data structure of an indicator for 
antenna panel status, in accordance with example imple­
mentations of the present disclosure. 

FIGS. lOA and lOB are schematic diagrams illustrating 
timelines of an antenna panel status of a wireless commu­
nication device, in accordance with example implementa­
tions of the present disclosure. 

FIGS. llA and llB are schematic diagrams illustrating 
45 timelines of an antenna panel status of a wireless commu­

nication device, in accordance with example implementa­
tions of the present disclosure. 

FIG. 12 is a flowchart for a method of selecting an offset 
value for receiving an aperiodic Channel State Information 

50 Reference Signal (CSI-RS), in accordance with example 
implementations of the present disclosure. 

55 

FIG. 13 is an example data structure indicating an ape­
riodic CSI RS reception configuration, in accordance with 
example implementations of the present disclosure. 

FIG. 14 is an example of a Media Access Control (MAC)­
Control Element (CE) message, in accordance with example 
implementations of the present disclosure. 

FIG. 15 is a schematic diagram illustrating that different 
triggering offset values are applied for the changes in an 

60 antenna panel status of a wireless communication device, in 
accordance with example implementations of the present 
disclosure. 

FIGS. 16A and 16B are schematic diagrams illustrating 
that different triggering offset values are applied for the 

65 changes in an antenna panel status of a wireless communi­
cation device, in accordance with example implementations 
of the present disclosure. 
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FIG. 17 is a schematic diagram illustrating a timeline of 
an antenna panel status of a wireless communication device, 
in accordance with example implementations of the present 
disclosure. 

FIG. 18 is flowchart for a method for determining an 
antenna panel status of a wireless communication device 
based on a Discontinuous Reception (DRX) operation, in 
accordance with example implementations of the present 
disclosure. 

FIG. 19 is an example data structure indicating a Radio 
Resource Control (RRC) configuration for a UE, in accor­
dance with example implementations of the present disclo­
sure. 

FIG. 20 is a schematic diagram illustrating a timeline of 
an antenna panel status of a wireless communication device 
and a timing diagram of a DRX cycle, in accordance with 
example implementations of the present disclosure. 

FIG. 21 is an example data structure indicating an RRC 
configuration for a UE, in accordance with example imple­
mentations of the present disclosure. 

FIG. 22 is a schematic diagram illustrating a timeline of 
an antenna panel status of a wireless communication device 
and a timing diagram of a DRX cycle, in accordance with 
example implementations of the present disclosure. 

FIG. 23 is a flowchart for a method of operating multiple 
antenna panels, in accordance with example implementa­
tions of the present disclosure. 

FIG. 24 is a block diagram illustrating a node for wireless 
communication, in accordance with various aspects of the 
present disclosure. 

DETAILED DESCRIPTION 

The following description contains specific information 
pertaining to example implementations in the present dis­
closure. The drawings in the present disclosure and their 
accompanying detailed description are directed to merely 
example implementations. However, the present disclosure 
is not limited to merely these example implementations. 
Other variations and implementations of the present disclo­
sure will occur to those skilled in the art. Unless noted 
otherwise, like or corresponding elements among the figures 
may be indicated by like or corresponding reference numer­
als. Moreover, the drawings and illustrations in the present 
disclosure are generally not to scale and are not intended to 
correspond to actual relative dimensions. 

For the purpose of consistency and ease of understanding, 
like features are identified (although, in some examples, not 
shown) by numerals in the example figures. However, the 
features in different implementations may be differed in 
other respects, and thus shall not be narrowly confined to 
what is shown in the figures. 

The description uses the phrases "in one implementation," 
or "in some implementations," which may each refer to one 
or more of the same or different implementations. The term 
"coupled" is defined as connected, whether directly or 
indirectly through intervening components, and is not nec­
essarily limited to physical connections. The term "compris­
ing," when utilized, means "including, but not necessarily 
limited to"; it specifically indicates open-ended inclusion or 
membership in the so-described combination, group, series 
and the equivalent. The expression "at least one of A, B and 
C" or "at least one of the following: A, B and C" means 
"only A, or only B, or only C, or any combination of A, B 
and C." 

Additionally, for the purposes of explanation and non­
limitation, specific details, such as functional entities, tech-

4 
niques, protocols, standard, and the like are set forth for 
providing an understanding of the described technology. In 
other examples, detailed description of well-known meth­
ods, technologies, system, architectures, and the like are 

5 omitted so as not to obscure the description with unneces­
sary details. 

Persons skilled in the art will immediately recognize that 
any network function(s) or algorithm(s) described in the 
present disclosure may be implemented by hardware, soft-

10 ware or a combination of software and hardware. Described 
functions may correspond to modules may be software, 
hardware, firmware, or any combination thereof. The soft­
ware implementation may comprise computer executable 
instructions stored on computer readable medium such as 

15 memory or other type of storage devices. For example, one 
or more microprocessors or general-purpose computers with 
communication processing capability may be programmed 
with corresponding executable instructions and carry out the 
described network function(s) or algorithm(s). The micro-

20 processors or general-purpose computers may be formed of 
applications specific integrated circuitry (ASIC), program­
mable logic arrays, and/or using one or more digital signal 
processor (DSPs ). Although some of the example imple­
mentations described in this specification are oriented to 

25 software installed and executing on computer hardware, 
nevertheless, alternative example implementations imple­
mented as firmware or as hardware or combination of 
hardware and software are well within the scope of the 
present disclosure. 

30 The computer readable medium includes but is not limited 
to random access memory (RAM), read only memory 
(ROM), erasable programmable read-only memory 
(EPROM), electrically erasable progrannnable read-only 
memory (EEPROM), flash memory, compact disc read-only 

35 memory (CD-ROM), magnetic cassettes, magnetic tape, 
magnetic disk storage, or any other equivalent medium 
capable of storing computer-readable instructions. 

A radio communication network architecture ( e.g., a long 
term evolution (LTE) system, an LTE-Advanced (LTE-A) 

40 system, an LTE-Advanced Pro system, or a 5G New Radio 
(NR) Radio Access Network) typically includes at least one 
BS, at least one UE, and one or more optional network 
elements that provide connection towards a network. The 
UE communicates with the network ( e.g., a core network 

45 (CN), an evolved packet core (EPC) network, an Evolved 
Universal Terrestrial Radio Access network (E-UTRAN), a 
5G Core (5GC), or an internet), through a radio access 
network (RAN) established by one or more BSs. 

It should be noted that, in the present application, a UE 
50 may include, but is not limited to, a mobile station, a mobile 

terminal or device, a user communication radio terminal. For 
example, a UE may be a portable radio equipment, which 
includes, but is not limited to, a mobile phone, a tablet, a 
wearable device, a sensor, a vehicle, or a personal digital 

55 assistant (PDA) with wireless communication capability. 
The UE is configured to receive and transmit signals over an 
air interface to one or more cells in a radio access network. 

A BS may be configured to provide communication 
services according to at least one of the following Radio 

60 Access Technologies (RATs ): Worldwide Interoperability 
for Microwave Access (WiMAX), Global System for 
Mobile communications (GSM, often referred to as 2G), 
GSM EDGE radio access Network (GERAN), General 
Packet Radio Service (GRPS), Universal Mobile Telecom-

65 munication System (UMTS, often referred to as 3G) based 
on basic Wideband-Code Division Multiple Access 
(W-CDMA), High-Speed Packet Access (HSPA), LTE, LTE-
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A, eLTE (evolved LTE, e.g., LTE connected to 5GC), New 
Radio (NR, often referred to as 5G), and/or LTE-A Pro. 
However, the scope of the present application should not be 
limited to the above-mentioned protocols. 

A BS may include, but is not limited to, a Node B (NB) 5 

as in the UMTS, an evolved Node B (eNB) as in the LTE or 
LTE-A, a Radio Network Controller (RNC) as in the UMTS, 
a Base Station Controller (BSC) as in the GSM/GERAN, a 
ng-eNB as in an E-UTRA BS in connection with the 5GC, 
a next generation Node B (gNB) as in the 5G-RAN, and any 10 

other apparatus capable of controlling radio communication 
and managing radio resources within a cell. The BS may 
connect to serve the one or more UEs through a radio 
interface to the network. 

6 
sumption during the network access phase when a UE 
operates in the RRC_CONNECTED mode. In some power 
saving schemes the focus is on minimizing the dominate 
factors of power consumption during the network access 
phase. Such dominate factors may include, for example, the 
processing of an aggregated bandwidth, the active Radio 
Frequency (RF) chain number, the active reception/trans­
mission time, and the dynamic transition to a power efficient 
mode. In the majority cases ofLTE scenarios, since little to 
no data may be transmitted in a Transmission Time Interval 
(TTI), a power saving scheme which is capable of dynami­
cally adapting different data arrivals in the RRC_CON­
NECTED mode may be needed. The dynamic adaptation to 

15 
the data traffic may be implemented in different dimensions, 
such as carriers, antennas, beamforming mechanisms, and 
bandwidths. 

The BS is operable to provide radio coverage to a specific 
geographical area using a plurality of cells forming the radio 
access network. The BS supports the operations of the cells. 
Each cell is operable to provide services to at least one UE 
within its radio coverage. More specifically, each cell ( often 
referred to as a serving cell) provides services to serve one 20 

or more UEs within its radio coverage ( e.g., each cell 
schedules the downlink and optionally uplink resources to at 
least one UE within its radio coverage for downlink and 
optionally uplink packet transmissions). The BS can com­
municate with one or more UEs in the radio communication 25 

system through the plurality of cells. A cell may allocate 
Sidelink (SL) resources for supporting Proximity Service 
(Pro Se) or Vehicle to Everything (V2X) service. Each cell 
may have overlapped coverage areas with other cells. 

As discussed above, the frame structure for NR is to 30 

support flexible configurations for accommodating various 
next generation (e.g., 5G) communication requirements, 
such as enhanced Mobile Broadband (eMBB), massive 
Machine Type Communication (mMTC), Ultra-Reliable and 
Low-Latency Communication (URLLC), while fulfilling 35 

high reliability, high data rate and low latency requirements. 
The orthogonal frequency-division multiplexing (OFDM) 
technology as agreed in the 3rd Generation Partnership 
Project (3GPP) may serve as a baseline for NR waveform. 
The scalable OFDM numerology, such as the adaptive 40 

sub-carrier spacing, the channel bandwidth, and the Cyclic 
Prefix (CP) may also be used. Additionally, two coding 
schemes are considered for NR: (1) Low-Density Parity­
Check (LDPC) code and (2) polar code. The coding scheme 
adaption may be configured based on the channel conditions 45 

and/or the service applications. 
Moreover, it is also considered that in a transmission time 

interval TX of a single NR frame, a Downlink (DL) trans­
mission data, a guard period, and an uplink (UL) transmis­
sion data should at least be included, where the respective 50 

portions of the DL transmission data, the guard period, the 
UL transmission data should also be configurable, for 
example, based on the network dynamics ofNR. In addition, 

Furthermore, approaches to enhance the transition 
between a normal power consumption mode and a power 
saving mode may be needed to be considered. For example, 
both the network-assisted and the VE-assisted approaches 
may be considered for the UE's power saving mechanism. 

Issues related to the leading time for beam switching may 
affect the power consumption. The leading time for beam 
switching is, or may reflect, the minimum required time for 
a UE to set up its antenna panel( s) for providing an indicated 
RX/TX beam to receive or transmit data. For example, the 
leading time for beam switching may be the time period 
between the time the UE receives a command that leads to 
a change(s) in the Rx beam/antenna panel status and the time 
that the change(s) actually occurs. In some of the present 
implementations, if a TCI state has not yet activated by a 
MAC-CE, the indicated mapping (between the TCI states 
and the codepoints of a Downlink Control Information 
(DCI) field "Transmission Configuration Indicator") should 
be applied starting from a specific time point (e.g., slot n+3 
ms+ 1 ), when a Hybrid Automatic Repeat Request Acknowl­
edgement (HARQ-ACK) (which is corresponding to a 
Physical Downlink Shared Channel (PDSCH) which carries 
the activation command) is transmitted in the slot n. In some 
of such implementations, this specific time point may be 
used as the starting time point of a leading time for beam 
switching. In some of the present implementations, if the 
TCI state has been activated by a MAC-CE, the leading time 
for beam switching may have the same starting time point as 
the scheduling offset. The scheduling offset, in some imple-
mentations, may be a time duration starting from the end of 
the last symbol of a Physical Downlink Control Channel 
(PDCCH) to the beginning of the first symbol of a PDSCH. 

In addition, the beam switching delay may affect a UE's 
power consumption in the Frequency Range 2 (FR2). In 
order for the UE to optimize the power consumption, the UE 
may need to be given a sufficient leading time for beam 
switching. For example, the leading time for beam switching SL resource may also be provided in an NR frame to support 

ProSe services or V2X services. 
In addition, the terms "system" and "network" herein may 

be used interchangeably. The term "and/or" herein is only an 
association relationship for describing associated objects 
and represents that three relationships may exist. For 
example, A and/or B may indicate that: A exists alone, A and 
B exist at the same time, and B exists alone. In addition, the 
character "/" herein generally represents that the former and 
latter associated objects are in an "or" relationship. 

55 may be two milliseconds (ms) from the time a beam switch 
command is received ( e.g., for a control-channel-based way) 
or acknowledged (e.g., for a MAC-CE based way) to the 
time the beam switch is completed. 

NR power saving is an issue which have been identified 

In some implementations of the present disclosure, there 
60 may be at least three ms between two consecutive com­

mands indicating a beam switch. Such time value may be 
adjusted if a longer time value is needed. In addition, from 
the time the UE receives the beam switch command to the 

in the 3GPP meetings. The objective of this issue is to 65 

minimize the power consumption with an improved wake 
up/go-to-sleep mechanism, and to reduce the power con-

time the UE switches its beam/antenna panel status, the UE 
may still use the active Rx beam for data reception, and there 
may be no interruption in the communication with the BS 
(e.g., a gNB). 
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FIG. 1 is a schematic diagram illustrating a wireless 
communication device ( e.g., a UE) including a number of 
antenna panels, in accordance with example implementa­
tions of the present disclosure. As shown in FIG. 1, a 
wireless communication device 100 includes four antenna 5 

panels 102, 104, 106 and 108. The antenna panels described 
herein may be referred to antenna arrays or antenna ports. 
The antenna arrays may include a number of physical 
antennas, while the antenna ports may not correspond to 
physical antennas, but rather may be logical entities distin- 10 

guished by their channel models. 
The ON/OFF state of each antenna panel 102, 104, 106 

and 108 may be switched by the wireless communication 
device 100. Depending on the ON/OFF state of each antenna 
panel 102, 104, 106 and 108, the antenna panels 102, 104, 15 

106 and 108 may have different antenna panel status. For 
example, the antenna panel status of the antenna panels 102, 
104, 106 and 108 may be determined as a first antenna panel 
status if only the antenna panel 102 is turned on and the other 
antenna panels 104, 106 and 108 are turned off, and deter- 20 

mined as a second antenna panel status if all of the antenna 
panels 102, 104, 106 and 108 are turned on. It should be 
noted that the wireless communication device 100 including 
four antenna panels 102, 104, 106 and 108 in FIG. 1 is for 
illustrative purposes only, and not intended to limit the scope 25 

of the present invention. That is, a wireless communication 
device (e.g., the wireless communication device 100) may 
include a different number of antenna panels than 4 ( e.g., 6 
panels, 8 panels, etc.) in some of the present implementa­
tions. Furthermore, the antenna panel status of the antenna 30 

panels of the wireless communication device may be defined 
arbitrarily based on the ON/OFF states and/or the number of 
the antenna panels. 

In many cases, a BS (e.g., a gNB) may not know the 
current antenna panel status of the UE, which causes some 35 

issues since the BS always have to consider the worst case 
for the UE to perform the beam switching. For example, the 
BS may need to configure the UE with a leading time for 
beam switching which is much longer than a leading time 
the UE actually needs. As the leading time becomes longer, 40 

the efficiency and flexibility of the UE's operations may get 
lower. Hence, a signaling mechanism that helps the BS to 
obtain the antenna panel status of the UE may enhance the 
power consumption. 

8 
Sched-Offset"), the UE may assume that the antenna ports of 
one Demodulation Reference Signal (DM-RS) port group of 
a PDSCH of a serving cell may be QCLed with the RS(s) 
that is associated with the QCL type parameter(s) given by 
the indicated TCI state. For DL transmissions, the schedul­
ing offset may be referred as a time period starting from the 
end of a PDCCH to the beginning of a PDSCH. For 
example, the scheduling offset may be a time period that 
starts from the first symbol after the end of the PDCCH to 
the first symbol of the PDSCH scheduled by the PDCCH. In 
some implementations of the present disclosure, the sched-
uling offset value may be determined based on the UE's 
capability. 

However, for a scheduling offset value configured for a 
UE that includes only one antenna panel ( or a single­
antenna-panel UE), such value may not fulfill the leading 
time for beam switching required by another UE that 
includes multiple antenna panels (or a multiple-antenna­
panel UE). Thus, a mechanism that is able to deal with how 
the UE determines which scheduling offset value (e.g., 
Threshold-Sched-Offset) to be applied may be needed. 

Another issue is related to Sounding Reference Signal 
(SRS) transmission. Specifically, for aperiodic SRS trans­
missions and aperiodic CSI-RS receptions, the UE may need 
to follow the aperiodic slot triggering offset configured in the 
SRS resource set configuration and the CSI-RS resource set 
configuration, respectively. Considering that a longer lead­
ing time may be applied to the power saving operation in the 
multiple-antenna-panel cases, the required triggering offset 
configured for the single-antenna-panel cases and the mul­
tiple-antenna-panel cases may be different. Although a BS 
can solve this issue by configuring multiple triggering offset 
values for one resource set, it might cause overhead that 
occupies some bitfields of a DCI trigger state for an SRS 
request and/or a CSI request. Hence, a mechanism for 
determining the triggering offset of the aperiodic SRS/CSI-
RS transmissions may be needed. 

In addition, for SRS transmissions, a UE may be config­
ured to switch its antenna panel status for a sounding 
procedure for a DL CSI acquisition. If the UE is configured 
with a higher layer parameter such as "SRS-SetU seusage ( or 
SRS-usage)" in an SRS resource set (e.g., SRS-Resource­
Set), and the SRS-SetUseusage (or SRS-usage) is set as 
"antennaSwitching," the UE may be configured with one of 

Another issue is related to the scheduling offset values. 45 the following configurations depending on the UE's capa­
bility: 1 TX2RX, 2TX4RX, 1 TX4RX, 1 TX4RX/2TX4RX, 
and TX=RX. The BS may configure the UEs having differ­
ent capabilities with different number of SRS resource sets 
which contain different SRS resources. For example, for a 

From Radio layer l's (RANl's) perspective, if a UE is 
configured with a "tci-PresentlnDCI" Information Element 
(IE) set to "enabled" (for a Coreset Resource Set (CORE­
SET) that schedules a PDSCH), the UE may assume that the 
TCI field is present in the DCI format 1_1 (which is 
transmitted over the PDCCH of the CORESET). On the 
other hand, if the tci-PresentlnDCI IE is not configured for 
the CORESET (or the tci-PresentlnDCI IE is set to "dis­
abled"), or the PDSCH is scheduled by a DCI format 1_0 
(e.g., for determining the PDSCH antenna port's QCL), the 55 

UE may assume that the TCI state applied for receiving the 
PDSCH is identical to the TCI state applied for receiving the 
PDCCH of the CORESET. In addition, if the tci-Presentln­
DCI IE is set to "enabled" and the PDSCH is scheduled by 
the DCI format 1_1, the UE may apply a TCI state which is 60 

indicated by the DCI to determine the QCL of the antenna 
port for the PDSCH. This is because the TCI state may 
indicate the QCL type and the QCL Reference Signal (RS) 
corresponding to the RX beam for receiving the PDSCH. If 
the time offset between the reception of the DL DCI and the 65 

corresponding PDSCH is equal to or greater than a sched­
uling offset value ( e.g., a threshold called "Threshold-

50 UE configured with the 1 TX2RX configuration, the BS may 
configure one SRS resource set which may contain two SRS 
resources. Since the UE needs to select and switch to the TX 
for transmission, there may be a guard period between each 
SRS transmission. The guard period may be one or two 
symbols, depending on the numerology of the SRS resource. 
However, if the UE has multiple antenna panels and at least 
parts of the antenna panels are turned off for power saving, 
the guard period for one or two symbols may not fulfill the 
leading time of at least 2 ms for turning on the antenna 
panel(s ). Hence, a mechanism for the UE to perform antenna 
switching may be needed. 

In accordance with some implementations of the present 
disclosure, methods and apparatuses provide techniques for 
addressing the above-noted issues. 

For example, techniques are described for determining the 
scheduling offset value(s). As described above, the leading 
time for beam switching may be the minimum required time 
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for a UE to set up the antenna panels for providing an 
indicated RX/TX beam to receive/transmit the data. If the 
scheduling offset of a DL/UL RSs/channel reception/trans­
mission cannot fulfill the leading time requirement, the UE 
may not be able to transmit/receive the RSs/channel suc­
cessfully. In some implementations of the present disclosure, 
the leading time may be related to the antenna panel status. 
In addition, different values of the leading time may be 
predefined in the 3GPP technical specification( s) for each or 
all of the antenna panel statuses. For example, each antenna 
panel status may have its own leading time value. In another 
example, all antenna panel statuses may have the same 
leading time value. In some implementations of the present 
disclosure, the UE may report the required leading time for 
each or all of the antenna panel statuses. In some imple­
mentations of the present disclosure, the UE may be con­
figured with the required leading time by the BS for each or 
all of the antenna panel statuses. 

In some implementations of the present disclosure, the 
antenna panel status may contain information about how 
many antenna panels at the UE are used for performing the 
data reception/transmission of the channel/RSs, or how 
many antenna panels at the UE are used/active/turned on in 
a particular time period. 

In some implementations of the present disclosure, an 
indicator for antenna panel status may be transmitted by the 
BS to indicate to a UE whether to enable/disable a power 
saving mode or a normal power consumption mode. In the 
power saving mode, the UE may turn on a smaller number 
of antenna panels than that in the normal power consump­
tion mode. For example, the UE may tum on only one 
antenna panel when operating in the power saving mode and 
turn on all of its antenna panels when operating in the 
normal power consumption mode. 

It should be noted that the two operation modes ( e.g., the 
power saving mode and the normal power consumption 
mode) described herein is for illustrative purposes and not 
intended to limit the present invention. For example, the UE 
may be operable in a number of operation modes different 
than two. In addition, if only the power saving mode and the 
normal power consumption mode are involved in the power 
control scheme of the UE, the UE may enter the normal 
power consumption mode when the power saving mode is 
disabled. In contrast, the UE may enter the power saving 
mode when the normal power consumption mode is dis­
abled. 

In some implementations of the present disclosure, the 
indicator for antenna panel status information may include a 
single-bit IE. The UE may enable the power saving mode 
when the single-bit IE is set to a first value, and disable the 
power saving mode when the single-bit IE is set to a second 
value. The total number of turn-on/active antenna panels 
when the power saving mode is enabled may be less than 
that when the power saving mode is disabled. 

In some implementations of the present disclosure, the 
indicator for antenna panel status information may include a 
multiple-bit IE. The UE may be configured to tum on a 
particular number of the antenna panels when the multiple­
bit IE is set to a particular value. 

In some implementations of the present disclosure, the 
indicator for antenna panel status transmitted by the BS may 
be used for indicating which antenna panel status the UE is 
to apply. 

In some implementations of the present disclosure, if the 
UE is instructed by the BS to perform data reception using 
multiple antenna panels when the UE is in the power saving 
mode, the UE may need to apply a longer leading time than 

10 
a normal leading time. Hence, in accordance with the 
present disclosure, some techniques are provided for ensur­
ing that the BS and the UE have the same understanding on 
the antenna panel status of the UE. In some implementations 

5 of the present disclosure, the antenna panel status may be 
used for indicating, explicitly or implicitly, how many, or 
which, of the antenna panels of the UE are turned on ( or 
active, or able to transmit and receive data), and/or how 
many, or which, of the antenna panels of the UE are turned 

10 off (or inactive, or not able to transmit and receive data). 
In some implementations of the present disclosure, the 

antenna panel status of a UE may be affected by Bandwidth 
Part (BWP) related operations. The UE may enable the 
power saving mode or the normal power consumption mode 

15 based on whether the UE operates in a particular BWP. For 
example, when the UE operates on a default, an initial, or a 
first active DL/UL BWP, the UE may always enable the 
normal power consumption mode or the power saving mode. 

In some implementations of the present disclosure, before 
20 the UE receives an RRC configuration/a MAC-CE mes­

sage/a DCI message for setting the UE's antenna panels 
status, the UE may operate in the power saving mode or the 
normal power consumption mode. In some implementations 
of the present disclosure, the UE may apply the power 

25 saving mode or the normal power consumption mode for the 
antenna panels before the UE reports the UE's capability 
about the antenna panels. 

As described above, in some implementations of the 
present disclosure, the indicator for antenna panel status 

30 may be a single bit IE used for indicating whether the UE is 
in the power saving mode or not. For example, the UE may 
be configured with an available number of antenna panels 
for each BWP configuration. Once the UE receives the 
indicator for antenna panel status (e.g., in the form of a 

35 single bit IE) being set to a first value ( e.g., the bit value 
"O"), the UE may turn on only part of the antenna panels to 
operate in the power saving mode. In contrast, if the indi­
cator for antenna panel status is set to a second value (e.g., 
the bit value "1"), the UE may turn on all of the antenna 

40 panels to enable the normal power consumption mode ( or 
disable the power saving mode). 

In some implementations of the present disclosure, the 
indicator for antenna panel status may be a multiple-bit IE 
used for indicating the antenna panels status to the UE. For 

45 example, if the UE includes four antenna panels ( e.g., the 
antenna panels 102, 104, 106 and 108 shown in FIG. 1), the 
bit field of the indicator for antenna panel status may be set 
as "00" to indicate that all of the antenna panels are turned 
off/inactive, or set as "01" to indicate that only one antenna 

50 panel is active, or set as "10" to indicate that only two 
antenna panels are active, or set as "11" to indicate that all 
antenna panels are active. While the indicator for antenna 
panel status described herein is used to indicate to the UE to 
turn on a particular number of antenna panels, there are other 

55 ways to use the indicator for antenna panel status in some 
implementations of the present disclosure. For example, the 
indicator for antenna panel status may be used to indicate to 
the UE to turn on/off which one or ones of the antenna 
panels. In addition, it should be noted the examples 

60 described herein are not intended for limiting the present 
invention. For example, the indicator for antenna panel 
status may have a number of bits, with each bit correspond­
ing to a particular antenna panel status. 

The indicator for antenna panel status may be transmitted 
65 from the BS to the UE via a DCI message, a MAC-CE 

massage, or through RRC signaling. For example, the indi­
cator for antenna panel status information may be contained 
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from the normal power consumption mode to the power 
saving mode, and vice versa. In some implementations of 
the present disclosure, the prohibit timer may be unidirec­
tional. For example, the prohibit timer may only start when 

in a TCI state ID indicated by the BS. In some implemen­
tations of the present disclosure, the value of the indicator 
for antenna panel status may be updated and transmitted by 
the UE to the BS via an Uplink Control Information (UCI) 
message, a MAC-CE massage, or through RRC signaling. 5 a specific power preference transition occurs (e.g., transi­

tioning from the power saving mode to the normal power 
consumption mode). In some implementations of the present 
disclosure, the prohibit timer may be configured separately 

In some implementations of the present disclosure, the 
RRC configuration that contains the indicator for antenna 
panel status may be an independent IE configured per 
UE-basis. For example, the RRC configuration may be the 
same for one cell or one cell group. In such cases, the RRC 10 

configuration may be a cell level or cell group level con­
figuration. In another example, the RRC configuration may 
be configured in a specific frequency range. For example, 
the RRC configuration may only exist in the FR2. 

for different kinds of power preference transitions. 
In some implementations of the present disclosure, the BS 

may configure multiple antenna panel status to a UE via an 
RRC configuration, and the BS may indicate one of the 
multiple antenna panel status through a MAC-CE message 
(e.g., which is called a "MAC-CE approach"). For example, 

In some implementations of the present disclosure, the 
UE may choose a leading time for beam switching based on 
the antenna panel status. For example, during an RRC 
reconfiguration period, or before the UE receives the first 
RRC configuration (e.g., while the UE attempts to establish 
an RRC connection after a successful initial access, or while 
the UE performs an initial access procedure), the UE may 
apply a default value of the leading time. Such default value 
may be predefined in the 3GPP technical specification ( e.g., 

15 if the UE is configured with four antenna panel statuses by 
the RRC configuration, the BS may send a MAC-CE mes­
sage to indicate to the UE to use one of these four antenna 
panel statuses. In addition, the BS may assume that the UE 
may follow the leading time for the indicated antenna panel 

20 status during the time period between the reception of the 
MAC-CE message and the reception of another MAC-CE 
message that contains an indicator for antenna panel status 
for switching the antenna panel status. 

In some implementations of the present disclosure, the "3 ms" defined in NR Release-15) and determined as the 
UE's capability for beam switching in the power saving 
mode. In another example, the UE may apply the longest 
leading time configured in a UE capability list during this 
period. In another example, the BS may send an indicator to 
the UE through an RRC configuration (e.g., powerPreflndi­
cationConfig), and the UE may transmit or report the current 
antenna panel status to the BS via another indicator ( e.g., 
powerPreflndication). For example, the UE may transmit an 
antenna panel status report to inform the BS of a change in 
the antenna panel status. For example, the antenna panel 
status report may be contained in a beam report or a Channel 
State Information (CSI) report. In some implementations of 
the present disclosure, the antenna panel status report may 
include a single-bit IE. The UE may set the single-bit IE to 

25 UE may maintain multiple leading time values configured 
by the BS or predefined in the 3GPP technical specification. 
These leading time values may be cell-specific values or cell 
group-specific values. 

In some implementations of the present disclosure, after 
30 the UE receives the RRC configuration, but before receiving 

a MAC-CE massage for activation, the UE may apply one 
of the leading time values configured in an RRC configu­
ration (if the leading time values are configured in the RRC 
configuration by the BS) as a default value of the leading 

35 time. 

a first value to indicate that a power saving mode is enabled 
and set the single-bit IE to a second value to indicate that the 40 

power saving mode is disabled. In some implementations of 
the present disclosure, the antenna panel status report may 
include a multiple-bit IE. The UE may set the multiple-bit IE 

In some implementations of the present disclosure, more 
than one antenna panel status may be collected in a list of 
entries. For example, each of the entries may refer to a 
particular antenna panel status, and each antenna panel 
status may be associated with a particular leading time 
value. 

In some implementations of the present disclosure, the 
default value of the leading time may refer to the first entry 
( e.g., the entry indexed by "O") in the list of entries in the to a particular value when a particular number of the 

plurality of antenna panels are turned on. 45 RRC configuration. In some implementations of the present 
disclosure, the default value of the leading time may refer to 
an entry for the longest leading time in the RRC configu­
ration (if the leading time value is RRC-configured). 

In some implementations of the present disclosure, the BS 
may keep the antenna panel status report from the UE and 
adjust the scheduling offset based on the antenna panel status 
report. In some implementations of the present disclosure, 
the BS may configure the UE with a prohibit timer to prevent 50 

the UE from reporting the antenna panel status too fre­
quently. The prohibit timer may be used when the UE reports 
the antenna panel status to the BS through the RRC message 
(s), MAC-CE massage(s) or DCI message(s). In some 
implementations of the present disclosure, the prohibit timer 55 

may start at the first subframe/slot/OFDM symbol after the 
UE reports the antenna panel status. For example, the 
prohibit timer may start at the first subframe/slot/OFDM 
symbol after a physical resource (e.g., a Physical Uplink 
Control Channel (PUCCH) or a Physical Uplink Share 60 

Channel (PUSCH)) that contains of the antenna panel status 
report of the UE. In addition, in some implementations of the 
present disclosure, the UE may not report another antenna 
panel status when the prohibit timer is running. 

In some implementations of the present disclosure, the 65 

prohibit timer may be bidirectional. For example, the pro­
hibit timer may start when the antenna panel status transition 

In some implementations of the present disclosure, a 
MAC-CE massage containing a number of zero bits may be 
used. This MAC-CE massage may be used for turning on ( or 
"enabling") or turning off ( or "disabling") the power saving 
mode. The UE may distinguish this MAC-CE massage 
based on, for example, a Logical Channel Identity (LCID). 

In some implementations of the present disclosure, at 
least one of the following items may be included in a 
MAC-CE massage: a cell Identity (ID), a BWP ID, and an 
indicator for antenna panel status. The UE may apply an 
antenna panel status indicated by the MAC-CE message 
after the UE transmits an HARQ-ACK to the BS. 

In some implementations of the present disclosure, the BS 
may configure multiple antenna panel statuses to a UE via an 
RRC configuration, and the BS may indicate one of the 
multiple antenna panel statuses through a DCI message 
(e.g., which is called a "DCI approach"). For example, if the 
UE is configured with eight different antenna panel statuses 
in the RRC configuration, the BS may transmit a DCI 
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message which may contain an indicator for antenna panel 
status to the UE to indicate to the UE to use one of the eight 
antenna panel statuses in the RRC configuration. 

In some implementations of the present disclosure, if a 
UE is configured with multiple leading time values by the 5 

BS, the UE may apply one of the leading time values 
contained in an RRC configuration as a default leading time 
value after the UE receives the RRC configuration (but 
before receiving the DCI message). Similar to the MAC CE 
approach, the default leading time value may refer to the first 10 

entry of the multiple antenna panel statuses in the RRC 
configuration ( e.g., the entry with an index value of "O"), or 

14 
In some implementations of the present disclosure, a 

timer may be used to determine the switch of the antenna 
panel status. For example, the UE may receive a timer from 
the BS and switch the antenna panel status from a first 
antenna panel status to a second antenna panel status after 
the timer expires. For example, when the timer expires, the 
UE may transition from the normal power consumption 
mode (e.g., in which the UE turns on N2 antenna panels) to 
the power saving mode ( e.g., in which the UE turns on Nl 
antenna panel(s), where Nl is less than N2). In another 
example, the UE may transition from the power saving mode 
to the normal power consumption mode when the timer 
expires. an entry with the longest leading time in the RRC configu­

ration. 
In some implementations of the present disclosure, the BS 

may use a MAC-CE message to select a subset of the leading 
time values from the RRC configuration and indicate one of 
the selected leading time value(s) by a DCI message. For 
example, the BS may configure 16 antenna panel statuses in 
an RRC configuration, and the BS may transmit a MAC-CE 
massage to select four of these 16 antenna panel statuses in 
the RRC configuration. The BS may further transmit a DCI 
message to indicate to the UE to use one of the four selected 
antenna panel statuses. 

In some implementations of the present disclosure, the 
15 timer may expire when a DRX inactivity timer expires or the 

UE enters a DRX off-period/sleep mode. 
FIG. 2 is a schematic diagram illustrating a timeline of the 

antenna panel status of a wireless communication device 
( e.g., a UE), in accordance with example implementations of 

20 the present disclosure. 
In the present implementation, a timer for antenna panel 

status may (re )start at the first symbol after the end of the 
PDCCH. As shown in FIG. 2, in the slot# n, the UE receives 
an indicator for antenna panel status via a DCI message 

25 which is transmitted over a PDCCH 202. The indicator for In some implementations of the present disclosure, irre­
spective of where the leading time values are configured, the 
BS may need to ensure that the triggering/scheduling offset 
for the DL/UL channels/signals can fulfill the requirement of 
leading time for switching the antenna panel status. From 
UE's perspective, the UE may not be expected to receive 30 

data from the BS during the scheduling offset period. 
In some implementations of the present disclosure, the 

antenna panel status may be associated with the TCI states. 
For example, in addition to the QCL information, some TCI 
states may further contain the antenna panel status ( e.g., 35 

which is indicated by an explicit bit). In addition, the 
maximum number of the TCI states in an RRC configura­
tion, or a DCI message, may be expanded since the BS may 
need more TCI state(s) to indicate different antenna panel 
statuses for the same QCL information. For example, if the 40 

maximum number of TCI states is expanded from 64 to 96, 
the TCI state #63 may be used to represent a signal-antenna­
panel status which is QCLed with the CSI-RS resource #1, 
and the TCI state #64 may be used to represent a multi­
antenna-panel status which is QCLed with the same CSI-RS 45 

resource #1. In some implementations of the present disclo­
sure, once the QCL information of a DL/UL RS/channel is 
configured with a TCI state (e.g., the TCI state #64) for 
multiple antenna panels, the UE may attempt to receive/ 
transmit the DL/UL RS/channel based on a leading time for 50 

beam switching for the multiple antenna panels. 
In some implementations of the present disclosure, a TCI 

state table may be used when the UE performs data recep­
tion/transmission by multiple antenna panels. For example, 
the BS may configure the UE with multiple TCI state tables. 55 

The number of entries in each TCI state table may be the 
same or different. The UE may select a specific TCI state 
table from these TCI state tables based on a MAC-CE 
massage ( e.g., used in the MAC-CE approach) or a DCI 
message (e.g., used in the DCI approach). For example, if 60 

the UE receives a DCI message which contains an explicit 
bit ( e.g., used as an indicator for antenna panel status) for 
indicating the UE to enable the power saving mode, the UE 
may attempt to receive the PDSCH using a single antenna 
panel, instead of using multiple antenna panels. In addition, 65 

the UE may further apply a leading time corresponding to 
using the single antenna panel. 

antenna panel status may indicate to the UE to switch from 
a power saving mode (in which there are only Nl antenna 
panel(s) is active/turned on) to a normal power consumption 
mode (in which there are N2 antenna panels are active/ 
turned on), where N2 is greater than Nl. 

As shown in FIG. 2, there is a time gap 21 between the 
time the UE receives the indicator for antenna panel status 
from the PDCCH 202 and the time the UE actually turns on 
the N2 antenna panels. The time gap 21 may reflect the time 
required for the UE to tum on the antenna panel(s ). In some 
implementations of the present disclosure, the time gap 21 
may be deemed as the leading time for beam switching of 
the UE. 

In some implementations of the present disclosure, the 
UE may start the timer for antenna panel status at the first 
symbol after the last symbol of the PDCCH 202 monitor 
occasion. Also, the UE may further receive a PDSCH 204 
scheduled by the PDCCH 202 in the same slot # n. 

Before the timer expires, the BS may assume that the UE 
may keep the antenna panel status indicated by the PDCCH 
202, or applied for the PDSCH 204. Once the timer expires, 
the BS may assume that the UE may return to the power 
saving mode. As shown in FIG. 2, in the slot# n+2, after the 
timer expires, the UE may transmit a PUCCH 206 indicated 
by the PDCCH 202 in the power saving mode. 

In some implementations of the present disclosure, if the 
UE is instructed by the BS to operate in the power saving 
mode, the timer may not start. In addition, the indicator for 
antenna panel status may be implemented as any implicit/ 
explicit data structure. For example, the indicator for 
antenna panel status may include a single-bit IE or a 
multiple-bit IE or may be contained in a beam report or a 
CSI report. 

In some other implementations of the present disclosure, 
the timer for antenna panel status may start at different time 
points, as shown in FIGS. 3 and 4. 

FIG. 3 is a schematic diagram illustrating a timeline of the 
antenna panel status of a wireless communication device 
( e.g., a UE), in accordance with example implementations of 
the present disclosure. In the present implementation, the 
timer for antenna panel status may start at the first symbol 
after the end of a PUCCH. As shown in FIG. 3, in the slot 
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# n, the UE receives an indicator for antenna panel status via 
a DCI message which is transmitted over a PDCCH 302. The 
UE may further receive a PDSCH 304 which is scheduled by 
the PDCCH 302 in the same slot# n. 

The indicator for antenna panel status may indicate to the 5 

UE to switch from a power saving mode (in which there are 
only Nl antenna panel(s) is turned on) to a normal power 
consumption mode (in which there are N2 antenna panels 
are turned on, where N2 is greater than Nl). As shown in 
FIG. 3, there is a time gap 31 between the time the UE 10 

receives the indicator for antenna panel status from the 
PDCCH 302 and the time the UE actually turns on the N2 
antenna panels. As described above, the time gap 31 may 
reflect the time required for the UE to tum on the antenna 

15 
panel(s). In addition, the time gap 31 may be deemed as the 
leading time for beam switching of the UE. 

In the present implementation, the UE may start the timer 
at the first symbol after the last symbol of a PUCCH 306 
monitor occasion. Similar to the implementations provided 20 

with reference to FIG. 2, before the timer expires, the BS 
may assume that the UE may keep the antenna panel status 
indicated by the PDCCH 302, or applied for the PDSCH 
304. Once the timer expires, the BS may assume that the UE 
may return to the power saving mode. As shown in FIG. 3, 25 

in the slot# n+4, after the timer expires, the UE may turn off 
(N2-Nl) antenna panels to go back to the power saving 
mode. 

16 
uling information, or based on the PDSCH/RSs/PUSCH/ 
PUCCH which is scheduled by the PDCCH. 

In some implementations of the present disclosure, the 
timer for antenna panel status may be an optional feature for 
the UE. For example, the BS may decide whether to con­
figure the timer to the UE based on the UE's capability. In 
addition, if the UE is not configured with the timer for 
antenna panel status, the UE may not automatically switch 
the antenna panel status ( e.g., return to the power saving 
mode automatically). In such a case, the UE may follow the 
most recently received indicator for antenna panels status 
( e.g., contained in a DCI message, a MAC-CE massage, or 
an RRC configuration) from the BS to determine the antenna 
panels status, until the UE sends a request to the BS and/or 
receives another indicator for antenna panels status from the 
BS. In some implementations of the present disclosure, the 
BS may not configure the UE with the timer for antenna 
panel status. In such a case, if the BS does not receive a 
response to the indicator for antenna panel status from the 
UE, the BS may assume that the UE is in the power saving 
mode. Hence, the BS may assume that a longer leading time 
may be adopted by the UE, and the BS may determine a 
scheduling offset value for the UE based on this assumption. 

Some implementations of the present disclosure are 
described herein for determining the scheduling offset val­
ues and the leading time values for different antenna panel 
statuses. 

In some implementations, there is only one leading time 
value for each DL/UL channel/RSs reception/transmission. FIG. 4 is a schematic diagram illustrating a timeline of the 

antenna panel status of a wireless communication device 
( e.g., a UE), in accordance with example implementations of 
the present disclosure. In the present implementation, the 
timer for antenna panel status may start at the first symbol 
after the end of a PDSCH. As shown in FIG. 4, in the slot 
# n, the UE may receive an indicator for antenna panel status 
via a DCI message which is transmitted over a PDCCH 402. 
The UE may further receive a PDSCH 404, which is 
scheduled by the PDCCH 402 in the same slot # n. Then, the 
UE may transmit a PUCCH 406, which is indicated by the 
PDCCH 402, in the slot # n+2. 

30 Such a leading time value may be defined by the UE's 
capability for example. However, the above-mentioned 
mechanism may not be suitable for a situation where the UE 
needs a longer leading time for beam switching. Although 
the BS may configure the UE with a scheduling offset that 

35 is long enough to fulfill various leading times of different 
antenna panel statuses, such a configuration may cause some 
scheduling restrictions (e.g., because the UE may not always 
need to use a long leading time). Hence, in accordance with 
some implementations of the present disclosure, some tech-

40 niques are provided to improve scheduling flexibility and 
performance of beam switching. For example, all DL/UL 
channel/RSs may be configured with one or more additional 
scheduling/triggering offset values for the situations where 
the UE may need to apply a long leading time value for beam 

The indicator for antenna panel status may indicate to the 
UE to switch from a power saving mode (in which there are 
only Nl antenna panel(s) is turned on) to a normal power 
consumption mode (in which there are N2 antenna panels 
are turned on, where N2 is greater than Nl). As shown in 
FIG. 4, there is a time gap 41 between the time the UE 
receives the indicator for antenna panel status from the 
PDCCH 402 and the time the UE actually turns on the N2 
antenna panels. As noted above, the time gap 41 may reflect 
the time required for the UE to turn on the antenna panel(s). 50 

In addition, the time gap 41 may be deemed as the leading 
time for beam switching of the UE. 

45 switching, such as a PDSCH scheduling offset, a CSI-RS 
resource reception, a PUSCH transmission, and an SRS 
antenna switch. 

As described above, the UE may start the timer at the first 
symbol after the last symbol of the PDSCH 404. Before the 
timer expires, the BS may assume that the UE may keep the 55 

antenna panel status indicated by the PDCCH 402 or applied 
for the PDSCH 404. Once the timer expires, the BS may 
assume that the UE may return to the power saving mode. 
As shown in FIG. 4, in the slot# n+4, after the timer expires, 
the UE may tum off certain antenna panel(s) to transition to 60 

the power saving mode. 
The timer for antenna panel status may count based on an 

absolute time unit ( e.g., ms), a time slot, a subframe, or an 
OFDM symbol. In some implementations of the present 
disclosure, if the timer counts based on a time slot or an 65 

OFDM symbol, the numerology of the time unit may be 
determined based on the PDCCH which carries the sched-

In some implementations of the present disclosure, mul­
tiple scheduling offset values may be predefined for the UE 
(e.g., based on the 3GPP technical specification) or con­
tained in the RRC configuration. The UE may apply one of 
the scheduling offset values based on the indicator for 
antenna panels status received from the BS. For example, 
the UE may apply a first scheduling offset value for a normal 
leading time case (e.g., in which the UE may not require to 
turn on an antenna panel, or only need to tum Nl antenna 
panel(s)), and apply a second scheduling offset value for a 
long leading time case (e.g., in which UE may need to tum 
on all of the antenna panels, or need to tum N2 antenna 
panels, where N2 is greater than Nl ). 

In some implementations of the present disclosure, the 
UE may receive a plurality of scheduling offset values ( e.g., 
including the first scheduling offset value and the second 
scheduling offset value) from the BS. Each of the scheduling 
offset values may be used for indicating a time duration 
counting from an end of a PDCCH to a beginning of a 
PDSCH. The UE may receive a first DCI message for setting 
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the antenna panel status to a first antenna panel status. In 
response to receiving the first DCI message, the UE may 
apply the first scheduling offset value to receive first infor­
mation on a DL channel (e.g., a PDSCH) scheduled by the 
first DCI message. The UE may further receive a second 5 

DCI message for switching the antenna panel status from the 
first antenna panel status to a second antenna panel status. 
For example, the second DCI message may include an 
indicator for antenna panel status information. In response to 
receiving the second DCI message, the UE may apply the 10 

second scheduling offset value to receive second informa­
tion on a second DL channel (e.g., another PDSCH) sched­
uled by the second DCI message. 

In some implementations of the present disclosure, each 
DL/UL channel/RS may have its corresponding scheduling 15 

offset value. For example, in order to receive an aperiodic 
CSI-RS resource, the RRC configuration may include two 
scheduling offset values: one leading time value may be 
indicated as Xl slot(s) (e.g., one slot) used for a normal 
leading time case, and another leading time value may be 20 

indicated as X2 slots (e.g., three slots) used for a long 
leading time case, where X2 is greater than Xl. The UE may 
select one of these scheduling offset values based on the 
indicator for antenna panel status received from the BS. In 
another example, in order to receive the PDSCH, the RRC 25 

configuration may include two scheduling offset values 
(e.g., the KO parameters/values in the pdsch-TimeDomain­
ResourceAllocationList IE). For example, one scheduling 
offset value (KO) may be indicated as Xl slot(s) for the 
normal leading time case, and another scheduling offset 30 

value (KO) may be indicated as X2 slots for the long leading 
time case. The UE may select one of the scheduling offset 
values based on the indicator for antenna panel status. 

In some implementations of the present disclosure, the 
UE may receive a scheduling offset value from the BS. The 35 

scheduling offset value may include at least one of a KO 
parameter/value for a DL channel (e.g., a PDSCH) and a K2 
parameter/value for a UL channel ( e.g., a PUSCH). If the 
time duration indicated by the scheduling offset value is less 
than the leading time duration indicated by a selected 40 

leading time value, the UE may further determine that the 
scheduling offset value is invalid. 

In some implementations of the present disclosure, all of 
the DL/UL channel/RSs may apply the same leading time 
value for beam switching. For example, when the UE 45 

operates in the normal power consumption mode, the 
PUSCH transmission may be associated with a specific 
scheduling offset value that is used for the normal leading 
time case ( e.g., a K2 value for determining a PUSCH 
transmission offset). On the other hand, the PDSCH trans- 50 

mission may be associated with another scheduling offset 
also for the normal leading time case (e.g., a KO value for 
determining a PDSCH reception offset). 

In contrast, when the UE operates in the power saving 
mode, both the PUSCH transmission and the PDSCH recep- 55 

tion may apply the same scheduling offset value. This 
scheduling offset value may be predefined by the 3GPP 
technical specifications, or configured in the RRC configu­
ration, or determined based on the UE's capability. In some 
other implementations of the present disclosure, all DL 60 

channels/RSs may apply a first scheduling offset value 
suitable for the long leading time case, while all UL chan­
nels/RSs may apply a second scheduling offset value also 
suitable for the long leading time case, where the first 
scheduling offset value and the second scheduling offset 65 

value may be different. In some of the present implemen­
tations, all of the DL/UL channels/RSs may be configured 

18 
with an additional leading time value for a beam switch case 
(e.g., a PDSCH scheduling offset, a CSI-RS resource recep­
tion, a PUSCH transmission or an SRS antenna switch). 

Some implementations of the present disclosure are 
described herein for providing techniques for helping the BS 
to acquire information about the antenna panel status of the 
UE. 

In some implementations of the present disclosure, the 
CSI measurement/report obtained under different antenna 
panel statuses may be transmitted from the UE to the BS via 
UCI/MAC-CE messages. In the UCI case, there may be at 
least two ways for the UE to inform the BS of the antenna 
panels status. One way is to introduce a particular IE 
contained in the CSI report, and the other way is to reuse the 
reserved bit field of an IE contained in the CSI report. In 
addition, the UE may transmit a CSI parameter to the BS for 
reporting the antenna panel status. The CSI parameter may 
include at least one of a Precoding Matrix Indicator (PMI), 
a Channel Quality Indicator (CQI), a Rank Indication (RI), 
a Layer Indication (LI), and a Layer 1 Reference Signals 
Received Power (Ll-RSRP). 

The information used to help the BS to acquire the 
antenna panel status of the UE may be referred to as the UE 
assistance information. In some implementations of the 
present disclosure, the UE may transmit the UE assistance 
information to the BS if the UE is not configured with the 
timer for antenna panel status, or does not have the ability 
to use the timer. In some implementations of the present 
disclosure, the UE may transmit the UE assistance informa­
tion to the BS if the UE is configured to (or have the ability 
to) switch its antenna panel status only when receiving the 
indicator for antenna panel status via a MAC-CE massage 
and/or an RRC message. 

An example Ll-RSRP report quantized table is shown as 
follows: 

TABLE 1 

Bits RSRP range 

0000000 RSRP " -44 dBm 
0000001 -44 dBm > RSRP " -45 dBm 
0000010 -45 dBm > RSRP " -46 dBm 

1100000 -139 dBm> RSRP" -140 dBm 
1100001 -140 dBm> RSRP 
1100011 Antenna panel status #0 
1100100 Antenna panel status #1 

1111111 Reserved 

As shown in Table 1, a number of the reserved bit fields 
(e.g., bit fields "1100011" and "1100100") in the Ll-RSRP 
report quantized table are reused for indicating the antenna 
panel status. For example, if the UE reports a value of 
"1100011" as the largest L1 RSRP value in the Ll-RSRP 
report, the BS may assume that the UE is in the power saving 
mode. 

In some implementations of the present disclosure, if the 
UE is configured to perform a group-based beam reporting 
procedure (e.g., in which the UE may receive signals simul­
taneously via a group of RX beams), the antenna panel status 
of the UE may be indicated by an Ll-RSRP related value 
( e.g., a reserved Ll-RSRP value and/or a specific differential 
Ll-RSRP value). For example, if the bit field for the largest 
Ll-RSRPvalue is a reserved value (e.g., "1100011") and the 
differential Ll-RSRP value is a special value ( e.g., "0000"), 
the BS may assume that the UE is in the power saving mode 
or in a specific antenna panel status, as shown in Table 1. 
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In some implementations of the present disclosure, the BS 
may assume that the indicated antenna panel status will be 
applied by the UE from the first symbol after the end of the 
slot at which the UCI or the PUSCH of the MAC-CE 
massage is transmitted through. For example, if the UE is 5 

configured with a timer for antenna panel status ( e.g., the 
timer described with reference to FIGS. 2, 3 and 4), this 
timer may start at the first symbol after the end of the slot at 
which the UCI or the PUSCH of the MAC-CE massage is 
transmitted through. 10 

20 
predefined in the 3GPP technical specifications or config­
ured by the BS via an RRC signaling. 

In some implementations of the present disclosure, the 
UE may assume that it will not operate in the power saving 
mode if the UE is in the active time. For example, the active 
time may include the time while: 1) a specific timer (e.g., 
drx-onDurationTimer or drx-InactivityTimer or drx-Re­
transmissionTimerDL or drx-RetransmissionTimerUL or ra­
ContentionResolutionTime) is running; or 2) a scheduling 
request is sent on a PUCCH and is pending; or 3) a PDCCH 
indicating a new transmission addressed to the Cell Radio 
Network Temporary Identifier (C-RNTI) of the MAC entity 
has not been received after successful reception of a random 
access response for the random access preamble not selected 
by the MAC entity among the contention-based random 
access preamble. 

In some implementations of the present disclosure, the 
UE may automatically enter/stay the normal power con-

In some implementations of the present disclosure, the 
mechanisms described above can be applied for the cases 
that the BS configures the UE to measure the CSI-RS 
resource/SSE by a single antenna panel, whereas the UE is 

15 
actually able to ( or has to) apply multiple antenna panels in 
the time resource for receiving the CSI-RS resource/SSE. In 
some implementations of the present disclosure, the UE may 
indicate the antenna panel status to the BS via the CSI 
parameter of the CSI report. 

In some implementations of the present disclosure, the 
UE may report multiple sets of CSI parameters to the BS. 
For example, among the multiple sets of CSI parameters, 
one set of the CSI parameters may include CSI parameter(s) 
received and obtained through a single antenna panel, while 25 

another set of the CSI parameters may include CSI param­
eter(s) received and obtained through multiple antenna pan­
els. 

20 sumption mode regardless of the BS's indication. For 
example, the UE may automatically switch the antenna 
panel status without further reception of a new indicator for 
antenna panel status information from the BS. 

In some implementations of the present disclosure, tech­
niques are described herein for determining the antenna 
panel status of a UE based on a DRX operation. 

The DRX operation is a mechanism that makes a UE 
discontinuously monitor/receive the PDCCH to reduce the 
power consumption of the UE. However, when performing 
the DRX operation, the UE may still need to monitor a 
number of RSs in a DRX off-duration or a DRX inactive 
period. Hence, in some implementations of the present 
disclosure, whether to enable the power saving mode at a UE 
may be determined based on the DRX operation. 

In some implementations of the present disclosure, a UE 
may decide to operate in the power saving mode when the 
UE is in a DRX off-duration or a DRX inactive period. For 
example, a UE may enable the power saving mode when the 
UE operates in a DRX active time (or a DRX on-duration) 
and disable the power saving mode when the UE operates in 
a DRX inactive time (or a DRX off-duration). 

In some implementations of the present disclosure, 
whether to operate in the power saving mode is independent 
of the DRX operation. For example, a UE may only follow 
the indicator for antenna panel status received from the BS, 
without considering whether the UE is currently in a DRX 
on-duration or the DRX off-duration. 

In some implementations of the present disclosure, if the 
UE is configured with a timer for antenna panel status, this 
timer may be affected by the DRX inactivity timer, because 
from the UE's perspective, whether to operate in the power 
saving mode may be related to the DRX operations. For 
example, when the DRX inactivity timer expires while the 

30 timer for antenna panel status is still running, the UE may 
switch to the DRX off duration and enable the power saving 
mode. In addition, the timer for antenna panel status may 
then stop. In another example, the operation of the DRX 
inactivity timer and the timer for antenna panel status are 

35 independent. 
An illustrative example (denoted as Example 0) will now 

be provided, where the UE may inform the BS of the UE's 
capability. 

FIG. 5 is an example of a data structure indicating UE 
40 capability information, in accordance with example imple­

mentations of the present disclosure. As shown in FIG. 5, 
UE capability information 502 includes a number of param­
eters related to the antenna panel status of the UE. The 
parameters may include at least one of a power saving 

45 indicator (which may be used as the indicator for antenna 
panel status described herein), a timer for antenna panel 
status (for which the value may be set as "true/support" or 
"false/not support"), a maximum number of support antenna 
panels (e.g., one, two, four or eight), a support indication 

50 method ( e.g., which may indicate whether an RRC, MAC­
CE, or DCI approach is supported), a required time for 
antenna panel status switch ( e.g., 1 ms, 2 ms, 3 ms, or 4 ms), 
and a UE assistance indication (for which the value may be 
set as "true/support" or "false/not support"). The UE may 

In some implementations of the present disclosure, 
whether to operate in the power saving mode may be 
determined based on the length of a DRX cycle ( e.g., a time 
gap between two UE-wake-up instances). For example, the 
UE may be configured with a particular threshold and 
determine whether to enable the power saving mode accord­
ing to a comparison between the threshold and the length of 
the DRX period. For example, if the threshold is 50 ms and 60 

the UE is configured with a DRX period of 40 ms, then the 
UE may not enable the power saving mode because the 
length of the DRX period (40 ms) is less than the threshold 
(50 ms). In the same way, if the UE is configured with a 
DRX period of 60 ms, the UE may enable the power saving 
antenna status because the length of the DRX period (60 ms) 

55 transmit the UE capability information 502 to the BS after 
establishing an RRC connection to the BS. If the UE 
supports the timer for antenna panel status, the BS may 
configure the length of the timer for antenna panel status to 
the UE, as shown in FIG. 6. 

FIG. 6 is an example data structure indicating the con-
figuration of the timer for antenna panel status, in accor­
dance with example implementations of the present disclo­
sure. As shown in FIG. 6, a configuration 602 may indicate 
that the length/duration of the timer for antenna panel status 

65 is four slots. 
An illustrative example (Example 1-1) will now be pro­

vided, where the scheduling offset value ( e.g., KO value) for is greater than the threshold (50 ms). This threshold may be 
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PDSCH reception may be selected based on an indicator for 
antenna panel status ( e.g., contained in a TCI state) from the 
BS. 

FIG. 7 is a flowchart for a method of selecting a sched­
uling offset value based on a TCI state indicated by the BS, 5 

in accordance with example implementations of the present 
disclosure. 

In action 702, a UE may be configured with multiple sets 
of parameters corresponding to different operation modes 
(e.g., the power saving mode and the normal power con- 10 

sumption mode). For example, the UE may be configured 
with two different leading time values. One leading time 
value may be 10 µs, and the other one may be 3 ms. As noted 
above, the UE may apply a first leading time when the UE 
needs to tum on a first number of antenna panel(s), and apply 15 

a second leading time when the UE needs to turn on a second 
number of antenna panel(s), where the first leading time is 
longer than the second leading time if the first number is 
greater than the second number. Hence, in this example, the 
shorter leading time, 10 µs, may be applied in the case that 20 

the UE does not need to further tum on an antenna panel in 
response to the indicator for antenna panel status, and the 
longer leading time, 3 ms, may be applied in the case that the 
UE needs to turn on one or more antenna panels to change 
the operation mode ( e.g., to switch from the power saving 25 

mode to the normal power consumption mode). 
The leading time values may be predefined in the 3GPP 

technical specifications or configured by the BS via an RRC 
signaling. In addition, the UE may be configured with a set 
of KO values in the pdsch-TimeDomainResourceAllocation- 30 

List IE of an RRC configuration. An example of the KO 
configuration is as follows. 

TABLE 2 
35 

Row index KO (normal, long) 

0 (0 slot, 3 slots) 
(0 slot, 3 slots) 

40 

15 (1 slot, 4 slots) 

For each indexed row of the KO configuration, the UE 
may determine which of the normal KO value and the long 45 

KO value should be applied. In addition, the UE may be 
configured with a certain number ofTCI state(s) in the RRC 
configuration, and each of the TCI state( s) may be associated 
with a particular antenna panel status. 

FIG. 8 is an example data structure indicating TCI state 50 

configuration, in accordance with example implementations 
of the present disclosure. As shown in FIG. 8, a TCI state 
configuration 802 includes 64 TCI states, and each TCI state 
may include a power saving mode IE for indicating whether 
to enable the power saving mode when the corresponding 55 

TCI state is applied. 
In addition, the UE may be configured by the BS to enable 

the power saving mode via an indicator for antenna panel 
status. FIG. 9 is an example data structure for an indicator 
for antenna panel status, in accordance with example imple- 60 

mentations of the present disclosure. As shown in FIG. 9, an 
indicator for antenna panel status 902 includes a power 
saving mode IE which is set as "true" to indicate to the UE 
to enable the power saving mode. 

It should be noted that the parameter values, data formats, 65 

and configurations provided herein are for illustrative pur­
poses only, and not intended to limit the scope of the present 

22 
invention. For example, the number of slots for each KO 
value ( e.g., the normal KO value or the long KO value) may 
be different for different numerologies. 

Referring back to FIG. 7. In action 704, the UE may 
receive a DCI message from the BS. In action 706, the UE 
may apply a TCI state indicated by the DCI message. In 
action 708, the UE may apply a KO value corresponding to 
the antenna panel status associated with the TCI state. 

FIGS. lOA and lOB are schematic diagrams illustrating 
timelines of the antenna panel status of a wireless commu­
nication device ( e.g., a UE), in accordance with example 
implementations of the present disclosure. It should be noted 
that the timeline of FIG. lOB is continued from that of FIG. 
l0A. In this example, the total number of turned-on/active 
antenna panels at the UE is Nl when the power saving mode 
is enabled and is N2 when the power saving mode is 
disabled, where Nl is less than N2. For example, Nl may be 
"1" and N2 may be the number of the antenna panels the UE 
has. 

As shown in FIG. lOA, the UE may receive and decode 
a first DCI message DCI_l which is transmitted over a 
PDCCH 1002 in the slot# n. The first DCI message DCI_l 
may indicate to the UE to apply a particular TCI state (e.g., 
the TCI state #1 contained in the TCI state configuration 802 
in FIG. 8) for a scheduling PDSCH 1004. According to FIG. 
8, because the TCI state #1 includes a power saving mode IE 
which is configured with a "true" value, the UE may follow 
the TCI state #1 to monitor the scheduling PDSCH 1004 in 
the power saving mode. In some implementations of the 
present disclosure, the UE may apply a normal KO value 
when the UE does not need to further tum on an antenna 
panel in response to the indicator for antenna panel status 
from the BS, and may apply a long KO value when the UE 
needs to tum on at least one antenna panel in response to the 
indicator for antenna panel status. In this example, because 
the UE has already in the power saving mode before 
receiving the first DCI message DCI_l, the UE may refer to 
the KO configuration in Table 2 to apply a normal KO value 
(e.g., 0 slot) contained in the row entry which is indexed by 
"1" and associated with the TCI state #1. Once the normal 
KO value (e.g., 0 slot) is applied, the UE is expected to 
receive the PDSCH 1004 in the same slot as the PDCCH 
1002, as shown in FIG. l0A. 

After successfully receiving and decoding the PDSCH 
1004, the UE may transmit a HARQ-ACK over a PUCCH 
1006 in the slot# n+ 1 based on the HARQ resource indicator 
(ARI) contained in the first DCI message DCI_l. Then, the 
UE may further receive and decode a second DCI message 
DCI_2 which is transmitted over a PDCCH 1008 in the slot 
# m. In this example, the second DCI message DCI_2 may 
indicate to the UE to apply the TCI state #64 for a scheduling 
PDSCH 1010. According to FIG. 8, because the TCI state 
#64 includes a power saving mode IE which is configured 
with a "false" value, the TCI state #64 may indicate to the 
UE to receive the scheduling PDSCH 1010 in the normal 
power consumption mode, in which there are N2 antenna 
panels turned on by the UE. As noted above, because the UE 
needs to tum on a number of antenna panels to enter the 
normal power consumption mode, the UE may apply a long 
KO value for receiving the PDSCH 1010. For example, the 
UE may refer to the KO configuration in Table 2 to apply a 
long KO value ( e.g., 4 slots) contained in the row entry which 
is indexed by "15" and associated with the TCI state #64. 
Once the long KO value (e.g., 4 slots) is applied, the UE will 
expect to receive the PDSCH 1010 in the slot m+4, which 
is the fourth slot after the slot# m, as shown in FIG. l0A. 
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After successfully receiving and decoding the PDSCH 
1010, the UE may transmit a HARQ-ACK over a PUCCH 
1012 in the slot # m+6 based on the ARI contain in the 
second DCI message DCI_2, as shown in FIG. lOB. 

Then, the UE may receive and decode a third DCI 5 

message DCI_3 which is transmitted over a PDCCH 1014 in 
the slot # m+ 7. In this example the third DCI message 
DCI_3 may indicate to the UE to apply the same TCI state 
#64 as indicated in second DCI message DCI_2 for a 
scheduling PDSCH 1016. Although the TCI state #64 may 10 

indicate to the UE to receive the scheduling PDSCH 1016 in 
the normal power consumption mode, the UE has already 
operated in the normal power consumption mode before 
receiving the third DCI message DCI_3. Thus, the UE does 
not need to further tum on an antenna panel at this moment, 15 

and the UE may apply the normal KO value (e.g., 0 slot) to 
determine when to receive the PDSCH 1016 (e.g., in the 
same slot # m+ 7 as the PDCCH 1014). After successfully 
receiving and decoding the PDSCH 1016, the UE may 
transmit a HARQ-ACK over a PUCCH 1018 in the slot# k 20 

based on the ARI contained in the third DCI message 
DCI_3, as shown in FIG. lOB. 

24 
DCI message DCI_l. Then, the UE may further receive and 
decode a second DCI message DCI_2 which is transmitted 
over a PDCCH 1108 in the slot # m. In this example, the 
second DCI message DCI_2 may indicate to the UE to apply 
the TCI state #64 for a scheduling PDSCH 1110. According 
to FIG. 8, because the TCI state #64 includes a power saving 
mode IE which is configured with a "false" value, the TCI 
state #64 may indicate to the UE to receive the scheduling 
PDSCH 1110 in the normal power consumption mode, in 
which there are N2 antenna panels turned on by the UE. As 
noted above, because the UE needs to tum on a number of 
antenna panels to enter the normal power consumption 
mode, the UE may apply a long KO value for receiving the 
PDSCH 1110. For example, the UE may refer to the KO 
configuration in Table 2 to apply a long KO value ( e.g., 4 
slots) contained in the row entry which is indexed by "15" 
and associated with the TCI state #64. Once the long KO 
value ( e.g., 4 slots) is applied, the UE will expect to receive 
the PDSCH 1110 in the slot m+4, which is the fourth slot 
after the slot# m, as shown in FIG. llA. In addition, the 
timer for antenna panel status may start at the end of the slot 
# m+4. An illustrative example (denoted as Example 1-2) will 

now be provided, where the scheduling offset value ( e.g., KO 
value) for PDSCH reception may be selected based on the 
TCI state and the timer for antenna panel status. 

After successfully receiving and decoding the PDSCH 
25 1110, the UE may transmit an HARQ-ACK over a PUCCH 

1112 in the slot # m+6 based on the ARI contain in the 
In Example 1-2, the UE may be further configured with a 

timer for antenna panel status in addition to the multiple sets 
second DCI message DCI_2, as shown in FIG. llB. 

Then, UE may successfully receive and decode a third 
DCI message DCI_3 which is transmitted over a PDCCH 
1114 in the slot# m+9. The third DCI message DCI_3 may 
indicate to the UE to apply the TCI state #64 for a scheduling 
PDSCH 1116. Because the timer for antenna panel status 
expires in the end of the slot # m+S, the UE has already 
switched to the power saving mode when receiving the third 

of parameters configured in action 702 of FIG. 7. For 
example, the configuration of the timer for antenna panel 30 

status may be, but not limited to, the configuration 602 in 
FIG. 6. In some implementations of the present disclosure, 
the numerology of the timer for antenna panel status may be 
determined based on the scheduling PDSCH of the active 
DLBWP. 35 DCI message DCI_3. In addition, according to FIG. 8, the 

TCI state #64 may indicate to the UE to receive the PDSCH 
1116 in the normal power consumption mode. Because the 
UE needs to tum on at least N2-Nl antenna panels to switch 
from the power saving mode to the normal power consump-

FIGS. llA and llB are schematic diagrams illustrating 
timelines of the antenna panel status of a wireless commu­
nication device ( e.g., a UE), in accordance with example 
implementations of the present disclosure. It should be noted 
that the timeline of FIG. llB is continued from that of FIG. 
llA. In this example, the total number of turned-on/active 
antenna panels at the UE is Nl when the power saving mode 

40 tion mode, the UE may apply a long KO value ( e.g., 4 slots) 
based on the KO configuration (e.g., the KO configuration 
shown in Table 2), and receive the PDSCH 1116 in the slot 
m+13 which is the fourth slot after the slot # m+9. After is enabled and is N2 when the power saving mode is 

disabled, where Nl is less than N2. For example, Nl may be 
"1" and N2 may be the number of the antenna panels the UE 45 

has. 

successfully receiving and decoding the PDSCH 1116, the 
UE may transmit an HARQ-ACK in the slot# k based on the 
ARI in the scheduling DCI ( e.g., the third DCI message 

As shown in FIG. llA, the UE may receive and decode 
a first DCI message DCI_l which is transmitted over a 
PDCCH 1102 in the slot# n. The first DCI message DCI_l 
may indicate to the UE to apply a particular TCI state ( e.g., 
the TCI state #1 contained in the TCI state configuration 802 
in FIG. 8) for a scheduling PDSCH 1104. According to FIG. 
8, because the TCI state #1 includes a power saving mode IE 
which is configured with a "true" value, the UE may follow 
the TCI state #1 to monitor the scheduling PDSCH 1004 in 
the power saving mode. As noted above, because the UE has 
already in the power saving mode before receiving the first 
DCI message DCI_l, the UE may refer to the KO configu­
ration in Table 2 to apply a normal KO value (e.g., 0 slot) 
contained in the row entry which is indexed by "1" and 
associated with the TCI state #1. Once the normal KO value 
(e.g., 0 slot) is applied, the UE is expected to receive the 
PDSCH 1104 in the same slot as the PDCCH 1002, as shown 
in FIG. llA. 

DCI_3), as shown in FIG. llB. 
An illustrative example ( denoted as Example 2-1) will 

now be provided, where an RRC-configured offset value for 
50 receiving an aperiodic CSI RS may be selected based on a 

CSI request from the BS. 
FIG. 12 is a flowchart for a method of selecting an offset 

value (e.g. a KO value) for receiving an aperiodic CSI-RS, 
in accordance with example implementations of the present 

55 disclosure. 
In action 1202, the UE may be configured with multiple 

sets of parameters corresponding to different operation 
modes (e.g., the power saving mode and the normal power 
consumption mode). For example, two different leading 

60 times may be predefined in the 3GPP technical specifications 
for the UE. One may be a shorter leading ( e.g., 10 micro­
seconds) to be used in the case that the UE does not need to 
further turn on an antenna panel, and the other one may be 

After successfully receiving and decoding the PDSCH 65 

1104, the UE may transmit an HARQ-ACK over a PUCCH 
1106 in the slot# n+ 1 based on the ARI contained in the first 

a longer leading time (e.g., 3 ms) to be used in the case that 
the UE needs to turn on one or more antenna panels to 
change the operation mode. In addition, the UE may be 
configured with a set of offset values (e.g., aperiodicTrig-
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geringOffset) in an RRC configuration for receiving an 
aperiodic CSI-RS, as shown in FIG. 13. 

FIG. 13 is an example data structure indicating an ape­
riodic CSI RS reception configuration, in accordance with 
example implementations of the present disclosure. As 5 

shown in FIG. 13, in the aperiodic CSI RS reception 
configuration (e.g., NZP-CSI-ResourceSet) 1302, the ape­
riodicTriggeringOffset may refer to a specific row entry 
(e.g., indexed by "10") in the KO configuration 1304, which 
is associated with a normal KO value of 2 slots and a long 10 

KO value of 6 slots. The UE may be further configured in the 
power saving mode based on an initial indicator for antenna 
panel status ( e.g., the indicator for antenna panel status 902 

26 
turn on an antenna panel in response to the indicator for 
antenna panel status obtained from the BS, and apply a long 
triggering offset value when the UE needs to tum on at least 
one antenna panel in response to the indicator for antenna 
panel status received from the BS. Thus, in this example, the 
UE may apply a long triggering offset value (e.g., aperiod-
icTriggeringOffset) for the CSI request to switch from the 
power saving mode to the normal power consumption mode. 
As shown in FIG. 15, the BS may transmit the CSI-RS 
resource in the slot #n+ 7, which is the sixth time slot after 
the slot #n+l. 

In addition, the UE may further receive a third DCI 
message DCI_3 which is transmitted over a PDCCH 1510 in 
the slot # m. The third DCI message DCI_3 may contain a in FIG. 9). In addition, the numerology applied in this 

example may be, but not limited to, 15 KHz. 
Referring back to FIG. 12. In action 1204, the UE may 

receive a DCI message containing a CSI request from BS. In 
action 1206, the UE may apply a KO value corresponding to 
the antenna panel status indicated by the CSI request. 

15 CSI request for triggering an aperiodic CSI report, and the 
CSI request may indicate the same aperiodic CSI-RS trigger 
state as indicated by the CSI request contained in the second 
DCI message DCI_2. Since the CSI-RS resource (which is 

FIG. 14 is an example of a MAC-CE message, in accor- 20 

dance with example implementations of the present disclo­
sure. As shown in FIG. 14, a MAC-CE message 1402 
includes several reserved bits (which are denoted as "R" in 
FIG. 14), a cell ID, and a control bit (which is denoted as "C" 
in FIG. 14). The cell ID may contain the serving cell ID 25 

(e.g., "00000" in this example). The control bit "C" may be 
used for indicating to the UE to enable/disable the power 
saving mode. For example, the UE may be indicated to 
enable the power saving mode when the control bit is set to 

triggered by the CSI request contained in the third DCI 
message DCI_3) is indicated to be received by the multiple 
antenna panels of the UE by the BS (e.g., through the QCL 
information which is associated with the CSI-RS resource), 
the UE may decide to apply a normal triggering offset value 
(e.g., aperiodicTriggeringOffset) of two slots for this CSI 
request based on the current antenna panel status ( e.g., with 
N2 antenna panels being turned-on). Thus, as shown in FIG. 
15, the UE may receive the corresponding aperiodic CSI-RS 
resource from the BS in the slot # m+2, which is the first 
time slot after the slot# m+l. 

An illustrative example (denoted as Example 2-2) will 
now be provided, where an RRC-configured offset value for 
an aperiodic CSI RS reception may be selected based on a 
CSI request from the BS and a timer for antenna panel status. 

In Example 2-2, the UE may be further configured with a 

a first value (e.g., "1"), or indicated to disable the power 30 

saving mode when the control bit is set to a second value 
(e.g., "0"). As shown in FIG. 14, the MAC-CE message 
1402 of which the control bit is set to "0" may be used for 
indicating to the UE to disable the power saving mode ( or to 
operate in the normal power consumption mode). 

FIG. 15 is a schematic diagram illustrating that different 
triggering offset values (e.g., KO values) are applied for the 
changes in the antenna panel status of a wireless commu­
nication device ( e.g., a UE), in accordance with example 
implementations of the present disclosure. In this example, 40 

the total number of turned-on/active antenna panels at the 
UE is Nl when the UE is in the power saving mode and is 
N2 when the UE is the normal power consumption mode, 
where Nl is less than N2. For example, Nl may be "1" and 
N2 may be the number of the antenna panels the UE has. 45 

35 timer for antenna panel status in addition to the multiple sets 
of parameters configured in action 1202 of FIG. 12. For 
example, the configuration of the timer for antenna panel 
status may be, but not limited to, the configuration 602 in 

As shown in FIG. 15, in the slot # n, the UE may receive 
a first DCI message DCI_l which is transmitted over a 
PDCCH 1502, and obtain a MAC-CE message (e.g., the 
MAC-CE message 1402 in FIG. 14) based on the first DCI 
message DCI_l. The MAC-CE message may include an 50 

indicator for antenna panel status (e.g., the control bit of the 
MAC-CE message 1402 in FIG. 14) used for indicating the 
UE to operate in the normal power consumption mode ( or 
disable the power saving mode). Then, the UE may monitor 
a scheduling PDSCH 1504 based on the first DCI message 55 

DCI_l and transmit a HARQ-ACK over a PUCCH 1508 for 
the MAC-CE message in the slot# n+5. 

In this example, the UE may receive a second DCI 
message DCI_2 which is transmitted over a PDCCH 1506 in 
the slot # n+ 1. The second DCI message DCI_2 may contain 60 

a CSI request for triggering an aperiodic CSI report. For 
example, the CSI request for triggering the CSI-RS resource 
may be indicated by the BS, through the QCL information 
associated with the CSI-RS resource, to be received by the 
multiple antenna panels at the UE. In some implementations 65 

of the present disclosure, the UE may apply a normal 
triggering offset value when the UE does not need to further 

FIG. 6. In some implementations of the present disclosure, 
the numerology of the timer for antenna panel status may be 
determined based on the scheduling PDSCH of the active 
DLBWP. 

FIGS. 16A and 16B are schematic diagrams illustrating 
that different triggering offset values ( e.g., KO values) are 
applied for the changes in the antenna panel status of a 
wireless communication device ( e.g., a UE), in accordance 
with example implementations of the present disclosure. It 
should be noted that FIG. 16B is continued from the FIG. 
16A. In this example, the total number of turned-on/active 
antenna panels at the UE is Nl when the UE is in the power 
saving mode and is N2 when the UE is the normal power 
consumption mode, where Nl is less than N2. For example, 
Nl may be "1" and N2 may be the number of the antenna 
panels the UE has. 

As shown in FIG. 16A, in the slot# n, the UE may receive 
a first DCI message DCI_l which is transmitted over a 
PDCCH 1602, and obtain a MAC-CE message (e.g., the 
MAC-CE message 1402 in FIG. 14) based on the first DCI 
message DCI_l. The MAC-CE message may include an 
indicator for antenna panel status ( e.g., the control bit of the 
MAC-CE message 1402 in FIG. 14) that may indicate to the 
UE to operate in the normal power consumption mode. The 
UE may monitor a scheduling PDSCH 1604 based on the 
first DCI message DCI_l and transmit an HARQ-ACK over 
a PUCCH 1608 for the MAC-CE message in the slot# n+5. 

In addition, the UE may receive a second DCI message 
DCI_2 which is transmitted over a PDCCH 1606 in the slot 
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An illustrative example ( denoted as Example 4-1) will 
now be provided, where the antenna panel status may be 
switched based on a DRX operation. 

FIG. 18 is a flowchart for a method for determining the 
antenna panel status of a wireless communication device 
(e.g., a UE) based on a DRX operation, in accordance with 
example implementations of the present disclosure. As 
shown in FIG. 18, in action 1802, the UE may be configured 
with a DRX inactivity timer by the BS. In action 1804, the 
UE may switch the antenna panel status based on the DRX 
inactivity timer. 

# n+ 1. The second DCI message DCI_2 may contain a CSI 
request for triggering an aperiodic CSI report. For example, 
the CSI request for triggering the CSI-RS resource may be 
indicated by the BS, through the QCL information associ­
ated with the CSI-RS resource, to be received by the 5 

multiple antenna panels at the UE. As described above, the 
UE may apply a long triggering offset value (e.g., aperiod­
icTriggeringOffset) for the CSI request because the UE may 
need to tum on at least one antenna panel in response to the 
indicator for antenna panel status obtained from the BS. As 10 

shown in FIG. 16A, the BS may transmit the CSI-RS 
resource in the slot #n+ 7, which is the sixth time slot after 
the slot #n+ 1. In this example, the timer for antenna panel 
status may also start at the beginning of the slot #n+ 7. 

Referring to FIG. 16B. The timer may then expire at the 
end of the slotn+l0, and the UEmay switch from the normal 
power consumption mode to the power saving mode. In 
addition, the UE may then receive a third DCI message 
DCI_3 which is transmitted over a PDCCH 1610 in the slot 20 

In some implementations of the present disclosure, the 
DRX inactivity timer may be used to define how long a UE 
should remain in the ON state after the reception of a 

15 PDCCH. For example, while the DRX inactivity timer is 
running, the UE may remain in the ON state. 

# m, where m>n+l0. The third DCI message DCI_3 may 
contain a CSI request for triggering an aperiodic CSI report, 
and the CSI request may indicate the same aperiodic CS I-RS 
trigger state as indicated by the second DCI message DCI_2. 
Since the CSI-RS resource triggered by the CSI request is 
indicated by the BS, through the QCL information associ­
ated to the CSI-RS resource, to be received by multiple 
antenna panels of the UE, the UE may decide to apply a long 
triggering offset value ( e.g., aperiodicTriggeringOffset) for 
this CSI request based on current antenna panels status ( e.g., 
with Nl antenna panels being turned-on). Thus, as shown in 
FIG. 16B, the BS may transmit the aperiodic CSI-RS 
resource in the slot # m+5, which is the fifth time slot after 
the slot# m. 

In Example 4-1, the UE may be configured with a DRX 
period and a timer for antenna panel status. In addition, the 
BS may indicate to the UE to operate in the normal power 
consumption mode, as shown in FIG. 19. 

FIG. 19 is an example data structure indicating an RRC 
configuration for the UE, in accordance with example imple­
mentations of the present disclosure. As shown in FIG. 19, 
an RRC configuration 1902 may include a DRX configura-

25 tion and an antenna panel status configuration. The DRX 
configuration may be configured with a DRX inactivity 
timer for 2 ms and a DRX cycle of 50 ms. The antenna panel 
status configuration may indicate that the power saving 
mode is to be disabled (e.g., with a "false" value) and the 

30 length of the timer for the antenna panel status is four slots. 

An illustrative example ( denoted as Example 3-1) will 35 

now be provided, where a UE may indicate its antenna panel 
status through at least one explicit bit in a CSI report. 

FIG. 20 is a schematic diagram illustrating a timeline of 
the antenna panel status of a wireless communication device 
(e.g., a UE) and a timing diagram of a DRX cycle, in 
accordance with example implementations of the present 
disclosure. In the present implementation, the timer for 
antenna panel status may have the same operation as the 
DRX inactivity timer. In addition, the total number of 
turned-on/active antenna panels at the UE is Nl when the 
UE is in the power saving mode and is N2 when the UE is 
the normal power consumption mode, where Nl is less than 
N2. 

FIG. 17 is a schematic diagram illustrating a timeline of 
the antenna panel status of a wireless communication device 

As shown in FIG. 20, the UE may receive a DCI message 
in the slot # n at which the UE is in a DRX on-duration. In 
response to receiving the DCI message, the UE may start 

( e.g., a UE), in accordance with example implementations of 40 

the present disclosure. In this example, the total number of 
turned-on/active antenna panels at the UE is Nl when the 
UE is in the power saving mode and is N2 when the UE is 
the normal power consumption mode, where Nl is less than 
N2. 45 both the DRX inactivity timer and the timer for antenna 

panel status, if the DCI message is used for indicating to the 
UE to operate in the normal power consumption mode. 
Then, if the timer for antenna panel status is going to 
stop/expire at the beginning of the slot# n+4 ( e.g., according 

In this example, the UE may be configured with a periodic 
CSI report and the periodicity for the CSI report may be 20 
slots. In addition, the UE may be configured with a timer for 
antenna panel status. The configuration of the timer for 
antenna panel status may be, but not limited to, the con­
figuration 602 shown in FIG. 6. In some implementations of 
the present disclosure, the numerology of the timer for 
antenna panel status may be determined based on the 
scheduling PDSCH of active DL BWP. 

50 to the RRC configuration 1902 in FIG. 19), the DRX 
inactivity timer may follow the timer for antenna panel 
status to stop/expire at the same timing (e.g., at the begin­
ning of the slot # n+4). Thus, the UE may enter a DRX 

Referring back to FIG. 17, the UE may use Nl antenna 55 

panel(s) to receive a CSI-RS #1 for calculating a CSI report 
which is to be transmitted over a PUCCH 1702 in the slot # 

off-duration and operate in the power saving mode at the 
same time. 

An illustrative example (denoted as Example 4-2) will 
now be provided, where the antenna panel status may be 
switched based on a DRX operation. n. Hence, the bit field in the CSI report may be set to a first 

value (e.g., "1") to indicate that the UE is in the power 
saving mode. 

On the other hand, if the UE changes to use multiple 
antenna panels to receive the CSI-RS #2 for calculating a 
CSI report which is to be transmitted over a PUCCH 1704 
in the slot# n+20, the bit field in this CSI report may be set 

In Example 4-2, the UE may be configured with a DRX 
60 inactivity timer by the BS. In addition, the UE may be 

indicated by the BS to operate in the normal power con­
sumption mode based on an RRC configuration, as shown in 
FIG. 21. 

to a second value ( e.g., "0") to indicate that the UE is in 65 

normal power consumption mode (e.g., by disabling the 
power saving mode). 

FIG. 21 is an example data structure indicating an RRC 
configuration for the UE, in accordance with example imple­
mentations of the present disclosure. As shown in FIG. 21 an 
RRC configuration 2102 may include a DRX configuration 
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and an antenna panel status configuration. The DRX con­
figuration may be configured with a DRX inactivity timer 
for 2 ms and a DRX cycle of 50 ms. Furthermore, the 
antenna panel status configuration may indicate that the 
power saving mode is to be disabled ( e.g., with a "False" 5 

value). 
FIG. 22 is a schematic diagram illustrating a timeline of 

the antenna panel status of a wireless communication device 
(e.g., a UE) and a timing diagram of a DRX cycle, in 
accordance with example implementations of the present 10 

disclosure. In the present implementation, the antenna panel 
status of a UE may follow the DRX cycles. In addition, the 
total number of turned-on/active antenna panels at the UE is 
Nl when the UE is in the power saving mode, and is N2 
when the UE is the normal power consumption mode, where 15 

Nl is less than N2. 

30 
include both volatile and non-volatile media, removable and 
non-removable media. By way of example, and not limita­
tion, computer-readable media may comprise computer stor-
age media and communication media. Computer storage 
media includes both volatile and non-volatile, removable 
and non-removable media implemented in any method or 
technology for storage of information such as computer­
readable instructions, data structures, program modules or 
other data. 

Computer storage media includes RAM, ROM, 
EEPROM, flash memory or other memory technology, CD­
ROM, Digital Versatile Disks (DVD) or other optical disk 
storage, magnetic cassettes, magnetic tape, magnetic disk 
storage or other magnetic storage devices. Computer storage 
media does not comprise a propagated data signal. Commu­
nication media typically embodies computer-readable 
instructions, data structures, program modules or other data 
in a modulated data signal such as a carrier wave or other 
transport mechanism and includes any information delivery 

As shown in FIG. 22, the UE may at first operate in the 
normal power consumption mode based on the most recently 
received BS instruction (e.g., received through an RRC 
configuration, a MAC-CE message or a DCI message). If the 
UE does not receive a PDCCH in the DRX on-duration (at 
which the UE is in an active state), the UE may then switch 
to the power saving mode after the UE enters the DRX 
off-duration (at which the UE is in an inactive/sleep state). 

20 media. The term "modulated data signal" means a signal that 
has one or more of its characteristics set or changed in such 
a manner as to encode information in the signal. By way of 
example, and not limitation, communication media includes 
wired media such as a wired network or direct-wired con-

FIG. 23 is a flowchart for a method of operating multiple 25 

antenna panels, in accordance with example implementa­
tions of the present disclosure. 

In action 2302, a wireless communication device (e.g., a 
UE) may maintain a plurality of leading time values, 
wherein the plurality of leading time values may indicate a 30 

plurality of leading time durations. 
In action 2304, the wireless communication device may 

receive an indicator for antenna panel status information 
from a BS. 

nection, and wireless media such as acoustic, RF, infrared 
and other wireless media. Combinations of any of the above 
should also be included within the scope of computer­
readable media. 

The memory 2434 may include computer-storage media 
in the form of volatile and/or non-volatile memory. The 
memory 2434 may be removable, non-removable, or a 
combination thereof. Example memory includes solid-state 
memory, hard drives, optical-disc drives, and etc. As illus­
trated in FIG. 24, The memory 2434 may store computer-

In action 2306, the wireless communication device may 
apply one of the plurality ofleading time values to switch an 
antenna panel status of the plurality of antenna panels based 
on the received indicator for antenna panel status informa­
tion. 

35 readable, computer-executable instructions 2432 (e.g., soft­
ware codes) that are configured to, when executed, cause the 
processor 2428 to perform various functions described 
herein, for example, with reference to FIGS. 1 through 23. 
Alternatively, the instructions 2432 may not be directly 

FIG. 24 is a block diagram illustrating a node for wireless 
communication, in accordance with various aspects of the 
present application. As shown in FIG. 24, a node 2400 may 
include a transceiver 2420, a processor 2428, a memory 
2434, one or more presentation components 2438, and at 
least one antenna 2436. The node 2400 may also include an 
RF spectrum band module, a BS communications module, a 
network communications module, and a system communi­
cations management module, Input/Output (I/0) ports, I/0 
components, and power supply (not explicitly shown in FIG. 
24). Each of these components may be in communication 
with each other, directly or indirectly, over one or more 
buses 2440. In one implementation, the node 2400 may be 

40 executable by the processor 2428 but be configured to cause 
the node 2400 ( e.g., when compiled and executed) to per­
form various functions described herein. 

The processor 2428 (e.g., having processing circuitry) 
may include an intelligent hardware device, e.g., a Central 

45 Processing Unit (CPU), a microcontroller, an ASIC, and etc. 
The processor 2428 may include memory. The processor 
2428 may process the data 2430 and the instructions 2432 
received from the memory 2434, and information through 
the transceiver 2420, the base band communications mod-

a UE or a BS that performs various functions described 
herein, for example, with reference to FIGS. 1 through 23. 

50 ule, and/or the network communications module. The pro­
cessor 2428 may also process information to be sent to the 
transceiver 2420 for transmission through the antenna 2436, 
to the network communications module for transmission to 
a core network. 

The transceiver 2420 having a transmitter 2422 ( e.g., 55 

transmitting/transmission circuitry) and a receiver 2424 
(e.g., receiving/reception circuitry) may be configured to 
transmit and/or receive time and/or frequency resource 
partitioning information. In some implementations, the 
transceiver 2420 may be configured to transmit in different 60 

types of subframes and slots including, but not limited to, 
usable, non-usable and flexibly usable subframes and slot 
formats. The transceiver 2420 may be configured to receive 
data and control channels. 

The node 2400 may include a variety of computer- 65 

readable media. Computer-readable media may be any 
available media that may be accessed by the node 2400 and 

One or more presentation components 2438 presents data 
indications to a person or other device. Examples of pre­
sentation components 2438 may include a display device, 
speaker, printing component, vibrating component, etc. 

From the above description, it is manifested that various 
techniques may be used for implementing the concepts 
described in the present application without departing from 
the scope of those concepts. Moreover, while the concepts 
have been described with specific reference to certain imple­
mentations, a person of ordinary skill in the art may recog-
nize that changes may be made in form and detail without 
departing from the scope of those concepts. As such, the 
described implementations are to be considered in all 
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respects as illustrative and not restrictive. It should also be 
understood that the present application is not limited to the 
particular implementations described above, but many rear­
rangements, modifications, and substitutions are possible 
without departing from the scope of the present disclosure. 5 

What is claimed is: 
1. A wireless communication device comprising: 
a plurality of antenna panels; 
a processor coupled to the plurality of antenna panels and 10 

configured to: 
maintain a plurality ofleading time values, the plurality of 

leading time values indicating a plurality of leading 
time durations; 

receive an indicator for antenna panel status information 15 

from a base station (BS); 
apply one of the plurality ofleading time values to switch 

an antenna panel status of the plurality of antenna 
panels based on the indicator for antenna panel status 
information; 

receive a scheduling offset value from the BS, the sched­
uling offset value comprising at least one of a KO 
parameter for a Downlink (DL) channel and a K2 
parameter for an Uplink (UL) channel; and 

20 

determine that the scheduling offset value is invalid, when 25 

a time duration indicated by the scheduling offset value 
is less than a leading time duration indicated by the 
applied leading time value. 

32 
8. The wireless communication device of claim 1, 

wherein the indicator for antenna panel status information 
comprises a single-bit Information Element (IE), and the 
processor is further configured to: 

enable a power saving mode when the single-bit IE is set 
to a first value; and 

disable the power saving mode when the single-bit IE is 
set to a second value, 

wherein a total number of turned-on antenna panels in the 
plurality of antenna panels when the power saving 
mode is enabled is less than a total number of turned-on 
antenna panels in the plurality of antenna panels when 
the power saving mode is disabled. 

9. The wireless communication device of claim 1, 
wherein the indicator for antenna panel status information 
comprises a multiple-bit Information Element (IE), and the 
processor is further configured to: 

turn on a particular number of the plurality of antenna 
panels when the multiple-bit IE is set to a particular 
value. 

10. The wireless communication device of claim 1, 
wherein the indicator for antenna panel status information is 
contained in a Transmission Configuration Indicator (TCI) 
state Identity (ID) indicated by the BS. 

11. The wireless communication device of claim 1, 
wherein the plurality of leading time values is one of 
cell-specific values and cell group-specific values. 

12. The wireless communication device of claim 1, 2. The wireless communication device of claim 1, 
wherein the processor is further configured to: 

receive a timer from the BS; and 
30 wherein the processor is further configured to: 

switch the antenna panel status from a first antenna panel 
status to a second antenna panel status after the timer 
expires. 

3. The wireless communication device of claim 2, 35 

wherein the timer expires when one of a Discontinuous 
Reception (DRX) inactivity timer expires and the wireless 
communication device enters one of a DRX off-period and 
a sleep mode. 

4. The wireless communication device of claim 1, 40 

wherein the processor is further configured to: 
transmit an antenna panel status report to inform the BS 

of the switch of the antenna panel status. 
5. The wireless communication device of claim 4, 

wherein the antenna panel status report is contained in one 45 

of a beam report and a Channel State Information (CSI) 
report. 

6. The wireless communication device of claim 4, 
wherein the antenna panel status report comprises a single-
bit Information Element (IE), and the processor is further 50 

configured to: 
set the single-bit IE to a first value to indicate that a power 

saving mode is enabled; and 
set the single-bit IE to a second value to indicate that the 

power saving mode is disabled, 
wherein a total number of turned-on antenna panels in the 

plurality of antenna panels when the power saving 
mode is enabled is less than a total number of turned-on 
antenna panels in the plurality of antenna panels when 
the power saving mode is disabled. 

7. The wireless communication device of claim 4, 
wherein the antenna panel status report comprises a mul­
tiple-bit Information Element (IE), and the processor is 
further configured to: 

55 

60 

set the multiple-bit IE to a particular value associated with 65 

a particular number of the plurality of antenna panels 
being turned on. 

switch the antenna panel status from a first antenna panel 
status to a second antenna panel status in response to 
receiving the indicator for antenna panel status infor­
mation; and 

automatically switch the antenna panel status from the 
second antenna panel status to a third antenna panel 
status without further reception of an indicator for 
antenna panel status information from the BS. 

13. The wireless communication device of claim 1, 
wherein the processor is further configured to: 

enable a power saving mode when the wireless commu­
nication device operates in a Discontinuous Reception 
(DRX) active time; and 

disable the power saving mode when the wireless com­
munication device operates in a DRX inactive time, 

wherein a total number of turned-on antenna panels in the 
plurality of antenna panels when the power saving 
mode is enabled is less than a total number of turned-on 
antenna panels in the plurality of antenna panels when 
the power saving mode is disabled. 

14. The wireless communication device of claim 1, 
wherein the processor is further configured to: 

enable a power saving mode based on whether the wire­
less communication device operates in a particular 
Bandwidth Part (BWP), 

wherein: 
a total number of turned-on antenna panels in the plurality 

of antenna panels when the power saving mode is 
enabled is less than a total number of turned-on antenna 
panels in the plurality of antenna panels when the 
power saving mode is disabled; and 

the particular BWP is one of a default BWP, an initial 
BWP, and a first active BWP. 

15. A method performed by a wireless communication 
device for operating a plurality of antenna panels, the 
method comprising: 
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maintaining a plurality ofleading time values, the plural­
ity of leading time values indicating a plurality of 
leading time durations; 

receiving an indicator for antenna panel status informa-
tion from a base station (BS); 5 

applying one of the plurality of leading time values to 
switch an antenna panel status of the plurality of 
antenna panels based on the indicator for antenna panel 
status information; 

receiving a scheduling offset value from the BS, the 10 

scheduling offset value comprising at least one of a KO 
parameter for a Downlink (DL) channel and a K2 
parameter for an Uplink (UL) charmel; and 

determining that the scheduling offset value is invalid, 
when a time duration indicated by the scheduling offset 15 

value is less than a leading time duration indicated by 
the applied leading time value. 

16. The method of claim 15, further comprising: 
receiving a timer from the BS; and 
switching the antenna panel status from a first antenna 20 

panel status to a second antenna panel status after the 
timer expires. 

17. The method of claim 16, wherein the timer expires 
when one of a Discontinuous Reception (DRX) inactivity 
timer expires and the wireless communication device enters 25 

one of a DRX off-period and a sleep mode. 
18. The method of claim 15, further comprising: 
transmitting an antenna panel status report to inform the 

BS of the switch of the antenna panel status. 
19. The method of claim 18, wherein the antenna panel 30 

status report is contained in one of a beam report and a 
Charmel State Information (CSI) report. 

20. The method of claim 18, wherein the antenna panel 
status report comprises a single-bit Information Element 
(IE), and the method further comprises: 35 

setting the single-bit IE to a first value to indicate that a 
power saving mode is enabled; and 

setting the single-bit IE to a second value to indicate that 
the power saving mode is disabled; 

wherein a total number of turned-on antenna panels in the 40 

plurality of antenna panels when the power saving 
mode is enabled is less than a total number of turned-on 
antenna panels in the plurality of antenna panels when 
the power saving mode is disabled. 

21. The method of claim 18, wherein the antenna panel 45 

status report comprises a multiple-bit Information Element 
(IE), and the method further comprises: 

setting the multiple-bit IE to a particular value associated 
with a particular number of the plurality of antenna 
panels being turned on. 50 

22. The method of claim 15, wherein the indicator for 
antenna panel status information comprises a single-bit 
Information Element (IE), and the method further com­
prises: 

enabling a power saving mode when the single-bit IE is 55 

set to a first value; and 

34 
disabling the power saving mode when the single-bit IE is 

set to a second value, 
wherein a total number of turned-on antenna panels in the 

plurality of antenna panels when the power saving 
mode is enabled is less than a total number of turned-on 
antenna panels in the plurality of antenna panels when 
the power saving mode is disabled. 

23. The method of claim 15, wherein the indicator for 
antenna panel status information comprises a multiple-bit 
Information Element (IE), and the method further com­
prises: 

turning on a particular number of the plurality of antenna 
panels when the multiple-bit IE is set to a particular 
value. 

24. The method of claim 15, wherein the indicator for 
antenna panel status information is contained in a Transmis­
sion Configuration Indicator (TCI) state Identity (ID) indi­
cated by the BS. 

25. The method of claim 15, wherein the plurality of 
leading time values is one of cell-specific values and cell 
group-specific values. 

26. The method of claim 15, further comprising: 
switching the antenna panel status from a first antenna 

panel status to a second antenna panel status in 
response to receiving the indicator for antenna panel 
status information; and 

automatically switch the antenna panel status from the 
second antenna panel status to a third antenna panel 
status without further reception of an indicator for 
antenna panel status information from the BS. 

27. The method of claim 15, further comprising: 
enabling a power saving mode when the wireless com­

munication device operates in a Discontinuous Recep­
tion (DRX) active time; and 

disabling the power saving mode when the wireless 
communication device operates in a DRX inactive 
time, 

wherein a total number of turned-on antenna panels in the 
plurality of antenna panels when the power saving 
mode is enabled is less than a total number of turned-on 
antenna panels in the plurality of antenna panels when 
the power saving mode is disabled. 

28. The method of claim 15, further comprising: 
enabling a power saving mode based on whether the 

wireless communication device operates in a particular 
Bandwidth Part (BWP), 

wherein: 
a total number of turned-on antenna panels in the plurality 

of antenna panels when the power saving mode is 
enabled is less than a total number of turned-on antenna 
panels when the power saving mode is disabled; and 

the particular BWP is one of a default BWP, an initial 
BWP, and a first active BWP. 

* * * * * 
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METHOD AND APPARATUS FOR MULTIPLE 
TRANSMIT/RECEIVE POINT (TRP) 

OPERATIONS 

CROSS-REFERENCE TO RELATED 
APPLICATION(S) 

The present application claims the benefit of and priority 
to a provisional U.S. Patent Application Ser. No. 62/754,706 
filed on Nov. 2, 2018, entitled "Procedure for Multiple 
Transmit/Receive Point," (hereinafter referred to as 
"US75391 application"). The disclosure of the US75391 
application is hereby incorporated fully by reference into the 
present application. 

FIELD 

The present disclosure generally relates to wireless com­
munications, and more particularly, to methods and appara­
tuses for multiple Transmit/Receive Point (TRP) operations. 

BACKGROUND 

2 
method further includes obtaining, by the UE, multiple QCL 
assumptions for receiving the PDSCHs based on the DMRS 
port groups associated with the TCI state data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Aspects of the present disclosure are best understood from 
the following detailed description when read with the 
accompanying figures. Various features are not drawn to 

10 scale. Dimensions of various features may be arbitrarily 
increased or reduced for clarity of discussion. 

15 

FIG. 1 is a schematic diagram illustrating a multi-TRP 
system, in accordance with example implementations of the 
present application. 

FIG. 2 is a flowchart for a process of multi-TRP opera­
tions, in accordance with example implementations of the 
present application. 

FIG. 3 is a schematic diagram illustrating multiple 
PDSCHs determined from a single PDCCH, in accordance 

20 with example implementations of the present application. 
FIG. 4 is a flowchart for a process of identifying a 

secondary TRP (sTRP), in accordance with example imple­
mentations of the present application. 

FIG. 5 is a flowchart for a process of multi-TRP opera-
25 tions, in accordance with example implementations of the 

present application. 

Various efforts have been made to improve different 
aspects of wireless communications (e.g., data rate, latency, 
reliability, mobility, etc.) for the next generation (e.g., Fifth 
Generation (5G) New Radio (NR)) wireless communication 
systems. Among the new concepts in the next generation 
wireless communication systems, leveraging multiple TRPs 
may be vital to improve coverage, reliability, and capacity 30 

performance of the system. For example, in order to support 
the growth in data traffic in 5G and to enhance the coverage, 
the wireless devices may be expected to access networks 
composed of multiple TRPs. 

FIG. 6 is a block diagram illustrating a node for wireless 
communication, in accordance with example implementa­
tions of the present application. 

DETAILED DESCRIPTION 

The following description contains specific information 
pertaining to example implementations in the present dis­
closure. The drawings in the present disclosure and their 
accompanying detailed description are directed to merely 

However, in the current multi-TRP environment, all TRPs 35 

in a cell may have the same cell Identity (ID), which means 
a User Equipment (UE) may not be able to distinguish these 
TRPs from each other if there is no further identification or 
information for each TRP. 

example implementations. However, the present disclosure 
is not limited to merely these example implementations. 

Therefore, there is a need in the art for an improved 40 

communication mechanism for multiple TRP operations. 

Other variations and implementations of the present disclo­
sure will occur to those skilled in the art. Unless noted 
otherwise, like or corresponding elements among the figures 

SUMMARY 

The present disclosure is directed to methods and appa­
ratuses for multi-TRP operations. 

According to an aspect of the present disclosure, a UE is 
provided. The UE includes one or more non-transitory 
computer-readable media having computer-executable 
instructions embodied thereon and at least one processor 
coupled to the one or more non-transitory computer-read­
able media. The at least one processor is configured to 
execute the computer-executable instructions to receive 
Transmission Configuration Indicator (TCI) state data in a 
Physical Download Control Channel (PDCCH) determining 
multiple Physical Downlink Shared Channels (PDSCHs), 
where the TCI state data is associated with multiple 
Demodulation Reference Signal (DMRS) port groups. The 
processor is further configured to obtain multiple Quasi 
Co-Location (QCL) assumptions for receiving the PDSCHs 
based on the DMRS port groups associated with the TCI 
state data. 

may be indicated by like or corresponding reference numer­
als. Moreover, the drawings and illustrations in the present 
disclosure are generally not to scale and are not intended to 

45 correspond to actual relative dimensions. 
For the purpose of consistency and ease of understanding, 

like features may be identified (although, in some examples, 
not shown) by the same numerals in the example figures. 
However, the features in different implementations may be 

50 differed in other respects, and thus shall not be narrowly 
confined to what is shown in the figures. 

The description uses the phrases "in one implementation," 
or "in some implementations," which may each refer to one 
or more of the same or different implementations. The term 

55 "coupled" is defined as connected, whether directly or 
indirectly through intervening components, and is not nec­
essarily limited to physical connections. The term "compris­
ing," when utilized, means "including, but not necessarily 
limited to"; it specifically indicates open-ended inclusion or 

60 membership in the so-described combination, group, series 
and the equivalent. The expression "at least one of A, B and 
C" or "at least one of the following: A, B and C" means 
"only A, or only B, or only C, or any combination of A, B 
and C." 

According to another aspect of the present disclosure, a 
method of wireless communications is provided. The 
method includes receiving, by a UE, TCI state data in a 65 

PDCCH determining multiple PDSCHs, where the TCI state 
data is associated with a multiple DMRS port groups. The 

Additionally, for the purposes of explanation and non­
limitation, specific details, such as functional entities, tech­
niques, protocols, standard, and the like are set forth for 
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providing an understanding of the described technology. In 
other examples, detailed description of well-known meth­
ods, technologies, systems, architectures, and the like are 
omitted so as not to obscure the description with unneces­
sary details. 

Persons skilled in the art will immediately recognize that 
any network function(s) or algorithm(s) described in the 
present disclosure may be implemented by hardware, soft­
ware or a combination of software and hardware. Described 
functions may correspond to modules which may be soft­
ware, hardware, firmware, or any combination thereof. The 
software implementation may comprise computer execut­
able instructions stored on computer readable medium such 
as memory or other type of storage devices. For example, 
one or more microprocessors or general-purpose computers 
with communication processing capability may be pro­
grammed with corresponding executable instructions and 
carry out the described network function(s) or algorithm(s). 
The microprocessors or general-purpose computers may be 
formed of Applications Specific Integrated Circuitry 
(ASIC), programmable logic arrays, and/or using one or 
more Digital Signal Processor (DSPs). Although some of the 
example implementations described in this specification are 
oriented to software installed and executing on computer 
hardware, nevertheless, alternative example implementa­
tions implemented as firmware or as hardware or combina­
tion of hardware and software are well within the scope of 
the present disclosure. 

The computer readable medium includes but is not limited 
to Random Access Memory (RAM), Read Only Memory 
(ROM), Erasable Programmable Read-Only Memory 
(EPROM), Electrically Erasable Programmable Read-Only 
Memory (EEPROM), flash memory, Compact Disc Read­
Only Memory (CD-ROM), magnetic cassettes, magnetic 
tape, magnetic disk storage, or any other equivalent medium 
capable of storing computer-readable instructions. 

A radio communication network architecture ( e.g., a Long 
Term Evolution (LTE) system, an LTE-Advanced (LTE-A) 
system, an LTE-Advanced Pro system, or a 5G New Radio 
(NR) Radio Access Network (RAN)) typically includes at 
least one Base Station (BS), at least one User Equipment 
(UE), and one or more optional network elements that 
provide connection towards a network. The UE communi­
cates with the network (e.g., a Core Network (CN), an 
Evolved Packet Core (EPC) network, an Evolved Universal 
Terrestrial Radio Access Network (E-UTRAN), a 5G Core 
(5GC), or an internet), through a RAN established by one or 
more BSs. 

It should be noted that, in the present application, a UE 
may include, but is not limited to, a mobile station, a mobile 
terminal or device, a user communication radio terminal. For 
example, a UE may be a portable radio equipment, which 
includes, but is not limited to, a mobile phone, a tablet, a 
wearable device, a sensor, a vehicle, or a Personal Digital 
Assistant (PDA) with wireless communication capability. 
The UE is configured to receive and transmit signals over an 
air interface to one or more cells in a radio access network. 

4 
Speed Packet Access (HSPA), LTE, LTE-A, eLTE ( evolved 
LTE, e.g., LTE connected to 5GC), NR (often referred to as 
5G), and/or LTE-A Pro. However, the scope of the present 
application should not be limited to the above-mentioned 

5 protocols. 
A BS may include, but is not limited to, a node B (NB) as 

in the UMTS, an evolved Node B (eNB) as in the LTE or 
LTE-A, a Radio Network Controller (RNC) as in the UMTS, 
a Base Station Controller (BSC) as in the GSM/GERAN, a 

10 ng-eNB as in an Evolved Universal Terrestrial Radio Access 
(E-UTRA) BS in connection with the 5GC, a next genera­
tion Node B (gNB) as in the 5G-RAN, and any other 
apparatus capable of controlling radio communication and 
managing radio resources within a cell. The BS may serve 

15 one or more UEs through a radio interface. 
The BS is operable to provide radio coverage to a specific 

geographical area using a plurality of cells forming the radio 
access network. The BS supports the operations of the cells. 
Each cell is operable to provide services to at least one UE 

20 within its radio coverage. More specifically, each cell ( often 
referred to as a serving cell) provides services to serve one 
or more UEs within its radio coverage ( e.g., each cell 
schedules the downlink and optionally uplink resources to at 
least one UE within its radio coverage for downlink and 

25 optionally uplink packet transmissions). The BS can com­
municate with one or more UEs in the radio communication 
system through the plurality of cells. A cell may allocate 
Sidelink (SL) resources for supporting Proximity Service 
(ProSe) or Vehicle to Everything (V2X) service. Each cell 

30 may have overlapped coverage areas with other cells. 
As discussed above, the frame structure for NR is to 

support flexible configurations for accommodating various 
next generation (e.g., 5G) communication requirements, 
such as Enhanced Mobile Broadband (eMBB), Massive 

35 Machine Type Communication (mMTC), Ultra-Reliable and 
Low-Latency Communication (URLLC), while fulfilling 
high reliability, high data rate and low latency requirements. 
The Orthogonal Frequency-Division Multiplexing (OFDM) 
technology as agreed in the 3rd Generation Partnership 

40 Project (3GPP) may serve as a baseline for NR waveform. 
The scalable OFDM numerology, such as the adaptive 
sub-carrier spacing, the channel bandwidth, and the Cyclic 
Prefix (CP) may also be used. Additionally, two coding 
schemes are considered for NR: (1) Low-Density Parity-

45 Check (LDPC) code and (2) Polar Code. The coding scheme 
adaptation may be configured based on the channel condi­
tions and/or the service applications. 

Moreover, it is also considered that in a transmission time 
interval TX of a single NR frame, a Downlink (DL) trans-

50 mission data, a guard period, and an Uplink (UL) transmis­
sion data should at least be included, where the respective 
portions of the DL transmission data, the guard period, the 
UL transmission data should also be configurable, for 
example, based on the network dynamics ofNR. In addition, 

55 SL resources may also be provided in an NR frame to 
support ProSe services or V2X services. 

In addition, the terms "system" and "network" herein may 
be used interchangeably. The term "and/or" herein is only an 
association relationship for describing associated objects, 

60 and represents that three relationships may exist. For 
example, A and/or B may indicate that: A exists alone, A and 
B exist at the same time, or B exists alone. In addition, the 
character"/" herein generally represents that the former and 

A BS may be configured to provide communication 
services according to at least one of the following Radio 
Access Technologies (RATs ): Worldwide Interoperability 
for Microwave Access (WiMAX), Global System for 
Mobile communications (GSM, often referred to as 2G), 
GSM Enhanced Data rates for GSM Evolution (EDGE) 
Radio Access Network (GERAN), General Packet Radio 
Service (GPRS), Universal Mobile Telecommunication Sys- 65 

tern (UMTS, often referred to as 3G) based on basic Wide­
band-Code Division Multiple Access (W-CDMA), High-

latter associated objects are in an "or" relationship. 
FIG. 1 is a schematic diagram illustrating a multi-TRP 

system 100, in accordance with example implementations of 
the present application. As shown in FIG. 1, the multi-TRP 
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system 100 includes a UE 102, a BS 104, and TRPs 106 and 
108. It should be noted that even though two TRPs are 
included in the example implementation illustrated in FIG. 
1, any number of TRPs may communicate with the UE in 
some other implementations. In addition, each TRP may 5 

communicate with the BS 104 through a wired or wireless 
connection. 

6 
ration that includes multiple QCL RS sets, and each of the 
QCL RS sets may correspond to one of the DMRS port 
groups associated with the TCI state data. 

FIG. 3 is a schematic diagram illustrating multiple 
PDSCHs determined from a single PDCCH, in accordance 
with example implementations of the present application. As 
shown in FIG. 3, the UE may receive DCI that contains a 
TCI state data (e.g., a TCI code point) from the PDCCH 302. 
After successfully decoding the TCI code point, the UE may 

The TRPs 106 and 108 may be macro-cells, small-cells, 
pico-cells, femto-cells, Remote Radio Heads (RRHs ), relay 
nodes or antenna panels, which may be deployed anywhere 
such as in the interior of a room, in/on a building, on top of 
a house or streetlamps. The UE 102 may connect to the BS 
104 through the TRPs 106 and 108. 

Each of the TRPs 106 and 108 may have one or more 
antenna panels to provide directional beams towards the UE 
102. The antenna panels distributed on the TRPs may be 
jointly used in the data transmissions to the UE, thereby 
forming a Multi-Input Multi-Output (MIMO) system. 

10 obtain multiple TCI states each being associated with one 
DMRS port group. For example, each TCI state may contain 
parameters for configuring the QCL relationship between 
the DL/UL RS(s) and the DM-RS port(s) of a corresponding 
PDSCH. The QCL relationship may be configured by higher 

FIG. 2 is a flowchart for a process of multi-TRP opera­
tions, in accordance with example implementations of the 
present application. 

15 layer parameters, such as qcl-Typel and qcl-Type2. In 
addition, the QCL type ( e.g., QCL-TypeA, QCL-TypeB, 
QCL-TypeC and QCL-TypeD) corresponding to each DL 
RS may be given by a higher layer parameter ( e.g., qcl-Type) 
in the QCL assumption/information. In some other imple-

In action 202, the UE may receive TCI state data in a 
PDCCH determining multiple PDSCHs. The TCI state data 
may be associated with multiple DMRS port groups. In 
action 204, the UE may obtain multiple QCL assumptions 
for receiving the PDSCHs based on the DMRS port groups 
associated with the TCI state data. 

20 mentations, the TCI state data may be a TRP index that is 
configured per a cell/Component Carrier (CC), or Band­
width Part (BWP) basis. 

In the example implementation, the UE may derive mul­
tiple PDSCHs based on the DMRS port groups associated 

The QCL assumptions may include different parameters, 
such as the spatial-domain QCL parameters (e.g., QCL 
TypeD parameter), or other QCL parameters such as, at least 
one of the average delay, the delay spread, the Doppler shift, 
and the Doppler spread. For example, each QCL assumption 
may include at least one of a time-domain QCL parameter, 

25 with the TCI state data in the DCI, because each DMRS port 
group may correspond to one PDSCH. As shown in FIG. 3, 
if the TCI state data is associated with DMRS port group #1 
and DMRS port group #2, which are configured by the BS 
via an RRC signaling, the UE may then determine the QCL 

a frequency-domain QCL parameter, and a spatial-domain 
QCL parameter. 

30 assumptions for PDSCH #1 304 and PDSCH #2 306 based 
on the DMRS port group #1 and DMRS port group #2, 
respectively. Each of the PDSCHs (e.g., PDSCH #1 304 and 
PDSCH #2 306) derived from the PDCCH 302 may corre­
spond to a TRP. As shown in FIG. 3, the PDSCH #1 304 and 

In some of the present implementations, the UE may 
identify different TRPs (e.g., the TRPs 106 and 108 in FIG. 
1) based on the QCL assumptions. 

35 PDSCH #2 306 may be associated with TRPs 308 and 310, 
respectively. In some of the present implementations, after 
determining the QCL assumptions for the PDSCH #1 304 
and the PDSCH #2 306, the UE may use them to identify the 
TRPs 308 and 310. In some of the present implementations, each QCL 

assumption may correspond to one of the DMRS port groups 40 

associated with the TCI state data. For example, the QCL 
assumptions and the DMRS port groups may have a one­
to-one mapping relationship. In some of the present imple­
mentations, the UE may receive the DMRS port groups 
corresponding to the PDSCHs via a Radio Resource Control 45 

(RRC) signaling. 
In some of the present implementations, the mapping 

relationship between the QCL assumptions and the DMRS 
port groups may be modified. For example, the UE may 
receive an instruction for indicating a relationship (e.g., a 50 

mapping relationship) between the QCL assumptions and 
the DMRS port groups via a Medium Access Control 
(MAC) Control Element (CE), Downlink Control Informa­
tion (DCI), or an RRC signaling. In some of the present 
implementations, indicating the relationship between the 55 

QCL assumptions and the DMRS port groups may include 
at least one of modifying, adding, deleting, and selecting the 
relationship between the QCL assumptions and the DMRS 
port groups. In some other implementations, the UE may be 
configured with a timer, and the mapping relationship 60 

between the QCL assumptions and the DMRS port groups 
may be modified when the timer expires. 

In some of the present implementations, the TCI state of 
a DL channel (e.g., a PDCCH or a PDSCH) may include 
multiple QCL Reference Signal (RS) sets, and each QCL RS 65 

set may correspond to one DMRS port group. For example, 
the TCI state data may correspond to a TCI state configu-

In some other implementations, the DCI in the PDCCH 
302 may schedule a single PDSCH (not illustrated in FIG. 
3), and the TRPs 308 and 310 may correspond to different 
transmission layers of this PDSCH. Each transmission layer 
may correspond to a data stream from a TRP. 

In some of the present implementations, when a UE 
performs an initial access procedure successfully, the UE 
may obtain the resource(s) of a Downlink (DL)/Uplink (UL) 
channel/beam for communicating with the BS through a 
certain TRP. This TRP may be referred to as an initial access 
TRP. In some of the present implementations, the resource 
of a DL charmel/beam may be a Synchronization Signal 
(SS)/Physical Broadcast Charmel (PBCH) Block (SSB), and 
the UL channel/beam may be a Physical Random Access 
Charmel (PRACH). The UE may select the SSB through a 
random access procedure, and use the corresponding 
resources (e.g., which are configured with the same spatial 
QCL (sQCL) assumption as the selected SSB) to perform 
channel/beam measurements. 

In some of the present implementations, the UE may be 
configured with resources that are orthonormal to the SSB to 
perform the channel/beam measurements. 

In some of the present implementations, a TRP may be 
classified as a primary TRP (pTRP) or a secondary TRP 
(sTRP) for further operations. For example, the UE may 
adopt different time-domain behaviors (e.g., the aperiodic/ 
semi-persistent/periodic reporting behavior) to report Chan-
nel State Information (CSI)/beam measurement results to the 
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pTRP(s) and sTRP(s). For example, the UE may adopt a 
periodic or semi-persistent reporting process with respect to 
the RS resource(s) coming from the pTRP, and apply an 
aperiodic reporting process with respect to the RS 
resource(s) coming from the sTRP. 

In some of the present implementations, the UE may 
perform Beam Management (BM) procedures based on the 
network-configured resources. The UE may report the mea­
surement results to the BS to help the BS to determine the 
primary communication link (e.g., including the pTRP) to 
the UE. For example, the BS may schedule a qualified 
resource (e.g., a beam/channel with a quality value exceed­
ing a predetermined threshold) as the primary communica­
tion link to the UE. In this case, the TRP transmitting the 
qualified resource may be deemed as the pTRP. 

In some of the present implementations, the UE may be 
notified to change its pTRP if the quality of the resource 
from the original pTRP changes. It should be noted that the 
number of the qualified resources and the pTRPs may be 
arbitrary. 

In some of the present implementations, one or more 
antenna panels may be embedded in a single TRP. Each 
antenna panel may transmit at least one resource (beam/ 
channel) in a time unit. 

In some of the present implementations, the pTRP may be 
determined in an implicit way. For example, a TRP at which 
a specific resource is transmitted may be determined as a 
pTRP. The specific resource may include at least one of an 
SSB, a Channel State Information Reference Signal (CSI­
RS), a Sounding Reference Signal (SRS), a PDCCH, a 
PDCCH that Control Resource Set (CO RESET) #0 or search 
space #0 is located, a broadcast signal ( e.g., a PBCH), a 
PDSCH of Remaining Minimum System Information 
(RMSI), and a beam/channel having a quality that exceeds 
a predetermined threshold. In some other implementations, 
the pTRP for the UE may be determined in an explicit way. 
For example, the BS may indicate one or more pTRPs to the 
UE via an RRC signaling, a MAC-CE or DCI. 

In some of the present implementations, for those TRPs 
that are not selected as the p TRP( s ), they may be determined 
as sTRPs for the UE if these TRPs satisfy certain 
condition(s), as shown in FIG. 4. 

FIG. 4 is a flowchart for a process of identifying an sTRP, 

8 
second resource is not qualified to pair with the pTRP. In this 
case, the BS may decide not to add this candidate sTRP as 
an sTRP for the UE. 

In some of the present implementations, the first and 
5 second resources described in actions 402 and 404 may be 

composite resources. A composite resource may be the first 
one ( or a predetermined one) of the resources in a resource 
set that is configured for the TRP, or a union resource among 
all the resource( s) in the resource set, or a resource corre-

10 sponding to a statistical average beam direction of the TRP. 
The UE may receive the composite resource of a composite 
beam/channel from each TRP based on a corresponding 
QCL assumption. In some of the present implementations, 
the composite resource may be a TRP-specific resource or a 

15 cell-specific resource if the composite resource is compos­
ited by at least one SSB resource. Conversely, if the com­
posite resource is not composited by any SSB resource, the 
composite resource may be a VE-specific resource. In some 
of the present implementations, the composite resource may 

20 be transmitted in a broadcast manner, and compared to a 
resource that is used in a single-TRP BM procedure, the 
composite resource may correspond to a wider beam. 

Using the composite resources may help the UE perform 
multi-TRP measurements more efficiently, because the UE 

25 may only need to measure one resource ( composite 
resource) for each TRP at the beginning of the measurement. 

In some of the present implementations, when several 
TRPs are distributed around the UE, the UE may be con­
figured with a composite resource set. Each composite 

30 resource in the composite resource set may represent an 
average beam direction of an individual TRP. In this manner, 
the UE may report suitable TRP pairs to the BS quickly. 

In some of the present implementations, once the pTRP(s) 
and sTRP(s) are determined, the BS may collect these 

35 pTRP(s) and sTRP(s) in a serving TRP set, and inform the 
UE of this serving TRP set via RRC signaling, a MAC CE, 
DCI, or any combination thereof. 

In some of the present implementations, a variation in 
beam/channel quality may lead to a change in the configu-

40 ration of the pTRP(s) and/or sTRP(s). For example, when 
the BS detects that the TRP with the best/qualified beam 
quality has changed, the BS may instruct the UE to modify/ 
select the related configurations of the pTRP(s) and/or 
sTRP(s) to change the pTRP(s) and/or sTRP(s). 

In some of the present implementations, the UE may 
receive a trigger event with a predetermined offset from the 
BS. The UE may determine whether the difference between 
the beam/channel quality of the pTRP and that of the sTRP 
exceeds this predetermined offset. If the determination's 

in accordance with example implementations of the present 
application. In action 402, the UE may obtain a first signal 45 

quality value (Ql) for a first resource from a pTRP. In action 
404, the UE may obtain a second signal quality value (Q2) 
for a second resource from a candidate sTRP. The values, Q 1 
and Q2, may be (but not limited to) Layer 1 (LI )-Reference 
Signals Received Power (RSRP) values, LI-Reference Sig­
nals Received Quality (RSRQ) values, LI-Signal to Inter­
ference plus Noise Ratio (SINR) values, RSRP values, 
RSRQ values, SINR values, or any combination thereof. 

50 result is positive, the UE may transmit a report to request the 
BS to modify/select the related configurations of the 
pTRP(s) and/or sTRP(s). 

In some of the present implementations, the UE may 
monitor the CORESET of a TRP based on a QCL assump-In action 406, the UE may determine whether the differ­

ence between Ql and Q2 is less than, or equal to, a 
predetermined threshold (TH). In some of the present imple­
mentations, the predetermined threshold TH may be con­
figured by the BS. 

If the outcome of action 406 is "yes", the UE, in action 
408, may transmit a first report to inform the BS that the 
candidate sTRP associated with the second resource is 
qualified to pair with the pTRP. In response to the first 
report, the BS may add this candidate sTRP as an sTRP for 
the UE, and inform the UE of the informationofthepTRP(s) 
and/or sTRP(s). Conversely, if the outcome of action 406 is 
"no", the UE, in action 410, may transmit a second report to 
inform the BS that the candidate sTRP associated with the 

55 tion that is made for monitoring a PDCCH that schedules 
multiple PDSCHs. In this case, each PDSCH may be trans­
mitted from a separate TRP. In some other implementations, 
the UE may monitor the CORESET of a TRP based on a 
QCL assumption that is made for monitoring a PDCCH that 

60 schedules a single PDSCH. In this case, different transmis­
sion layers of this PDSCH may be transmitted by the 
respective TRPs. In some other implementations, the UE 
may monitor the CORESET of a TRP based on multiple 
QCL assumptions that are made for monitoring multiple 

65 PDCCHs, each scheduling a PDSCH, and each NR-PDSCH 
may be transmitted from a separate TRP. In some other 
implementations, the UE may monitor the CORESET of a 
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TRP based on multiple QCL assumptions that are made for 
monitoring multiple PDCCHs, each scheduling a PDSCH, 
and each NR-PDSCH may be transmitted from a separate 
TRP. 

10 
based on the UE's implementations. The UE may be 
instructed to report the highest and/or lowest spatial corre­
lation factor/indicator. In some of the present implementa­
tions, the correlation information may include at least one of 

FIG. 5 is a flowchart for a process of multi-TRP opera­
tions, in accordance with example implementations of the 
present disclosure. 

In action 502, an initial access TRP is setup after the UE 
successfully performs an initial access procedure. For 
example, after successfully performing the initial access 
procedure, the UE may get a DL/UL resource ( e.g., channel/ 
beam) to communicate with the BS through a TRP. This TRP 
may be set as the initial access TRP for the UE. The initial 
access TRP may be used as a pTRP from the UE's perspec­
tive. 

5 a high/low correlation indicator and the indicators of the 
observed resources. The high/low correlation indicator may 
be used for indicating that the spatial correlation between the 
observed resources is high/low. 

In some of the present implementations, the BS may 
10 determine compatible resources for serving the TRPs, based 

on the correlation information received from the UE, to 
improve the spatial diversity/multiplexing performance. In 
some of the present implementations, the correlation factor/ 

15 
indicator may be obtained by calculating the Angle-of­
Arrival (AoA) related parameters for the channel/beams of 
the RS resources from the TRPs. 

In action 504, the UE may receive configuration(s) for 
channel/beam measurement(s). For example, the UE may 
receive the configurations of K (e.g., K=0, 1, 2, ... ) 
resource(s) and/or L (e.g., L=0, 1, 2, ... ) resource for 
channel/beam measurements. The UE may apply the same 20 

QCL assumption as the SSB on which the UE camps during 
the random access procedure to receive the K resource(s ). In 
addition, the L resource(s) may be orthonormal to the SSB 
on which the UE camps during the random access proce­
dure. In some of the present implementations, the resources 25 

in the same resource set may have the same time-domain 
behavior, and each RS may correspond to a channel/beam of 
a TRP. 

In action 508, the UE may receive a message of a 
multi-TRP indication (e.g., indicating the information of 
pTRP(s) and/or sTRP(s)). For example, the message for 
indicating the information of p TRP( s) may contain at least 
one TCI-state indication that indicates a reference RS 
resource for a DL control channel and/or an SSB selected 
through the random access procedure. In this case, CORE­
SET #0 or search space #0 may be located in the reference 
RS resource. In addition, the message for indicating the 
information of sTRP(s) may include at least one TCI-state 
indication that indicates at least one reference resource(s) for 
the DL shared channel(s ). In this case, the UE may know that 

30 the TRP transmitting the indicated reference resource is an 
sTRP. In some of the present implementations, the TCI-state 
indication may correspond to one or more DMRS port 
groups, and each DMRS port group ID may correspond to 
a TRP ID. 

In action 506, the UE may perform channel/beam mea­
surement(s) according to the configuration. For example, the 
UE may perform the channel/beam measurement( s) accord­
ing to the configuration(s) of the Kand/or L resource(s). The 
UE may obtain the channel/beam statues/quality informa­
tion (e.g. Ll-RSRP, Ll-RSRQ, Ll-SINR, RSRP, RSRQ, 
SINR, or any combination thereof) from the channel/beam 35 

measurement. In some of the present implementations, the 
spatial domain filter information for receiving each DL 
resource may be obtained from the measurement. The spatial 
domain information may include at least one Receive (RX) 
radiation pattern and/or RX panel. 

In some of the present implementations, the target RS 
port/resource group (e.g., the DMRS port group of a 
PDSCH/PDCCH) may have the same QCL assumption as 
that of the source TRP-RS resource, which means the UE 
may assume that all ports/resources in the same target RS 

40 port/resource group may be from the same TRP, while the 
ports/resources in different target RS port/resource groups 
may be from different TRPs. 

In some of the present implementations, the UE may 
report at least one of the resource indicator (or beam index), 
the measurement metric information, and the correlation 
information according to the configuration( s) obtained in 
action 504. The resource indicator may be, but not limited to, 45 

an SSB resource indicator (if the resource is an SSB), a 
CSI-RS resource indicator (if the resource is a CSI-RS), a 
DMRS resource indicator (if the resource is a DMRS), or an 
SRS resource indicator. The measurement metric informa­
tion may be, but not limited to, an Ll-RSRP, an Ll-RSRQ, 50 

an Ll-SINR, a RSRP, a RSRQ, an SINR, or any combination 
thereof. In some of the present implementations, the mea­
surement metric information that is related to a resource may 

In action 510, the UE may receive a message to terminate 
the multi-TRP operation and/or reset the multi-TRP con­
figuration. For example, after receiving the message, the UE 
may terminate, cancel, or reset at least one of the correlation 
information of the reference RS resources among the TRPs, 
the TRP setting ( e.g., including the resource setting and/or 
reporting setting), and the correspondence among the 
DMRS ports, DMRS port groups, TCI states, and QCL 
assumptions. In some of the present implementations, if 

be differentially encoded with respective to another 
resource. For example, a differential Ll-RSRP offset level 55 

for the 2nd measured resource may be obtained by subtract­
ing Ll-RSRP #1 from Ll-RSRP #2, where Ll-RSRP #1 is 

there is no VE-specific scheduling for a while ( e.g., before 
a timer expires), or a BWP switching happens, the UE may 
release the previous setting/configuration. 

In some of the present implementations, the configuration 
that the UE receives in action 504 may be the composite 
resource configuration for the composite beam/channel from 
each TRP. The UE may perform channel/beam measure­
ments on the composite resources of the respective TRPs. In 

an Ll-RSRP obtained from the 1st resource measurement, 
and Ll-RSRP #2 is an Ll-RSRP obtained from the 2nd 

resource measurement. The correlation information may 
include a correlation factor/indicator that indicates the spa­
tial correlation between two or more observed resources. In 
some of the present implementations, the UE may compare 
the spatial correlation factor/indicator with a correlation 
threshold to determine whether the spatial correlation 
between the observed resources is high or not. The corre­
lation threshold may be configured by the BS or determined 

60 this manner, the channel/beam measurements may be per­
formed more efficiently, because the UE may only need to 
measure one resource ( composite resource) for each TRP. 

In some of the present implementations, the BS may 
indicate at least one pTRP resource set to the UE through at 

65 least one of the configuration of the pTRP, the predetermined 
resource(s) associated with the pTRP ID, and the best 
channel quality determined by the BS or UE. 



Case 6:22-cv-00328-ADA Document 2 Filed 03/28/22 Page 1 of 1 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court Western District of Texas on the following 

D Trademarks or ~Patents. ( D the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
3/28/2022 Western District of Texas 

PLAINTIFF DEFENDANT 

TOGAIL TECHNOLOGIES LTD. SAMSUNG ELECTRONICS CO., LTD., SAMSUNG 
ELECTRONICS AMERICA, INC. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 10,743,238 8/11/2020 TOGAIL TECHNOLOGIES LTD. 

2 10,791,502 9/29/2020 TOGAIL TECHNOLOGIES LTD. 

3 10,972,972 4/6/2021 TOGAIL TECHNOLOGIES LTD. 

4 11,115,165 9/7/2021 TOGAIL TECHNOLOGIES LTD. 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

D Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

I rmn DEPUTY CLERK 

Copy 1-Upon initiation of action, mail this copy to Director Copy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 



Case 6:22-cv-00327 -ADA Document 2 Filed 03/28/22 Page 1 of 1 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court Western District of Texas on the following 

D Trademarks or ~Patents. ( D the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
3/28/2022 Western District of Texas 

PLAINTIFF DEFENDANT 

TOGAIL TECHNOLOGIES LTD. GOOGLE INC. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 10,743,238 8/11/2020 TOGAIL TECHNOLOGIES LTD. 

2 10,791,502 9/29/2020 TOGAIL TECHNOLOGIES LTD. 

3 10,972,972 4/6/2021 TOGAIL TECHNOLOGIES LTD. 

4 11,115,165 9/7/2021 TOGAIL TECHNOLOGIES LTD. 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

D Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

I rmn DEPUTY CLERK 

Copy 1-Upon initiation of action, mail this copy to Director Copy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 



Case 6:22-cv-00326-ADA Document 2 Filed 03/28/22 Page 1 of 1 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court Western District of Texas on the following 

D Trademarks or ~Patents. ( D the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
3/28/2022 Western District of Texas 

PLAINTIFF DEFENDANT 

TOGAIL TECHNOLOGIES LTD. APPLE INC. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 10,743,238 8/11/2020 TOGAIL TECHNOLOGIES LTD. 

2 10,791,502 9/29/2020 TOGAIL TECHNOLOGIES LTD. 

3 10,972,972 4/6/2021 TOGAIL TECHNOLOGIES LTD. 

4 11,115,165 9/7/2021 TOGAIL TECHNOLOGIES LTD. 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

D Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

I rmn DEPUTY CLERK 

Copy 1-Upon initiation of action, mail this copy to Director Copy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 



UNITED STATES PA TENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

APPLICATION NO. 

16/372,389 

54000 7590 

ScienBiziP, PC 
550 South Hope Street 
Suite 2825 
Los Angeles, CA 90071 

ISSUE DATE 

09/29/2020 

09/09/2020 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

PATENT NO. ATTORNEY DOCKET NO. 

10791502 US76468 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U .S.C. 154 (b) 
(application filed on or after May 29, 2000) 

CONFIRMATION NO. 

2472 

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office 
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments 
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at 
(571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

HUNG-CHEN CHEN, Hsinchu, TAIWAN; 
FG Innovation Company Limited, Tuen Mun, HONG KONG; 
CHIE-MING CHOU, Hsinchu, TAIWAN; 
YUNG-LAN TSENG, Hsinchu, TAIWAN; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
IR103 (Rev. 10/09) 



C 

16/372,389 - GAU: 2642 

Doc code: IDS PTO/SB/0Ba (03-15) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2016. 0MB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required lo respond lo a collection of information unless it contains a valid 0MB control number. 

Application Number 16372389 

Filing Date )019-04-01 

INFORMATION DISCLOSURE First Named Inventor I i-1UNG-CHEN CHEN 
STATEMENT BY APPLICANT 

Art Unit 12642 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Marcos Batista 

Attorney Docket Number I US76468 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 

U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 

,ange(s) c pplied 
Figures Appear 

:c documen, t 

/ 
8 

-
~-T/ 1 20150140999 A1 Q015-05-21 HUAWEI TECJ'" =-- ..::,T CO., 

nu. 
description, paragraphs [0154]-[0170 

;/ 18/2020 Zhang et a!. 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

CHINA ACADEMY 
1 ~07690200 CN A 2018-02-13 rrELECOMMUNICATION the whole document X 

S TECHNOLOGY 

2 ~07809753 CN A 2018-03-16 gTE CORPORATION the whole document [8J 

BEIJING XIAOMI 
3 ~07223353 CN A 2017-09-29 MOBILE SOFTWARE the whole document [8J 

CO., LTD. 

EFSWeb 2.1.17 
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.B/ 



PARfB-FEE(S)lRANSMIITAL 
Complete and send this form, together with the applicable fee(s), to: Mail Mail Stop ISSUE FEE 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22314-1450 

or Fax (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address 
as indicated unless corrected below or directea otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE 
ADDRESS" for maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note Use Block 1 for any change of address) Note: A cerhhcate of ma1hng can only be used for domestic 

54000 7590 07/07/2020 
ScienBiziP, P.C. 
550 S. Hope Street, Suite 2825 
Los Angeles, CA 90071 

APPLICATION NO FILING DATE 

16/372389 04/01/2019 
TITLE OF INVENTION: 

APPLN:TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional Undiscounted 1000 

FIRST NAMED INVENTOR 

mailings of the Fee(s) Transmittal. This certificate cannot be used 
for any other accompanying papers. Each additional paper, such as 
an assignment or formal drawing, must have its own certificate of 
mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with 
the Umted States Postal Service with sufficient postage for first 
class mail in an envelope addressed to the Mail Stop ISSUE FEE 
address above

7
EFS-Web transmitted, or facsimile transmitted to 

the USPTO (5 I) 273-2885, on the date indicated below. 

(Depositor's Name) 

(S-signature) 

(Date) 

ATTORNEY DOCKET NO CONFIRMATION NO 

HUNG-CHEN CHEN US76468 2472 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTALFEE(S) DUE DATE DUE 

1000 10/07/2020 

EXAMINER ART UNIT CLASS-SUBCLASS 

I. Change of correspondence address or indication of "Fee 
Address" (37CFR 1.363). 

D Change of correspondence address ( or Change of 
Correspondence Address form PTO/SB/122) attached. 

D "Fee Address" indication (or "Fee Address" Indication 

form PTO/SB/47; Rev 03-02 or more recent) attached. Use of 
a Cnstomer Nnmber is required. 

2. For printing on the patent front page, list 
(I) The names of up to 3 registered patent attorneys 

or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 

registered attorney or agent) and the names of up 
to 2 registered attorney or agent. If no name is 
listed, no name will be printed 

1. ScienBiziP, P.C. 

2. 

3. 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 
PIEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed 
for recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 
la. NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

FG Innovation Company Limited Tuen Mun, HONG KONG 

Please check the appropriate assignee categories (will not be printed on the patent): D Individual 121 Corporation or other private group entity 0Government 

4a. The following fee( s) are submitted: 
121 IssueFee 
D Publication Fee (No small entity discount permitted) 

D Advance Order - # of Copies 

5. Change of Entity Status (from status indicated above) 

4b. 

□Applicant certifying micro entity status. See 37 CFR 1.29 

□Applicant asserting small entity status. See 37 CFR 1.27 

D Applicant changing to regular undiscounted fee status. 

ament of Fees(s): (Please first reapply and previously paid fee shown above) 
A check is enclosed 
Payment be credit card. Form PT0-2038 is attached 

0Toe director is hereby authorized to charge the required fee(s), any deficiency, or credits any 

overpayment, to Deposit Account Number 602615 (enclose an extra copy of this form) 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 

NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 

NOTE: Checking this box will be taken to be notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature I Alvin Koan/ 

Typedorprintedname Alvin Koan 

PTOL-85 Part B (06-17) Approved for use through 1/31/2020 0MB 0651-0033 

Date 08/21/2020 

Registration No. 68468 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 



0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget approval 
before requesting most types of information from the public. When 0MB approves an agency request to collect information from 
the public, 0MB (i) provides a valid 0MB Control Number and expiration date for the agency to display on the instrument that 
will be used to collect the information and (ii) requires the agency to inform the public about the 0MB Control Number's legal 
significance in accordance with 5 CFR 1320.5(b ). 

The information collected by PTOL-85 Part Bis required by 37 CFR 1.311. The information is required to obtain or retain a 
benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 
and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including gathering, preparing, and submitting the 
completed application form to the US PTO. Time will vary depending upon the individual case. Any comments on the amount of 
time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information 
Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P .0. Box 1450, Alexandria, Virginia 22313-1450. DO 
NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a 
collection of information unless it displays a valid 0MB control number. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is 
voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process 
and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the 
U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination 
of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 
U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether disclosure of these records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request 
involving an individual, to whom the record pertains, when the individual has requested assistance from the Member 
with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the 
information in order to perform a contract. Recipients of information shall be required to comply with the requirements 
of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may 
be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to 
the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the 
application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be 
disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an 
application which became abandoned or in which the proceedings were terminated and which application is referenced 
by either a published application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement 
agency, if the US PTO becomes aware of a violation or potential violation of law or regulation. 
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