Case §:22-ov-00327-ADA-DTG  Document 18 Filed O8/18/22 Page lof d

AQ 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
‘ Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 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 Western District of Texas on the following
[ Trademarks or [ Patents. ( [ the patent action involves 35 U.S.C. § 292.):
DOCKETNO. DATE FILED U.S. DISTRICT COURT
6:22-cv-327 3/28/2022 \Western District of Texas
PLAINTIFF DEFENDANT
TOGAIL TECHNOLOGIES LTD. GOOGLE INC.
PATENT OR DATE OF PATENT - T A TN (YD T - -
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 10,743,238 8/11/2020 TOGAIL TECHNOLQOGIES 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
O Amendment ] Answer [ Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT T T D A TN - - "
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT 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 (BY) UTY CLERK DATE
Philip J. Devlin S & : m I‘ Qn & 8/19/2022
v

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
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%

_AQG 120 (Rev. 08/10)

10 Mail Stop 8 REPORYT ON THE
’ Birector of the 1.8, Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 145¢ ACTION REGARDING APATENT OR
Alexandria, VA 22313-1458 TRADEMARK
In Compliance with 35 U.8.C, § 280 and/or 15 US.C. § 1118 you are hereby advised that & court action has been
filed in the U.8, District Court Northemn District of Hlinols on the following
{_] Frademarks or A Patents. ([ the patent action invelves 35 U.S.C. § 292.):
DOCKET NO, DATE FILED U.8. DISTRICT COURT
1:22-cv-02178 4/28/2022 Morthem District of Hllinois
PLAINTIFF DEFENDANT
Togail Technologies Lid, Motorola Mobility LLC
PATENTCR DATE OF PATENT - D AT - .
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
t See attached
2
3
4
5
1n the above-—entitied case, the followilng pateni(s) trademark{s) have beex included:
DATE INCLUDED INCLUDED RY
{71 Amendment 1 Answer {1 Cross Bill 7] Other Pleading
PATENT OR DATE OF PATENT . . ;
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
i
2
3
4
3
In the above—entitled case, the following decision has been rendered or judgement issued:
DECISION/IUDGEMENT
CLERK {(BY) DEPUTY CLERK DATE
Thomas G. Bruton Jannatte Nunez

Copy 1—Upon initintion of action, mall this copy to Directer  Copy 3—Upon termination of action, mail this copy to Directer
Copy 2—~Upon filing docement adding patent(s), mail this copy to Director Copy 4—Case file copy
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raclificativn pey YW
inditd actve i%\-’xl. i:r‘ \ed‘sa‘r im’mmxiﬂim rsx}mr

%, sead wadt For the UE
snpléteness of the BT wpdate.
Alfer switching to the initial active BWP, the UE may
cotiane to siay on the initial sétive BWE it the upsletaio
B s compleied. At 203, the UF completed the 31 npdate i
reqaxiwd and {podback 1o he N that dhe systony nfomas-
tion wpdate i eonpleted by senc‘éﬁg S update compﬁme
wdieaton. U § ik
Hon as the |
revtake dontro
el iph the U8 }1..15 i qu‘é\ie un the mm,sl Active
BWE for the 51 npdate i DL, the NW may be stifl able to
sehedule das paxmisyion St itisd sctive W

tepstback dndicating the ss

RS

npdaiiag e the chanped
period directy fullowing modi 3 L Theretiee,
within BOCH modification putwi ﬁ+i (ﬂk next BOCH
moditication period as stiown in FIG. 3); the UE perfonus
the svsteny informption woguisinon weupdige the shangad
FValane 1!!*0}‘31\1“{\“‘ lf R ({ilih:‘\.{

Inoihis <oser since the NW may know the HE by delbult
will comaplete the S1 update within the nent sodiffexti
pcrmd gkl the PIY sabdayer may pe-take controb over it
myg afier B2 §modifieaiivn period a1 eads.
1(5{\\ At 303 oo the onding bovadary of mudification

i ued the NW e BWEP switehing operaitong
by seiding L1 signaling to switch the initial active BWP v
8 EWE for daty ansmaission,

e
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7
in ome swhodbuest of the present
nectad Ul xuay feotdback o the NW whih
compdeted, snd the NW msy whe coatml over the BWP
m'i‘icl\'i grinumedistely upon recetoiag the “dbmk {nl
4 » BWE switching operation for sn RRO_sen X
m«: fio reervingeait ST elunge idisstion is Hlosirsad, 131:,
4Y OpEEHE Gb an jndicated BWE a5 creently active

B\\'P fow data tesnsmaIssion o Gpuriie O un mmai EIRATEL
BEW 'ihk. o maﬁ;!}c thg
1{*&.

Tosure ghe Cog-
tizc S upniate &

fics ﬂcd FIWP oy data ransmuission

T ey op et uidl\m
du,ordmg W L1 signaling.
The Slehange ix‘JiNt'izm issent o the Wby papion few.,
a Bhort Mossag sehidethe UL mny ogorae
ot idve inghics RWE’ 'S.t 461 wpan recetving tie St clumpe
indica imm. i?r ey a.mumm to sty on the m‘*ss.am L RWE

Thea, th{: B s
c;aih' OB ih@ i‘ﬁfg

atinn ;‘leu
U cuuk be still
fhesutomeic.
xs place an ﬂk end of
c;mun pam-\i 1 ?n t‘ s de I"i‘f sublayer of t’!t‘. RNW

; that the m RIP
dly va the and of | .%(. H owadifioation pem:} 0.
and wey stop sendiog 1w he aay cther LY sigoeting for
BWE switchin s perdod o cnds,

Albter wwitehing o the il setve
' oy souinge ) stay on dee

A mt?hi«i&

chagge(s) ¢ completed. AU 403, the Ul complese the B
o i foedback o the NW that the sestom informadion
upu\zb. is somuph tobed by sepding an 31 updaie eompletg
indication. Upol receiving the 81 update u)mplwte indica-
Honas the I'F. udhm‘}\ the PHY subluver of the '\‘R way
i the BWP switching operut
Aiﬁmugh the UE hae 1o opende o the injtial setive BWP im
thie ST update in DL, the NW may be still able w schedule
stz tearsmission on dhe Initial ¢ BWR
Fhe UE feedback of Sopdate comple
L1 sysnaling m U i} or by MA(;
an uphink (UL

aay he
mission on

5

upﬂaii\ 3
P ete & and ﬁu. l Hi }’} ’1 \ui“imfa,rmm tu.xib Mv; it tnfh N
The NW may rx»
m‘cmnng i

upidisie B ooompletetd,
hack 1t m e MW, The NW may redake u\mn\i o
g onee roeeiving the feedback i NW M 5.(

of mx* presient disclosung, altar recei

N mlm\ is u..h:u\eri Ervmf}.c

3

somcied

SEupdate, Withia BOCH mcastitiica-
«d BWP for

Y peguadred o the LS
'*ix,’n 'pwiw{ B the LI may amm(c o il}u incicn

Shost Messaged it ey o
el gt mdwaz\\i AR TH H( CH mmtsix HIon ptrmi ® A\z

FOWP on thae end ot

BWE waird the update of ¢ required 81 3

sept by 4

m the LR may aot switeh o ane ss

12

X an

i peric

§ B2
8

lamon sveiving the S chimge dlicanon, e UR uay
oot svatod o the nadal acttvee BWE It comtume b stay «
thie adicated R\"\ PO the NW side, the REC soblaver may
Artfor the | " sublayer thae the ST change ndication

gent torthe U The 83 chmg indisation may be onrried s
pant of the Shor! Message e poging. To responss to the
tione of thee S change ndioation, the PHY sublayer
of the WW may schedule the 10 stgnaling and decide when
o send the L1 slgnaling e gwitch the LI 1o the intial active
HWER Adler s mhm the e dnchention, the WW
porfoon fe Lt signading bebvee BOUH ruodificason pencd
nends.

'\t RGS. t}s.:. \3- ‘

m’i‘i&uﬁ o th& issitial ac!ivc" }%W 1—‘ iu

mt\.dif}m

] ;\u-‘un‘l . ami ﬁw N\”‘e Wiy .\hu xinp
sets'dm 210 1“«. ¢

any other L stgneling for RWE sw m.hms.
x-one, the PR Y sub vor af the NW may
| h\ dm,ﬂ: will womaplete the 85 update within
u\L next awstification. peded (e, BOCH modifieation
ﬂtw\( m{ s «hmﬂ 30 FIGE 83 and the PELY sublayer sy
hisn afer BOCH modi-

fog operations on !hv \:mi, 2gtistrte n? fEA
o 043 by sendiog L signaling te swiich the nitial
dwu bi‘\ 1’ tv R H\"E‘ for laln FRONMEESEN,

3 m":ak.e conteol over the BWE
: X Y o the LHS
imlicasixgg the 8 updaie is c(mm_pii:zﬁe bedivne BOCH madhi-
cagion pened ned ends. In FICL 6, the UR receves 3 L1
signading for ewitching o the nitislactive BWE at 683 alter
ing the 8 change indication at #81 n indificetion
pericd 0, Plivwed by the 31 wpdate opatttions o medidy-
cation period n+1. ()me the UE completes the S update at
605, the UH feedback of § L\p&ﬂ\ somplete: {ep,, an 8
updaec ha geal by anothes L

sigaling (vi3 PUCCH) o by MAC-CE taanstuission w aa
uphink (UL) BWP palrcd with the iritifal active DL BWP If
nsing L4 sixoaling, theupper sublaver (e.g., RRCYof the UE
oy Litorm PEY sublayer it the $1 upmﬁu i oomplet

and the UE PHY sublayer may foedbagh it 1 the NW. The
KW may re-tuke control over the BWER switching after
murs:ix-*im the foedback fn NW PHY sublaver. I using

3 aruhmw\wn the ispm,r subkw o 0§ Ihe: UE ruw

ange repeiving th\ fa
in (dlk, umbr

notifies the DR M immc&.mw TRCRY unn of ci PWS

nun Whon o Contsoled. U redebvey o PWY adtifleation
oo of the NAW, the RRC

S tme\ *1 \Uhh‘&\ or thata PWR

paging from \hu NW, ‘\"}k‘ b}, h' %
lmz ihe ‘W\‘\ ﬁn m

l\&(il.‘d-

P put('rm [ zmqawhm} wt the schid-
dutiing th,m 2oy

thoix Sifsw
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in FIG T n BOWE ssiiching operaive Broae BRO ooa-
fected UE due receiving o PWS notification tidicatton s

Hhustiated. The TR may oporale of 49 nuhicutad RWP a3
uu‘mm\ cu.m“ f {‘ {1\; 3, trmsmmtm ar upemfe 8y an

pe{ind Tt 'Em:‘. {}}: THRY \')p{‘f‘ﬂt‘ i e dncsed BWEF as the
criveent active BWP for das ratsmission sceerding 0 L
sigaslong
The PWS neiification indication is sent to the UE by
pamm. feg., » Shent Megsage} foorn the NW while the UB
il "1!(.\3 H‘.\ BALTRL, apon racefvigy the
JE ey switeh asoantistly

5

pari i e Hm PWE m’siiﬁc;stif.:;n indication may
be carried 8 p:a'e of Bhort Message i the paging. Then,
RRE sublaver of the NW iy inform the PHY soblaver that
the paging hes boon sead torthe UIL So, the PHY subhpeer of
thie NW ki eossful antomatie swiching o the ndtial
active W wd oy siop sonding torthe UE any other L
sipteling for BWE swiching opestions. The PHY sublaver
of the WW oweuld wait for the fafonmation fom upper
faye indicating  the stop of hroadiasting  PWS
1 atinnda) Bla ceridin tme pofef, e at Y i BBCH
mcdifiontion peviod 547, Theq, the PHY sublover i the NW
wotthd . peestwrt ey take control over BWE swichiog
operationis},
{o agother eichodinent of the preseny disdlosure, the
Copnectel THE may Redback w the NW while the PWA
atiga 1§ oo hnger duded, and the NW iy

over the ITW P swiiching lomediadely upos recelving

LN
the Jecdback: In PIG. 8, a BW g operaiton. for an

RRO_connectad U doe o reosiving & PWS aotification
indication is illusttated, The UE may vperaie on an indicated
BWP as mxmnth« ive BWP 6w dads trocsatission or
i ke 0 veceiviethe content
% S upsdate, Within BC
‘auun pc‘runi o, dle U may aperate on the indic
o acwstiz ¥ L4 sig aim&.

The PWE netifieation ind s semt to the UE by
pdﬁ.lﬁ&. «\c b a Short Megsage) imm {ii\. MW while the UE
25 R i}!t‘ x.xdn.atui H‘?& bid MMH upon rt\‘m\'m«‘

*Z:"

,utmmﬁiwii\' 'fm’m ﬁin incﬁ att;d f&“ > in
it pmud o The PWS notificaton indics-
as part of Shovt Message vy thie paging
Then, RRC su‘mdyu of the NW 1 inform the PHY
sublaver that the puging bas besn send o the UE swd the
g of e B o e dnitial active BWE has baent
m.ri vt Sen Hhe NW m
viher 1.1 xwrmhm for BIWE switching
for the ¥ dhack indicating the PV

Jonper sehadalad.
At 883, me UE may midan the NW of the stopping

perations, snd wait
3 motification &

YR potificagon & no lungcr subedated.
diment of the present disciosue, afler receiv:
dion tntication the TE may i swhich i

igaadiing x‘m" fing the
lmli be mn\nmtmj ax fast e g

3, 8, oa W
dne 1
o 1 1!211%!!\125:@ The
3 N 150 mdxwtmi BWE s curvently acthve
< for niat SISO o aperate o an il acive
BPW able fo receiee the oomtent 1 changed Bheequired o

4 operationis

SRR R

e the T any 50

estionis} by u feedback that ss

10
the 18 ST spdate. Wathia BOUH rodification pertod o, the
UE niagy operate on the indicated BWE for data transuanission
\t,wtdan < te E1 sigoaling.

The e R is sent o the LHL by
paging {e.g., 3 S the NW while the UB
m,\x cperag on e indicsted {m P BOCH modification.
pwnd AL 98T, upon ing the PWS potfication
wndivabion. e T e net switch e the iniital sctive BWP
by contipue sy o e indicated BWP ol an L
signading from the NW is. received. Av903, e UL switches
iy the minal aolive BWE i response v receiving the 11
signa.{'ina et From the NW in BOCH mddHisaion period g,
i el ; ciher |

ation fn

ui" mn the stop of binddemiing PWS

xm*mcmmn(\} qt ¥ cortain e point, eg. dn BOCH madi-

Then, the PHEY seblaver tn the NW
YW switching

ke coning over B

o, pertiod g+,
coukl re-swrt

f\f’ﬁ u- h-.

B omay nfrm the

Sanes
I sorae embestintenia of the presomt dinckesure, &« BWP
RV ey i ireduced o switeh an ongoing dieatad
BWP {or the correnily active BWP) o a defoult BWE after
N Berdin inactive taie The SWP i AIVHY THOET hay want
i pid i"m‘ an in setive G periat inunedistedy alter the 182
A Hanlt BWER In ather words, novaatter what
R\ m;m :-nnc\.ik.& U currently opemtes o, e B reay
swiich hack to ihe 1R WP tmarediadely after the WP
Inactivity Hraer
i itie indtial active BWI is the default BWI the currently
running BWE dnaetivity thuer would stop afier revelving
Shewt Mossags o the umhmmd Acthve BWE The UIE may
swiich to another BWE afior 8§ segnision iy regponse to
receiving an L1 signalting, and the BWP inactivity timer
wonld reset with the confipured velue and stant running.
H ke butiad aotive BWE i not the defbuht BWE the
corently running BWEP nactivity Gmer may heep roniing.
I some embediments; the BWE dnactivity timer wond d.
restartwith hesmigored vatue and start raaning. B iy auded
ihat the cenfiguesd vadue way be different from the nonal
» e anrmad bae :\ iiot et !ur \T M{um*mn upxm
switehing t the i 3 ]

‘Aiu.n ﬂls. U ucs.»& i perfe
g the B change indication carse

of thepregent <tp;\hc‘ ifon, if the BWP
Sx bt the S§Eopdaie s not usmph\c, e
1t the dninial sotive RWEFanel the nexi
L s e DUTY enatrods the U o perfena suather
W s»\mhmg The NW rosy need e Siwing of the §1
npdate completengss by dn NWocontent mechanism {eg.,
waiting for the whole BUCH wmodification perlod. for X1
‘ip;hmd EEREIaD zw:d Ao the above enbodiments ) o UE
2o by walting for the U feedback as
urodiaed ihn \:bx‘ ul\‘hﬂdiinifﬁ(b) 1}1{. Bwe Tt tIs ity
W " ‘i ;m\l 1 s i
ot klu d\ tanft HWER On lim miu,s
CHivity limer i u(pmd bt the PWS
sevification recsiy Rt mtnpk she UE would keep
staving on b mitial active BWE untd the next L1 sigeniiing

%
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Fi “E
\si upd,md introdnesd Gu e
ontral mechanism e, by waiting
jhdi,k w inteodtesd iy the ambodiment). The
VY Her Ty timn yeset A:m B W hxh ihe

fur' the
BW{’ in;

fie muatmn mdluﬁmn mdnatmg
E‘mt the folloswing St upsmm o PW netfivation recelvag
proosdure & r\\ﬂumd ace the BWEF ihacivity tter
cxpiees, the U would authn@scaiim sodinli o thie el
BWE withow 1.1 signaliiag.

FiG. 14 itlus s o ook dingram of o devies
wireless communieation, auord:zag B variug x.\cmphm
imnlomentations of the proseny dselosure: As shonvs iy PR
1, device 180U mey dochnde tapscetver TR, processor
326, wemury 28 one or more prés@vation Sompunents
1034, and af least oo antenos 1036, Device 1008 pmy als
mélnde v RE spectorg bond nedude, » Base statlon oorg-
mugioations modale, 8 network covumunications modde,
anidia system m:m‘ﬁm'nc‘,ﬁvm\ managanent rmodule, npet’
ontpi (1T SO, \md pose supply (not
‘\phu' . Baeh of fhese eomponents may
he sy wmnmnw:«tmﬂ wm wach other, ety or mdiwci}m
COURE TR OF 1O bu; 5 HI6

W

wifigueed o

3 crctuding,

"‘mi nm hmncd b.‘ usadhic ilf‘*11~u\BE3§\ m‘d i’fcm‘o!w usable

subframes and b]i'l formats hanscen gr 1920 may be con-

figurad fo recelve chanaels,
¥

1 3 eacdable
media can I sy aveilable
ssed by device 1060 and include both
mediy, removabie and mon-remov-

-
madia, Compuer
media that can be
veslatile and nonsaslat
able media. Ry way
puter-readable media niay comprise computer storape misdia
wnd ConyEHeation  me Compuier  storage  madia
intludes buth volatite and non-volaiite, removable and non-
sempovable medin implemested inany method or fa 3
far storage 01 mfoonaticn el wy computoroéad feabrlee
; 1 Py & wrars edules or siher data

a iclodey RAM., ROM
w 0! mlm zsmmw h:» Emﬁksu\* ‘

mechantsm, a i‘inchasic any in:{i:«n‘naﬁmm de!'n:’ery
reedi The tean “modidaied data signal™ mesns o signal tha
has one ar more o i ¢ isies, set o changed ir siack
2 manner as to encode information b the s ignal. By way of
exanpbe, sd pot Hmiistion, anmmusisition mui{a inctidos
swired media snck a8 & wired network ar drgteeived cone
nieciion, and wireless miedia such as acowstic, R, indrared
.md other wireless modis Combinatinns of any of Iho above
5 so be wehuded within the scope of compiter-
resicduble roedia

Memory 1028 may chude conputer-storage madia in the
foxm of volitile srdor goevelatie Wy, Memory 1428

coample, aad ool Hreltdion, oo -

—

0

-
A

A%

&)

REEIES wnimmsd £

12

removable, non-removablee oo @ oabinaion

cnpdary mamory. inclinles: solicdhsinte maginey
ey, optical-dise dedves, and gie, <\°- i!iustm‘wd Hi
FO28 mny st compuigr ble com-
sgnctions 1832 e \thﬁ'w.u'c” codes)
wien exenuied, S grocessor 1026
Y pavioon 5 Tinctions desoribed hereia, axanptle,
with reference o FIGS. § ihrowgd 9 Altetsdivedy ostine-
thins 132 may pot be digectly exsowtable by processor 128
bt be wnugmcd fo causedevice 1900 {e.p., when mmpﬂcd
and exevited) i pe

Procossor ,H}'-’(! sty

may be

thaseofl B
hard dri
FHG 3 menw
prter.exeeutable

W

af el

device mg wnit {CPLY @ mesoeen-
teoblen and ote, Processor 1626 reay inchede
e 1026 ey provess dits 1838 and dastrue-

fons 1032 yeceived from memory 1928, and injonmation.
timuah transcaiver 1020, the base band eommanmicsiions
tior the x:«e:i\-vwk cempeicaiiony medude Pooe
s drfenuaiwm i ke osent fo
4\@:* i}“ﬁ for imfmz ssien through anteans 1936, &

e
‘;lﬁ, petwork vog lli‘sll"limiiliﬂl\ mogale {b} SRRSO, T R

cure netwark.

W Of more prsseritation componards 1034 presents dus
ations o g porsan. o gilwe devioe, Yary o o
nowe prescation conponents 1034 clode o display
e »pm}\u printing Componay, viboting compaes,

Fror tm sbewe i WO H 0 ammudest G various
iechniynes oon be wsed for duplementing e coucepts
e ‘\N'h(‘o i the present disclosure without departing from
the soope-of those coacepls, Moreover whils the concepts
Tiave been deseribed with Hiv reference fo certai lngple-
mmastatias, operson of owdinary skill dn the ant wonld
recogiize that changes can be made in form and detaif
w,iah- it ¢ ng o the '-fmpe of t}u‘:\i_‘\‘t\at»g}ﬁa Agsurh,

: i ald
i KTk
undehtoud that 1i]e prcxem disclosure is not iimited to ihe
particudar implemeniations deseribed above, but many rear-
rragengents, modifications, wnd substitutions are sl
Wit hout depariing from he scope of the present disclosure.

What {5 claimed is:

1. Aometiod for a user equiprent (U of o conpected

stafe, fhe muthod t\xmprmsm

Y m]_\ 4 syste
breadeasted EJ‘

3 pzsum VI 2 cumwh sctive band-
wirdth part éﬂ-‘s My during o modification period:
in response i m,s:'»ing the 81 dhange maHiation, swich-
the coreetaly setive FWE o an inutial setive
BRI apdciw'
w ninimtin STEMST vig the indiid
BWP duwing a next modification period that
tliows i weodifcativn perind, wherein
{nclades  nfonuaiioe. aw od with
changed system. indomation Mock
shetemaingng w \: ch of the changed 81835
apidated e the U aco xdmg to the
ad
reseiving coutdarof the reguived chadged
the determination.
2. The method of claim 1, wherein the cuirently active
B\ ’P i switchiad o the fnitial setive BWP swiomatically on
the cnd O the maodid fon patiod.
athod b 1, wherets the ow
Hohed o ihe Tnital sotive BWP fnedite
X‘\:‘Lt‘.lwil\.} the ST change heaion,

5

aguired o be
eived RMSE

2 5 based cn

e
Y PG
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& Tl metbod of clais 1, wheradn e currently 3¢
BWF s vwitched o the inftial active TWP ja response
receiving doswndink veatol Infvesdion (DO
& The nwethed of olaim 1 thrther cony
epfapleibng the 81 wpdate of the
within the next modificalion perind W response
receiving ihe comtent of the regired d‘mngt.d 81
. The nmﬂmd of claim 1, m\?}\u‘ wprdsing:
sending an 81 update compl o as 3 feedback
unlicating completen: apcate viz an uplink
BWIL
T The niethed of chim 1, whewin the UB
conliguresd with @ delbul BWPand s BWE nactivity timer
the wonaied ste, snd wheretn the U s the BWP
Vit sffer switching off e defoult RWP and
switches back to the defaall BWE afier fhe BWE inactiv By
LT EXPHSS.

§ it R

9. The method of cloim 7, wherin the BWP insctiviy
-mm i mnh ‘r wm;uumd o} ashont period and @ long
o U \\\Ei},, ;
Seiving the 8 change indies-

Hon,
18 e methiod o elaia 7o wherein the U wiays anthe
indiial active | s order 1o complhste e 81 upddte affer
the BWP inactivity thoey expives.
A paey eqiiipiien (8 o witeless comuunicativeg,
copprising:
& aon-rar
LTS O
R ’pi‘uctmnr €]

Mory aackdne-teadable reolume Mobtgy cor-

upled. W the pon-lanstery Sompatsetoad-

ahle medium, and eonbpured e Recas the e npntuﬂ
execitable instradtions o eanse the “a onnsesied
state to perivem opevations comprising:

TEN \"émg A e informstion (ST changs indiostion
broadeasted by 2

swicith part (BW

Y during s modifioation pecoed;

i rosponse o oniving the 8T change indisption,
HW \Mmb fum um‘ﬂni\‘ zotive BWP to s foitisl
i

the long pavied for the

2 paging via @ onrreritly active bands |
Y

3

A%

i4

with chatged system nformution bingk t"a! );
of The changed RiBs iz roquired 1o
for the TE according o the received

MBI and )

recetving content ol the reguirad changed BIBg based

on the deterah xi-;on

12 The UE ofolaim 11, »d

s switohed w the iaitial at
‘I

i switchedio {
sulith vont

5. The l
canfiggred to R
) Canse the

i

i'htr u\mpm RESENE
i vonmesied state ke perﬁin‘m tapar;xtim_w

compris
cotoplenng the 81 updae of the seegred Shaspedd Siids
withiin the £

& pexnt modillcation pericd 31 respo
reeetving the content of the regpired o

36 e ¥ m 18, whereds the pro is Emﬁur
configured Yo execte the compuier-erecuiable mstrostions
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constchrg that he required S13{s) andior X3 rosponse fram the NW side to delivee the reguired SIS or
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Gt an bavred and peeforms a cell veselection pracedure. UE
T8 may ot gore the informeation welsted {hc S{request
hon TR 102 considers that the reguired STB{s) or 81
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It mray be bepeficial for the WW to koow the jafonmation
redated o 81 rediest fatl For ex ’n;vhz e NW oy
seagels o the velared
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rejechon/failore problanic Foroaniple: the MM may ¢
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the UHE v dediented dgnaling or vie bmoadesstiag. Ta ane
implementation, the UE may pse 4 irst bitmap o mdicaie
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oo, ‘xuxmimx o an mm‘;ﬁ LYY Ampkmm on cef the

pfu‘ an a;*pim mou "em NS dmgmxnm" tyaotion 230,

el belonging 1@ ‘vﬂ\‘ 'li}('i or g gel) 1‘»:..30th1:st ty SN 18)» In
action 213, MN 106 v fnform SN 108 1o provide the
required SIB(s) or SEmessage(sy to UE 192 babed on the 51
Toguiest meg Forexample, MN H}b mm, use

a5 AR

m &SSH&’.&?\' ah
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win) fo GE 162 by inntutiag seeving coll release apd
addition action in the same RRC reconfiguraiion message to
apaate the SIBO or ST messageds) Srvortain, mrall, seoving
53 Agshown in diagram 7(3ﬂ x}n\ R‘{\ TR \\uhuhmmm

]

i action 2” MN Nﬁ 3
:!1@ oguived 81 o UHE 182, When the U naguires <:ix~fis,m<md
system information of a cell belonging o BN 108, if the
regpested 81 message or S8 pot provided bufors, in
utmu ..I{v *'N WR THRY ATl RR( Keconbigunition witly
{3 i the SRIB3G. i one
RRORcond guration
n 21e) ovady owhen SN TR
Nosification frone MN 186 (e,

xm‘m ‘mcnmmn. b
ecth m;mwd HE
roveives e ST Rew
avtion 2%

fn ute implon

3

u.m\aiso& AN 1‘38 may -iu cﬂ\ it smsmt fl w

.hu NI
}\, 1&{5 iy fmn\m'it the
f\\ danu}'\r 1\‘«{ i mz anly

: &«:,'mal th ‘:1 R s 4§ !ur the h.ﬁ.ﬁ{s 3
S mmwtgab ) o M 106 oo 3NE8E 1 ihe S Reguest
¢ i marked for MN 106, {6 pas
For this S Regquest message. On e other band, 1 the §F
Request messagn e marked for SN I8, MN 106 may
forwaed s message o BN 108 apd SNOIOR puw be
respotisibie for this 8 Request message. 1t stould be noted
12 may fc}lkm: the rxsiné:msm ' indicati«s.n mg

}im niay pmv de s} IMN itlﬁ and SN ll}&;u-mﬂw :\.I GRS
182 in a vnicast approgch.
1 some or ~-f. of tha 51.‘5\!11“‘ u:iis in tho H{ (‘ du no.

o

fhat the SCO, or some sere m& wi}\ in }
does me movide the regriested S (51 oy RE
sefs). MM 1066 Y decide swhother 1o pertorpy the
\L{« &h\ms»s aotion or rifease SN 108 for UE 102

d 131&. St I’m.gllut
the \\‘ W hvn revuived.
3{: ’K 9 2 sequencd dingran Hlostnaing @ cople of
e on-demand 81 request I:rsmg trupsmitied o am SN in e
120 mode, secovding fo dn sxemplary inplementation of ihe
appli hown i disgram 380, v setion 314,
182 may ranswit e 81 redquest messigeto SN 108 (o,
vig SRBY, i configuesd) In action 312, 8N 168 muy
franmudt RRC ,‘{cumisgmatmn wiith the  regiiived S 4o UE
102 vin SREZ W SRBY & not configured, UB 162 may
pransmit the Bl ragquest message 1 MN 188 and bt MN 108
forwaed the 81 request message to SN 168,

When some or all of the serving cells in'the SCG cantiot
provide the reguired SIBG)Y or ST message(s), SN 108 nay
mim‘m MM 186 b the SCH, or some serving cells I the
N, doss pot poovide. the regmested SR o 81
mM} M\: Hm mdv devide whether o porfom the
olease BNOL88 for UE Y82,

heresporsible 2

it

A%

{5

30

3%

RS

by dlagiin $00%. U0

14
fod s o sequence shagram losiraBag an. u\dﬂ:}')k af
e UE d_\}tbnﬂllliﬁ&, the fadore of an 81 reguest i thie 1€
mode, scoording o wo exemplary lnplementation of the
pressitanphieatine As shiown heidiagram 40, i action 418,
UE AR sonds a8 csd rnessgag W AN LR In action
412, UF 12 QSRR e BalaneB e N Fguest, e.g,
whett the aprber of Boes UE 102 taneuits the ramdom
accss preamble redches o thesshotd, Afer detenaining the
szl S roguest ;,rmcdm‘c founsnccsssiul, U192
v ostore the ST rogeest feilure infomydion relued to SN
108, Inacton 414, L 182 may feansit the SN 8 request
faiture information to MN 106.

":-'

thie U E> roceivig ST reguest sqeation ndoamaion o the IR
TRGR \‘\(‘.’f}\p}df\ ‘:’sph:tﬂk_ !;3.\":0.1\ of fhe

N7

.L.

(a. m}
3;

precedure v uasues
1\1:1 st Spoeniion
v sepd the SN SI ¥

t; SN m‘s. fis wtiin 514, Ve 12
'1L<.I fd.tl\i £ isxfﬂm) ﬁiom io \‘{N '106

v Fadfest {;.-xg,., aetion M 2 dms“mm 405 v 3! ﬂ?
may e N 106 of e oanse
of BNKY retwiest Baibe octlie fformontam velaed 10 S8
reguest flure (g, by kmd::m are NSNS Reguest Padwe
Toformation whn ;hf, n-demand ST raquest fy the SIRE)
o B8 108 s esjected or foiled, ep, nwmsion dldof dizsg.,..sm
406, or anion $14 of diagram S8y, The information of i
S reguest feihure ey include at bessy coe of the - following:
the required SIBIS), the ft"qvirs:d ST avies 3, the eell ID
{ofhe vell whish the U prefonas S provedwes but tiled),
858 Index(s) (Synchrouization Signal Block Index(s)) to
perfonm 8T revuest, the failed 81 requcfsi provedurs e
Y. ¥ibased or MG -baved, or ihe timestimp (e
when o perforoy the 8 request provedus). After M 186
c the crse ni the **-3 pEQUEst iuslm‘a or the txfiraation
esgdve the XN

<il§LiR‘ mnbiem For exaraple, MM 166

=

S fequest refection]

may reledse SN 108 or change SN188 1 a fiew SK for UE
ine.

An RA Problox Cagsed by the MM L-Basel?
{51 i\x.\qm,\! {)I‘U

3 y 3 ~i
ire. }IE e nupianusmi'inn, 3 the ({A
G based o the M8G-haed 51
aion 1 cmzsmct 1 st 3

\l m{us. 5
preblenyis camsed by thie ME

went procadures. the UE
oot affected Fihe n
essential for the LIS

Inane inplomentalion, the
reguested SIB{}S} oF ‘li mwm
qervi;ia,‘ icle (e g

tm{umim \H“& ar
i seenma, the UE
way x-OIx:v!xicr J..e R.-\ g:tri.ah]em a5« nomel racie Hink
failure, st the UL may ot parfomd a me-cstablishment
procedure, or enterinte . idle siate.

Ioue Em-pl:,méuisxiitm. the 1S
requested SIRGs} or 81 :m.wn,;
BN (e.g., in a dual connectivity: mude) n [hl‘s sf.enauo 1lie
Ty notconsider the R A problem @ g novmasl radio Hnk
failure, and e UL may R‘{S(‘H t'hx, 51 hﬁm’s: mius’mm«m i
thi MN { [ahig $
theup
1 wansed t“

iy *\1 wqu st e e IBENY x(snjzzsw i tmns(msn

Fiv.a soginnee dingeim dhestinting an el of

Fu_{t et
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Babape tforaniion report 1 the MN. b this
ey aod pepedadl of the SCC.data
we fow the spld
IRy B0l s
i 2 SO {or \\f}
i unennpienkﬂmtmn the Ub may stifl be fine even i the
veguested SIB(s) ne ST rmescage(s) 18 nar recedved from the

Bk

s of the 8
preplecentatin, the U
r.idw bearens { }N

1 fhee NN, phe, whee the RA problen ts reponied
wnt thd uppe {eig. RROC Jvers knows fhat the problom

fe vtsed by do' 81 reguest e B roay wob imitiage @
enrmanssien of the 81 fathees Tl i ord o the ML
In this unpkrm\n fatd e not suspend aff of ll\.u
BLG DRy ord anstssion for the spli DRMs or the
duplicatinn F)i‘{}"’(\ Also, the TR may not resee the MAT
cality assoviatod with the SOG for S8 When the upper
fayer {e.g., the RRC layer) receives the RA problem caused
fiyetbye ST reguest fropy the lower laver (., the MAC laver,
it may also oform the NAS 2 wpphivaiion Ls;'cr,;
s that the NAS laver {or the application laver) does nu
trigaer the 8 request procedure iy oo of mone roquireid
SIBS o %i‘m e cedl, o et wigger the 8) request poices
dure for a which may follow the NW configuetion or
] ;mzi SEH d pend] vt ki the 8 reguest foluve
condion may depenst on the UEs implementation, i dwe
MAR e fonrthe appiivation lagery s woried abouw the 81
wqusi thiture
R}

mfrmation repoed o the MN
Y confizuridiog,
13{,;, 6 05w nm. hm'i,_ for 3 method of wircless comme
nigations performed by @ UL, according to an exaple
mmcmmi At uf the presant applic »tmr In F;G 6 ml

I aetion 692, the UK ey perfenaan cm~dcrzmmi &
iiformation request’ procedive 1t a cell. The UE may be ia
idle, inactive, ereonpected stade, Tn addition, the UR may be
Ba &Es);.fe connectivity snode o 8 dual connectiviy wode:
i avtion 504, e UE o deteriae whether the o
domeand B request procedure-is suocessfi. In one mxﬂ
mentanen, the on-demand 81 mpuest pro B drire is mmm
ered unsoccessful when the nuamber of times the €
mm.smll\ » mb{!um HOER pxumhic rmcuw “ 1}111«}305.}
R
i the pr{:
;’“qmst p'n\,

action 6f§~(\

ONeS, 0 wﬁn

60{3 LAY & mi.
perfony an ervor handiing
;’si\“»cedxir uwm‘wnima o the on-dermand 8 request p-

cedure, There mey e several inypl tions sk-gemi ny e
arror hamiling procedure ia differed ;mpi’mxmmmm it
O3 mmi GRRISEH m\{if}ﬁ.‘ the o hand !B‘Qq ‘nmmmiro RSN

inclnde aution 638, to which the U may storethe ST reguest
futlore Tndormation. Por oxampls, the 81 request fibure
neformaticn rady tnchule one of rore parameiers wied iiibe
aredemand 81 vequest procedure, In oneimplementation, the
ereod haglting proceduns further nehde ot leasione ol
following a proldbit Hmer activation, & cell rewselection
procedure, and a re-establishment procedure.

FIG. T ithustir: a hlock dingram of a-node fr wireloss
i 3 b ecootdaned with vanows aspects of e
wn d FIGT oode TG may
sor 726, memiry 718, et o
B, el ¢ ket e aeseiew

mclude ranses
LI P ‘S\!ltdsl\‘!l bk‘ii}pi?ﬂtw

dsther the SN initaidy e a

10

Z

AR

3%

&)

T oand

able modiz,

- removahle m

Bt aLu, ummmua Ld“-dits, mdg}du idp\ wag,mm, d,

£
736 Node 798 amy alse include v Radio Freguency (/1)
apantrnnt haoad mostule, o Base stahen comumtisstios wnd-
a fetwirk commtaicationg medule, xid a G COnY
s managenent noduale, hpatomea (K0} ponts,
Oy components. and power supply {not c\;ﬂll:nn shoswn in
FIG. 7). Bach of these conipotrents meay be in corumamca-
tc ¥ each eflwe, drsedy or ndireatly, over Gne or S0
busies T4,
Tesuscwiver T30 baving wansditer 732 and rebedver 724
nigy be confignred to transmit and/or régeive time and/or
ey resouree parttieg infemation Tu sonee uple-
merations, s T2 weuy e configured to transait
ditterda tvpes of bty and shots mchuding, ot oot
Timied o, oxsbley nog-axsbleand Bexibly usable vubfrues
glot formats. Transcetver T2 sy be wadigurad. 1o
receive data snd contrel chanmels,

Node 768 may Inclodea varlety of computerre
e, Corepuierresdsble mediz cor be any awilable
media hatcan be accessed by node 766 and inclode both
volatile snd pon-volaiile medis removable and noa-remos-
Py vy o exaingle, andd sot tainagion, cont
prirerendsdle w ColRpier
Sl COMINIICS Compuier  storage
waehuadey Both vnhu wad ﬂonuﬂx)i‘min PEIBOV abk as\d -
implomedied inany mefhod or lechackogy
for sorags fformation sach wn CompEs te
s uu' tons, data strvctnes, progean modudes ovother d\tid
Msp}slq stivage ovuadie  wmcledes AL, RE
BEPROM, i b ey techeslogy; €
ROM, digiisd s VDY o otier aplics

b

)

e gagamd dain algnal. (:\‘»ml‘ﬂw
embudies  computer-readable
DIORERG mc‘«d uk\ e ﬂw: data
& oy oiher
\rmm‘;:sm; yoechuaine and neludes any mmtmahun delivery
miedia. The teom * mudu[ated ddla blgnal“ means a mgna[ that
Das one or i st ; insuch
A reainet g0 enced infora mnn in thu sigrad. By 3
exmple, snd pot hmamuun communication media inclodes
wived media such as @ wired metwark o directiweired. con
aecton, and wincless molis sweh oy acomtic, RE, infrarsd
and other wireloss media, Comhiaations of s of the sbave
shoudsd abwy be ncluded within the seope of compuier-
readable .
Mooy 728 may Inchude computer-starage foedis i fhe
forrg of wm:}o andior aonsvolsitle meranry, Menory 728

he TNV aim BER-REBOY e&blc m \u,muhamsmnmmwi

Isl;\iiez d{ses aot coz:'_nprise- Y
nivation  media typically
ahm«taum duta stroctupes,

x) that are
G T2 1 per-
asemypdey with

stions deserihed bereins
1 theovgh & Aleramtely, nstoctions
revtable-by frocessor 728 b be
Q¥ when berapided and
tons deseribed herein.
T6 oway m\,i ke an m\dha\cm himchvade
R ouind processtog unit (CPU ) & microoons

dé

e, S
frofier, an ASIC, aud etc. Processor "26 may inciude
TREIRH s 726 may process date T30 and dnstree-

fons
theaug :
mndule, anddor T
cespor 7RG ey

ry T8, aad miumwhm
the hase by HENTay

720,

pebwork commuiications nwdade. Fro-
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vt Through antenns 736, 1o the
G

rapsomver 730 R immgan
fietw or}\ comimuications modute-for

ransniission o g ¢

: nt_zsiio.n cmnpimenm 734 pr
’ i emipi
(m wnmnmm ﬁ-} m\.}ude  disple
oppoaent, vibrating winpnnum, <md el
ve dt.s 'r)puui:, it is massesl i vegloos
3 for un;\if.me.mum the concepns
apphicsion without depayiing from
Murm\m' while the onacepts

ferinos W ceriain mpdes
8%, & pcrmn of Nﬁi aaEy skill i e may ecog-

:zaentcxl
e et chonges van be wiade in form and denid withng

deprriing Hom the seope 2 concepis. Aa such, the
deseribed mplemeniations are o be convidersd n sl

respets as Mushutive and net restrictive. Tt should also be
yndeesioed that the presat appdicaiion (v not fdied to the

partdendar implomentaions described abavd; but wsny véar-
raggeroants, modifieationg, ad substitaivns are possible
withou! depading fom the seapd of the prosond disclosuge.

What is clahasd s

1o A rasthosd of g on-demsnd §
regest procedure jx
methaod comprising:

transyaittng @ first ST reguest mossa

{RS) alter determining that dwe
state, the st BT reguesd message. nchs
requegted efn indormyation block (8
aciivaning a probibd Haer; amd
transmitting & seeond N regpest message to the fnly
whes the at foas sae x;\mmw} SIB is not received anad
the prohibit timet expires.

2. The method of olaim 1. wheretny the ouedemanst S3
ocedure i unspecessfol when uoeof the fultowing
comdi et

a nuber of fimes the UK

preamble reaches 3 Dreshold; and

the WE reveives 8§ fequest rejcuwa information

3. The method of clainy 1, whivein when the UE 3 v a
dual conpectivity mode, the method further compsrises:

transmitting a third 8 réquest messags o a master node

when fhe DR rogudres onsdemand sysbonsioformation
i eel] belongiog ics Y aunmidrs aode
bf: m:_ﬂmr_; nr o

vt il

forrand by w pser equipreent (4

¢ e base swwdion

w3 doisected

dm,g. Ay feast oo
JISEN

transmits a random access

@ methmi of daml I iufliu.s ct‘m}.\u“

tng o o Y, the ot least o wqummj XIB vy

dedicatad g i
the fiest 51 tanessage.

6. The method of cldm 1, forther compeising:

iiting & fourth S reguest message v tha BS

defornuning ihat the Uh wauidn Lc Qunnected

the fourth X1 request message inclnding at Jeast one 33

xx.;u astand \T BEC IR
Sy &, wherele the Tourth Slreguest
1 dn signnting radic bewrey G (SRRGL.
e \ﬁnd af claim 1, forther comprising:

38 regquest failwee Inforion afier deterining

¢ the on-demand §request provedure I8 nasueeess-

fiud.
2. The methad m ol

tainy 8, wharein the ST reqoest tloee
ast ene of e following:

$ 181

the s least one anaum ad 8 message;

3 eell klentdier {3 o vt the i

nfonualivn

y thiat by tronsuitted i esaponse 5

1@

jis]

Al

&

4%

g

&)

i8
2 synchremztion sigond blowk (SSB) indes Tor perfon-
ing the on-dernand BT request provedure;
a message bype of the oo-domend BT segnest procedurs;
and
& U

swwnp for performing the on-domend ST regnest
procedorg,

£0. The method of claim 8, forther comprising:

tensenitting the ST request Failpee inftrmationg

i 13 transmitied

T 3 ruaster podessiion the T s a duad conneetiviy
odhe

31A peer equipmeny (UEY, comelsing

SR OF IR NeR-Rans iy compraeyveadeblemedia e
W COmMPULT-EXEC 1 i

thereomt and

s IRy o mpumm 5
exgrate the eomputerexcortabls in«‘tmmjmi"
o operdions for an on-dmmm £y \twu infrmaion
{81 reguest proced;

Transittiag ;
(B8R} after determining thal the UE ia iu a conmeated
stute, the thrst STrsguest message inclpding gt least o
requested eystam dnformastion bloeck (SIBY

RUthvaling o profibi e aod

sransiaitting @ second B request message 1o the BS only
whewt the af feast oe reguested 13w not received and
the proldbit Hmerespires:

The UE of clam 1L wherete the
recguest proveduss s unsnocessiul when one of dh
condiiions 1g. e

s mimbey of nmes the wanstiiia o raxdone scoess
preamble reaches a ihreshuhi and
the UE recwd _ction RESH

o per-

crmnd 8]
following

cunnectivity mode, the operations Rudher compiss
wdnsmitting a third Si request message 1o a master gode
when the TR mquires on-demand svsteoy nfonmation

of w celdl bekaging 1o 8 sevondary pode,
14, The UE of claim 3, whereiln the fisst S reuiest
essage is transmitied on signebiug wadio hearer 1 (8RBT
15, The UE of claim 11, whorein the vperations further

owmprises
*‘mﬂsamn

Tt m t ot

o .
17, The n LE, whereln e fourth S1Righest
INOSHREE. I8 TrAnsmi pivaling radin besrer O {3RI30%

18
CRBPEISE
e N regiest failare informaton afier deteayining

Tild.l the o ﬂ{(“uhﬂki 51 R‘qﬂ& 51 1'15 soedure LS WS HROCRRE -
ful:

18, The UE of clalm §8, whevedn the S roquest Dibe
itformation somprises at. feast one of the following:
the at Jeast ope requestad SH3;

S message;

A ‘li uimi i associated with the BS

A synchrontstion sigeal block (888 hwdex |
iy the on-denmat B regnest procedare;

. wheretn the oparations fiwthey

br perform-
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@ yaessage tvpe of the on-dersand B request procedias,

atid '
3 tinestamy for porfeoning the onedemand B1 rogusst

procedure
208, The UB of ¢

CINEPIN

fragsniinug the 81 regoest fdhue indh
whiretn the 51 reguest Tailvre infurmathn & wapsmiited

1y g mester podke when the UE s 1a 3 dual conesctivity

mide, 10

im 18, wherein the operaticas forther 5

covaon;
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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.

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
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.
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
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
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
band module, a BS communications module, a network
communications module, and a system communications
management module, Input/Output (I/0) ports, I/O compo-
nents, and power supply (not explicitly shown in FIG. 6).
Fach of these components may be in communication with
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-
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
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.

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
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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
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
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
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
without departing from the scope of the present disclosure.

What is claimed is:

1. A user equipment (UE) comprising:

one or more non-transitory computer-readable media hav-

ing computer-executable instructions embodied

instructions, data structures, program modules or data. 60 thereon; and

Computer storage media includes RAM, ROM, at least one processor coupled to the one or more non-
EEPROM, flash memory or other memory technology, CD- transitory computer-readable media, and configured to
ROM, Digital Versatile Disks (DVD) or other optical disk execute the computer-executable instructions to:
storage, magnetic cassettes, magnetic tape, magnetic disk receive, in a Physical Download Control Channel
storage or other magnetic storage devices. Computer storage 65 (PDCCH), Transmission Configuration Indicator (TCI)

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

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
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 of QCL Reference Signal (RS)
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
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
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.

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
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

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

6. The UE of claim 1, wherein each of the plurality of

—_

0

—

N

25

QCL assumptions includes at least one of a time-domain 40

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

* * £ # £l
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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 V15.15.0, 3GPP Standard TS 38.331
V16.0.0, 3GPP Standard TS 38.212V.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 Plainfiff provides without the benefit of information about the Accused Products

obtained through discovery.

Claim 1

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

Element b

TS 38.331 V15,150 (2021-09)

Sectlon S 222281 change lndlcatlon and PWS notification

3 owd ot 15 wsed 1.6, updated ST (other than for ETWS and CMAS) I
broadcasted in the modlﬁca tion period following the one svhiess St change idication
is ranstted. The modification penod boundaries are deﬁned by SEN values for
wh1ch SFN mod m =0, where m 1 th number of radio frames comprising the

modification penod The modification period is configured by system information.
The UE &

change indication may ocaur w1th in precedmg modlﬁcahon perlod
For Short Mess g 00 e

If the UE &

tions and/or PWS notifications wsing
£ (see clause 6.5). Repetitions of SI

ceves indications about & modifi

1 IVICHIAR

ars the FRCCH
as speaﬁed in TS 38 304 [20]and TS 38 213 [13).
age, the UE shall:
1> if the UE is ETWS capable or CMAS capable, the etwsAndCmasTndication bit
of Short Message is set, and the UE is provided with
searchSpaceOther SystemInformation on the active BWP or the initial BWP:
2> immediately re-acquire the SIBI
2> if the UE 15 ETWS capable and si-Schedulinglnfo includes scheduling
information for SIB6:
3> acquire SIB6, as specified in sub-clause 5.2.2.3.2,

Page 1
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immediately,
2>if the UE is ETWS capable and si-Schedulinglnfo includes scheduling information
for SIB7.

3> acquire SIB7, as specified in sub-clause 5.2.2.3.2,
immediately,
2> ifthe UE is CMAS capable and si-SchedulingInfo includes scheduling
imformation for S/BS:
3> acquire SIBS, as specified in sub-clause 5.2.2.3.2,
immediately;
NOTE: Incase SIB6, SIB7, or SIBS overlap with a measurement gap it is left to
UE implementation how to 'mmediately acquire SIB6, SIB7, or SIBS.
1> if the sysiesmiddodificadion bit of Short Message is set
2> apply the ST acquisition procedure as defined in sub-clause 5.2.2.3 from the start of
the next modification period,

Element ¢

in response to recetving the ST change
indication, SWltChlng from the currently
actlve BWP to annitial active BWP for

T8 38.331 (VIS15.0)
Section 5.2.2.3  Acquisiti
52231 Acquisition of MIB and SIBI
The UE shall:
1> apply the specified BCCH configuration defined in 9.1.1.1;
[>if the UE isin RRC IDLE or in RRC INACTIVE; or
1> ifthe UE is inRRC_CONNECTED while T311 is running;
2> acquire the MIB, which 1s scheduled as specified in TS 38.213
[13]; 2> if the UE is unable to acquire the MIB;
3> perform the actions as specified in clause 5.2.2.5;
Delse:
3> perform the actions specified in clause 5.2.24.1.
[>ifthe UE isin RRC_CONNECTED with an active BWP with common search space
configured by searchSpaceSIB1 and pagingSearchSpace and has received an indication
about change of system information; or
1> if the UE is in RRC IDLE or in RRC_INACTIVE; or
1> if the UE 15 inRRC_CONNECTED while T311 is running;

2> if ssb-SubcarrierOffsef indicates SIB1 is transmitted in the cell (TS 38.213

Page2

Unified Patents, LLC v. Togail Technologies, Ltd.
Ex-1002
Page 076




e e A TR Dacrami AR CO 0aE EABRg R of I RapdiDs R0

[13]) and if SIBI acquisition is required for the UE:

3> acquire the SIB1, which is scheduled as specified in TS 38213

[13]; 3> if the UE is unable to acquire the SIBI
4> perform the actions as specified in clause 5.2.2.5;

3> else:
4> upon acquiring SIB1, perform the actions specified in clause 5.2.2.4.2.

2> elseif SIBI acquisition is required for the UE and ssb-Subcarrier(Offset
indicates that SIB1 is not scheduled in the cell
3> perform the actions as specified in clause 5.2.2.5.
NOTE: The UEin RRC CONNECTED is only required to acquire broadcasted

SIBI if the UE can acquire it without disrupting unicast data reception,
1.¢. the broadcast and unicast beams are quasi co-located.

Section 5.2.2.4.2 Actions upon reception of the SIBI
Upon receiving the S/B/ 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 ST message(s) that, according to the si-Schedulinglnfo,
contain at least one required SIB and for which si-BroadcastStatus
is set to broadcasting:
6> acquire the ST message(s) as defined in sub-clause 52232,
- PDCCH-ConfigConmon
The IE PDCCH-ConfigCommon is used to configure cell specific PDCCH parameters
provided in SIB as well as in dedicated signalling.
PDCCH-ConfigCommon information element

A “\\I
RN
A\\Q:\‘

s
PA
LA

PDCCH-ConfigCommon ::= - {
controlResourceSetZero ControlResourceSetZero
Page3
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commonControlResourceSet ControlResourceSet

°
Newd ®

SearchSpaceZero

WCE (SEFE(1 4)) OF SearchSpace

SearchSpaceld
éearchSp;ceO\til\e;S\yStemInfonnat fon  SearchSpaceld

e SearchSpaceld

SearchSpaceld

sCS SKHZoneT
SEE (1. maxPO-perPF)) &F INTEGER (0.
sCS30KHZoneT SCS! SKHZhalfT
QUENCE (MZE (1. maxPO-perPF)) (¥ INTEGER (0.279),
 §0S60KHZoneT-SCS30KHZhal{T-SCS SKHZquarterT
JUENCE (SIZE (1.maxPO-perPF)) OF INTEGER (0..559),
sCS120KHZoneT-SCS60KHZhalfT- SCS3OKHuna1“[erT
SCS 1SKHZoneEighthT
SURNCE (SZE (1. maxPO-perPF)) {F INTEGEL
sCS 7OKHZhalfT SCS60KHunarterT SCSJOKHZOHCElghIhT
SCS15KHZoneSixteenthT SEQUENCE (SIZE (1. maxPO-perPF)) OF N
(0.2239),
sCS1 20KHunarterT SCS6OKHZoneE1ghthT -SCS30KHZ oneSixteenthT
(S (1. maxPO-perPF)) (F INTEGER (0.4479),

,,/

(8

gt
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sCS120KHZoneEighthT-SCS60KHZoneSixteenthT
ENCE (SFE (1. maxPO-perPF)) OF INTEGER (0..8959),
sCS1 20KHZoneS1xteenthT

HQUENCE (SIZE (1. maxPO-perPF)) (¥ INTEGER

searchSpaceSIBI

ID of the search space for SIBI 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 SIBI in this
BWP. (see TS 38.213 [13], clause 10)

Element d

R s o)
via the niial active BWP durmg a next
modification penod that nnmedlately

the RMSI 1nc1udes nformat on
associated w1th chanoed system

T8 38.331 (V15.15.0)

Section 5.2.2.2.2 SI change indicat\i\o\li\ g\n\g {\’{\K\’é\{(\){iﬁ\caﬁon —
A modification period is used, i.e. DM N
\\\\\\\\\ \\\\\\\\\\\\ \\\\\\\\\\\\\\\\ \\ \\\‘\\\\\\ \\\\\\\\\ \\\\\\\\\ AN

\\\\\\“\\\\\\\\\\\\\\\\k \\\\\\\\\\\\\\\\\\\\\\\\\ \\\\\\\\\\\\\k\\\\\\\\\\\\\ AR where SI change indication
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 Sl modifications and/or PWS notifications using
Short Message transmitted with P-RNTT over DCI (see clause 6.5). Repetitions of ST
change indication may oceur within preceding modification period.

Section 5.2.2.3.1 Acquisition of MIB and SIBI

The UE shall:
1> apply the specified BCCH configuration defined in 9.1.1.1;
[>ifthe UE 15 inRRC IDLE or in RRC_INACTIVE; or
1> if the UE isin RRC CONNECTED while T311 is running;

Page S
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2> acquire the MIB, which is scheduled as specified in TS 38.213
[13]; 2> if the UE is unable to acquire the MIB;
3> perform the actions as specified in clause 52.2.5;

Delse:
3> perform the actions specified in clause 5.2.24.1.

[>ifthe UE1s in RRC_CONNECTED with an active BWP with common search
space configured by searchSpaceSIB1 and pagingSearchSpace and has recerved
an indication about change of system information; or

1> if the UE i3 in RRC IDLE or in RRC INACTIVE; or

1> ifthe UE is nRRC_CONNECTED while T311 is running;
2> if ssb-SubcarrierOffset indicates SIB is transmitted in the cell (TS 38.213

[13] and 1f S[Bl acqmsmon is required for the UE:

3> NN which s scheduled as specified in TS 38.213

[13] 3>if the UE is unable to acquire the SIBI:
4> perform the actions as specified in clause 5.2.2.5;

P else:
4> upon acquiring SIB1, perform the actions specified in clause 5.2.2.4.2.

2> elseif SIBI acquisition is required for the UE and ssb-SubcarrierOffset
indicates that STB1 is not scheduled in the cell
3> perform the actions as specified in clause 52.2.5.
NOTE: The UE in RRC_ CONNECTED is only required to acquire broadcasted

SIB1 if the UE can acquire it without disrupting unicast data reception,
1.¢. the broadcast and unicast beams are quasi co-located.

Section 5.2.2.4.2 Actions upon reception of the SIBI
Upon receiving the SIBI the UE shall:
4> if the UE has not stored a valid version of a SIB, in accordance with sub- clause
5222.1, of one or several required SIB(s), in accordance with sub- clause 52.2.1:
5> for the ST message(s) that, according to the {NRERNAN
contain at least ong required SIB and for which si-BroadcastStatus

Page 6
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SIBI

RLC-SAP: T™M
Logical channels; BCCH
Direction: Network to UE

SIBI

llSelchonInfo
q-RxLevMin
q-RxLevMinOffset
OPTIONAL, -~ Nead S

q RxLevaSUL

lAccessRelatedInfo
connEstFailureControl

=

e

is set to broadcasting:
6> acquire the ST message(s) as defined in sub-clause 5223 2;

SIB1 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: N/A

CellAccessRelatedInfo,
ConnEstFailureControl
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uac-Barringlnfo
uac-BarringForCommon

uac—BarnngPerPLMN List UAC BarrmgPerPLMN -List

\\\ w Needt
uac-BamngInfoSetLlst C-Bamng[nfoSetLlst, uac-
AccessCategory 1-SelectionAssistancelnfo U HOKCE {

plmnCommon UAC-AccessCategoryl-
SelectionAssistancelnfo,
individualPLMNList

125 (2.maxPLMN))
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FIUINAL

nonCriti

Ay

A
AT
§@\\E\\X\Q\%\Qt}%\\}\\\‘ N

N AR

SI-Schedulnglnfo =
schedulinglnfoL ist
Schedulinglnfo,
si-WindowLength
$320, 5640, 51280},
si-Reque

PONAL - Con
si-Requ
YA

\

yste
O

Schedulinglnfo ::=
si-BroadcastStatus

notBroadcasting,
si-Periodicity

f256, 1f512},
sib-Mappinglnfo

j

R N

RN

W SINRAN NN
RHRARHRRRINY

SL-SchedulingInfo information element

stConfig

stConfigSUL

0N
BN

¥

SR Rp LIS PagelD #:085

&

N

\
RRRIRI
TN

¥ (1. maxSI-Message)) U

ATED {55, 510, 20, 540, s80, 5160,
SI-RequestConfig

SI-RequestConfig

\TED {broadcasting,

RATED {rf8, 1f16, rf32, rf64, 1128,

SIB-Mapping

Page
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SIB-Mapping :
SIB-Typelnfo ::=
type

spared, spare3, spare2, sparel.... |,
valueTag N

rach-OccasionsSI
rach-ConfigSl
ssb-perRACH-Occasion

oneHalf, one, two, four, eight, sixteen|

\
A

si-RequestPeriod

ten, twelve, sixteen|
si-RequestResources

RequestResources

j

SI-RequestResources =
ra-PreambleStartIndex
ra-AssociationPeriodIndex

sibTypes, sibTypeo, sibType7, sibTypeS, sibType9,

ACH-ConfigGeneric,

¥ (1.maxSIB)) {3+ SIB-Typelnfo

13 {sibType2, sibType3, sibTyped,

spare8, spare7, spare6, spares,

DDA

ERATED {oneEighth, oneFourth,

D {one, two, four, stx, eight,

SIEE (1. maxSI-Message)) (X SI-
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TS 38.331 (V15.15.0)
changed SIBs is | Section 5.2.2.4.2 Actions upon reception of the SIBI
Upon receiving the S/B/ the UE shall:

Element e

H

=

\
\

> AR

N N

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

15 sef to broadcasting:
6> acquire the S message(s) as defined in sub-clause 5.2.2.3.2;

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
letion, after entering the network from another RAT,

reconfiguration with sync comp
' upon receiving a

PWS notification; and §

The UE shall:
1> delete any stored version of a SIB after 3 hours from the moment it was

successfully confirmed as valid;

systemInformationdrealD and the AN that are included in the si-
Ru o

Schedulinglnfo for the SIB received from the serving cell are identical to

Page 11
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the PLMN-Identity, the systemInformationdrealD and the valeTug
associated

with the stored version of that SIB:

g con51der the stored SIB as valid for the cell:

cell:

and
SRR that are included in the si-Schedhulinglino for the SIB received from
the serving cell are identical to the PLMN-Identity, the cellldentity and the
vale Tag associated with the stored version of that SIB:
4> consider the stored SIB as valid for the cell;

SESchedulingInfo
The IE S/-Schedulinglnfo contains information needed for acquisition of SI messages.
SL-SchedulingInfo information element

SI Scheduhnglnfo
schedulinglnfoList
Schedulinglnfo,
si-WindowLength
8320, 3640, 51280},
s1 RequestConﬁg SI-RequestConfig

1

£ (1. maxSI-Message))

P

0 {55, 510, 520, 540, 580, 5160,

SI-RequestConfig

v e T e
WV UVRINGS (VT 24
RIT STRING (SR (
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Schedulinglnfo : SEQUENCE {
si-BroadcastStatus ENUMERATH
notBroadcasting,

si-Periodicity AL
1£256, 512}
sib-Mappinglnfo

-1+ {broadcasting,

1 {rf8, 1f16, 1f32, rfod, 1f128,

SIB-Mapping ::=
SIB-Typelnfo ::=
type ATED
sibTypes, sibTypeo, sibType7, 51bType8 stype9

spare8, spare7, spare, spare3,

25 (1.maxSIB)) O SIB-Typelnfo

{sibType2, sibType3, sibTyped,

SI- Reques Conﬁg )
rach-OccastonsSI SEQUENCE
rach-ConfigSI RACH- ConﬁgGener
ssb-perRACH-Occasion RATED {oneEighth, oneFourth,

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

§i- RequestPenod
ten, twelve, sixteen}

si-RequestResources
RequestResources

j

SI-RequestResources =

1 {one, two, four, six; eight,

.. maxSI-Message)) CF SI-
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ra-PreambleStartindex
ra Assomat onPeriodIndex

ra-ssb OccasmnMaskIndex

™
W

- Moo §

6>

TS 38 331 (V15 18.0)

Section 5.2.2.4.2 Actions upon reception of the SIBI
Upon receiving the SIBI 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 ST message(s) that, according to the si-Schedulinglnfo,
contain at least one required SIB and for which si-BroadcastStatus

15 set to broadcasting:

as defined in sub-clause 52232,
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U.S. Patent No. 10,791,502 (*'502 Patent”)

Defendant’s Accused Products, including those which comply with 3GPP Standard TS 38 311 V15.15.0, 3GPP Standard TS 38.331
V16.0.0, 3GPP Standard TS 38.212V.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 s

west procedure
performed by a user

equipment (UE), the method
comprising;

Element b
transmitting 2 fisst S request message
to a base station (BS)
after determining that

TS 38,331 (v16.6.0)

Wantadd  dar o daniany ouedan s bae e a vy
Section §.2.2.3.5 NURHER A0 () GRIRASE PSR IS m

The UE shall:

: . with an active BWP not configured with
common search space with the fild search SpaceQtherSystemInformation and
the UE has not stored a valid version of a SIB, in accordance with sub-clause
§222.1, of one or several required SIB(s), in accordance with sub-clause
5221 orif requested by upper layers:

2> for the ST message(s) that, according to the si-Schedulinglnfo or posSI-
Schedulinglnfo in the stored SIB1, contain at least one required SIB or
requested posSIB;
3> if onDemandSIB-Request s configured and timer T350 15 not
running;
4> initiate transmission of she Bedicaied SIRRequest messags in
accordance with 5.2.2.3.6;
4> start timer T350 with the timer value set to the onDemandSIB-
RequestProhibitTimer;

1> ¢lseif the UE isin RRC_CONNECTED with an active BWP configured with
common search space with the field searchSpaceOtherSystemInformation and
the UE has not stored a valid version of a SIB, in accordance with sub-clause
52221, of one or several required SIB(s), in accordance with sub-clause
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522 1 or if requested by upper layers

2> for the S message(s) that, according to the si-Schedulinglnfo in the stored
SIB1, contain at least one required SIB and for which si-BroadcastStatus is
st t0 broadcasting.
3> acquire the ST message(s) as defined in sub-clause 52.2.3.2;

> for the ST message(s) that, according to the si-Schedulinglifo in the stored
SIB1, contain at least one required SIB and for which si-BroadcastStatus is
st to notBroadcasting:

3> if onDemandSIB-Request 1s configured and timer T350 is not running:

4> nitiate transmission of the DedicatedSIBRequest message in
accordance with .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 of BedicatedSiERequest
HeNsARE

The UE shall set the contents of Dedieated B Request tnessage as
follows: 1> 1f the procedure is triggered to request the required
SIB(s):

2> include ¢ in the onDemandSIB-RequestList o indicate the
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1> if the procedure is triggered to request the required posSIB(s):

2> include requestedPosSIB-List in the onDemandS[B-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
UEinRRC_ CONNECTED as specified in clause 5.2.2.3.5.
Signalling radio bearer: SRBI RLC-SAP; AM

Logical channel: DCCH

Direction; UE to Network

DedicatedSIBRequest message

-- ASNISTART
-- TAG-DEDICATEDSIBREQUEST-START

DedicatedSIBRequest-rl6 ::=
SEQUENCE
{ criticalExtensions CHQOICE {
dedicatedSIBRequest-r16 DedicatedSIBRequest-
rl16-IEs, criticalExtensionsFuture SEQUENCE
{1
J

}

DedicatedSIBRequest-rl6-IEs ::=
SEQUENCE { onDemandSIB-
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RequestList-rlo SEQUENCE {

NN AN A I BRI TV et ERSSEANA AN OPTIONAL,
requestedPosSIB-List-rl6 SEQUENCE (SIZE

(1..maxOnDemandPosSIB- rl6)) OF PosSIB-ReqInfo-rl6
OPTIONAL
} OPTIONAL,
lateNonCriticalExtension QCTET
STRING OPTIONAL,

nonCriticalExtension SEQUENCE {} OPTIONAL

SIB-ReqInfo-rl6 ::=  ENUMERATED { sibl2, sibl3, sibl4,
spare6, spared, spared, spare3, sparel, sparel }

PosSIB-ReqInfo-rlo ::= SEQUENCE {
gnss-id-rle GNSS-ID-rl6 OPTIONAL,
shas-1d-r16 SBAS-ID-rlo OPTIONAL,
posSibType-rlo ENUMERATED { posSibTypel-1,

p0sS1ibTypel-2, posSibTypel-3, posSibTypel-4,
p0sS1bTypel-5, posSibTypel-6,

p0sSibTypel-7,
p0s51bTypel-8, posSibTypel-1, posSibTypel-2,
p0sSibType2-3, posSibTypeZ-4,

p0sS1bTypel-5,
p0sS1bTypeZ-6, posSibTypel-T, posSibTypel-8,
005S1bType2-9, posSibType2-10,

p0sSibTypel-11,
p0551bType2-12, posSibType2-13, posSibTypel-14,
p0sSibTypez-15,

p0sSibTypel-16,
p0sS1bType2-17, posSibType2-18, posSibTypel-19,
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p0sS1bType2-20,

p0sSibType2-21,
p0sSibType2-22, posSibType2-23, posSibTypes3-1,
p0sS1bTypeb-1,

p0sS10Typeb-2, posSibTypet-

3

-- TAG-DEDICATEDSIBREQUEST-STOP
-- ASN1STOP

DedicatedSiBReques field descriptions
s the UE requests while in RRC_ CONNECTED.

feques edPosSIB-List
Contains a list of posSIB(s) the UE requests while in RRC_CONNECTED.

Element ¢ TS 38.331 (v16.6.0)

Section §.2.2.3.5Request for on demand system information in
RRC CONNECTED

fo the BS only when

S R

The UE shall:

1> if the UEisin RRC CONNECTED with an active BWP not configured with
common search space with the field sear chSpace()therSys emInformation and
the UE has W 3 1, n accordance with sub-clause
52221, of one or several required SIB(s), in accordance with sub-clause
5221 or if requested by upper layers:

2> for the ST message(s) that, according to the si-Schedulinglnfo or posSl-
SchedulingInfo in the stored SIB1, contain at least one required SIB or
requested posSIB:

3> if onDemandSIB-Request s configured and
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4> initiate transmission of
accordance with 5.2.2.3.6;

14 with the timer value set to the onDemandSIB-
RequestProhibitTimer;

1> ¢lse if the UE 1sin RRC_CONNECTED with an active BWP configured with
common search space with the field searchSpaceOtherSystemInformation and
the UE has not stored a valid version of a SIB, in accordance with sub-clause
52221, of one or several required SIB(s), in accordance with sub-clause
5221 orif requested by upper layers:

2> for the SI message(s) that, according to the si-Schedulinglnfo in the stored
SIBI, contain at least one required SIB and for which si-BroadcastStatus s
set t0 broadcasting

3> acquire the ST message(s) as defined in sub-clause 5.22.3.2;

2> for the ST message(s) that, according to the si-Schedulinglnfo in the stored
SIB1, contain at least one required SIB and for which si-BroadcastStatus is
set to notBroadcasting:
3> if onDemandSIB-Request is configured and timer T3501s not running:
4> nitiate 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 5.22.3.2.
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U.S. Patent No. 10,972,972 (972 Patent”)

Defendant’s Accused Products, including those which comply with 3GPP Standard TS 38311 V1

5.15.0, 3GPP Standard TS 38.331

V16.0.0, 3GPP Standard TS 38.212V.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 s set forth below, which Plaintiff provides without the benefit of information about the Accused Products

obtained through discovery.

Claim 1

Element a

A wireless communication device
comprising: a plurality of antenna panels,
a processor coupled to the plurality of
antenna panels and configured to:

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.

Element b

ntam iy of leading time
....... w2, the pluralny of leadlng time

alues 1nd1cat1ng a plurality of §
X receive an : :
e i from a
BS)

base station

TS 38.214 (v16.7)

Section 5.3.1 Application delay of the minimum scheduling offset
restriction

When the UE is scheduled with DCl format 0 Tor | 1witha':
3 3 ' field in slot n, it shall determlne the KOmln and K2m1n
Values if conﬁgured respectively, to be applied, while the prev1ously apphed Komin

and/or K2m in values are apphed unt1l the few values take effect

sl fioaten i aciies D8, 11 s § the1nd1catedK0mm
(K2min) value in the new actve DL (UL) B\lﬂ’ 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 DClin slot m, shall be applied in slot #+X of the scheduling cell. The UE
does not expect to be scheduled with DCI format 0 1 or 1_1 with Minimum
applicable scheduuling offset indicator' field indicating another change to KOmin or
K2min for the same active BWP of the scheduled cell before slot 11+ of the
scheduling cell

When the DCIformat 0 1 or 11 with Minimum applicable scheduling offset indicator
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field indicating a change to the apphed KOmm or K2rn1n 18 contamed within the first
three symbols of slot 1, th .

Ny s where K is the currently applied K value of the active DL BWP in
. OmmnOld Omin

the scheduled cell and is zero, if mmmmmSchedu mgOﬁvethO is not conﬁ gured for
the actne DL BWP i the scheduled cell, &y s ¢

and uPDCCH and nPDSCH are the sub carrier spacmo conﬁguranons for PDCCH

of the active DL BWP in the scheduling cell and PDSCH of the active DL BWP in
the scheduled cell, respectively, in slot 1.

Element ¢ TS 38.312 (v16.7)
. one of the plurality of '
Section 7.3.1.1.2 Format 0 1

lead ng time nalues o

i dinier =0, 1 or 2 bits as determined by the number of UL BWPs
MBWP RRC conﬁgured by higher layers, excluding the initial UL bandwidth

lurahty of antenna panels

receive part. The bitwidth for this field 1s determined as (log ) (mgyyp ) bits, where
vaine from

the BS the scheduhhé offset - gy =ngwepre t L IEnRWP RRC L3 , in which case the bandwidth part
value comprising atleast one of indicator equivalent to the ascending order of the higher layer parameter
a K0 parameter for a Downhnk Pl

- otherwise IBWP = "BWP.RRC , in which case the bandwidth part indicator
is defined in Table 7.3.1.1.2-1;

cai=0or 1 bit

- Obitif higher layer parameter minimumSchedulingOffsetk 2 is not configured;
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1bit if higher layer parameter minimumScheculingOffsetK2 1s 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 73.1.12-33. If the
minimum applicable KO 1s 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 K0 value.

TS 38.331 (v16.9)
PDSCH-Config
The #1341 Contia TE i used to configure the UE specific PDSCH parameters.

minimumSchedulingOffsetk0-r16  SetupRelease { MinSchedulingOffset0-
Values-r16 } OPTIONAL,  --NeedM

minimum SchedulingOffsetk0

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
38214 [19], clause 5.3.1).

PUSCH-Config

The IE #7444 is used to configure the UE specific PUSCH parameters
applicable to a particular BWP.

minimumSchedulingOffsetk2-r16  SetupRelease { MinSchedulingOffsetk2-
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Values-r1

6! OPTIONAL, --NeedM

List of minimum K2 values M1mmum K2 parameter denotes minimum applicable
value(s) for the Time domain resource assignment table for PUSCH (see TS 38.214
[19], clause 6.12.1).

Element d TS 38.214 (v16.7)
Section 5.1..1 Resource allocation in time domain
and  determine  that the When the UE is configured with minimumSchedulingOffsetK0 in an ;-

scheduling ~ offset value isiwabe, | it appllesam nimum scheduhng offset restriction indicated by the " ':::a:
when a time duration indicated by the sty g beduiing b field in DCI format 1 1 or DCI formatO if
scheduhn0 offSet value i3 fese thas 8 the same ﬁeld 1s avai able When 1heUEls configured with
minimumSchedulingOffsetK0 in an active DL BWP and it has not received 'Minimum
apphcable schedulmg offset indicator' field in DCI format 0 1or 1 1, the UE shall
apply a minimum scheduling offset restriction indicated based on 'Mlmmum
applicable scheduling offset indicator' value '0'. When the minimum scheduling
offset restriction is applied the {:F: i wes exgectes! to be scheduled with a DCTin slot
nto receive a PDSCH scheduled with C-RNTL, CS-RNTI or MCS-C-RNTI with K0

A

+ 1 where KOmin and ¢ are the s

DY

woutriation and the numerology of the active DL BWP of the scheduled cell when
receiving the DCT in slot . respectively, and 4 is the numerology of the new active DL
BWP in case of active DL BWP change in the scheduled cell and is equal to g,
otherwise.
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U.S. Patent No. 11,115,163 (*'165 Patent”)

Defendant’s Accused Products, including those which comply with 3GPP Standard TS 38 311 V15.15.0, 3GPP Standard TS 38.331
V16.0.0, 3GPP Standard TS 38.212V.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 nstructions embodied
A user equipment (UE) comprising: one | thereon; and at least one processor coupled to the one or more non-transitory computer-
Or more nof- 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
o execute the computer-executable
nstructions to:

Element b TS 38.212 (v16.7)

eceive in Section 7.3.1.2.2 Format 1 1

D0 ot | Fisused for the 3! 41 one cell.

- Antenna port( 5)-4, 5, or 6 bits as defined by Tables 7.3.1.2.2-1/2/3/4 and
Tables 7.3.12.2- 1A/2A/3A/4A, where the number of CDM groups without
data of values 1, 2, and 3 refers to CDM groups {0}, {0,1}, and {0, 1,2}
respectlvely Theantennaports {p0,...pv—1} shall be detesmmined avoprding fo
t DMRY pertia) given by Tables 7.3.12.2- /7/3/4 or Tables
73 22 1ARA3AMA. WhenaUErecewes an actlva tion command hat maps
at least one codepom t of DCIfield "t v "t
two TCI states, :::: & :
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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 suppons two TCI states in a codepoint of the 1
I,‘ R \““\\‘ theUE

PRI B
AT RN
t.-n\ih\b:i\‘.i‘:ii {

may receive an activation command, as described in clause 6.1.3.24 of [10, TS
38.321], the activation command is used
t0 [RERE IR 5
'Transmissn)n Conﬁguration Ind1ca fion',
TCl states in the activation command.
Element ¢ TS 38213 (v16.7)

12+ to the codepoints of the DCI field
The UE is not expected to recerve more than 8

Section § Radio link monitoring

if the sesive T e FROETO two 13, the UE expects that
one RS is configured With qcl-Typeset 10 ‘tvped' [6, TS 38.214] and the UE uses the
RS configured with qcl-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 3.1.5 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 - H according toa
detected ¥ CH with XY intended for the UE and the given serving cell, where
M depends on the UE capability maxNumberConfigured TClstates PerCC. Each
TCI-State contains parameters for configuringa g
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between one or two downlink reference signals and 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 shiff, average delay - 'typeD"
{Spatial Rx parameter|

Element d 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

< hi gher layer parameter PDSCHConfig to <1 3% ¥ according to a detected
corresponds 0a TCl st BOCCYH with £ intended for the UE and the given serving cell, where M depends
configuration that‘mcludes ¢ plural ol | g the UE capability maxNumberConfiguredTCIstates PerCC. Each TCI-State
QCL Reference Signal (RS) ses,and | ¢ping parameters for configuring a qua  elationship between one or

3 gt of the PDSCH, the DMRS 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}

carhof ety of R 12 sets‘ two downlink reference signals and the )
corresponds 0 0 0 it of

DRRE port aranm
LIVERD PO EH0Ups
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TS 38.331 (v16.6)

TCl-State

The IE TCI-State associates one or two DL reference signals with a corresponding
quasi- colocation (QCL) type. TCI-State information element

TCI-State ::= SEQUENCE {
tei-Sateld TCI-Stated, cl-Typel QCL-Info,
qel-Type2 QCL-Info OPTIONAL, -- Need R

j
QCL-Info ;= SEQUENCE {

cell ServCelllndex OPTIONAL, -- Need R
bwp-Id BWP-Id OPTIONAL, -- Cond CSI-RS-
Indicated referenceSignal CHOICE {

csi-s NZP-CSI-RS-Resourceld,

ssb SSB-Index

;
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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.
Provisional Application No. 62/586,598 filed on Nov. 15,
2017 and entitled “SYSTEM INFORMATION UPDATE IN
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 UE-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.

For a UE, an initial active DI, BWP is defined as the
frequency location and bandwidth dedicated for broadcast-
ing remaining minimum SI (RMSI). When the NW sends to
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 S 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 of BWP
switching inability problem, the UE may not be able to
update system information.

SUMMARY

The present disclosure is directed to bandwidth part
(BWP) switching operations in conjunction with system
information updates for a user equipment.

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)
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
content of the required changed SIBs based on the determi-
nation.
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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
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-
fication period that immediately follows the modification
period, the RMSI including information associated with
changed system information blocks (SIBs); to determine
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
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
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
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.

FIG. 5 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. 6 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. 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
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.

FIG. 10 is a block diagram of a device for wireless
communication in accordance with various embodiments of
the present disclosure.

DETAILED DESCRIPTION

The following description contains specific information
pertaining to exemplary implementations in the present
disclosure. The drawings in the present disclosure and their

Unified Patents, LLC v. Togail Technologies, Ltd.

Ex-1002

Page 109



Case: 122-cv-02176 Docuwment # 4 RiBde QAETIRIRRents iaf dRIFRapiiDi a0

US 10,743,238 B2

3

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.
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
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.

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 L.1 signaling for
switching from a currently active BWP to the initial active
BWP for the UE. In FIG. 1, a BWP switching operation for
a Connected_UE due to receiving an SI change indication is
illustrated. In DL, the UE may operate on an indicated BWP
as currently active DL BWP for DL data transmission (e.g.,
based on RRC configuration, DCI control or the behavior for
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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
BWP. Within n” 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 L1 signaling.

The SI change indication is sent to the UE by paging (e.g.,
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
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
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.,
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
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+1 that the UE performs the system
information acquisition to update to changed system infor-
mation. In modification period n+1, the UE may receive
broadcast remaining minimum system information (RMSI)
carrying information associated with changed system infor-
mation blocks (SIBs) via the initial active BWP and perform
the ST update(s) according to the information. The RMSI is
also known as SIB1 (system information block 1). The UE
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+1). 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
example, the UE may identify one or more of the changed
SIB(s) that the UE requires for the SIupdate(s). Then the UE
may receive the content(s) of the changed SIBs which are
identified as being required for the ST update(s) based on the
determination. For another example, the UE may identify
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
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-
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 1.1
signaling to switch the initial active BWP to a BWP 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
the ST update in BCCH modification period n+1. 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
period n+1.

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
occasion derived from an associated UE 1D 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
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
no SI change indication carried in the Short Message, the UE
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 [.1 signaling from
the NW (e.g., DCI) for BWP switching.

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
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
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
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
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
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-
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
BWP for the SI update in DL, the NW may be still able to
schedule data transmission on the initial active BWP.
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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 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 301, upon receiving the SI change
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
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+1, the
PHY sublayer may re-take control over the BWP switching
after BCCH modification period n+1 ends. Therefore, at 303
on the ending boundary of modification period n+1 the NW
re-takes the BWP switching operations by sending .1 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+1 (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+1, the PHY sublayer may re-take control over the
BWP switching after BCCH modification period n+1 ends.
Therefore, at 303 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 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
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
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
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
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,
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
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
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
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, after receiv-
ing an SI change indication the UE may not switch to an
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
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 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 operates
on the indicated BWP in BCCH modification period n. At
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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 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. 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+1 as shown in FIG. 5), and the PHY sublayer may
re-take control over the BWP switching after BCCH modi-
fication period n+1 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 [.1 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+1 ends. In FIG. 6, the UE receives a L1
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+1. 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 thata 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).

Unified Patents, LLC v. Togail Technologies, Ltd.

Ex-1002

Page 112



Case: L22-cv-02176 Document $# 4 FiBde QAT AR Rects i ARIF RadiDH TR

US 10,743,238 B2

9

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
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 L1
signaling.

The PWS notification indication is sent to the UE by
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
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
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
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
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
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 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 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-
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
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
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 L1
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
BWP for data transmission or operate on an initial active
BPW able to receive the content of changed SI required for
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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 L1
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
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
operation(s).

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
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
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
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
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, /O components, and power supply (not
explicitly shown in FIG. 10). Each of these components may
be in communication with each other, directly or indirectly,
over one or more buses 1026.

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
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-
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
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
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
should also be included within the scope of computer-
readable media.

Memory 1028 may include computer-storage media in the
form of volatile and/or non-volatile memory. Memory 1028
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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
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
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
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
BWP.

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
switches back to the default BWP after the BWP inactivity
timer expires.

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.

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.

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;
a processor coupled to the non-transitory computer-read-
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

receiving remaining minimum SI (RMS]I) via the initial
active BWP during a next modification period that
immediately follows the modification period,
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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.

14. The UE of claim 11, wherein the currently active BWP
is switched to the initial active BWP in response to receiving
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:

completing the SI update of the required changed SIBs

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
to cause the UE of a connected state to perform operations
comprising:

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.

* * £ & &

Unified Patents, LLC v. Togail Technologies, Ltd.

Ex-1002

Page 116



e 223 ST EC acamest i A1RE SO QY28 Faiads dlas Pageild #1885

Exhibit 2

Unified Patents, LLC v. Togail Technologies, Ltd.
Ex-1002
Page 117



Caaers 11 222an QA VR inoumee Al R ﬁiﬁfmmr

a2 United States Patent

Chen et al.

o

US010791502B2

@10y Patent No.:
45) Date of Patent:

(54)

71

(72)

(73)

)

(21)

(22)

(65)

(60)

(51)

(52)

ON-DEMAND SYSTEM INFORMATION
REQUEST PROCEDURE AND ERROR
HANDLING

Applicant: FG Innovation Company Limited,
Tuen Mun (HK)

Inventors: Hung-Chen Chen, Hsinchu (TW);
Chie-Ming Chou, Hsinchu (TW);

Yung-Lan Tseng, Hsinchu (TW)

FG Innovation Company Limited,
Tuen Mun (HK)

Assignee:

Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

Appl. No.: 16/372,389
Filed: Apr. 1, 2019

Prior Publication Data
US 2019/0306784 Al Oct. 3, 2019

Related U.S. Application Data

Provisional application No. 62/651,312, filed on Apr.
2, 2018.

HO4W 76/18 (2018.02); HO4W 74/0833
(2013.01); HO4W 76/28 (2018.02)

(58) Field of Classification Search
CPC ... HO4W 48/14; HO4W 48/16; HO4AW 76/18;
HO04W 36/305; HO4W 76/15; HO4W
36/08; HO4W 74/0833; HO4W 76/28
USPC .. 455/434; 370/338
See application file for complete search history.
(56) References Cited

U.S. PATENT DOCUMENTS

2006/0189336 Al* 82006
2015/0140999 Al

2018/0270792 Al*
2018/0376375 Al*
2019/0124715 Al*
2019/0215858 Al*

5/2015
9/2018
12/2018
4/2019
7/2019

Zhang et al.

Turtinen .
Chen ...
Ishii ...

FOREIGN PATENT DOCUMENTS

CN 107223353 A 9/2017
CN 107690200 A 2/2018
CN 107809753 A 3/2018

* cited by examiner

Primary Examiner — Marcos Batista
(74) Attorney, Agent, or Firm — ScienBiziP, P.C.

(57) ABSTRACT

Miyata ..o H04W 48/18
455/515

H04W 76/27
.. HO4W 48/14
... HO4AW 76/11
........... H04W 76/25

il

US 10,791,502 B2
Sep. 29, 2020

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.

Int. CL

HO4W 4/00 (2018.01)
HO4W 48/14 (2009.01)
HO4W 48/16 (2009.01)
HO4W 76/18 (2018.01)
HO04W 36/30 (2009.01)
HO4W 76/15 (2018.01)
HO4W 36/08 (2009.01)
HO4W 74/08 (2009.01)
HO4W 76/28 (2018.01)
U.S. CL

CPC ........... HO4W 48/14 (2013.01); HO4W 36/08

(2013.01); HO4W 36/305 (2018.08); HO4W

48/16 (2013.01); HO4W 76/15 (2018.02);

[

e

802 V‘t Perform an on-demand ST request procedure in a cell I

T
Is the S request procedure
sugcessful?

N

Pecform an ervor handling procedure

610 Store ST vequest failure information

608~

20 Claims, 7 Drawing Sheets

Unified Patents, LLC v. Togail Technologies, Ltd.
Ex-1002
Page 118



(oer 1222 TRe ibnnumeet M ARSI QY28 Faieds 2oldl Papelid #LUE0F

U.S. Patent Sep. 29, 2020 Sheet 1 of 7 US 10,791,502 B2

100

N\

a

I3

g

o

£ &

&

0 i)
]
3
=
Q2
& £
= 9
Q B
B .
s &
£ &
5 $
& o
& i
L . .
E s
= 3
. et

£ Y
g il
& 3
) o
or &d
43 2
& &
e
o ©d
o i
Y Y
e &
[ &
s ¥

Unified Patents, LLC v. Togail Technologies, Ltd.
Ex-1002
Page 119



mse 222002 TROMDoumes MR ATFE et Q26 B fagd SIS Fageild #4728

U.S. Patent Sep. 29, 2020 Sheet 2 of 7 US 10,791,502 B2

200

N\

Semééa{y MNode
%

e
Do & 5
T
o = Lo
& 5 o~
P oy o™
s £
e b
2 2
T =
o3
& R
L
&
= =
© <3 =
3 &
8 A &
=
W
& &
@
-
2 3
- s
Bt o
g 3
£ "3& Lact] "‘%ﬂ
wd gﬁ ¥ Y
- i

s
o0
P

PG, 2

Unified Patents, LLC v. Togail Technologies, Ltd.
Ex-1002
Page 120



(oer 12220 TRe bnnumeet M ARSI QY28 Faieds Boldl Papelid #0820

U.S. Patent Sep. 29, 2020 Sheet 3 of 7 US 10,791,502 B2

foe]

L6

(e8] G
v

\& 2

e
+
g 4
g
4

RRC Reconfiguration with Reguired 8

@
23
O £
< @
R
B
3
&
Prig
e
WY
84
=
o
4
o0
&
= =
b9 £<%
R \
P A
=~ Lo

P

§;\§\\

Unified Patents, LLC v. Togail Technologies, Ltd.
Ex-1002
Page 121



SR SRR N2 PRgngs 6h1 D Papeild #1480

U.S. Patent Sep. 29, 2020 Sheet 4 of 7 US 10,791,502 B2
L]
g ©
W
\1& o)
=
2w
S
o
o]
o A
)
[
&
Y
&3
x
£
58
G) %
i <1
= =
&
&
3n
3
e
L
T
5
%
t;; e
© ®
= &
o =
@& o
& o
5]
]
S
L4
~ 23 <
\. w3 o
W K =f
R T ‘1
s DM B x
= 5-’}: E &
T
T &
o
o
P
M

Unified Patents, LLC v. Togail Technologies, Ltd.
Ex-1002
Page 122



(oen 1222 TRe ibnnumeet i ARS8 Fafedl doldl Papelid #1830

U.S. Patent Sep. 29, 2020 Sheet 5 of 7 US 10,791,502 B2
D]
]
W o
e
\ S
=
P
&s i
&
fod
£3
Q2
Wy
B
T
o
=gy
59
= & &
g
& &
2 £
X o
- (e
£ £
2 & 2
@ & =g
2 S
& = 2
5 & g
o fwal
=
fan] (]
=4 ™~
3 =N
L O T
g
=R

43, 8

Al

Unified Patents, LLC v. Togail Technologies, Ltd.
Ex-1002
Page 123



asee 223 STV EC Rbacames i A1RE SUeQd QY28 Faiads Sl s Pageilld #1482

U.S. Patent Sep. 29, 2020 Sheet 6 of 7 US 10,791,502 B2

&

800

Q Start 3

802 =7 Perform an on-demand St request procedure in a cell

:f-t .

" I the SErequestprocedure
s successtul?

Perform an ervor handling procedure

806 ~" 1 810w Store ST request failure information

Unified Patents, LLC v. Togail Technologies, Ltd.
Ex-1002
Page 124



SHALFH SO N2E PRiRgS 9DIAD Fagolild 4083

US 10,791,502 B2

Sheet 7 of 7

Sep. 29, 2020

U.S. Patent

%Rai!cs:zsgz:sm

spusundwos
UDHRIuR$ 3

Unified Patents, LLC v. Togail Technologies, Ltd.

m [ ;
b suogongsy
Toaw o vsvee ooon ooonis A
-
MNV ",y m
2120 :
Ge7
HSEET0L
¥27

IBABIR Y

A4

JBPILBLRL

24,
JONEORURL ]

SUCHONASLY

oy
zed

827
Atungy

Ex-1002
Page 125



Caser 1223-0v-02178 Document # &Eﬁﬁfmﬁfﬁm

a2 United States Patent
Chen et al.

US010743238B2

US 10,743,238 B2
Aug. 11, 2020

@10y Patent No.:
45) Date of Patent:

(54) SYSTEM INFORMATION UPDATES IN (52) US. CL
BAND WIDTH PART (BWP) SWITCH CPC ........... HO4W 48/10 (2013.01); HO4W 48/12
OPERATION (2013.01)
(58) Field of Classification Search
(71) Applicant: FG Innovation Company Limited, CPC e HO4W 48/10; HO4W 48/12
Tuen Mun (HK) USPC ..o 370/328, 329, 330
See application file for complete search history.
(72) Inventors: Hung-Chen Chen, Hsinchu (TW), (56) References Cited
Chie-Ming Chou, Hsinchu (TW)
U.S. PATENT DOCUMENTS
(73)  Assignee: FG Innovation Company Limited, 2019/0053029 AL*  2/2019 Agiwal oo HO4W 76/27
Tuen Mun (HK) 2019/0132109 AL*  5/2019 Zhou .oococerecrc HO4T. 5/0098
(*) Notice:  Subject to any disclaimer, the term of this * cited by examiner
patent is extended or adjusted under 35 Primary Examiner — Chuong T Ho
U.S.C. 154(b) by O days. (74) Attorney, Agent, or Firm — ScienBiziP, P.C.
(21) Appl. No.: 16/191,465 67 _ ABSTRACT S
A user equipment (UE) for wireless communication is
(22) Filed: Nov. 15, 2018 configured to perform bandwidth part (BWP) switching
operation in response to receiving a system information
(65) Prior Publication Data change indication. The UE receives the system information
change indication via a currently active BWP in a BCCH
US 2019/0150064 A1~ May 16, 2019 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
Related U.S. Application Data active BWP to an initial active BWP to receive the changed
- A contents of system information which are required for the
(60) 5’20\/21(5)110;1 al application No. 62/586,598, filed on Nov. UE. The UE receives the changed contents of system
’ ’ information via the initial active BWP in a next BCCH
(51) Int.CL modification period that immediately follows the BCCH
HO4W /00 (2018.01) modification period. The UE updates the system information
HO4W 48/10 (2009'01) according to the changed contents.
HO4W 48/12 (2009.01) 20 Claims, 10 Drawing Sheets
101 103
|
|
[
I
Indicated BWP '
N A N J
BCCH Modification | BCCH Modification | BCCH Modification
Period n | Period n+1 | Period n+2
| I
Modification Modification

Period Boundary

Period Boundary

Unified Patents, LLC v. Togail Technologies, Ltd.

Ex-1002

Page 126



Case: 122-cv-02176 Docuwnent $# 4 BiEde G4 ARHet0id dRIorRaeiiDHed

US 10,791,502 B2

1

ON-DEMAND SYSTEM INFORMATION
REQUEST PROCEDURE AND ERROR
HANDLING

CROSS-REFERENCE TO RELATED
APPLICATION(S)

The present application claims the benefit of and priority
to a provisional U.S. Patent Application Ser. No. 62/651,
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.

FIELD

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

The concept of on-demand System Information (SI)
request has been introduced in the next generation wireless
network (e.g., a 5 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 (SIB1) (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,
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
procedure.

SUMMARY

The present disclosure is directed to on-demand system
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
of wireless communications performed by a user equipment
(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.

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-
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-
cessful. The error handling procedure includes storing SI
request failure information.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the exemplary disclosure are best understood
from the following detailed description when read with the
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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 sequence diagram illustrating the transmission
of SI request failure information, according to an exemplary
implementation of 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
present application.

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.

FIG. 5 is a sequence diagram illustrating an example of a
UE receiving SI request rejection information in the DC
mode, according to an exemplary implementation of the
present application.

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
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-
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.

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
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-
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.

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, a LTE-Advanced (LTE-A)
system, a [TE-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
network (E-UTRAN), a 5G Core (5GC), or an internet),
through a radio access network (RAN) established by one or
more base stations.

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, 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.

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, 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
base station may connect to serve the one or more UEs
through a radio interface to the network.
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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 (WiIMAX), 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-
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-
A, eLTE (evolved LTE), 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.

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
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-
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 (ProSe) 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
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 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
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-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 of NR. 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., Sth
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
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-
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
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 (MSG1) based approach and a Message 3
(MSG?3) 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
SI (e.g., in the Master Information Block and the SIB1), the
SI request may be indicated using an MSG 1-based
approach.

In an MSG1-based SI request, in some implementations,
the minimum granularity for a requested SI may be one SI
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
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
receives an MSG?2 that includes a RAPID corresponding to
the transmitted preamble. The MSG2 reception may use an
RA-RNTT that corresponds to the MSG1 transmitted by the
UE.

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
MSGT1 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
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 MSGl1-based SI requests. In some of such
embodiments, however, no special back off sub-header/
procedure may be required.

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
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
MSG3-based approach. In some embodiments, the UE’s ID
may not be included in the MSG3.
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In some of the present embodiments, a temporary
C-RNTT 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 MSG1-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
MSG1 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 MSG1-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 MSG1-based SI request procedure when the
required SIB(s) has been broadcasted.

As described above, based on the MSG1-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
MSGS3 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 MSG1 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
may be indicated to the upper layers if the maximum
preamble transmission is reached.

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 MSG1-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-
cedure as unsuccessful when the number of times the UE
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
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
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
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
be broadcasted in system information, carried in an MSG2
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
MSG1-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.

The UE may perform a cell reselection procedure due to
a failure of the MSG1-based SI request or the MSG3-based
SI request. Specifically, when the UE performs a cell rese-
lection procedure, the UE may consider the cell, for which
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
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
in an MSG2 or MSG4, or may be predefined as a fixed value.

CASE 2: A UE’s Behaviour when the On-Demand SI
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
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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.

In one implementation, when the SI request procedure is
unsuccessful, the UE may perform, at least, a reestablish-
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.

In one implementation, the requested SIB(s) or SI mes-
sages(s) may be defined/considered as the essential SI for
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-
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
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
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
(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-
lem. 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:

An MSGl-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
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
request procedure, the message type of the failed SI request
procedure (e.g., MSG1-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
example, for an MSG1-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
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
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
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-
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
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
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 MSG1-based approach and the MSG3-based
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 MSG1-based SI
request for the UEs in idle/inactive state to avoid an RA
collision by using the dedicated RA resource(s) for SI
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
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
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
unsuccessful, UE 102 may perform re-establishment to
another qualified cell, or UE 102 may switch to an idle state
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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
MSG1-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 ST 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 SRBO when the UE is in an
idle or an inactive state. The UE may transmit the SI request
message on Signaling Radio Bearer 1 (SRB1) when the UE
is in a connected state. Both integrity protection and cipher-
ing may apply to the SRB1.

In one implementation, the SI Request message (which is
an RRC message) may be the same for idle, inactive, and
connected states. The UE may transmit the SI request
message on the SRBO when the UE is in an idle state. The
UE may transmit the SI request message on the SRB1 when
the UE is in an inactive or a connected state. Both integrity
protection and ciphering may apply to the SRBI. In an
inactive State, the UE may still have the UE context and the
NW’s configuration for integrity protection and ciphering.

In one implementation, whether the SI request message is
transmitted on the SRBO or the SRB1 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.

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
design in some of the present embodiments.

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
minimum granularity of the requested SI (e.g., SIB-based or
SI message-based) may be considered in connection with the
Sl 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
the MSG3-based SI request procedure, since there is a
one-bit indicator in the NR SIB1 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
may not provide sufficient information to the NW in regards
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 ST 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 ST 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
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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
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
two-level bitmap for the SI request messages. In some of
such embodiments, the first level bitmap may be used for the
Sl-based granularity, which may be mandatorily appended
in the SI request message. The second level bitmap may be
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#8, SIB#9 and SIB#10, when the UE
wants to request SIB#9, the first level bitmap of the UE’s SI
request message may be “0100” (which indicates SI mes-
sage#f3), 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:

A UE 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
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
(SCQ).

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 SIrequest message to the master
node (MN) in some of the present embodiments.

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
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
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
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 ST 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
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 SIto UE 102. When the UE requires on-demand
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
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
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.

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 ST Request
message is marked for MN 106, MN 106 may be responsible
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.,
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
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
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
or SI messages are required, the UE may send the SI request
message to the MN and/or the SN when required.

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
forward the SI request message to SN 108.

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.
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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.

If UE 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., MSG1-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 MSG1-Based/
MSG3-Based SI Request Procedure:

A UE in connected state may be allowed to apply an
MSG1-based SI request procedure and/or an MSG3-based
SI request procedure. In one implementation, if the RA
problem is caused by the MSG1-based or the MSG3-bsed SI
request procedures, the UE’s operation in connected state is
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
(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
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
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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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).

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
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
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),
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
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
transmission of the SI failure information report to the MN
may depend on the NW configuration.

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.

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.

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
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
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
include transceiver 720, processor 726, memory 728, one or
more presentation components 734, and at least one antenna
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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,
1/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.

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
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
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
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
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
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
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
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
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
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
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);

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
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.

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.

4. The method of claim 1, wherein the first SI request
message is transmitted on signaling radio bearer 1 (SRB1).

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
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
requested SI message.

7. The method of claim 6, wherein the fourth SI request
message is transmitted on signaling radio bearer 0 (SRBO).

8. The method of claim 1, further comprising:

storing SI request failure information after determining

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;

the at least one requested SI message;

a cell identifier (ID) associated with the BS;
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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 (SRB1).

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 0 (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;
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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
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1
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

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-
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.
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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
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-
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
disclosure.

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-
ment (UE) capability information, in accordance with
example implementations of the present disclosure.

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.

FIG. 8 is an example data structure indicating TCI state
configuration, in accordance with example implementations
of the present disclosure.

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. 10A and 10B 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. 11A and 11B 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.

FIG. 12 is a flowchart for a method of selecting an offset
value for receiving an aperiodic Channel State Information
Reference Signal (CSI-RS), in accordance with example
implementations of the present disclosure.

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
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
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-
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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
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 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
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-
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
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.

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) 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
(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
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.

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 (WiIMAX), 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-
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)
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
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.

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
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
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
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
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 3’ Generation Partnership
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-
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 of NR. In addition,
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.

NR power saving is an issue which have been identified
in the 3GPP meetings. The objective of this issue is to
minimize the power consumption with an improved wake
up/go-to-sleep mechanism, and to reduce the power con-
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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 of LTE 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
the data traffic may be implemented in different dimensions,
such as carriers, antennas, beamforming mechanisms, and
bandwidths.

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 UE-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
(DCY) 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
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.

In some implementations of the present disclosure, there
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
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
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-
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,
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-
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
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
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
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,
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.

Another issue is related to the scheduling offset values.
From Radio layer 1’s (RAN1’s) perspective, if a UE is
configured with a “tci-PresentInDCI” 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-PresentInDCI IE is not configured for
the CORESET (or the tci-PresentInDCI 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
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-PresentIn-
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
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
corresponding PDSCH is equal to or greater than a sched-
uling offset value (e.g., a threshold called “Threshold-
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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-SetUseusage (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
the following configurations depending on the UE’s capa-
bility: 1TX2RX, 2TX4RX, 1TX4RX, 1TX4RX/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
UE configured with the 1TX2RX 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 turn 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 turn 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
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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
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
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
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
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
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
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
single bit IE) being set to a first value (e.g., the bit value
“0”), 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
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
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
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
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
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
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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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.

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
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.

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.,
“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
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. 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
to a particular value when a particular number of the
plurality of antenna panels are turned on.

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
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
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
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
prohibit timer may be bidirectional. For example, the pro-
hibit timer may start when the antenna panel status transition
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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
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
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,
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
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
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
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
time.

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 “0”) in the list of entries in the
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, 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
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
entry of the multiple antenna panel statuses in the RRC
configuration (e.g., the entry with an index value of “0), or
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, 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
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.,
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
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
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
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.
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
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,
the UE may further apply a leading time corresponding to
using the single antenna panel.

—_
=)

35

40

45

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 N1
antenna panel(s), where N1 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.

In some implementations of the present disclosure, the
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., aUE), in accordance with example implementations of
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
which is transmitted over a PDCCH 202. The indicator for
antenna panel status may indicate to the UE to switch from
a power saving mode (in which there are only N1 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 N1.

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 turn 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
UE to switch from a power saving mode (in which there are
only N1 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 N1). As shown in
FIG. 3, there is a time gap 31 between the time the UE
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 turn on the antenna
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
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,
in the slot # n+4, after the timer expires, the UE may turn off
(N2-N1) antenna panels to go back to the power saving
mode.

FIG. 4 is a schematic diagram illustrating a timeline of the
antenna panel status of a wireless communication device
(e.g., aUE), 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.

The indicator for antenna panel status may indicate to the
UE to switch from a power saving mode (in which there are
only N1 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 N1). 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).
In addition, the time gap 41 may be deemed as the leading
time for beam switching of the UE.

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
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 turn off certain antenna panel(s) to transition to
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
OFDM symbol, the numerology of the time unit may be
determined based on the PDCCH which carries the sched-
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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.
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
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-
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
switching, such as a PDSCH scheduling offset, a CSI-RS
resource reception, a PUSCH transmission, and an SRS
antenna switch.

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 turn N1 antenna
panel(s)), and apply a second scheduling offset value for a
long leading time case (e.g., in which UE may need to turn
on all of the antenna panels, or need to turn N2 antenna
panels, where N2 is greater than N1).

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
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
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
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 X1 slot(s) (e.g., one slot) used for a normal
leading time case, and another leading time value may be
indicated as X2 slots (e.g., three slots) used for a long
leading time case, where X2 is greater than X1. 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
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 X1 slot(s) for the
normal leading time case, and another scheduling offset
value (K0) 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
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
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
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-
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-
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
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
value may be different. In some of the present implemen-
tations, all of the DL/UL channels/RSs may be configured
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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 (L1-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 L1-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 L.1-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 L1-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 L1-RSRP related value
(e.g., areserved L1-RSRP value and/or a specific differential
L1-RSRP value). For example, if the bit field for the largest
L1-RSRP value is a reserved value (e.g., “1100011”") and the
differential L1-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
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.

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/SSB by a single antenna panel, whereas the UE is
actually able to (or has to) apply multiple antenna panels in
the time resource for receiving the CSI-RS resource/SSB. 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
another set of the CSI parameters may include CSI param-
eter(s) received and obtained through multiple antenna pan-
els.

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 ata 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,
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
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)
is greater than the threshold (50 ms). This threshold may be
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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-RNTT) 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-
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, 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
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
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
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
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
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
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
is four slots.

An illustrative example (Example 1-1) will now be pro-
vided, where the scheduling offset value (e.g., KO value) for
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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,
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-
sumption mode). For example, the UE may be configured
with two different leading time values. One leading time
value may be 10 us, and the other one may be 3 ms. As noted
above, the UE may apply a first leading time when the UE
needs to turn on a first number of antenna panel(s), and apply
asecond 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 us, may be applied in the case that
the UE does not need to further turn 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
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-
List IE of an RRC configuration. An example of the KO
configuration is as follows.

TABLE 2

Row index KO (normal, long)
0 (0 slot, 3 slots)

1 (0 slot, 3 slots)

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
KO value should be applied. In addition, the UE may be
configured with a certain number of TCI 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
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
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-
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,
and configurations provided herein are for illustrative pur-
poses only, and not intended to limit the scope of the present
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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. 10A and 10B 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. 10B is continued from that of FIG.
10A. In this example, the total number of turned-on/active
antenna panels at the UE is N1 when the power saving mode
is enabled and is N2 when the power saving mode is
disabled, where N1 is less than N2. For example, N1 may be
“1” and N2 may be the number of the antenna panels the UE
has.

As shown in FIG. 10A, the UE may receive and decode
a first DCI message DCI_1 which is transmitted over a
PDCCH 1002 in the slot # n. The first DCI message DCI_1
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 turn 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 turn 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_1, 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., O slot) is applied, the UE is expected to
receive the PDSCH 1004 in the same slot as the PDCCH
1002, as shown in FIG. 10A.

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_1. 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 turn 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. 10A.
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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. 10B.

Then, the UE may receive and decode a third DCI
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
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 turn on an antenna panel at this moment,
and the UE may apply the normal KO value (e.g., O 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
based on the ARI contained in the third DCI message
DCI_3, as shown in FIG. 10B.

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.

In Example 1-2, the UE may be further configured with a
timer for antenna panel status in addition to the multiple sets
of parameters configured in action 702 of FIG. 7. For
example, the configuration of the timer for antenna panel
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
DL BWP.

FIGS. 11A and 11B 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. 11B is continued from that of FIG.
11A. In this example, the total number of turned-on/active
antenna panels at the UE is N1 when the power saving mode
is enabled and is N2 when the power saving mode is
disabled, where N1 is less than N2. For example, N1 may be
“1” and N2 may be the number of the antenna panels the UE
has.

As shown in FIG. 11A, the UE may receive and decode
a first DCI message DCI_1 which is transmitted over a
PDCCH 1102 in the slot # n. The first DCI message DCI_1
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_1, 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. 11A.

After successfully receiving and decoding the PDSCH
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
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DCI message DCI_1. 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 turn 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. 11A. In addition, the
timer for antenna panel status may start at the end of the slot
# m+4.

After successfully receiving and decoding the PDSCH
1110, the UE may transmit an HARQ-ACK over a PUCCH
1112 in the slot # m+6 based on the ARI contain in the
second DCI message DCI_2, as shown in FIG. 11B.

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+8, the UE has already
switched to the power saving mode when receiving the third
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 turn on at least N2-N1 antenna panels to switch
from the power saving mode to the normal power consump-
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
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
DCI_3), as shown in FIG. 11B.

An illustrative example (denoted as Example 2-1) will
now be provided, where an RRC-configured offset value for
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
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
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
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
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
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
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.

FIG. 14 is an example of a MAC-CE message, in accor-
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
(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
a first value (e.g., “1”), or indicated to disable the power
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,
the total number of turned-on/active antenna panels at the
UE is N1 when the UE is in the power saving mode and is
N2 when the UE is the normal power consumption mode,
where N1 is less than N2. For example, N1 may be “1” and
N2 may be the number of the antenna panels the UE has.

As shown in FIG. 15, in the slot # n, the UE may receive
a first DCI message DCI_1 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_1. 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) 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
DCI_1 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
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
of the present disclosure, the UE may apply a normal
triggering offset value when the UE does not need to further

20

25

30

35

40

45

50

55

60

65

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 turn 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+1.

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
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
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+1.

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
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
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
DL BWP.

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 N1 when the UE is in the power
saving mode and is N2 when the UE is the normal power
consumption mode, where N1 is less than N2. For example,
N1 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_1 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_1. 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_1 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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# 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
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 turn on at least one antenna panel in response to the
indicator for antenna panel status obtained from the BS. As
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 slot n+10, and the UE may 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
# m, where m>n+10. 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 CSI-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 N1 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.

An illustrative example (denoted as Example 3-1) will
now be provided, where a UE may indicate its antenna panel
status through at least one explicit bit in a CSI report.

FIG. 17 is a schematic diagram illustrating a timeline of
the antenna panel status of a wireless communication device
(e.g., aUE), in accordance with example implementations of
the present disclosure. In this example, the total number of
turned-on/active antenna panels at the UE is N1 when the
UE is in the power saving mode and is N2 when the UE is
the normal power consumption mode, where N1 is less than
N2.

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.

Referring back to FIG. 17, the UE may use N1 antenna
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 #
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
to a second value (e.g., “0”) to indicate that the UE is in
normal power consumption mode (e.g., by disabling the
power saving mode).
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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.

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
PDCCH. For example, while the DRX inactivity timer is
running, the UE may remain in the ON state.

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-
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
length of the timer for the antenna panel status is four slots.

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 N1 when the
UE is in the power saving mode and is N2 when the UE is
the normal power consumption mode, where N1 is less than
N2.

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
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
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
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.

In Example 4-2, the UE may be configured with a DRX
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.

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”
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
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
N1 when the UE is in the power saving mode, and is N2
when the UE is the normal power consumption mode, where
N1 is less than N2.

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).

FIG. 23 is a flowchart for a method of operating multiple
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
plurality of leading time durations.

In action 2304, the wireless communication device may
receive an indicator for antenna panel status information
from a BS.

In action 2306, the wireless communication device may
apply one of the plurality of leading 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.

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/O) ports, /O
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
a UE or a BS that performs various functions described
herein, for example, with reference to FIGS. 1 through 23.

The transceiver 2420 having a transmitter 2422 (e.g.,
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
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-
readable media. Computer-readable media may be any
available media that may be accessed by the node 2400 and
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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
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-
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-
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
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
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-
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.

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

Unified Patents, LLC v. Togail Technologies, Ltd.

Ex-1002

Page 186



Caser T22-ow 02176 Doosmant # 3 FRO0202 P Re 30 h1 AT Pageid #2483

US 10,972,972 B2

31

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.

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

configured to:

maintain a plurality of leading time values, the plurality of

leading time values indicating a plurality of leading
time durations;

receive an indicator for antenna panel status information

from a base station (BS);

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;
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

determine that the scheduling offset value is invalid, when
a time duration indicated by the scheduling offset value
is less than a leading time duration indicated by the
applied leading time value.

2. The wireless communication device of claim 1,
wherein the processor is further configured to:

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.

3. The wireless communication device of claim 2,
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,
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
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
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:

set the multiple-bit IE to a particular value associated with

a particular number of the plurality of antenna panels
being turned on.

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:

5 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

10 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.

s 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,
wherein the processor is further configured to:

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

25

. 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.

40  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 of leading 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);

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
scheduling 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

determining that the scheduling offset value is invalid,
when a time duration indicated by the scheduling offset
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

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
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
status report is contained in one of a beam report and a
Channel 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:

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

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
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.

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

set to a first value; and
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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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1
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

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
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.

However, in the current multi-TRP environment, all TRPs
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.

Therefore, there is a need in the art for an improved
communication mechanism for multiple TRP operations.

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.

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
PDCCH determining multiple PDSCHs, where the TCI state
data is associated with a multiple DMRS port groups. The
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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
scale. Dimensions of various features may be arbitrarily
increased or reduced for clarity of discussion.

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
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-
tions, in accordance with example implementations of the
present application.

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
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 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
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-
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 ['TE-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.

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-
tem (UMTS, often referred to as 3G) based on basic Wide-
band-Code Division Multiple Access (W-CDMA), High-
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Speed Packet Access (HSPA), LTE, LTE-A, eLTE (evolved
LTE, e.g., LTE connected to SGC), NR (often referred to as
5@G), 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) 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 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
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
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
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
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
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 3’ Generation Partnership
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-
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-
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 of NR. In addition,
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,
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
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
communicate with the BS 104 through a wired or wireless
connection.

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.

FIG. 2 is a flowchart for a process of multi-TRP opera-
tions, in accordance with example implementations of the
present application.

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.

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 shitt,
and the Doppler spread. For example, each QCL assumption
may include at least one of a time-domain QCL parameter,
a frequency-domain QCL parameter, and a spatial-domain
QCL parameter.

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.

In some of the present implementations, each QCL
assumption may correspond to one of the DMRS port groups
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
(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
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
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
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
set may correspond to one DMRS port group. For example,
the TCI state data may correspond to a TCI state configu-
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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
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
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-
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
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
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
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 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 channel/beam may be a Synchronization Signal
(SS)/Physical Broadcast Channel (PBCH) Block (SSB), and
the UL channel/beam may be a Physical Random Access
Channel (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 (CORESET) #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 pTRP(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,
in accordance with example implementations of the present
application. In action 402, the UE may obtain a first signal
quality value (Q1) 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, Q1
and Q2, may be (but not limited to) Layer 1 (L1)-Reference
Signals Received Power (RSRP) values, L1-Reference Sig-
nals Received Quality (RSRQ) values, [.1-Signal to Inter-
ference plus Noise Ratio (SINR) values, RSRP values,
RSRQ values, SINR values, or any combination thereof.

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 information of the pTRP(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
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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
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-
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
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 UE-specific resource. In some
of the present implementations, the composite resource may
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
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
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
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-
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
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-
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
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
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.

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.

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
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
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 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 K and/or L resource(s). The
UE may obtain the channel/beam statues/quality informa-
tion (e.g. L1-RSRP, L1-RSRQ, L1-SINR, RSRP, RSRQ,
SINR, or any combination thereof) from the channel/beam
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 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,
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 L1-RSRP, an L1-RSRQ,
an L1-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
be differentially encoded with respective to another
resource. For example, a differential L1-RSRP offset level
for the 2”? measured resource may be obtained by subtract-
ing L1-RSRP #1 from [L1-RSRP #2, where [L1-RSRP #1 is
an L1-RSRP obtained from the 1°* resource measurement,
and L1-RSRP #2 is an L1-RSRP obtained from the 2"¢
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
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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
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
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/
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 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 pTRP(s) may contain at least
one TCl-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 TClI-state
indication that indicates at least one reference resource(s) for
the DL shared channel(s). In this case, the UE may know that
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 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
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 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
there is no UE-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
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
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.
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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 USPTO becomes aware of a violation or potential violation of law or regulation.
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