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CERTIFICATE OF AVAILABILITY OF A CERTIFIED PATENT DOCUMENT IN A 
DIGITAL LIBRARY 

The International Bureau certifies that a copy of the patent application indicated 
below has been available to the WI PO Digital Access Service since the date of 
availability indicated, and that the patent appl ication has been available to the 
indicated Office(s) as of the date specified following the relevant Office code: 

Document details: Country/Olfice: US 

Filing date: 09 Aug 2016 (09.08.2016) 

Application number: 62372324 

Date ol availability of document: 20 Aug 2016 (20.08.2016) 

The following Offices can retrieve this document by using the access code: 

JP, US, SE, NZ, KR, GB, AU, ES, IB, EE, CN, MA, Fl 

Date ol issue of this certificate: 22 Aug 2017 (22.08.2017) 
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August 22, 2017 

TffiS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM 
THE RECOROS Of THE UNIJEO STA TES l'ATENT ANO TRADEMARK 
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT 
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A 
FILING DA TE UNDER 35 USC II J. 

APPLICATION NUMBER: 621372,324 
FILING DATE: August 09, 2016 

THE COUNTRY CODE AND NUMBER OF YOUR PRIORITY 
APPLICATION, TO BE USED t'()R FILIN(; ABROAD UNDER THE PARIS 
CONVENTION, IS US62l372,324 
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P111cn1 and Tradc11wrk ()file~: 

IPR2024-00986 
Petitioners’ Exhibit 1016 

Page 000003



  

PTO!AW1◄ (11 ·1SI 
Jl(lp,-,o torrN: thlOUQlltwJ0.P2017. OMfJ IIG!l t -003,2 

U.S. Plll!ltW IIJdl!UlOnte; U.S.CEIARTMENT O.F CCU.l!Rte 

t.kdr:r t,,,e ~~ Actct 1119$, no,~5 - !CO/.lled lO ~ I:) a oolleetiond .,._m,lionU'!leffit oorun5•qkl OM8 c.ontrd numl:IC'>'. 

Attomoy Docket Ni.mbof Ul'16--1105-US 
Application Data Sheet 37 CFR 1.76 

Application Number 

Tflle of lnvenlion I RE.PETillON LEVEL OF SC.PIM FOR El+IANCEO NB-loT SYSTEM 

The Sl)p'.i ealion 11313 ~~ IS par1 or b p10Visionat Of ROl'l)fOYiSiOn31 3ppie:!lli0f'I to, \\tlleh I! is being ~ iltecl. TM r01~9 fOm'I CCl'llahS 1M 
bibiOgl'a,Olie daea s1f8nged Ir. a tonnel epedled ~ me u ~ S184e$ PMent and Traoemark Office 8'3 o!JlineO ir\ 37 cm 1. 76. 
This doc:lflll!nl may be COTpletcd cledn:mlca'ly and aubmillcd to the Ofllce SI c "ccbonlc bmal using the Bcclronlc Flng System {EFS) Of the 
®C1.11tcr• rt'..lly bt' p l hied ~rd il'ldUtled in • p{41t,I filed :,pplir;.:,li:ir\ 

Secrecy Order 37 CFR 5.2: 
D Portions Of all Of ttie awfle&t.ioo assoclaled wlll this Appl.c3tion Data Sheet may fall under a Secrecy Order pur$Uant to 

37 CfR 5.2 (Pa.per fik!rs only. Applications that fall under Secrecy Order may not be fikxl eleceronically.) 

Inventor Information: 

Inventor ~ I ·- I 
Legal Name 

Prefix Given Name Middle Name Family tQme Suffix 

I I· '""°"rm I i,,<IN I I· 
Residence Information (Seled One) US Residency • Non US ~esidency AcHve US Mllillary Service 

City ~eoul l 1Country C>f Resldonoo I 1~• I 

Mailing Address of Inventor: 

Addres·s 1 9, Yanipe-daero t 1gil. Seocho-gu 

Addres-s 2 

City I l'leoul I State/Province 11 
Postal Code ll6TT2 I Countryl I l<R 

Inventor b I ·- I 
Legal Name 

Prefbt Given Name Middle Name Famity Name Suff"IX 

I I· luoonw I '''"' I I· 
Residence Information (Select One) US Rcada1cy (0) Nori US Residen cy Active US Millary Service 

City Eeoul Ii country of Residence i 11!!! I 

Mailing Addro .. of Inventor: 

Addres-s 1 9. Yanalae-ctaero 11Qil, SOOChC>-QU 

Address 2 

c ;ty I ""°"' I State/Province 11 
Postal Code 1)6772 I Countryi I l<R 

Inventor ~ I ....... I 
L•I Name 
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PTO!AW1-1 (1 1· ISi 
~p,-,otorrae thlOUQlltw30.'2017. OM911GG1-003.2 

U.S. Pllell'Und T111dem.l.Onloe: U.S . DEPARTMENT Of' COM'o'ERCE 
t.kdr:r t,,,e Pc,erwork~ Actct 1119$, no ~5 _. TCQ.uiled lO ~ I:) a oolleetiond inorm11ion-.i!M5it oonl;iin5•qkl OM8 C()l,trd numl:IC'>'. 

Attorney Doctet N1.mber UT16-110>US 
Application Data Sheet 37 CFR 1.76 

Applicadon Number 

Tide of Invention I REPETITION LEVEL OF SC-PIM FOR EM-IANCEO NB-loT SYSTEM 

Prefix Given Name Middle Name Family Name Suffax 

I I• ttvanosun I (!'00 I I• 
ResJdence Information (S4!Ject One) US Residency @ Non us Resl<loocv Active us MiMarv service 

c;1y 1Eeoul Ii Country C>f Rosidonoo i IE I 

Mailing AddrH.s of Inventor: 

Address 1 9, Yani;ia~ 1 l{jl. Seocho-gu 

Address 2 

City I t,eoul I State/Province 11 
Postal Code I """2 I Countryi I KR 

Inventor ~ I ·- I 
Legal Name 

Prefix Given Name Middle Name Famity Name Sufflll 

I I• ~- I t<WANC I I• 
Residence Information (Select One) US Residency @ Non US Residency Active US Millary Service 

City 1Eeoul Ii Country of R oci4onoe, i 1!R I 

Mailing Addres.s of Inventor: 

Address 1 9, Yangjae-daero 11gil. Seocho-gu 

Address 2 

City 
I ""°"' I State/Province 11 

Postal Code 1 oon2 I Countryi I "" 
All Inventors Must Be Listed - Additional Inventor Information blocks may be I - I generated within this form by selectiig the Add button. 

Correspondence Information: 
Enter either Customer Nu mber or complete the Correspon[tence Information section below. 
For further information see 37 CFR 1.33(a). 

D An Address is being provided for the correspondence Information of this application. 

Customer Number t,7487 

Ema.ii Address nlO@kpetenl com I AddErrwil, I IRcmcwc enatl 
Email Addntss ll!SPto@kpalentoom I -- I IRtllTICW9 Em.It! 
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PTO!AW1◄ (11· ISi 
~p,-.:i torrN: thlOUQhtw30.'201T. OM':lllGGl-oo:J2 

U.S. P llc:tUtd Tlltdem,rlOm:.c; U.S. DEPARTMEN T 01 COMMERCE 
~f'-e ~~ Met 19", no oenc:t15 _. TCO.uiied IO~~ a oolleetiondincwm11ionU'!leffit oi:wuin5♦qkl OM8 c.ontrd numticl', 

Attorney Docket N1.mber UT16-110>US 
Appllcatlon Data Sheet 37 CFR 1.76 

Applicadon Number 

Tide of Invention I REPETITION LEVEL OF SC-PIM FOR EM-IANCEO NB-loT SYS19A 

Application Information: 

Tille of the lnvenUon ~ETITION LEVEL OF SC-PIM FOR ENHANCED NEMQT SYSTEM 

Attomey Docket Number µne-11os.us I Small Entity Status Claime<I D 
Application Type ~vi!linnal 

Subj&ct Matto, Jli'lity 

Total Number of Drawing Sheets (if any) 11 I Suggested Figure for PubllcaUon (II any) I I 
Filing By Reference: 
Only compll!Ce Lhiu...clioo when fil ing 11,11 t1pplklltior1 by rc:iere ,Ke und er JS U.;,..\... 11 l(c) and 37 O •R 1.571aJ. Do 1101 con1plel@ thi~ ~...clioo i 
applia11io11 papen including a specification a nd anydu1wingi a re being filed. Any domestic bcoeflt Of foreign p riority informatioo must be 
provld~ in !tie app,oprl3te Stttb'l:s) below(I~ .. "Dome~tic &.nHIVN:!lllonal Sta,ge lnform3tlon" &tld ~r:oreign Priority lnforn\.lltlon'"). 

For the pwposes ct a fillng d~e under 37 Cffl l.53Cb>. the description and a~ d1.lwlngs of the p resent applkatlon are replaced by this 
reforenc◄ 10 the p,evio11st;filed .ll)p!ic:ation. subj ea to conditions and ,equirem,entsof 37 O:R l.S7(~). 

Applk .ltion number oflhe prevlo11sty Filing date (YYYY-.WA-00:· I ntelle<tual Property Authority or Country 
filed llppliaition 

Publication Information: 
D Reque$t Early Publk:a1ion (fee required at time of Request 37 CFR 1,219) 

Request Not to Publish. I hereby request that the attached application not be published under 
0 35 U.S.C. 122(b) and certify that tho invention disck>$od in tho attached application h.as not and will not bo tho 

subject cf an appllcatlon tilod ii anoth8r country. ot under a mutt:bteral International agreemont. that requires 
publication at eighteen months after filing. 

Representative Informat ion: 

. 

. 

. 

Represenlali\'e information should be J)fovided for al prac1iliooers having a powe, of allOrney l"I the application, Prowding 
lhis information in the Applicatioo Data Sheet does not ooll6titule a power of attorney in the application (see 37 CFR 1.32). 
Eithef" enlef Customer Number or corrl)lele the Repm&entalive Name $8ction below. If both $8Wom; are oorrp81e<I the customer 
Nl.l'nbcr \WI be used for IIM: Reprcscntalivc l~o,malior1 during proccs:srll:J. 

Please Select One: • Customer Number I US Patenl Practioonet 10 liniled Reeogni1ion (37 CFR 11,9) 

Customer Number a;, .. , 
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PTO!AWt-1 (11· ISi 
~p,o,,,e,oto,,aeth~lltw30.'2017. CW811G!l1-003.2 

U.S. P llft'Utd Tl.clt-lO~; U.S. DEPARTMENT 01 COMMERCE 
\kdr:l'"f'-e ~~ ,.ctol' 1IHIG, no oer,QI\$ - ICO.uiied IO~~ a oolleetiondWormalionU'!le»it oon1Wns•~MJ OM8 c""'1d numtoer. 

Attorney Docket N1.mber UT1~110>US 
Application Data Sheet 37 CFR 1.76 

Applicadon Number 

Tdle of Invention I REPETITION LEVEL OF, SC-PIM FOR EM-IANCEO NB-loT SYS19A 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to cithe< <:lalm benefit under 35 U.S.C. 119(c), 120. 12 1. 365(c:). or 386(c) or i'ldicatc 
National Stage entry from a PCT application. Providing benefit clalm Information In tho Application Data Shoot constitvtos 
the sp80ffic referonoo roqui'ed by 35 U.S.C. 119(8) or 120. and 37 CFR 1.78. 
When t ofoning to the current appl ication, please leave tho •Application Number" field blank. 

Prior Application Slatus I I· I ffflrncwc I 
Appl ication Number Continuity Type Pr ior Application Number 

Filing 0< 371(c) Dote 
( YYYY-MM-0D) 

I I I· I 
Additional Domostic Benefit/National St.ago Data may be gonorated within this fom, 

I - I by selecting the Add button. 

Foreign Priority Information: 

This section allCJNS fa the Slll)licant to claim priority to a foreign applica1ion.. Prolli~ this information in lhe applicalion data &heel 
oonstitutes 1'18 Claim b priody as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priori1y ii; claimed to a foreign awlicalion 

that is eligible for retrieval under the priority document exchange program (POX)1 the information Viill be used by the Office to 

aulOn\OOcall)' alte~ retrieval pur&uanl lo 37 CFR 1.55(i)(1) and (2). lklder 118 POX program, applicant bears the ultimate 

responsibility for ensuring lh8C a OOf1'i Of lhe klteiQn •icali:)O Is reoelved by the Ofliee lrOO'l lhe partlcipatina tofelgn intellectu:81 
property offioe, or a oeru6ed copy of the foreign priority application is filed. within the twne period specified in 37 CFR 1.56(g)(1). 

I flM!'l'l(W$ I 

Appl~tion Number Count,} Filing 03tc (YYYY-MM-0D) N:<:css codd (W opplicoblc) 

I I I 
Additional Foreign Priority Data may be generate<S within this form by selecting the 

I - I Add button. 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit ol an appUcation filed beforo March 16, 2013 and (2) also 
oonlains , or contained at any time, a claim to a claimed invention that has an effective fil ing date on or after March 

0 16, 2013. 
NOTE; Sy providing this statement under 37 CFR 1.55 or 1,78, this appUcation, with a fil ing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 
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PTO!AWt -1 (11· ISi 
~p,-to,,;,w:thiouglltw30.'2017. CW811G!l1-003.2 

U.S. Plkrt--6 T111dtm•lOnloe: U.S. DEPARTMENT 01 COWl'o'ERCE 
\kdr:l'"f'-e~~,.cte,19", nooer,Qns-lCO.uiiedlO~~aoolleetiondn:wmalion-..ilessit_..ns•~MJOM8«nrdnumtoer. 

UT'6-110>US Attorney Docket N1.mber 
Application Data Sheet 37 CFR 1.76 

Applicadon Number 

Tdle of Invention I REPETITION LEVEL OF SC-PIM FOR EM-IANCEO NB-loT SYSTEM 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Appt~tlon Oat::1 Sheet I$ propctly signed and filed with the application. apptleant has provided written 
authotlty to pennlt a participating foroign a"lteUectual property {IP) olflco access to lhe Instant appk8tion-as-flled {see 
paragraph A in sub&Gciion 1 below) and the European Patent Office (EPO) access to any search results from the instant 
appl ication (see paragraph B in subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, appl icant must opt-out of the 
authorization by checking the corresponding box A or 8 or both in subsection 2 below. 

WllE: This sce1ion of the Applcation 03t3 Shccc is QHLY rcvicwod 3nd processed with the lt1IDAL fili'lg of an 
appl ication. After the lnlllal fil ing ol a n application, an Application Data Sheet canrot be used to provide or rMClnd 
autho<lz.atlon for access by a foreign IP otflca(s). Instead, F«m PT0/58/39 °' PTO/SB/69 must b8 used as appropriate. 

1. A uthorization to Permit Accen by a Foreign Intellectual Property Office{sl 

A . Priority Document Exchange jPOX) - Unless box A in subsection 2 (opt-out cf authorization) is checked, the 
undersigned hereby 9!ants the USPTO authori.._: to provide the European Patent Office (EPO). the Japan Patent Office 
(JPO), tne Korean rmenedl.Jal Property omce (KIPO), tne State rme11ecwa1 PropefiY omce Of me Peop1e·s Repuo11c Of 
Chins (SIPO), the World lnlellectusl Property Org3nization (WIPO), and 3ny other foreign intellectual property o ffice 
participatiig with the USFTO in a bi lateral or multilateral priority document exchan!Je as,eement in which a foreign 
appl ication claim ing priori;y to the in5'ant paten1 appfiC3tion is filed, aooeu 10; {1) the insi3n1 paten1 application..as.fited 
and i1s mlatod bibliograptic data. (2) any foreign or domestic application to 'htlich p,iority o, benofit is claimod by tho 
Instant appflcation and lt&r8'ated bibliographic data. and (3) the dale of filing of thk Authorization. Soo 37 CFR 1.14(h) 
( 1). 

B . Sea1ch Result& from U.S. ~ olication to EPO - Unless box B in subsection 2 (opt-0ut of authorization) is chedted, 
the undersigned hereby q:ants the USPTO authority to provide the EPO access oc, the bibliographic data and search 
results from the ins.tant p&tent application when a European patent application claiming priority to the instant patent 
application is filed, See 37 CFR 1, 14(h)(2). 

The applicant is reminded that the EPO's Rute 141(1) EPC (Europe.an Patent Convention) requires applicants to subrrit a 
copy of search re&utts from the Instant application without delay in a European patont apptlcatlon that claims priority to 
tho Instant ap()kation. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intel lectual Pros,erty Office(s) 

□ 
A. Applicant DOES NOT authorize the USPTO to permit a psrticipating foreign IP office access to the instant 

appl icatlon-as-fi.lod. f this box is checked, the USPTO will not bo provlcing a particlP3ting foreign IP office with 
any doo.unenk. and lnformallon identified In sub6'8Ction 1A abcNe. 

B. Applicant DOES NOT authorize the U SPTO to transmit to the EPO any search results from the instant patent 

□ application. If this bo:< is chocked. the USPTO vAII not b8 providing tho EPO \\ith warch I csults from the instant 
application. 

NOTE; Once the appl ic:a6on has publishod or Is othorwl&e publk:ty available, the USPTO may provide acceu to the 
appl ication In acoordanoewtth 37 CFR 1. 14. 
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U.S. Pllett.-0 Tllldtm•lOnloe: IIJ.S. DEPARTMENT 01 COU.1ERCE 
\kdr:l'"f'-e ~~ ,.ctol' 1IHIG, no oe,sc:ns - ICO.uiled lO ~I:) a oolleetiondinormalion-..ilessit o:wuins♦qkl OM8 c""'1d numt,c,r, 

Attorney Docket Nt.mber UT16-110>US 
Application Data Sheet 37 CFR 1.76 

Applicadon Number 

Tdle of Invention I REPETITION LEVEL OF SC-PIM FOR Er+IANCEO NB-loT SYSTEM 

Applicant Information: 

Prow.ting asl!ignnent information in this we.lion doo5 not lSOOSlitute for corl'1)Anoo v.i\h any 1aqui1amant of part 3 of Tille 37 of CFR 
to have an assignment reoorded by the Office. 

Applicant h I RcmoYc I 
tf the applicant is the inventor (or the remaining joint l"!'Y.entor or inventors under 37 CFR 1:45), this section should not be completed. 
The n'ormation to be provided in thi& section is the name and address of the legal teci,esenl:ative who is the applicant under 37 CFR 
1.43; or the name and add1ass of the a&Signeo. person to whorn the invenfOr is 111dl!r an obligation to assi~1 the inventicn, 01 ~on 
who ott,erwiSe Sh()wg sullieient prOClMtary lnleres1 in the matter whO lg the aPi)lictlnt under 37 CFR 1.46. tlf the aPC'.)lieant lg an 
appicant 1J1dc.'f 37 CFR 1. 46 (assignee. Pf.."rnon lo ,"1-.om the SM,.'f1f0r is obligatt.-d to assign. 01 P',,'fS(,m who otherwise shows sulflci<:nt 
PfOl'.)fte(ary Interest) 1ooe1t1er with one or more ;oint inventor$, then the Joint lrwentor Of invencors whO are al&O !tie 81'.li)flcoot shOuld be 
IOentilled 1n this seetion. 

I a- I 
Assigne,e I Legal RepffenlaliYet11der 35U.S.C. 117 I Joint .-.ven1or 

Person to whom lhe itlveo lot' i~ obli~ted toa»igrL Person woo sr.o-11S $Ulitlent propnetary 1n1eregt 

tf applicant is the legal representstflle. indicate the authority to fie the patent application. the inventor is: 

1-1 

Name of tho Deceased ot Legally Incapacitated lnventot: I 
If tho Applica.nt is 3n Organization check here. D 
Prclb: G iven Name Middle Name Famity Name Suffix 

I I· I I I I I· 
Mailing Address Information For Applicant: 

Address 1 

Address 2 

City State/Province 

Country 11 Pos.tal Code 

Phonc Numbc< Fax Number 

Email Address 

Addltional Applicant Data may be generated within tf'lls form by &86eeti'ng the Add button. I . .. I 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this sedlon docs not gubstitute ror compliance with any requirement of part 3 ol Tide 
37 of CFR to have an assignment recorded by the Office. 
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PTO!AW1-1 (11· ISi 
""p,-ll,rwte thlOUQlltw30.'201T. CW811GG1-003.2 

U.S. Pl lert.-0 Trlldtm•lOnloe: U.S. OEPARTMENT 01 COMMERCE 
\Jb:lr:f f'te~~'-Ctel19", no oer,efl5_.ICO.uiledl0 ~ b aoolleetiond.,.._malion-..i1Msit_..ns•v..MJ OM8«nrdnumtoer. 

Attorney Docket Ni.mber UT16-110> US 
Appllcatlon Data Sheet 37 CFR 1.76 

Applicaiion Numbe· 

TIiie of Invention REPETITION LEVEL OF SC-PIM FOR El+IANCEO NB-loT SYSTEM 

Assignee ~ 
C001)6ete tl'lis sec(ion If assignee ntormaoon, llClu<lr-a non-applicant aSS10nee inl'ormauon, is oestred 10 be inctuded on Ille pa1ent 
appltcation publication, M as50l00-epplicanl mllified in the "Appltcanl: tnfomation• sedion \\ii appear on the patent al)lllicalion 
pubication as an applicant. For an assignee ; 1 i u nt, r.omplete this section only if idenfmcation as an essiglee is also desired on the 
patent application publicatioo. 

I - I 
If th8 Assignee or Non-Applicant Assignoo is an Organization cheek here. D 
Prefix Given Name Middle Name Family Name Suffix 

I I· I I I I I· 
Mailing Address Information For A ssignee including Non-Applicanl Assigntt: 

A ddress 1 

Address 2 

City I Statt/Province 

Counttyi 11 Postal Code 

Phone Number Fax NumbElf 

Email Address 

Additional A sslgnoe or Non-Applicant Assigneo Data may be 1)81lGl3'00 wi thin this form by 
selecting lhe Add button. I ...... I 

Signature· 
NOTE: This Applic3tion 03ta Sheet must be signed in 3cc:ordance wi•h 37 CFR 1.33(b). However, if this Application 
Data Sheet Is submitted w ith the IHJDAL l iling of the application a_nd either box A or B is o.o.t checked in 
sub&ection 2 of the " Authorization or Opt -Out of Authorization to Permit AcceH "' section , then this form must 
also be signed In accordance with 37 CFR 1.14(c). 

Thi& Applka6on Data Sheet mu.sJ be signed by a patent practiti:>ner If one or mcxe of the applicants Jg a jurtStic 
entity (e.g., corporation or association). If the applicant is two or more joint i wentors, ttis form must be signed by a 
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given 
poYoi.er of attorney (e.g .. see USPTO Form PTO/AIA/81) on behalf of ill joint inventor,applicanw. 

See 37 CFR 1.4(d) for the manner of msking signatures and certifications. 

Signature J\ndrew S. Pa-tv Date (YYYY-MM-00 ) 2016-08-09 

FhtName f,,,d<cw I t.a.1 Name 11'••• Registration Number ~7841 

Additional Sli;,,atute may be geMfated vAlhln this form by selecirlg the Add button. I - I 

t1S~2.:t.12 
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U.S. P llft'Utd Tl.clt-lO~; U.S. DEPARTMENT 01 COU.1ERCE 
\kdr:l'"f'-e ~~ ,.etc, 19", no oer,QI\$ - ICO.uiied IO~~ a oolleetiondWormalionU'!le»it o:wuins♦qkl OM8 c""'1d numt,c,r, 

Attorney Docket N 1.mber UT1~110>US 
Application Data Sheet 37 CFR 1.76 

Applicadon Number 

Tdle of Invention I REPETITION LEVEL OF SC-PIM FOR EM-IANCEO NB-loT SYS19A 

This colleclion of inJonnation is required by 37 CFR 1, 76. The inbrnation is requited lo cblain or retain a benefil by the ~ which 
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1. Purpose of Invention 

The present invention proposes a method of effectively selecting a Coverage Enhancement 
(CE) level such as N-PDCC/N-PDSCH, and the like for transmitting MCCH/MTCH control/data 
when operating SC-PtM in an NB-LTE system. 

 

 
 

 

I 

2. Prior Art 

Technique.s, app.iratus and systems described herein can be used in various wireless access techno logi:es such as code division 

multiple a~ss ,(CDMA), frequency division multip le access (FIDMA), time division multiple access (TOMA), orthogona l kequency 

dtvisioll multipl,e access IOFDMA), slngle ca,rrler frequeney division mu lLip le access !SC-FDMA), etc. The CDMA may be 

implem en-tedl wlth a radio technology such as Unlversa l TerrestrJ,al Radio Access (UTRA) or CDMA2000. The TOMA m.iy be 

Implemented! wltll a radio technology sucll a_s Gl'oba l System for Mobile commu11,irntion!; IGSM)/ Gene~;;i l Pocket Radio Servi ce 

{GPRS)/ Enhanced D.i,ta Rates for GSM Evolution (EDGE). The OFDMA may be implemented with a radio techno logy such as 

1111stitute of el'ectrical and elec~ronics engineers (IEEE) 802,11 (Wi-Fi), IIIE'EE 802.1'6 (WiMAX), IEEE 802-20, evo'llled-UTRA (E-UTRA) 

etc. The UTRA is a p,art of a universa l moblle telecommunicatlon sys.tern !UMl'.S)., 3rd generatlon pa.rtnershlp project (3GPi>) llong 

te~m evo lution (L E) is a part of an, evo!).red, UMTS (E-IJMTS) using; t he E-IJlRA .. T'he 3GPP LTE emplloys the OFDMA in downlink and 

emplQy'S the SC-FDMA in uplink [l.J. lH-advanced (lH-A) is an evolution of th e 3GPP LTE , For clarity, ttiis appkat ion fo01Jses on 

the3GPP LTE/LTE-A .. However, techni,ca,I feat1J1 1re.s ofthe present linveti,tlcn are not lirfflited thereto. 

2.•1. LT£ system architecture 

Radio Frame 

#18 #19 

Figure 1. Structure of a rad io frame of 3GPP T.TE 

2 
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rn figure 1, a radio frame includes 10• sub frames. A subframe indudt:"S two :llots in time dnm.-.in. A time l c:,r tt;i,n~mi tting c:,ru! 

subframe is defined as a transmission time Interval (TTI). For example, one subframe mav have a length o f 1 mil :iSeeond (ms). al\d 

onesSot mav have ct I,ength o f O.S ms.One slot indvdes a p lurai rv ofonhoeon.-I fre,quency divls1on muttlple:,clng {OFOM) symbols In 

time domatn. Since the lGPP LTE uses the!! OFDMA In the downlink, Ihe OFOM symbol is for reprt:!!~nting otie symbol period. lhe 

OFOM .symbc:,I m~ also be referred to Man SC·FDMA symbol or a symbol period.A resource b lock (RB) Is a re.s.ource aloeatlOn unit, 

and includes a p lurality o f contiguOU$ sulxcu'riers in one , lot. The st rvctute of the r~io frame is shown for exemplary purposes 

on>,. Thus, the number of subframes induded in the radio frame or the number of $IOI$ ind uded In the , ubfr.ime or the number of 

Of DM symbc:,ls ind udcd in the slot may be modified in various manner5, 

-
• 

' 

! 

' i " 

" . 
' ' • . ' 
' • 

• 

Fig ure 2. Resource gl'id f0t one downlink slot 

In Figure 2, .i d ow n Ink slo t indudcs a p lurality of OFOM symbols in time domain, It Is demibed herein that one downlink slot 

Includes 7 OFDM symbols, and one resource block (Rn) indudies 12 subrnuief's in frequency dom.iin ii$ an C'X.imple. HoweV1!f', tfle 

present Invention Is not tlml ted thereto. Each element Ot\ the resource gtld Is referred 10 as a t esou,ce element (RE). One RB 

i n.tlucfcs 12X7 RE$. The numb~ NOL c:,f RBs inducted in the cfc:,wn!ink ~t depends on a downlink. transmi t bandwidth. The 

srruciure of an. uptink slo t m av be !time u thttot me downlink slot. 

3 

IPR2024-00986 
Petitioners’ Exhibit 1016 

Page 000015



Attorney Docket No. UT16-1105-US 

 

 

  

Figure 3 . S tr u<:lur'O of d owr1lhlk &ub!ramo 

In Figure l , a maximum of three OFDM symbols tocated In a front portion of a first slot wlth ln a subfra,ne comtt:pond to• 

ccn t,o l 1egk)n to be ~lfi,1ed wlth a t on trol ct1.;uwuJI. l 'he remaining OFCM 5Ymbols COITf".WOnd to a data reelon to be MSlined 

w th a phys!cal downlnk shared <:hancet (POSOI). Examples o f downlink mntr0I chanM:ls used in che lGPP LTE ltldude, ~ phyi iail 

ccn1rol fo,m,t lndlauor CNnnel (PCFIO I>, • physic-at downlink control (llw\nel (PDC0-11, a physical hybrid ARQ Indicator chann~ 

(PHK:H), etc. The PCFICH Is transmiued .it a fit1ot OFDM ,vmbol of ,1 , vblr.amo .ind g rriM in formation reprding the number of 

OFDM w mbok used for tnm sm lulon of control channels w ith~ the subframe. The PHtCH Is o response ol up llnk tron.smbslon ond 

c11rrtes an HARQ adlnowlcdgrnent (ACK)lno1~11c;knowtedsrncn1 (NACK) sig•al , Control information ~ ansmitted throueh the POOCH 

b reterr~ to es downlink control ln lormatlon (DCI), The OCI Includes uplink or do'Nn~nk sch.ctu11ng lnlorm.-tlon 01 Includes 11n 

upl nk t, ansmit (Tx) po"'-er control command for arbitrary UE groups, 

lhe PDCOI may carry a transport format and a resource allo-catlon o f a downlll\lt shared d\annel (Dl·SCHI, re-source alocatlon 

lnfo tm10on ol , n uplnk shared chann«I (UL,.SCH), p1g1ng lnfonnatlon on I pai lng ch1nn,1 (PCHI, ,vst@ni ln formallon ori the O\.· 

Sot, a resource allocat!ol'I of a,, upper-k,yer oonltol meu;ige svd • ;,a,s., 1.im,iom ;,itcA:$$ 1C$ponsc tr.insmittcd on the POSCH, a let of 

1) power conuol commands on lndlvldual Uh w ith in an a fb1tnuy ur: grc-up, 1 Tic power COf'lttol a,,nm1tnd, ec:dvldon of • voloe 

m-er IP (VoIP), et c. A plurality o f POCCHs (.;In be ~t.1nsmi tted w ithin .;a <:onirol r~on, The UE ca,n monltor the p lural!tv of PDC-CHs, 

Ttie POCCH k tr1nsmltte<l on an a88rt-a,tJon o f one 0 1 several consecu tl~e co,n,01 du,nnel 1ilcm1.1,, b (CCE1). The CCE Is a loalal 

a lo<:ation unit u-sed to prollicfe the POCot 'Mth a codlng rate based on a state of a radio channel. The CCE correspond$ 10 a 

p lm tlltv of resourc:t 41l41ment a,ou p.1, (RllGs>, A forrnnt of the POCOI and tte numl)c,r of bi ts of the 1v&ll:ib le POCCH i re dete1mintd 

according to a corYelation between the number ol CCh and the QOding rate provided by the CCh. The BS determi~~ a PDCOi 

f orm1t ;iccordlrlfl to I OCl to bet trani mhted to the UE, .:ind at mchts II cytlc tt dund.incv dlcck (CAC) to control ~forll\ll tlon. The 

CRC 1$ m;,i;kcd with .i unique identifier (referred to as a radio network tmporary identifier (RN·r,n acc-ordlng to an owner or usage 

o f the PDCCH, If the P0COI Js for• spedlfc UE, a unique kSen tlltet (e,g,, Q!U,RNTf (C-RNTI)) o l 1ho IJE mf!Y b• m~sktd to the CftC, 

At emaO.,elv, if the POCCH iS fora paging message, a paging indicatoridt!nlifit!r (e.g., p;iging,RNTI (P-RNTI)) m.rv be masked to the 

CRC. If the POCCH Is tor i vstcm lnformatton (more spoo1ne1nv,, sv.ncm hformatlon blod: (SIO) to be desctlbff below), a tv, t~m 

informaotion id tt11i lM:lr 11nd <11 SY$tcm inlorm;i,tion RNTI iSI-RNTIJ m.;iy be mlSl:ed to the CRC, To indicate a random access response 
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thH i,. rtlipon" fo, tl'iV'llmiu lon of ii random ilCCCSS pr·camble of the UE, ii ~ndom aoccss--RNTI IRA·RHTI) may be M/Ul td bO the 

CAC, 

; ; 

\ 
Al p.111 

\ 
! ! 

.... ""' On~ slot 
• 

- Sul:l'r,me -

Pil.!ure 4. S tr uc1uro o f uplink subframe 

In r fAure 4, an uplink w bfr11m11 un bo divided in I frequency dom11in into I control region and a data re&k)n, The comrol 

realon Is. al1()(;ctted with a phy-skal upllnk eontrol channel (PUCCH) for c:a11ying vpllnk control Information, lhe data region ~ 

:illoc;i ttd with a phv, lcal uplinll iharcd d\ilnnet (PUSCH) lfor carrylna user d,na. To maintain a single carrier propeny, one UE doe, 

not slmulr.aneous:tv ua nsmlt the PUC0-1 tnd the PUSOI. Thll! PUC:01 for one UE Is c1 lloca tf'd to an RB pair in a subframe,. Rl3s 

belonging to the Ra pair occupy different subc-an-lers In r.es.pectlve two s.lots. This Is c:aHt:d th~t the RB p.iir allowited to 1he PUCOi 

Is freQuency-hoc,ped In a , 101 bound111y, 

Uli{w,e, oqulpmtmt) (lO) 

PkOCl'.$SOk R~ IINIT 
(II) (IJ► -I MR...Olt\ ' 

"" 
P-ic:uro 6. $y1nom for implemcn1ing present hwc fl lion 

In Figure S, a wirt 'lon c;ommuniQtion ,v,tem includei i 6-S 10 and one or more UE 2.0, In downlink, ;, t11uu mlU0r mi\' bo " 

part of the es 10. and a reee.tve, mov be ti part of the UE 20. tn vpllnk, a ttan~mlttcrmav be a part of the UE 20. and a receiver may 

be a part of the as 10, A 8S 10 miy include a processor 1 l, 11 memory 12, ;1nd ~ radio freqvency (RF> unit 13, The processor 11 miy 

5 
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Here, the CCs can be separated into cells and expressed as an equivalent concept. 

 
6  

be configured to implement proposed procedures and/or methods described in this application. The memory 12 is coupled with 

the processor 11 and stores a variety of information to operate the processor 11. The RF unit 1.3 is coupled with the processor 11 

and t ransmits and/or receives a radio signal. AUE 20 may include a processor 21, a memory 22, and a RF unit 23 . The processor 21 

may be con·flgured to Implement proposed procedures and/or methods described in this application. The memory 22 is coupled 

with the processor 21 and stores a variety of information to operate the processor 21. The RF unit 23 is coupled with the processor 

21 and t ransmits and/or receives a radio signal. The BS 10 and/or the UE 20 may have single antenna and multiple antennas. When 

at least one of the BS 10 and the UE 20 has multip le antennas, the wi reless communication system may be ca lled as multiple input 

multiple output (MIMO) system. 

2-2. Component carrier aggregation in LTE- A 

As the increased demands for the high data rate transmission, the mobile communication system composed of a.ggr-egated 

multiple ccs (component carriers) is now being researched. For example, Figure 6 (b) illustrates the DL/Ul subframe structure 

considered in 3GPP LTE-A (l TE Advanced) system where mult iple CCS ;,re aggreg~ted (in this example, 3 carriers exist), while Figure 

6 (a) illustrates a single carrier operation as in co nventional systems. As shown in Figure 6 (b), a UE can moni tor and receive DL 

signal/data from multiple DL CCs at the same t ime. However, even if a cell is managing N DL CCs, the network may configure a UE 

with M Dl C'Cs where MSN so that the UE 's monitoring of the Dl signal/data is l imited to those M Dl ccs. In addit ion, the network 

may configure L Dl CCs as the main DL CCs from which the UE shou ld monitor/receive Dl signal/data with a priority, either UE­

specifically or cel~specifically, where t.,;M,;N. 

~ - - 20MHz~ 

DL CompoMnt Cl l'Mt 

UL Component eatrlet 

(a) Single OC 

l+-------,--- -60MH•>-----------~ 

i.---20MHz,--_..,, _ _ _ 20MHz,---.i-- - 20MHzc--• 

OL Compontnt Carri« B OL Compol'l...-.t c ,ma.r C 

UL Comperuw C. nf:er A UL CornponM Cwri« 8 UL CompoMf'!l Caniitl C 

, __ ....,l--20MHz,---.i---20MHzc--~ 

·• - - - -----'--~ SO MHz•------------

(b) Muliple cc 
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In a system that supports carrier aggregation, cells can be categorized as shown in the following Figure 7. 

 
Figure 7. Configured cell, activated cell, de-activated cell 

The configured cell is set per UE as a cell that allows carrier aggregation based on the measurement report among the cells of the base 

station as shown in Figure 7. The configured cell reserves the resource for transmitting ACK/NACK for PDSCH transmission in advance. 

Activated cell is a cell that is actually set to transmit PDSCH/PUSCH among the configured cells and performs CSI report and SRS 

transmission for PDSCH/PUSCH transmission. A de-activated cell is a cell that is prevented from transmitting PDSCH/PUSCH by a base 

station command or timer operation, and SCI report and SRS transmission are also stopped. 

 

2-3 Synchronization signal (SS) in LTE-A FDD 
 

 
SS consists of P-SS and S-SS, and is the signal used to perform cell discovery. 

Figure 8 (a) and (b) illustrate the frame structures for the transmission of SS for systems using a basic CP and an extended CP, 

respectively. SS is transmitted in the second slot of subframe 0 and subframe 5, respectively, considering the GSM frame length of 4.6 ms 

to facilitate inter-RAT measurement, and the boundary for the corresponding radio frame is detectable by S-SS. P-SS is transmitted at the 

last OFDM symbol of the corresponding slot, and S-SS is transmitted at the OFDM symbol immediately before P-SS. SS can transmit a 

total of 504 physical cell IDs through a combination of three P-SSs and 168 S-SSs. In addition, SS and PBCH are transmitted within the 

middle 6 RBs of the system bandwidth to ensure that they can be detected or decoded by the UE regardless of the transmission bandwidth. 

 
 

7  

Figure 6. Subframe s tructure of 3GPP LTIE Release-8 system and LTE-A system with CC aggregation 
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Figure 8. Frame structures for SS transmission 

 

 

The transmission diversity method of SS uses only a single antenna port and is not defined by the standard, i.e., it can use either single 

antenna transmission or a transmission method that is transparent to the UE (e.g., PVS, TSTD, CDD). 

 

a. P-SS code 

ZC (Zadoff-Chu) sequence of length 63 is defined in the frequency domain and used as the sequence for P-SS. ZC sequence is 

defined by Equation (1), where the sequence element corresponding to the DC subcarrier, n=31, is puncturing. In equation (1), 

Nzc=63. 

 

The 9 remaining subcarriers of the 6RBs (=72 subcarriers) in the center section always transmit with a value of 0, which facilitates 

the design of filters for synchronization. To define a total of three P-SSs, the values of u=25, 29, and 34 in equation (1) are used. 

In this case, 29 and 34 have a conjugate symmetry relationship, so two correlations can be performed simultaneously. Here, 

conjugate symmetry refers to the relationship of the following equation (2), and using this characteristic, it allows to implement a 

one-shot correlator for u=29 and 34, reducing the overall computational amount by about 33.3%. 

 

 

b. S-SS code 

The sequence used for S-SS interleaves two m-sequences of length 31 and combines the two sequences to transmit the 168 cell 

group IDs. As a sequence for S-SS, m-sequence is robust in frequency-selective environment, and the amount of computation can 

be reduced by a high-speed m-sequence conversion using Fast Hadamard Transform. In addition, configuring S-SS with two short 

codes was proposed to reduce the amount of computation of the terminal. 
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Figure 9 is a diagram illustrating how two sequences in the logical domain are interleaved and mapped in the physical domain. When the 

two m-sequences used to generate S-SS code are defined as S1 and S2, respectively, if the S-SS in subframe 0 transmits the cell group 

ID in two combinations (S1, S2), the S-SS in subframe 5 swaps to (S2,S1) and transmits to make it possible to distinguish 10ms frame 

boundaries. In this case, the S-SS code used employs a generating polynomial of x5 + x2 +1, and a total of 31 codes can be generated 

through different circular shifts. 

 

 

Figure 9. S-SS code generation method 

 

To improve reception performance, two different P-SS-based sequences are defined and scrambled into S-SS, but scrambled with different 

sequences on S1 and S2. Afterwards, an S1-based scrambling code is defined, and scrambling is performed on S2. At this time, the S-SS 

codes are exchanged every 5ms, but the P-SS-based scrambling codes are not exchanged. The P-SS-based scrambling code is defined 

as six circular shift versions according to the P-SS index in the m-sequence generated from the generating polynomial of x5 + x3 + 1, and 

the S1-based scrambling code is defined as eight circular shift versions according to the S1 index in the m-sequence generated from the 

polynomial of x5 +x4 + x2 + x1 + 1. 

 

63 su bcarriers 

DC subcanier (no signal) 

S-SCH ... ct. ... 

S 1(0)S1(1)S 1(2) S 1(28lS1 (29)51(30) $?.(O) S2(1 l S2(2) S2(28)S1;29lS2<.30) 

31-length 31-length 

Followings are the ctiterion of out-of-synch in L TE in system 
• The UE shall monitor the downlink link quality based on the cell -specific reference signal in 

order to detect the downlink radio link quality of the PCell as specified in 12i 
• The UE shall estimate the downlink radio link quality and compare it to the thresholds Q0 ut 

and Q., for the purpose or monitoring downlink radio link quality of the PCell. 

• The threshold Qout is defined as the level at which the downlink radio link cannot be reliably 

received and shall correspond to 10% block error rate of a hypothetical PDCCH transmission 

t aking into account the PCFICH errors with transm ission parameters in [3) . 

• The tnreshold Qin is defined as the level at which the downlink radio link quality can be 

significantly more reliably received than at Q OU1 and shall correspond to 2% block error rate of 
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SC-PTM 

a hypothetical POCCH transmission ta.king into account the PCFICH e rrors with ttansmissbn 

parame ters specified in (3]. 

5.8a.1 Introduction 

5.Sa.1.1 General 

SC-PTM conlrol inforrn1uioa is provided on a ._,:iJic log,ical channel: dtc SC-MCCH. TI)(:. SC-MCCH ~fos 1.be 
SCPTMConfig1m'dit.m n.:,i~gc whkh ilidi<.:ll1C!$ the MBMS .l/<t1t1ic)ni, th111 W\! oniwina :t$ well a.s I.he (c.vn-c,spoodi1:1&) fflfum11dion on 
>4•h~-n c-~h 9'Siic>R 1nay l,t-. ):¢bcdukd. l.t.-.~hedulitig period. sd1t:Jul i.i,g window ar,d ,;1A11 ofThet. The SCPnfConfqp,ruticm UJ(!So'S:IIK'= 
a1$0 provides inf()fl:nation llbol.ll lhc neighbour cc Us tr.m!>miu.ing. dtc MJ}M.S 6C:SSioni, whil,:h Mc ongoing on 1hc current ocll. 

A limited amoun1 c.>fSC-PTM ool'ltn)I infonn11tion ii; pn.wid«I on the OCCH. Thit1 primarilyconoem& lhe infonmtion nccdod 10 
licquite 1.be SC-MCCH. 

5.Sa.1.2 SC-MCCH scheduling 

The SC-MCCH informatioo (i.c, infonnation uan11ntincd in nlCS83.S("!I san 011Cr SC-MCCH) is tra1'5n'liucd periodically. using a 
con6eur.ible rq)(tition ~ iod. SC-MCCEI trnn5ll'lissiom (and the associitcd radio rc&0urocs and MCS) arc indicated on POCCH. 

5.Sa.1.3 SG-MCCH information validity and notification of changes 

Cha nee ofSC-MCCH infonruuion only OC:CUI'$ at specific radio frames, i.e. tbcconoepc ofa modification period is used. Within • 
m(ldiflcadon perioct, the $111'1)e· SC.MC CH infonn.itiion m;1y be tran~mht«t a number of d.mc:s, n.s dWried by its schcdulin& (whil.:h i11 
based on a rq,ctition period). The modification period boundaries uedcfintd by SFN values for whi.cll SFN mod m~ 0. whCrt" m is 
dia number o f ndM) fr.uncs compri$in1 the mod i6CAti<.>n period. 'rhc modifi cation period is c<1nfi;ured by mcoos of 
S)-st('ffl/l'ljomra1io11Blodr1)1,~20. 

When the lklwotk chm,~ (-,me of) the ~C.MCCII infnrmAtinn, it nndfJCl'I the l]f..1 abnu1 the c h1111gc in the ilr:,,t $111;,lmmc whidt 
can be used for SC-MOCH 1nmsmis:sion in o rcpei:ition period, LSD bit in 8-bit bitmap when s9Ct 10 'I ' indie8t<:s the c:hangc in SC 
MCCH. Upon ffi.-dv inga chMg,c: notificnti()n, :1 OE intL-rcidcd tn n-ct~h·e MBMS .i,t:rviccil tnm.,<mittcd 1.1.~ng SC-PTM acquires the 
new SC-MCCH information swti11g ftom the l(a1nesuhfrarnc, The lffiapplks the pl'(",,.ic)usly acquired SC MCCH informa1i(m untfl 
tM Uf:: acquire$ tl\e• new SC-M<.."'CH inform:1tic,n. 

5.Sa.1.4 Procedures 

The SC-PTM c11p.ib&e tlE reoei"inior in1ercsted 10 ro;:¢i\'¢ MDMS W''ioe(s) \'i,1 SC-~OUl , pplies SC-PT.M prooe<h1rcs de:sc:ribcd i.n 
S10Ctio11 S.8a and tl\C MBMS interest fodica1 iOt1 pl'()()('(lutt a.<1; specified In S.8..S. 
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5.8a.2 SC-MCCH information acquisition 

5.8a.2.1 General 

I ue I I f.lfl'R.AN I 

SCPTM·O,,f/iprfffltm 

Figure s.aa.2.1-1: SC-MCCH 1nrormat1on acquisition 

The UE IIPPfies the SC*MCCH infonna1ioo acquisitio. procedure to ooquite die SC.Pl'M contml in(onnati()fl llwlt i11 broadi:a$t by the 
E-OTRAN. The-proeedun., applies to SC-PTM capo.bk Ul5:; 1hoc are in RRC_IDLE or in RRC_CONNECTED. 

5.8a.2.2 lnltlallon 

AUE io1CtCS1ed to receive r-..CBMS se" •icc:t1 vi~ sc.::-.U.B t!bnJJ npply !he SC•MCCH inlonn,.tion a~uisitXm procedure upon cn1eri11s 
the oeU bfo.ic.kastin& S,•st('ln/,VOrmortonBlt>dt'I)'pe20 1c.g. upon power on. followlrtt UE mob ility) and upon ra:eivins a nc,ti fieati()fl 
I.hat I.he $C MCCH information hn$ ehan&cd, A UE th,1 is receiving on MBMS s,ervioe via SC-MRS shall appt,• lhcSC-MCCH 
infonnation 3equisiOOn procedure to acquire tile SC-MCCH i.n"rmntlon tl,111 t:(,1 •c,,pc>•ds with the service W t is being received. at 
the stnrt of ench modiiicatioo period, 

UWs explicldy tillltecl 1Jlhcr.\•illC i.n the proocdurnl ~ific.tion, 1he SC-MCCH information acquisition proctdure overwrites ar1y 
stored SCMCCH infomm fon, I.e. delta c:C1n(lgurntion ~ not applicable for SC-MCOI in form., 1ion tnd the UEdi!oontinues using a 
field ifit is abs,c:,u in SC-MCCH ini>ffl'lation unless c:aplicilly spctifi«1 01herwlk. 

5.8a.2.3 SC-MCCH lnformallon acquislllon by the UE 

A SCPTM eepab'e UE shall: 

I :> if the proocdurc is triggered byan SC-MCCH tl&-,m1a1jotl change no1ificatkm: 

2> irlnrt acq uirin& the SCPTMC<>,ifigumtkm Ok$S;l$C fron• tbc .S\Jbfhunc whc:-ro the ch~-c ootifk1uivn ... 11s 1«.:lved: 

K0TE I: The UE continues l&Sing dte previously roocivod SCMCCH infonuation uolll the 1.ew SC MCCU infonn.ition h;i.s 
bocn a1.:q uiml. 

I~ ir tbc UE t"nt«11,. c-cll bf'Ofll&ll.1.'W'19 S'),1,1un,J,,fo.,m11.1fonBlt>r.k1)p&J(): 

2> ocqulte the SCPTMC<mftguraliQ11 mc::s~, gc: 11 the ncllt rcpc:ri1)(,,n period; 

I> iftheUE lsroodvlflgan MBMS ~ic:cvfa. n.nSC-MR.6: 

2> statt acquiring tft('.SCPTMC011f,g11rotion mt:c$11ge from d1e bcginmng of each inodilj,;atioo P"iod. 

s.aa.2.4 Actions upon reception of the SCPTMConf,guration message 

No U£ rcquin:ment$ rdnied to lhc cont,cnt.1; of (bis SC?TMCtmflgu,ntJt,n apply oth<.'f' dutn ~ -specifiod elsewhere e.a, whhin 
p 1uc»Ju1'CS using tbe 0onccn1ed t1yi.1t:m in fonniuion, tte ~orrci:l)Ol)di.ni:; field descriptions. 
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5.8a.3 SC-PTM radio bearer configuration 

5.8a.3.1 General 

The SC-PTM mdio bearer (()flfigumlioo pro~ is uffil by lhe UE to oon~ RLC, MAC and the ph)'Skal la)'CI' upon starting 
llndlor slOppin& to nx:civc ao sc.r,..CR.D rrnru;mit1cd on SC-MT CH. The procc:dure opplie;s to SC-PTM copablc UEs du.n urc ill 
RRC_CONNECTED or in RRC_IDLE ai.d ate 1.mcrciu.ed 10 rooolve one« moreMBMS sc:rvlecs via SC-J.mB. 

NOTE: In~ d\C UE is unable to receive an MBMS service via an SC-MRB d ue to capability limitations, upper layers may 
tnl:c 11ppn,priJ1r-.: l'lcifon c..g, 1crmiNlte a b"'-cr priority uni¢11$t pvioo, 

5.Sa.3.2 lnrtiation 

The VE npplic11 tbc S<> MRJl «t,ibti.slunent pr«;«hu-e to $11111 re,oe.ivinc n $CSSion or a M _l)MS ~ice it ~, ao i.ntC'l'e$t in , The 
prooedutt: may be lniciated e.g. upon 1,1art of the M8ti.1S ~Ion, upon entering II cell providing Vlll SC.MR.a a MO.MS Krvicc- in 
wh.ich the UE hll.S inlcrest, upon t,c,oomint interes.tod in the MBMS sen.•ioe. upon remoYII.I oCUE c.pabili1Y liruitati>ns inhibiting 
l\ttpdon of d.e conct.-med M:Nicc. 

'J'hc U£ :,pplb the SC.MRU rcle2$C pl"QC«IUTe to $COP n:ceivina a $e!IJion. U 1e pcoc«turc may lx in i1i.\tcd e.J, upon $'Op of the 
MBM.S s,c,s:sion, upOl\ le11vlng I.he cdl wberc a S(.'. MRB ill cstllblil(h«t. upoo losing l.rttereu ii, d>c: MUMS service. wben cupability 
limitations !>t.art inhibiting n:ccprio,n o f the concerned $ervice. 

5.Sa.3.3 SC-MRB establishment 

Upon SC.MRO <$1~bli.shmc:nt, lbe UE shall; 

I> e,t11bliih an RLC ,;:ntity i.u IICt(ll'Wlm:-c. wi.d, llk' <.-on ligunidon 11p«i{ied in 9 .1 .l. 7; 

I> conflsure-a SC-MTCH Josical chwm.el applic11b l" for th8 SC-MRB and l.rti'tru<:C ~lAC to receive OL-SCH on the c.:11 wtl.ere 
tbeSCPTMOmflgurottcn message was recciv«I for tbeMBMS SCNice for which the SCMRB is estabUshtd and usiftgg• 
RNTI and 1e~"tcl1-Schcd11ll11glnfq (if included) in this memge for this MBMS service: 

I :> C<)nfigun: lhe ph)'$ieal la~r i.n e,ccord.Jnocwith d,csc•mtdt-lttfoli.11. a.pp licnblc for lhe SC.MR l3, a:; included i.n tllc 
SrPTMl"mtf,g,,m1;.,,., m~11~« 

I> infonn upper laycri. a bow the cs.tabl.i1duncnt of the SC-MRS by iooi¢ating the 001Tespoading tmgi and sttsMtmld; 

5.Ba.3.4 SC-MRB release 

Upon SC-MRB rclca~. the UF. s hal.l: 

I> release theRLC cnlityai wdl u lhc-n:latcd MAC and ph~ical b)'Crconfigur.idon: 

I> inform upper byers abou4 the rckase of the SCMRB by iDdicam.g 1he eorrespor1ding tmgi and ~kmld; 

SystomlnformatlonB/ockTypo20 

The IESys1ernb,farntatf<>n.BlockT'ypdO contains the irtformatioo required 10 aoquire thecomrol irtfomMtdoo as.,ioelated 1.tt1nsi:nlr.slon 
ofMBMS using SCPTM. 

SystemlnformationBlocJ< Type20 information element 

• • IIBNlS'J'MT 

:.yetet11 ,~foro.eot iq.nDloc;:kTyp,e20· i:-1 :J 1 1 a 31JOl11lNCS { 
!IC·tnecb·kcpetiol'.ll'f:riad· rl:l !tNtHl!llAT8:r> ( rt~, rr. , rra, rtlf, rtl2, rt6<&, r-tue . rf256). 
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S,C•n,eeh-Ctt•~t· rl, 
IJ.C• l!lceli • PiretSu b f~~ne•rl) 
,c-neeh·du:-ae1on· rl3 
•c• l!IC:eh•MQ4l l' i ~ e.t onPe riod• rl) 

AS»l STOl' 

r m-await (0 •• 10), 
ttll'BOBR (0 • . 9) , 
u~rlialllt (2 •• 9) OPTIQHAI., 

~AA'JSO {ru, ru, rts. r Cl6, rt:32 , rt'~•. 1'!12, . r-f2$G, 
rt!12. rf1024, r204t, rf4 0,<;, ll'f819:i, rtl6)8t., r-Cl276.fl , 

rft!.!UG ·• OC1'£T 8'MU'.NC OPTlOIU,t., 

_________ _:Sr:,_:•~'"~"c::c1luft:JmtatlonBioekT):~po= 20cc.cl~•~ld~d~•~•~o~•~•~llo~n~• -----------I 
siN11Cch•ModlffcatJonPetfod 
Define!:! pcriodic!nly IIPPMrino bounoori83. I.e. ,001() frames for wtileh SFN mod a,c...mccl)-i,fodifiClttionPoriod • 

O. The o:intenb o f different transmissions of SC-MOCH i'lfoimatlon can onty be ~erent I thOfiu ii, ;;it lilil.,ist onv 
$Uch bo.n:S.iry ii-belWeen them. Val.le rt2 OOITe9C)Cnd!i IO 2 radiO fl'a~ . vuluo rf4 wrr~s to 4 redlo 
frames and so on. 
sc-mcch-dur&Uon 
Indicates. s&ertfng from the subframe inelit.i'.IIO(S by .~~-Fir::stSvbft.imr,. f'le duration durhg IM'llch SC-MC..'CH 
may be &ehed"'8cl h non~SFN 91.C)lti;IITIC,,. Ah~ee of lhi$ IE ffl9<Tl5 ih.it SC-MCCH isontv &ehecluled In 
th• IIUbframe indicated by sc-rncch-FhtSUbfr&me. 
sc:.mcr;h.OffAt 
lndlcales, togetherWllh lhe sc-ttk;r:lt-Rapf.11.itiQttPcri«J, lho rtJdio tr..n8$ In which SC-MCCH Is &eh8duled I.e. 
SC·MCCH Is schedulOd in rodlo tram~ for which: SFN mod sc,.moch-R6P(llirkx1P9rlod • so-mcdt-Offt.et. 
sc-mcch-FlrstSUbfra~ 
Indicates h first aibframe In \\tlk:h SC-MCCH ;s ~!hedt.llOO 
sc-mcch-RopolltlonPc.rlod -
Oeft'les lhe hterval be«w()()n b't'ln$l'Tli5:;ion& ofSC,MCCH i,form8oon. in radio frames. Va'-ie rfl correspond$ to 
2 radio frames. rf4 corre!'IP()nd~ to• r;,dic:, frt11T11» end$::> on . 
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3. Composition of Invention 

Narrowband (NB)-LTE is a system for supporting low complexity, low power consumption with a system BW equivalent to 1 PRB 

of LTE system. It can be mainly used as a communication method to implement the internet of things (IoT) by supporting devices such 

as machine-type communication (MTC) in a cellular system. By using the same OFDM parameters as LTE such as subcarrier spacing 

of existing LTE, there is an advantage of being able to use frequencies efficiently by allocating 1 PRB to the legacy LTE band for NB-

LTE without additional band allocation. In the case of downlink, the physical channel of NB-LTE is defined as N-PSS/N-SSS, N-PBCH, 

N-PDCCH/N-EPDCCH, N-PDSCH, etc., and is called by adding N- to distinguish it from LTE. 

In terms of multicast or broadcast, which is distinct from unicast, the LTE system introduces an MBSFN subframe or SC-PtM 

method for MBMS service. The NB-LTE system should also consider using MBMS service in situations where broadcast or multicast 

services are required (e.g., software update). Also, since there may be situations where some UEs need coverage enhancement, such 

as in NB-LTE system, it is necessary to consider the CE level for multicast transmission. Therefore, in the present invention, when 

trying to operate SC-PtM in the NB-LTE system, a method for efficiently setting the CE (coverage enhancement) level of N-PDCCH/N-

PDSCH etc., which transmits control/data of MCCH/MTCH, is proposed. 

For the sake of document uniformity, terms should be defined as follows: “Anchor-type PRB” refers to a PRB that transmits N-

PSS/N-SSS/N-PBCH/N-PDSCH for N-SIB, etc. for initial access from the e-NB perspective. Depending on the situation, there may be 

one anchor-type PRB or there may be multiple anchor-type PRBs. Next, in a situation where there are one or multiple anchor-type 

PRBs, if the UE has selected a specific anchor-type PRB through the initial access, the corresponding PRB is promised as an 

“additional PRB.” Further, since each UE in NB-LTE system recognizes a single PRB as its respective carrier, the PRB mentioned in 

this document can be considered to have the same meaning as the carrier. 

 

3.1. CE level of N-PDCCH/N-PDSCH for SC-PtM 

A. First of all, a method to set the CE level of the N-PDCCH or N-PDSCH carrying SC-PtM information to a single CE level may be 

considered. In this case, the CE level may mean the repetition number set or maximum repetition number of N-PDCCH or N-PDSCH. 

Therefore, a change in the CE level may mean changes in the repetition number set or the maximum repetition number of N-PDCCH 

or N-PDSCH. Also, the repetition number set or maximum repetition number of N-PDCCH or N-PDSCH corresponding to each CE 

level may be defined/set. The use of one CE level is advantageous because it has low complexity in terms of system implementation. 

Exemplary embodiments of the above methods are as follows. 

1. A Method setting the CE level used in the system to a fixed CE level (repetition number set or maximum repetition number 

corresponding to the fixed CE level) (i.e., in all cells, NB-IoT multicast CE level uses a specific fixed CE level): 

This method is applicable to both determining the CE level of the N-PDCCH that carries the control information of the MCCH 

or MTCH, e.g., setting the fixed CE level to the maximum CE level (repetition number set or maximum repetition number 

corresponding to the maximum CE level) may be advantageous for systems with a large number of UEs in a location with poor 

channel conditions (e.g., underground, warehouse, etc.) because service is available to most UEs that belong to the system 

(or cell). However, it may be disadvantageous to UEs in a location with good channel conditions as it may result in unnecessary 

repetition. 
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2. A method that each cell sets to one CE level value cell specifically and the eNB informs the UE of this via system information: 

This method is applicable to both determining the CE level of N-PDCCH that carries control information of MCCH or MTCH, 

and it can be set that the eNB determines the average channel situation by knowing the channel characteristics of the UEs 

configured to it and the location of those UEs, and then sets the CE level value semi-statically and provides notification thereof 

through system information. Using this method, since the CE level can be determined cell-specifically, it has the advantage of 

lowering the complexity of each system implementation and reducing unnecessary repetitions. 

 

B. Next, a method to set the CE level of the N-PDCCH or N-PDSCH carrying SC-PtM information to multiple CE levels (i.e., repetition 

number sets, multiple maximum repetition numbers) may be considered. The advantage of using multiple CE levels is that the CE level 

can be set differently depending on the channel situation of the UE or depending on the multicast service type to reduce unnecessary 

repetitions, and the CE level can be applied appropriately depending on the situation. Exemplary embodiments of the above method 

are as follows: 

1. A method setting the CE level for each TMGI (or G-RNTI or service type) as known in advance between the eNB and the terminal: 

This method is applicable to determine the CE level of the N-PDCCH carrying the control information of the MTCH and/or the 

CE level of the N-PDSCH carrying the MTCH, by setting the CE level differently for each TMGI (or G-RNTI or service type) 

that can be done via the MCCH N-PDSCH. In other words, for example, if the multicast service type is an important update 

that all UEs need to perform immediately, the CE level can be set to a large value so that all UEs with poor channel environment 

can receive it, or if the multicast service type is a group call for UEs located in a good channel environment, the CE level can 

be set to the minimum value that the UEs can receive to avoid unnecessary repetition. Characteristically, this CE level setting 

information for each TMGI (or G-RNTI or service type) can be sent to the UEs via RRC signal or MCCH. 

2. A method setting the CE level differently for each UE group (or each UE): 

This method is applicable to both determining the CE level of N-PDCCH carrying control information of MCCH or MTCH and/or 

N-PDSCH carrying MCCH or MTCH. From the eNB perspective, it can set that control information of MCCH or MTCH and/or 

N-PDSCH carrying MCCH or MTCH are transmitted using different CE levels using different PRBs. The CE levels used at this 

time can be set independently for each cell, but it can be set that the CE level transmitted to a specific PRB should be 

transmitted to all UEs via system information. The UE that has received the system information can select the desired CE level 

for each UE, move to the PRB to which the control information is transmitted and set it to receive control information from the 

MCCH or MTCH. Using this method has the advantage that each UE can select the desired CE level according to its channel 

environment, but from the eNB perspective, it has the disadvantage that it must use multiple PRBs to send the same information 

with only different repetitions. 

Furthermore, from the eNB perspective, it may be set that the control information of the MCCH or MTCH is transmitted not 

using different PRBs but using the same PRB but with different subframes (i.e., timing) and using different CE levels. The CE 

levels used in this case can be set independently for each cell as mentioned above, but it may be set that the subframe (i.e., 

timing) in which N-PDCCHs with different CE levels are allocated should be transmitted to all UEs through system information. 
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The UE that has received the system information can select the desired CE level for each UE and set that they can receive 

the control information of the MCCH or MTCH according to the timing of the subframe being transmitted. Using this method 

reduces the disadvantage of having to send the same information using multiple PRBs from the eNB perspective, which 

occurred earlier, but it may cause a delay problem that exist to support all the desired repetitions of each UE. 

 

4. Effectiveness of Invention 

In the present invention, when trying to operate SC-PtM in an NB-LTE system, a method for efficiently setting the CE (coverage 

enhancement) level of N-PDCCH/N-PDSCH etc., which transmits control/data of MCCH/MTCH, has been proposed. Furthermore, 

although the present invention is mainly concerned with NB-IoT system, it can be extended to similar narrow band systems (e.g., LTE 

MTC, etc.). 
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[1] 3GPP TS 36.211 V13.2.0, Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and modulation (Release 13) 

[2] 3GPP TS 36.213 V13.2.0, Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures (Release 13) 

[3] 3GPP TS 36.331 V13.2.0, Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol 

specification (Release 13) 
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