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Digital Access Service 
(DAS) 

WIPO 
W OR L D 
IN T ELLECTUAL PROPERTY 
ORGAN IZ A T ION 

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 WIPO Digital Access Service since the date of 
availability indicated, and that the patent application has been available to the 
indicated Office(s) as of the date specified following the re levant Office code: 

Document details: Country/Office: US 

Filing date: 09 Aug 2016 (09 .08.2016) 

Application number: 62372323 

Date of availability of document: 20 Aug 2016 (20 .08.2016) 

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

JP, US, SE, NZ, KR, GB, AU, ES, 18, EE, CN, MA, Fl 

Date of issue of this certificate: 22 Aug 2017 (22 .08.2017) 

34, chemin des Colombettes 
1211 Geneva 20, SWltzertand 
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IJN.rn: o STAT li:S DJ-:PAR'f M tNT () f.' COM;\ I EIH:E 

l foi t,·d Stnt.\.\i l's rent and Tr udcmnrk ()fficc 

August 22, 2017 

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM 
THE RECORDS OF THE UNITED STA TES PA TENT AND TRADEMARK 
OFF1CE OF THOSE PAPERS OF THE BELOW IDENTIFIED PA TENT 
APPLJCA TION THAT MET THE REQUffiEMENTS TO BE GRANTED A 
FILING DATE UNDER 35 USC 111. 

APPLICATION NUMBER: 62/372,323 
FILING DA TE: August 09, 2016 

THE COUNTRY CODE AND NUMBER OF YOUR PRIORITY 
APPLICATION, TO BE USED FOR FILING ABROAD UNDER THE PARIS 
CONVENTION, IS OS62/372,323 

(,'cl't111cd by 

l 'odcrSc.:rt l:lrJ' ofCommerc,, 
for Jntcllechrnl r n11><,dy 
and l)ircclOr of the t nifcd Srntcs 
Patent and Tndcm:1rk Offk~ 
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PTO'AW14 (11-15) 
Jlf)provcd for USC throug,h 04130r.iD17. 0MB 0 651-0032 

U.S. Paten and Tra:lemark Office: U.S. DEPARTMENT a' COMMERCE 

Urdcr f'lc Paipuw011( Rc(b::tjon Act o f 1995, no persons a.IC rcquirod to respond lo a collection d irfonnal on 111lcss i t contains a vali:t 0MB control number. 

Attorney Doci(et Number UT16-1104-US 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SC-PIM FOR ENHANCED NB-loT SYSTEM 

The application data sheet is part or the provisional a nonprCJYisionat applicaton for Which it is being sulmitted. The following form conlalns the 
bibliographic data arranged in a format l\'.)ecified by the Un l ed Stales Patent and Trademark Of lice as outtn ed in 37 CFR 1. 76. 
This dOcumert may be COOl>leled electroricaly and submiUed to the Office in electronic fonret usn g the Electronic Filing Syslem (EFS) or the 
documert may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

□ Po,Uons or all ol th e applica tion associated with tiis Application Data Sheet may fall under a Secrecy O rder pursuant to 
37 CF R 5.2 (Paper filers only. Applications that fall u nde r Secrecy Order may no t be filed electronically. ) 

Inventor Information: 

Inventor 11 I R emove I 
Legal Name 

Prefix Given Name _I Middle Name Family Name Suffix 

I I· t,eokmin I J,H IN I I· 
Residence Information (Select One) US Residency • Non US Residency Active US Mililary Service 

City E oul l 1counlry d Reside nce i IE I 

Mailing Address of Inventor: 

Address 1 19 , Yargja~ero 11gil, Seocho-gu 

Address 2 

City I J,eoul I Stat e/P rovince 11 
Postal Code fl6772 I Co1r1try i I t<R 
Inventor b I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I I· t-'yangsun I t,-ou I I· 
Residence Information (Select One) US Residency @ Non US Residency Active US Mililary Service 

City E oul l1counlry d Reside nce i IE I 

Mailing Address of Inventor: 

Address 1 19, Yargjae-daero 11 gi, Seocho-gu 

Address 2 

C ity I t,eoul I Stat e/P rovince 11 
Postal Code P6772 I Co1r1try i I ~ 
Inven to r b I R emove I 
L egal Name 

EFS Wcb22.12 
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PTO'AW14 (11-15) 
Jlf)provcd for use throug,h 04130r.i!)17. ClMB 0 651-0032 

U.S. Paten and Tr-mark Office: U.S. DEPARTMENT a' COMMERCE 
Urdcr f'lc PapCfW011( Rcd.lc::tion Act o f 1995 ,no persons a.IC rcqliicd to respond lo a collection d irfonnal on 111lcss i t contains a vali:t 0MB control number. 

Attorney Docket Number UT16-11 04-US 
Application Data Sheet 37 CFR 1.76 

Applicat ion Number 

Title of Invention SC-PIM FOR ENHANCED NB~oT SYSTEM 

Prefix Given Name Middle Name Family Name Suffix 

I I· ~oonkui I t',HN I El 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City E oul !!country of Residence i ll! I 

Ma iling Address of Inventor : 

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

Address 2 

City I J,eoul I State!Province 11 
Postal Code I f:>6112 I Country i I~ 
Inventor ~ I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I I· fv'unjung I t1 I I· 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City E oul l1country of Residence i IE I 

Ma iling Address of Inventor : 

Address 1 ~9. Yangjae-daero 11 gi, Seocho-gu 

Address 2 

City I t,eou I State!Province 11 
Postal Code I f:>6112 I Country i I P<R 
All Inventors Must Be Listed - Additiona l Inventor lnfonnation blod<s may be 
generated within this form by selectirg the Add button. L~ I 

Correspondence Information: 
Enter e ither Customer Number or complete the Correspondence Informat ion section below. 
For further informat ion see 37 CFR 1.33(a). 

D An Address is being prov ided for the correspondence Informat ion ol this applicat ion . 

Customer Number ~7487 

Email Address !nlo@kpalent.com I Add Email I !Remove Email 
Email Address 

I I I !Remove Email psplo@kpatent.com Add Email 

EFS Wcb 2.2.12 
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PTO'AW14 (11-15) 
Jlf)provcd for USC throug,h 04130r.iD17. 0MB 0651-0032 

U.S. Paten and Tra:lemark Office: U.S. DEPARTMENT a' COMMERCE 
Urdcr f'lc PipCfW011( Rcd.lc::tion Act o f 1995,no persons a.IC rcqliicd to respond lo a concetion d irfonnal on Lrllcss i t contains a vaM 0MB control number. 

Attorney Docket Number UT16-11 04-US 
Application Data Sheet 37 CFR 1.76 

Applicat ion Number 

T itle of Invention SC-PIM FOR ENHANCED NB-loT SYSTEM 

Application Information: 

Title of the Invention S~tM FOR ENHANCED NB-loT SYSTEM 

Attorney Docket Nimber UT16-11 04-US I Small Entity Status Claimed □ 
Application Type Provisional 

Subject Matter Uliity 

Total Number of Drawing Sheets (if any) 
1 1 

I Suggested Figure for Publication (if any) 1 1 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
appl ication papers induding a specification and any drawings are being filed. Any domestic benefit o r foreign priority information must be 
provided in the appropriate section(s) below(i.e., ' Domestic Benefit/National Stage Information' and"Foreign Priority Information") . 

For the purposes d a filing date under 37 CFR 153(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject tocondit ionsand requirements of3 7 CFR 157(a). 

Application number of the previously RI ing date (YYYY-MM-OO) Intellectual Property Authority or Country 
filed application 

Publication Information: 
D Req uest Early Publicat ion (Fee required a t time of Req uest 37 CFR 12 19) 

Request Not to Pub I is h. I hereby request that the at tached applicat ion not be pub lished under 

D 35 U.S.C. 122(b) and certify that the invention d isclosed in the attached application has not and will not be the 
subject of an app lication filed in another country, or under a multi late ral international agreement, that req uires 
publication at e ighteen months after fil ing. 

Representative Information: 

. 
. 

·-

Representative information sho~d be provided for all practiioners having a pov.er of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: • Customer Number I US Patent Practitioner IO Limited Recogrition (37 CFR 11 .9) 

Customer Number fi7487 

EFSWcb2.2.12 
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PTO'AW14 (11-15) 
Jlf)provcd for use throug,h 04130r.i!)17. ClMB 0 651-0032 

U.S. Paten and Tr-mark Office: U.S. DEPARTMENT a' COMMERCE 
Urdcr f'lc P;ipcrw011( Rcd.lc::tion Act o f 1995 , no persons a.IC rcqliicd i:o respond lo a oo!lcction d irfonnal on 111lcss it contains a vali:t 0MB control number. 

Attorney Docket Number UT16-11 04-US 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SC-PIM FOR ENHANCED NB-loT SYSTEM 

Domestic Benefit/National Stage Information: 
This section allows for the ap;pficant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Provid ing benefit daim information in the Application Data Sheet cxinstitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1. 78. 
When referring to the current application, please leave the "Application Number" field blank. 

Prior Application Status I I· I Remove I 
Fifing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM- DD) 

I -I I· I 
Add itional Domestic BenefiVNational Stage Data may be generated with in th is form 

I Add I by selecting the Add button. 

Foreign Priority Information: 

Tt-.s section allows for the applicant to claim priority to a foreign application. Providing lllis information in the appl ication data sheet 

constitutes the claim tor priority as reqlired by 35 U.S.C. 119(b) and 37 CFR 1.5_5. When priority is claimed to a foreign application 

lllat is eligible for retrieval under the priority document exchange program (POX)1 the inlormation Will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2) . Under the PDX program, appl icant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, Witt-.n the time period specified in 37 CFR 1 .55(g)(1). 

I Remove I 

Application Number Countryi Filin g Date (YYYY-MM-DD) Access Codd (if applicable) 

I I I 
Add itional Foreign Prior~y Data may be generated with in tlhis form by selecting the 
Add button. I Add I 

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

This application (1) daims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a daimed invention that has an effective fi fing date on or after March 

0 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, th is application, with a fi fing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 

EFS Wcb2.2.12 
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PTO'AW14 (11-15) 
;,,proved for USC throug,h 04130r.iD17. 0MB 0651-0032 

U.S. Paten and Tra:lemark Office: U.S. DEPARTMENT a' COMMERCE 
Urdcr f'lc PipCfW011( Rcd.lc::tion Act of 1995,no persons a.IC rcqLiicd to respond lo a co!lcction d irfonnal on Lrllcss i t contains a vaM 0MB control number. 

UT16-11 04-US Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Tit le of Invention SC-PIM FOR ENHANCED NB-loT SYSTEM 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly sigied and filed with the application, applicant has provided written 
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see 
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 
application (see paragraph B in subsection 1 below). 

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

NOTE: This section of the App lication Data Sheet is ONLY reviewed and processed with the t.llTIAL filing of an 
application. After the initial filing of an application, an Application Data Sheet camot be used to provide or rescind 
authorization b r access by a b reigi IP o ffi ce(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Ofice(s) 

A . Priority Document Exchange (POX)- Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigied hereby grants the USPTO authority to provide the European Patent Office (EPO). the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
Olina (SIPO), the World Intellectual Property Organization (WIPO), and any other foreigi intellectual property office 
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreigi 
application claiming priority to the instant patent application is fi led, access to: (1) the instant patent application-as-fi led 
and its related bibliographic data. (2) any foreigi or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliographic data, and (3) the date of fi ling of this Authorization. See 37 CFR 1.14(h) 
(1 ). 

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked, 
the undersigied hereby g rants the US PTO authori ty to provide the EPO access to the bibliographic data and search 
resu lts from the instant patent application when a European patent application claiming priority to the instant patent 
application is f iled. See 37 CFR 1.14(h)(2). 

The applicant is reminded that the EPO's Rule 141(1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
the instant application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A . Applicant DOES NOT authorize the US PTO to permit a participating foreigi IP office access to the instant 
D application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B. Applicant DOES NOT authorize the USPTO to transmit b the EPO any search results from fle instant patent 
D application. If this box is checked, the USPTO wi ll not be provding the EPO wi th search results from the instant 

application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access b the 
application in accordance with 37 CFR 1 .14. 

EFS Wcb2.2.12 
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PTOIAW14 (11•15) 
Jlf)provcd for use throug,h 04130r.i!)17. ClMB 0 651-0032 

U.S. Paten and Tr-mark Office: U.S. DEPARTMENT a' COMMERCE 
Urdcr f'lc PapCfW011( Rcd.lc::tion Act o f 1995,no persons a.IC rcqliicd to respond lo a collection d irfonnal on 111lcss i t contains a vali:t 0MB control number. 

Attorney Docket Number UT16-11 04-US 
Application Data Sheet 37 CFR 1.76 

A pplication Number 

T itle of Invention SC-PIM FOR ENHANCED NB-loT SYSTEM 

Applicant Information: 

Providing assignmenlinfooration in this section does not substitute for compliance with any requirement of part 3 of lille 37 of CFR 
to have an assignment recorded by the Office. 

Applicant h I RefflOlle I 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this section is the name and address of lhe legal representative who is lhe appl icant under 37 CFR 
1.43; or lhe name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient prqxietary interest in the rratterwho is lhe applicant under37 CFR 1.46. f lhe applicant is an 
appl icant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who a re a lso the appl icant shwld be 
identified i1 lhs section. 

I aear I 
Assignee I 

Legal Representative under 35 U.S.C. 117 I Jcinl Inventor 

Person to woom the ilventor ~ obligated to assign. I Person who shows sufficient proprietary merest 

If applicant is the lega l representative, indicate the authority b file the patent app lication , the inventor is: 

l· I 
Name of the Deceased or Legally Incapacitated Inventor: I I 
If the Applicant is an Orgarization check here. □ 
Prefix Given Name M iddle Name Family Name Suffix 

I I· I I I I I· 
Mail ing Address Information For Applicant 

Address 1 

Address2 

City State/Province 

Country 11 Postal Code 

Phone Number Fax Number 

Email Address 11 

.Addit iona l A pplicant Data m ay be generated with in this form by selecting the Add button. I Add I 

Assignee Information including Non-Applicant Assignee Information: 

Provid ing assignment information in th is section does not substitute for comp liance with any requ irement of part 3 of T itle 
37 ofCFR to have an assgnment recorded by the Office. 

EFSWcb 2.2 12 

I 
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PTO'AW14 (11-15) 
Jlf)provcd for use throug,h 04130f.:i!)17. OMB0651-0032 

U.S. Paten and Tra:lemark Office: U.S. DEPARTMENT a' COMMERCE 
Urdcr f'lc PipCfW011( Rcd.lc::tion Act o f 1995 , no persons a.IC rcqLiicd to respond lo a co!lcetion d irfonnal on Lrllcss it contains a valid 0MB control number. 

Attorney Docket Number UT16-1104-US 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SC-PIM FOR ENHANCED NB-loT SYSTEM 

Assignee ~ 
Complete this section if assignee information. including non-applicant assi171ee informatiol\ is desired to be included on the patent 
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assi171ee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication 

I Remooe I 
If the Assignee or Non-Applicant Assignee is an Organization check here_ □ 
Prefix Given Name Middle Name Family Name Suffix 

I I· I I I I I· 
Mailing Add ress Informati on For Assig nee including No n-Applicant Assignee: 

Address 1 

Ad:lress 2 

City I State/Province 

Country i 11 Postal Code 

Phone Number Fax llklmber 

Email Addr,ess 

Additional Assignee or Non-Applicant Assigiee Data may be generated within this form by 
I Add I selecting the Add button. 

Signature· Remo'We 

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). Ho w ever, if this A ppl icatio n 
Data Sheet 1is sub mitted with the t.llTIAL fil ing of the a pplication a nd e ither box Aor B is not checked in 
subsectio n 2 of t he "Authorizat ion or Opt-0\t of A uthorization to Permit Access" secti on, t hen thi s form must 
al so be s igned in accordance w it h 37 CFR 1.14(c). 

This Application Data Sheet must be s igned by a patent practitioner i f one or more of the applicants is a juristic 
ent ity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent pract[t ioner, all joint inventors who are the applicant, or one or more joint i nventor-applicants who have been given 
power of attorney (e.g., see USPTO Form PTO/A IN81) on behaW of all joint inventor-applicants. 

See 37 CFR 1.4(d) for the manner of making signatures and certi fications. 

Signature Andrew S. Pao:/ Date (YYYY-MM-DD) 
I 
r 16-08-09 

First Name f'1drew I Last Name I f arl< Registration Number f 7841 

Additional S ignature may be generated w i thin this form by selecting the Add button. I Add I 

EFSWcb2.2.12 
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PTO'AW14 (11-15) 
Jlf)provcd for USC throug,h 04130r.iD17. 0MB 0 651-0032 

U.S. Paten and Tra:lemark Office: U.S. DEPARTMENT a' COMMERCE 
Urdcr f'lc Papcrw011( Rccilc:tjon Aetof 1995 ,no persons a.IC rcqLied to respond lo a concetion d irfonnal on Lrllcss it contains a vaM 0MB control number. 

Attorney Docket Number UT16-1104-US 
Application Data Sheet 37 CFR 1 _ 76 

Application Number 

T itle of Invention SC~IM FOR ENHANCED N3-loT SYSTEM 

Tl-is cdlection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefrt by the public which 
is to fie (and by the USPTO to process) an application. Confidmtially is governed by 35 U.S.C. 122 and 37 CFR 1.14. Tl-is 
cdlection is estinated to lake 23 minutes to complete, in duding gathering, preparing, and submitting the completed application data 
sheet form ID the USPTO. Time wi l vary dependng upon the individual case. Any canmerts on the amount of tine you requi-e to 
complete this form and/or suggestions f or reducing this bu-den, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Dep.vtment of Commerce, P .0 . Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TOTHIS ADDRESS. SEND TO: Commissioner foe- Patents, P.O. Box 1450, A lexandria, VA 22313-1450. 

EFS Wcb 2.2.12 
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Privacy Act Statement 

The Privacy Act of 1974(P.L 93-579)r~ires that you begivencertail ilformationinconnectionwith you sul:missionoftheattached form related to a patent 
appicationor patent. Accadingly. p .. suant to the re<1Jiernents of the Act. pease be advised that: (1) the gmeral autrority for the colecticn of th~ ilformation 
~ 35 U.5.C.2(bK2);(2) h.mi!tling of the ilformation soicited is vollrotary; and (3) the p-ildpll p.-pose for whidl the information is used by the U5. Patent and 
TrademarkOffice is to pocessznd/ orexan'ine yoursul:mission related to a patent awication or patent. If you do not f....-nish the req.,e:sted nformation, the U.S. 
Patent and TrademarkOffice may not beabletopro<essand/orexamineyou slt>mission, whi<.h may resut in termilation of proc:eedings or abzndorwnentof 
the appicationor expiration of the patent. 

The ilformation povided byyou in this form wil be sl.t> ject to the fdlowilg routine uses: 

The ilfonnationon ttis form wil be treated confidentialyto the extent allowed under the Freedom of klformationAct (5 U5.C. 552) and the Privacy 
Act (5 U.S.C. 552a~ Aecords iran this syst.em oireco«!s may be dis dosed to the Department of Justice to determine whether the Fteedom of 
hformation Act reqllresdisclosl.l'eofthese recads. 

2. Areco,d fran this systan of records mayb e disclosed, asa routile use, in thecou-seofpresentilg evidence to a court, magistrate; o radrrinistrative 
tribt.1\cll, includllg disclos._.es to cwosing cOW1Sel il the CQ(.lse of settlement negotiations. 

3 A record in this systemofreco,ds may be,disdosed, as a routneuse,to a MemberofCongess subm itting a request ilvoMng an nclivid ul , to whom 
the record pertails, when the individual has re(Jlested assistance fran the Member with re!f)ect to the subject matter of the rec01d. 

4. A record in ttis system of records maybe disclosed, as a routine use, to a contrac:to, of the Agency having need for the information il o,derto pB'fam 
a contract. Recipients ofilfa-mationshal be requied to comply with the requiernents of the Privacy Act of 1974. as amended. p.-suant to 5 U5.C. 
552a(m). 

5. A record related to an lnternationcl Awlication tied lllderthe PatentCoopB"ation Treaty in ttissystemof records maybe disclosed, as a routine use, 
to the International beau of the World Intellectual PropertyOrgarization. p .. suantto the Patent Cooperation Treaty. 

6. A record in ttissysternofrecords may be,disdosed, as a routine use.to anothB' federal agencyforp..-poses of Nationll Secu-ity review(35 U5.C. 18 1) 
and forreview JXJrsuant to the Atomic Ene,gy Act (42 U.S.C. 218(c)). 

7. A record from ttis system of reco,ds may be disclosed, as a routine use, to the Admilistrata, Gener.al Services, or tis/hB' designee, duri'lg an 
inspection of rec ads condK:ted by GSA as part of that agency"s responsiJiityto recomnend impovements in reco,ds management p-ac:tices and 
p-ograms. under authorityol44U5.C.2904 and2906. Suchd~clos .. eshal be made in accordance with the GSA regulations g,veming in,pection of 
rec ads fer this purpose, and any othB" relevant (i.e., GSA o, Comnerce) directive. Such discloslfe man not be used to make deterrri'lations zt>out 
individuzls. 

8. A record from ttis system ofrecads may be disclosed. as a routileuse, to the putlic aftEl' eitherpu.bicationofthe appl cation pursuant to 35 US.C. 
122(b) a issuance cl a patentp.,.suantto 35 U.S.C. 151. further, a reccrd may be disclosed. subjectto the limitations of 37 <JR 1.14,as a routine use, 
to the pl.t>ic iftherecOfd was fied in an a ppicationwtidl becaneabzndoned orin which the p-oceedilgs weretennilated andwtich application is 
referenced by either a publ~hed appication, an application open toputlic inspections er an is,ue<il patent. 

9. A rec.ad from ttis system ofreco,ds m ayb e disclosed, as a routineuse,to a Federal, State, o,Jocalla w enforcement agency, iftheUSPTO becomes 
aware of a vidation orpotentizl violation of law a regulation. 
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Related Standard Specifications  

 

1. Purpose of Invention 

In the present invention, when attempting to operate SC-PtM in an NB-IoT system supporting cellular IoT (internet of things), the present invention 

proposes a suitable PRB location to which N-PDCCH/N-PDSCH, etc. transmitting SC-PtM-related information is transmitted, and a method for 

allocating such PRB. 

 

2. Prior Art 

Techniques, apparatus and systems described herein can be used in various wireless access technologies such as code division multiple 

access (CDMA), frequency division multiple access (FDMA), time division multiple access (TDMA), orthogonal frequency division multiple 

access (OFDMA), single carrier frequency division multiple access (SC-FDMA), etc. The CDMA may be implemented with a radio technology 

such as Universal Terrestrial Radio Access (UTRA) or CDMA2000. The TDMA may be implemented with a radio technology such as Globa l 

System for Mobile communications (GSM)/ General Packet Radio Service (GPRS)/ Enhanced Data Rates for GSM Evolution (EDGE). The 

OFDMA may be implemented with a radio technology such as institute of electrical and electronics engineers (IEEE) 802.11 (Wi-Fi), IEEE 802 

.16 (WiMAX), IEEE 802-20, evolved-UTRA (E-UTRA) etc. The UTRA is a part of a universal mobile telecommunication system (UMTS). 3rd 

generation partnership project (3GPP) long term evolution (LTE) is a part of an evolved-UMTS (E-UMTS) using the E-UTRA. The 3GPP LTE 

employs the OFDMA in downlink and employs the SC-FDMA in uplink [1]. LTE-advanced (LTE-A) is an evolution of the 3GPP LTE. For clarity, 

this application focuses on the 3GPP LTE/LTE-A. However, technical features of the present invention are not limited thereto. 

2-1. LTE system architecture 
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l'l Figure 1, a radio frame includes 10 subf ra mes. A subframe indudes two slots in time domain. A time for t ransmit ting one 

subframe is defined as a transmission t ime interval {Tll ). For e>ea mple, one subframe may have a length of 1 millisecond (ms), and 

one slot may have a length of 0.5 ms. One slo t includes a plural ity of orthogonal frequency d ivision multiplex ing (OFDM) symbols in 

t ime domain. Since t he 3GPP LTE uses t he OF OMA in th e downlink, t he OFDM symbol is for represent ing one symbol period. Th e 

OFDM symbol may also be referred to as an SC-FDMA S{mbol or a symbol per iod. A resource block (RB) is a resource allocati on un it, 

and includes a plurality of con tiguous subcarriers in one slot. The st ructure of t he radio frame is shown for e,emplary purposes 

only. Thus, the number of subframes in duded in the radio frame or the numb er of slots included in t he subframe or t he numb er of 

OFDM symbols included in t he slot may be modified in various manners. 

i 
" 
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One downliric sk>t 
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Figure 2. Res ource gr id for one downlink sloe 

In Fi gure 2, a down I nk slot indudes a plura l ty of OFDM symb ols in time domain. It is described herein t hat one downl ink slot 

includes 7 OFDM symbols, and one resource block (RB) includes 12 subcarriers in frequency domain as an example. However, t he 

present invent ion is not limited t heret o. Each element on t he resour ce grid is referred t o as a resource element (RE). One RB 

includes 12X 7 REs . Th e number NOL o f RBs included in t he downlink slot depends on a downlink t ransmit bandwidth. The 

st ruct ure of an uplink slot may be same as t hat of t he downlink slot . 
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Control region Data regioo 

2nd slot 

Subfran,e 

F i gure 3. Structure o f downl ink subframe 

In Figure 3, a maximum of three OFOM symbols located i1 a front portion of a first slot w ithin a subframe correspond to a 

control region to be assigned with a control channel. The remaining OFOM symbols correspond to a data region to be assigned 

with a physical downink shared chancel (POSCH). Examples of downlink control channels used in the 3GPP LTE indudes a physical 

control format indicator channel (PCACH), a physical downlink control channel (PDCCH), a physical hybrid ARQ indicator channel 

(PHICH), etc. The PCFICH is transmitted at a f irst OFOM symbol of a subframe and carries information regarding the number of 

OFOM symbols used for transmission of control channels w ithin the subframe. The PHICH is a response of uplink transmission and 

carries an HARQ acknowledgment (ACK)/not-acknowledgment (NACK) signal. Control information transmitted through the POCCH 

is referred to as downlink control information (DCI) . The DCI includes upl ink or down ink sche<ll ling information or includes an 

uplink transm it (Tx) power control command for arbitrary UE groups. 

The PDCCH may carry a transport format and a resource allocation of a downlink shared channel (OL-SCH) , resource allocation 

information of an uplink shared channel (UL-SCH), paging information on a paging channel (PCH), system information on the OL­

SCH, a resource allocation of an upper-layer control message such as a random access response transmitted on the POSCH, a set of 

Tx power control commands on individual UEs within an arbi trary UE group, a Tx power control command, activation of a voice 

over IP (VoIP), etc. A plurality of PDCCHs can be transmitted w ithin a control region . The UE can monitor the plura lity of PDCCHs. 

The POCCH is transmitted on an aggregation of one or several consecutive control channel elements (CCEs). The CCE is a logical 

allocation unit used to provide the POCCH with a coding rate based on a state of a radio channel . The CCE corresponds to a 

pluraity of resourc:2 element groups (RE Gs). A format of the POCCH and the number of bits of the available PDCCH are determined 

according to a correlation between the number of CCEs and the coding rate provided by the CCEs. The BS determines a POCCH 

format according to a DCI to be transmitted to the UE, and attaches a cycle redundancy check (CRC) to control information. The 

CRC is masked with a unique identifier (referred to as a radio network temporary identifier (RNTI)) according to an owner or usage 

of the POCCH . If the POCCH is for a specific UE, a un ique identifier (e.g., cell-RNTI (C-RNTI)) of the UE may be masked to the CRC. 

Alternatively, if the PDCCH is for a paging message, a paging indicator identifier (e.g., paging-RNTI (P-RNTI)) may be masked to the 

CRC. If the PDCCH Is for system information (more specifically , a system information block (SIB) to be desaibed below) , a system 

information identifier and a system information RNTI (S I-RNTI) may be masked to the CRC. To indicate a random access response 

that is a response for transmission of a random access preamble of the UE, a random access-RNTI (RA-RNTI) may be masked to the 
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CRC. 

Control J 
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Data 
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' 
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0-.e stot One slm 

Subfr1me .. -

Figure 1. Structure of uplink subframe 

In Figure 4, an uplink subframe can be div ided in a frequency domain into a control region and a dat a region. T he cont rol 

region is allocated with a physical uplink cont rol channel (PUCCH) for carry ing uplink control information. The dat a region is 

allocated w i th a physical upl ink shared channel (PUSCH) for carrying user data . To maint ain a single carrier property, one UE does 

not simultaneously transmit t he PUCCH and the PUSCH. The PUCCH fa one UE is allocat ed to an RB pair in a subframe. RBs 

belonging to the RB pair occupy differen t subcarriers in respect ive t wo slots. This is called t hat t he RB pair allocated to t he PUC CH 

is frequency-hopped in a slot boundary. 

BS (base smtion)(IO) 

PROCESSOR 
( II) 

MEMORY 
(12) 

-
UE(userequipment) (2 0) 

PROCESSOR 
(21) 

;\fEMORY 
(22) 

RF UNTT 
( 23) 

Figure 5. System for implementing present invention 

n Figure 5, a w ireless commun ication syst em includes a BS 10 and one or more UE 20. In downlink, a transmitter may be a 

part of the BS 10, and a receiver may be a part of the UE 20. n uplink, a transmitter may be a part of the UE 20, and a receiver may 

be a part of t he BS 10. A BS 10 may include a processor 11, a memory 12, and a rad io frequency (RF) un it 13. The processor 11 may 

be configured to implement proposed procedures and/or methods described in t his application. The memory 12 is coupled w i th 

the processor 11 and stores a variety of information to operate t he processor 11. The RF unit 13 is coupled with t he processor 11 
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and transmits and/or receives a radio signa l. A UE 20 may include a processor 21, a memory 22, and a RF unit 23. The processor 21 may be 

configured 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 transmits 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 multiple antennas, the wireless communication system may be called 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 aggregated multiple 

CCs (component carriers) is now being researched. For example, Figure 6 (b) illustrates the DL/UL subframe structure considered in 3GPP LTE-A 

(LTE Advanced) system where multiple CCs are aggregated (in this example, 3 carriers exist), while Figure 6 (a) illustrates a single carrier operation 

as in conventional systems. As shown in Figure 6 (b), a UE can monitor and receive DL signal/data from multiple DL CCs at the same time. However, 

even if a cell is managing N DL CCs, the network may configure a UE with M DL CCs where M≤N so that the UE's monitoring of the DL 

signal/data is limited to those M DL CCs. In addition, the network may configure L DL CCs as the main DL CCs from which the UE should 

monitor/receive DL signal/data with a priority, either UE­specifically or cel l-specifically, where L≤M≤N. 

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

 

 

In a system that supports carrier aggregation, cells can be categorized as shown in the following Figure 7. 
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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 CSI 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. 

 

 

(a) Basic CP 
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(b) Extended CP 

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. 

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. 
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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. 

 

Followings are the criterion of out-of-synch in LTE in system 

● The UE shall monitor the down link link quality based on the cell-specific reference signal in order to detect the downlink rad io 

link quality of the PCell as specified in [2]. 

● The UE shall estimate the downlink rad io link quality and compare it to the thresholds Q0ut and Qin for the purpose of monitoring 

down link rad io link quality of the PCell.  

● The threshold Qout is defined as the level at which the down link radio link cannot be reliably received and shall correspond to 

10% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters 

in [3].  

● The threshold Qin is defined as the level at which the down link rad io link quality can be significantly more reliably received than 

at Qout and shall correspond to 2% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors 

with transmission parameters specified in [3].  

 

SC-PTM 

5.8a. 1 Introduction 

5.8a.1 .1 General 

SC-PTM control information is provided on a specific logical channel: the SC-MCCH. The SC-MCCH carries the 

SCPTM Configuration message which indicates the MBMS sessions that are ongoing as well as the (corresponding) information on 
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when each session may be scheduled, i. e.scheduling period, scheduling window and start offset. The SCPTMCoef,guration message 
also provides information about the neighbour cells transmitting the MBMS sessions which are ongoing on the current cell. 

A limited amount ofSC-PTM cootrol information is provided on the BCCH. This primarily concern; the information needed to 
acquire the SC-MCCH. 

5.8a.1.2 SC-MCCH scheduling 

The SC-MCCH information (i.e. info,mation transmitted in messages sent over SCMCCH) is transmitted periodicaU.y, using a 
configurable repetition period. SCMCCH transmissions (and the associated radio resources and MCS) are indicated on PDCCH. 

5 .8a.1.3 SC-MCCH information valid ity and notification of changes 

Change o fSC-MCCH information only occurs at specific radio frames, ie. the concept ofa modification period is us-eel. Within a 
modification period, the same SCMCCH infonnation maybe transmitted a number of times, as defmed by its scheduling (which is 
based on a repetition period). The modification period boundaries are defined by SF N values for which SFN mod m= 0, where m is 
the number of radio frames comprising the modification period. The modification period is configured by means of 
Systemlnfom,ationB/ockT}pe20. 

When the network changes (some of) the SC-MCCH information, it notifies the UEs about the change in the first subframe which 
can be used for SC-MCCH transmission in a repetition period. I.SB bit in 8-bit bilmap when set to ' I ' indicates the change in SC­
MCCH. Upon. receiving a change notification, a UE interested to receive MBMS services transmitted using SC-PTM acquires the 
new SC-MCCH information starting from the sam e subframe. The UE applies the previously acquired SC-MCCH information until 
the UE acquires the new SC-MCCH information_ 

5 .8a.1.4 Procedures 

The SC-PTM capable UE receiving or interested. to receive MBMS service(s) via SC-MRB applies SC-PTM procedu.res described in 
section 5.8a and the MBMS interest indication pr ocedure as s pecified in 5.8.5. 

5.8a.2 SC-MCCH information acquisition 

5.8a.2.1 General 

UE &UIRAN 

g_;Pf'}.I- Co,if®,1ra1ion 

Figure 5.Sa.2.1-1: SC-MCCH information acquisition 

The UE applies 1he SCMCCH information acqu isition procedure to acquire the SC-PTM control information that is b roadcast by the 
E-UTRAN. T h e procedure applies to SC-PTM capable UEs that are inRRC_ IDLE or in RRC_CONNECTED, 

5 .8a.2.2 Initiation 

A UE interested to receive MBMS services via SC-MRB shall apply the SC-MCCH information acquisition procedure upon entering 
the ceU broadcasting Systemlnfom,ationB/ockType20 ( e.g. upon power on, following UE mobility) and upon receiving a notification 
that the SCMCCH information has changed. A UE that is receiving an MBMS service via SC-MRB shall apply the SCMCCH 
information acquisition procedure to acquire the SC-MCCH information that corresponds with the service that is being received, at 
the stan of each modification period 
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Unless e><plicitly stated otherwise in the procedural specification, theSC-MCCH infonnation acquisition procedure overwrites any 
stored SC-MCCH infonnation, i.e. delta configurntion is not applicable for SC-MCCH infonnation and the UE discontinues using a 
field if it is ablent in SC-MCCH information unless e><plicidy specified otherwise. 

5.8a.2.3 SC-MCCH information acquisition by the UE 

A SC-PTM capable U E shal I: 

I> if the procedure is triggered by an SC-MCCH infonnation change notification: 

2> start acquiring the SCPTMConjiguration message from the subframe where the change notification was received; 

NOTE I : The UE continues using the previously received SC-MCCH infonnation until the new SCMCCH information has 
b=Jacquired. 

I> if the UE enter.; a cell broadcasting Systemlnfom,ationB/ock1)p e20: 

2> acquire the SCPTMConfiguration message at thene><trepetition period; 

I> if the UE is receiving an MBMS service via an SC-MRB: 

2> start acqufring the SC PTMConjiguration message from the beginning of each modification period. 

5.8a.2.4 Actions upon reception of the SCPTMConfiguration message 

No UE requirements related to the contents of this SCPTMConjiguration apply other than those specified elsewhere e.g. within 
procedures ll'ling the conce,ned system infonnation, the corresponding field descriptions. 

5.8a.3 SC-PTM radio bearer configuration 

5.8a.3.1 General 

The SC-PTM radio bearer configuration procedure is used by the UE to configure RLC, MAC and the physical layer upon staning 
and/or stopping to receive an SC-MRB transmitted on SC-MTCH. The procedure applies to SCPTM capable UEs that are in 
RRC _ CONNECTED or in RRC _ IDLE and are interested to receive one or more MBMS services via SC-MRB. 

NOTE: lncase the UE is unable to receive an MBMS service via an SC-MRB due to capability limitations, upper layers may 
take appropriate action e.g. tenninate a lower priority unicast service. 

5.8a.3.2 Initiation 

The UE applies the SCMRB establishment procedure to start receiving a session of a MBMS service it has an interest in .. The 
procedure may be initiated e.g. upon start of t he MBMS session, upon entering a ceU providing via SC-MRB a MBMS service in 
which the UE has interest, upon becoming interested in the MBMS seJVice, upon removal of UE capability limitations inl, ibiting 
reception of the concerned service. 

The UE applies the SC-MRB release procedure to stop receiving a session The procedure may be initiated e.g. upon stopof the 
MBMS session, upoo leaving the cell where a SC-MRB is established, upon losing interest in the MBMS service, when capability 
limitations start inhibiting reception of the concerned service. 

5.8a.3.3 SC-M RB establishment 

Upon SCMRB establishment, the UE shalt 

I> establish an RLC entity in accordance with the configuration specified in 9 .1 .1.7; 

I> configure a SC-MTCH logical channel applicable for the SC-MRB and instruct MAC to receive DL-SCH on the cell where 
the SCPTMConjiguration message was received for the MBMS service for which the SC-MRB is established and 'll'ling g. 
RNT!and sc-mtch-Schedu//ngbzfo (if included) in this message for this MBMS service: 
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I > configure die physical layer in accordance with the sc-mtch-InfoList, applicable for the SC-MRB, as included in die 
SCPTMCcnfiguralion message; 

I> inform upperlayers about the establishment of the SC-MRB by indicating the corresponding tmgi and sessionld; 

5.8a.3.4 SC-MRB release 

Upon SC-MRB release, the UE shall: 

I> release the RLC entity as well as die related MAC and physical layer configuration; 

I> inform upper layers about the release of the SC-MRB by indicating the corresponding tmgi and sessionl<t, 

SystemlnfonnationBlockType20 

The IE Systemlnfom,ationB/ockTypelO contains die informatio.n required to acquire die control information associated trammission 
ofMBMS using SC-PTM 

SystJJmlnformationBlockType20 information element 

-- ASNl STAAT 

Syot~mlnfor mationBlockType20- r 13 :;a SBOOBNC'B { 
sc - mcch- RepetionPer i od- r l3 BNCMBRATBD { rf2, rf4 , rfB, rfl6, rf3 2, rf64, rf l2B, rf2S6t, 
sc - mcch-Offset:.- r lJ INTBGBR (0 .. 10), 
sc - mcch- Firstsubframe- r13 INTBG2R {O .. 9) , 
sc- mcch-duration- r l 3 INTBG2R {2 •• 9) OPTI ONAL , 
sc - mcch- ModificationPcriod • r l 3 BNUM.BRATBD { rf2, rf4 , rfB, rf l6, rf32, rf64, rf l2B, rf256, 

rfS1 2 , rf l024 , r 2048, rf4 096, rf B192, rfl 6384, rf 3216B, 
rf65536 t, 

iat:.cNcnCr it:.icalBxt:.ension OC'TBT STRING OPTIONAL , 

ASNl STOP 

ij ··- -·-·----·------- SystemlnfonnalionBlockType20 field descrip.iions 
sc-mcc~odiflcationPeriod 

j Defines periodically appearing boundaries. i.e. radio frames lo,- which SFN rrod sc-mccf>.Modif,cationPeriod = 
! 0. The contents of different lransmissions of SC-MCCH information can o~ be different W there is at least one 
! such boundary in-between them. Value rf2 correspoods to 2 radio frames. val.le rf4 corresponds to 4 radio 

sc-mccf>.duration 
I frames and so on. 

Indicates. starting from the subframe indicated by sc-mccf>..FirstSubframe, theduratioo during which SC-MCOi 
! may be schecl.Jled in non-MBSFN subframes. Absence of this IE rreans that SC-MCCH is only scheduled in 
I the subframe indicated by sc-mccf>..FrstSubframe. I sc-mcch-0/fsef --···- · -·---· 

I; Indicates. together with the sc-rrcch-Repeti5onPeriod, the radio frames i1 wtich SC-MCCH is schecl.Jled i.e. 
SC-MCCH is schecl.Jled in radio frarres for whiclt SFN mod sc-mccf>.RepetitiooPeriod= sc-mccf>.Offsel. 

I sc-mccf>.FirstSubhame 
,
1
• Indicates the fi'st stbframe in whi<:!'_~ -MCOi is schedued 
. sc-mcch-RepetitionPeriod ----------------------------1 
j Defnes the interval between transmissions of SC-MCOi inlo<mation, in radio frames, Value r12 correspoods to 

i,_2_~8J.~~....!~~car~~~ ~!~es and so o'!:.-----·---·•-- --•--•·-,-• ,,·-·---·-·•-·-• .. •·••·••- ·•-·-.•-.•-,n-•-

[213 ) 
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16.6 Narrowband physical downlink control channel related procedures 
A U E sha II monitor a set of NPDC'CH candidates ( described in subdause I O 2 .2 .J o fl3 )) as configured by higher layer signaUing for 
control infonnation, where monitoring implies attempting to decode each of the NPDCCHs in the set according to all the monitored 
DCI formats . 

The set of NPDCCH candidates to monitor are defined in terms of NPDC'CH search spaces. 

The U E shaU monitor one or more of the following search spaces 

a Type! -NPDCCH common search space, 

a Type2-NPDCCH common search s pace, and 

a NPDC'CH UE-specific search space. 

AUE is not required to simultaneously monitor a NPDCCH UE-specificsearch space and a Type-1-NPDCCH common search 
space. 

A UE is not required to simultaneously monitor a NPDCCH UE-specific search space and a Type2-NPDCCH common search space. 

AUE is not required to simultaneously monitor a Typo- 1-NPDCCH common search space and a Type2-NPDCCHcommon search 
space. 

An NPDCCH search space NSil .. Rl at aggregation level L' e {I, 2} and repetition level 

Re {I,2,4,8,16,32,64, 128,256,5 12,1024,2048} is defined by a set ofNPDCCH candidates where each candidate is repeated in a 
set of R consecutive NB-IoT downlink subframes excluding subframes used for transmission of SI messages starting with subframe 
k. 

For NPDC'CH VE-specific search space, the aggregation and repetition levels defining lhe search spaces and the conesponding 
NPDCCH candidates are lisced in Table 16.6-1 by substituting the value of Rm.,, with the higher layer configured parameter al­

Repetitian-USS. 

ForTypeJ- NPDCCH common search space, the aggregation and repetition levels defining the search spaces are listed i, Table 16 .6-
2 by substituting Oie value of R,_ with the higher layer configured parameter al-Repetition-CSS-Paging. 

For T ype2-NPDCCH common search space, the aggregation and repetition levels defining the search spaces and the corresponding 

monitored NPDCCH candidates are listed in Table J 6.6-3 by substituting th e value of R.=, with the higher layer configured 
parameter npdcch-MaxNumRepetitions-RA. 

The locations of starting subframe k are given by k = kb where kb is the b "'consecutive NB-loT DLsubframe from subframe kO, 

and b = u · R , and u = 0,1, ... ~ - I , and where 
R 

subframe kO is a subframe satisfying the condition (!On, +Ln./2J)mod T = a.rr,a · T, where T = R,_ · G 

for N PDCCH UE-specifoc search space, 

- G is given by the higher layer parameter nPDCCH•stanSF-UESS, 

- a,w-,,, is given by the higher layer parameter nPDCCH.startSFojJset.U ESS, 

fer NPDC'CH Type2-NPDC'CH common search space, 

G is given by the higher layer parameter nPDCCH-startSF-TypelCSS, 
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- a
0
g,,, is given by the higher layer parameter nP lXCH•startSFoffeet•TypelCSS, 

For T:,,pel •NPDCCH commooscarchspace, k = kO and is determined from locations ofNB-IoT paging opportunity subframes. 

If the UE is configured by high layers with a PRB for monitoring of NPDCCH UE-specif,c search space, 

1 he UE shall monitor the N PDCCH VE-specific search space on the higher layer configured PRB. 

the UE is not expected to receive NPSS, NSSS, NPBCH on the higher layerconfi gured PiRB. 

od1crwise,, 

· lhe UE shaD monitor the NPDCCH VE-specific search space on the same PRB on which NPSS/NSSSINPBCH are detected. 

Table 16.6-1: NPDCCH UE• specific search space candidates 

{0},{l} {0,1} 

2 
{0} ,{l} {0,1} 

2 {0,1} 

{0,1} 

4 2 {0,1} 

4 {0,1} 

R,..,./8 {0,1} 

>=8 
R.,..14 {0,1} 

R.,._, 12 {0,1} 

Note 1: {x}. {y} denotes NPDCCH Format O candidate with NCCE index ' x', 
and NPDCCH Fcm,atO candidate with NCCE index y are monlored 

Note 2: {x,y} denotes NPDCCH Format1 candidate cc.responding to NCCEs 
'x' and • is mon ttored. 

Table 16.6-2: Type 1- NPOCCtil common sea rch space candidates 

{0 ,1} 

2 1,2 {0,1} 

4 1,2,4 {0,1} 

8 1,2,4,8 {0 ,1} 
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16 1,2,4,8,J 6 -- {0,1} 

32 1,2,4,8,16,32 - {0,1} 

64 1,2,4,8,16,32,64 - {0,1} 

128 1,2,4,8,16,3 2,64 ,128 - {0,1} 

256 l ,4,8,16,32,64,128,256 - {O,l } 

512 1.4, 16,32,64, 128,256,512 - {0,1} 

1024 l ,8,32,64,128,256,512,1024 - {0,1} 

2048 l ,8,64,128,256,512,1024,2048 - {0,1} 

Note 1: {x). {y) denotes NPDCCH Format O candidate with NCCE index 'x ', and 
NPDCCH Format O candidate with NCCE index'y' are mon itored 

Note 2: {x,y) denotes NPDCCH Format1 candidate corresponding to NCCEs ·x· and y 
is monitored. 

Table 16.6-3: Type 2· NPOCCH common search space candidates 

{0,1} 

2 
I {0,1} 

2 {0,1} 

{O, l } 

4 2 {0,1} 

4 {0,1} 

R,,," / 8 {0,1} 

>=8 
R..,., 14 {O, I} 

R..,., 12 {O, l } 

R,,,.,. {O, l J 
Note 1: {x), {y) denotes NPDCCH Format O candida1e with NCCE index 'x'. 

and NPDCCH Format O candidate with NCCE index y are mon ttored 
Note 2 : {x.y) denotes NPDCCH Fo-mat1 candidatecorrespondil g to NCCEs 

'x' and • is mon ttore d 

If a NB-IoT U E detects NPDCCH with DCI Fonnat NO ending in subframe n,and if the comsponding NPUSCH fo,mat I 
transmission starts from n+k, the UE is not required to monitorNPDCCH in any subframe starting from subframe n +l to subframe 
n +k -1. 

If a NB-IoT UE detects NPDCCH with DCI Format NI or N2 ending in subframe n, and if die corresponding NPDSCH tran-;mission 
starts from n +k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ J to subframe n +k-1. 

If a NB-IoT UEdetects NPDCCH with DCI FormatN I ending in subframe n, and if the corresponding NPUSCH format 2 
transmission starts from subframe n +k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ J to 
subframe n+k-1. 
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!fa NB-IoT UE detects NPDCCH with DC! Format N I for "PDCCH order'' ending in subframe n, and if the corresponding 
NPRACH transmission stans from subframe n+k., the UE is not required to monitor NPDCCH in any subframe starting from 
subframe n+ I to subframe n +k-1. 

If a NB-IoT UE has a NPUSCHtransmission ending in subframen, the UE is not required to monitor NPDCCH in any subframe 
starting from subframe n+J to subframe n+3. 

A NB-IoT UE is not required to monitorNPDCCH candidates of an NPDCCH search space ifan NPDCCH candidate of the 
NPDCCH search space ends in subframe n, and if the UE is configured to monitor NPDCCH candidates of another NPDCCH search 
space starting before subframe n+5 . 

16.6.1 NPDCCH starting position 

The starting OFDM S>mbol for NPDCC H given by index /NPDCCHSuu, in the first slot in a subfi·ame k and is deteimined as follows 

ifhigher lay<r parameter operationModelnfo indicates ·oo·, or '01 • 

• /Npoc,-cuswt is given by the higher layer parameter eutraContro/RegwnSize 

if higher layer parameter operationModelnfo indicates ' 10 ', or' I I ' 

[212] 

6.4.3 

/ NPOCCHSwn = Q 

Downlink control information 

A DCI transports downlink or uplink scheduling information for one cell and one RNTI. The RNTI is implicitly encoded in the CRC. 
The processing structure for one DCI is according to Section 5 J J . 

- 6.4.3.1 DCI Format NO 

DC I format NO is used for the scheduling ofNPUSC H in one UL cell. 

The following information is transmitted by means of the DCI format NO: 

Flag for format NO/format N 1 differentiation - I bit, where value 0 indicates format NO and value I indicates formatN I 

Subcarrier indication - 6 bits as defined in section 165 .I .I of [3] 

Resource assignment - 3 bits as defined in section 16.5 .1 .2 of [3] 

Scheduling delay - 2 bits as defined in section 16.5.1 of[3 ) 

Modulation and coding scheme - 4 bits as defmed in section 16.5.1.2 of[3 J 

Redundancy version - I bit as defined in section 16.5.1 2 of [3 J 

Repetition number - 3 bits as defmed in section 165 .12 of (3 J 

New data indicator - I bit 

DC!subframe repetition number - 2 bits as defined in section 16.6 in [3 ) 
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- 6.4.3.2 DCI Format N1 

DCI format NJ is ltled for the scheduling of one NPDSCH codeword in one cell and random access procedure initiated by a 
NPDCCH order. The DCI corresponding to a NPDCCH order is carried by NPDCCH. 

The following information is transmilled by means of the DCI format NJ : 

Flag for format NO/fonnat NI differentiation - I bit, where value O indicates format NO and value I indicates format NI 

NPDCCH order indicator - I bit 

FormatN I is used for random access procedure initiated by a NPDCCH order only ifNPDCCH crder indicator is set to' I ·, 
format NJ CRC is scrambled with C-RNT I, and aU the remaining fields are set as tbllows: 

Starting numberofNPRACH repetitions - 2 bits as defined in section I 6.3. I of (3] 

- Subcarrier indicationofNPRACH - 6 bilS as defined in. section 16.3 .I of [3] 

All the remaining bits in format NI are set to one 

Otherwise,, 

• Scheduling delay - 3 bits as defmed in section I 6.4.1 of[3) 

Resource assignment - 3 bilS as defined in section I 6.4.1 .3 of [3) 

Modulation and coding scheme - 4 bilS as defined in section 16 .4.J.5 of [3] 

Repetition number - 4 bits as defined in section I 6.4 .I 3 of[3] 

New data indicator - I bit 

HARQ-ACK resource - 4 bits as defined in section J6 A.2 of [3). 

DCi subframe repeti tion number - 2 bits as defined in section 16.6 in [3 ] 

When the format N I CRC is scrambled with a RA-RNTI, then the tbUowing fields among the fields above are reserved: 

New data indicator 

HARQ-ACK resource 

If the number of information bilS in format NJ is less than that of format NO, zeros shall be appended to format NJ until the payload 
size equals that of format NO. 

- 6.4.3.3 DCI Format N2 

DCI format N2 is used for for paging and direct indication. 

The following information is transmilled by means of theDC!iformatN2: 

Flag for paging/direct indication differentiation - I bit, with value O for direct indication and value I tbr paging 

Ifflag= O: 

Direct Indication information - 8 bilS provide direct indkation of system in.formation update and other fields, as defined in (6) 

Reserved information bits are added until the size is equal to that of format N2 with Flag=! 

lfFlag=l : 

- Resource assignment - 3 bi IS as defined in section I 6.4 .1.3 of [3) 
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Modulationandcodingscheme- 4 bits as defined in section 16.4.1.5 of [3] 

Repetition number - 4 bits as defined in section 16.4.l 3 of [3] 

DCI subframe repetition number - 3 bits as de fined in section 16.6 of [3] 

18 

IPR2024-00986 
Petitioners’ Exhibit 1004 

Page 000030



Attorney Docket No. UT16-1104-US 

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). Therefore, when SC-PtM is to be operated in an NB-LTE system, the present invention proposes an appropriate PRB location where N-

PDCCH/N-PDSCH, etc. transmitting SC-PtM-related information is transmitted and a method for allocating such PRB. 

In addition, monitoring the search space means decoding a certain area of N-PDCCH according to the DCI format to be received via the search 

space, and then scrambling the corresponding CRC to a certain pre-promised RNTI value to confirm that the desired value is correct. In addition, 

since each UE in an NB-LTE system recognizes a single PRB as its respective carrier, the PRB referred to in this document can be said to have the 

same meaning as the carrier. DCI formats N0, N1, and N2 referred to in this document mean DCI formats N0, N1, and N2 as defined in 3GPP TS 

36.212 [2] standard. 

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 “anchor PRB.” In addition, the PRB allocated by the eNB to proceed 

with the downlink process after initial access is promised as an “additional PRB.”  

 

3.1 Multicast PRB transmission different from camp-on PRB (or unicast PRB or paging PRB) 

First of all, N-PDCCH, which transmits control information of MCCH, and N-PDCCH, which transmits control information of MTCH, may be transmitted 

in the same PRB, or they may be transmitted through different PRBs. Accordingly, it can be broadly divided into two categories, summarized as follows. 

I. A method for setting the N-PDCCH transmitting control information of MCCH and N-PDCCH transmitting control information of MTCH to be 

transmitted to the same PRB: 

The initial UE may set that the representative PRB index information set as the representative through the anchor PRB (i.e., the initially 

accessed anchor-type PRB) is delivered using the system information block. That is, in the system information block, not only is SC-PtM-

related information (e.g., SC-PtM is transmission cycle, etc.) transmitted, but additionally the representative PRB index-related information is 

delivered. Since the UE that receives this system information knows the representative PRB index at which the SC-PtM is transmitted, and 

also knows the cycle on which the SC-PtM is transmitted, it may obtain the SC-MCCH scheduling information (i.e., N-PDSCH scheduling) by 

monitoring the pre-arranged (or preset) common search space (CSS) area in the representative PRB. In this case, the UE may be set to 

monitor the aforementioned CSS area using the SC-RNTI value or another pre-arranged RNTI value. 
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In addition, the DCI format used in this case can be set to use the DCI format N1 or N2 used in the existing NB-IoT, or a new DCI format can 

be created and used (i.e., DCI format Nm, where m is an integer). Therefore, by decoding the corresponding N-PDSCH to obtain the SC-

MCCH information, the UE can obtain the G-RNTI value per TMGI. 

Subsequently, the UE may obtain the SC-MTCH scheduling information (i.e., N-PDSCH scheduling) by monitoring the pre-arranged (or 

preset) common search space (CSS) area in the representative PRB. In this case, the UE may be set to monitor the aforementioned CSS 

area using the G-RNTI value corresponding to the TMGI it wishes to receive, or another pre-arranged RNTI value. In addition, the DCI format 

used in this case can be set to use the DCI format N1 or N2 used in the existing NB-IoT, or a new DCI format can be created and set to be 

used (i.e., DCI format Nm, where m is an integer). Therefore, by decoding the corresponding N-PDSCH to obtain SC-MTCH information, the 

UE can obtain MBMS data (e.g., software update). 

 

 

 

II. In case where the N-PDCCH transmitting the control information of the MCCH and the N-PDCCH transmitting the control information of the 

MTCH are transmitted to different PRBs: 

The initial UE may set that the representative PRB index information set as representative by the anchor PRB is delivered using the system 

information block. That is, as mentioned above, in the system information block, not only is SC-PtM-related information transmitted, but 

additionally the representative PRB index-related information is delivered. Since the UE that receives such system information knows the 

representative PRB index at which SC-PtM is transmitted, and also knows the cycle on which SC-PtM is transmitted, it can obtain SC-MCCH 

scheduling information (i.e., N-PDSCH scheduling) by monitoring the pre-arranged (or preset) common search space (CSS) area in the 

representative PRB. In this case, the UE may be set to monitor the aforementioned CSS area using the SC-RNTI value or another pre-

arranged RNTI value. Furthermore, the DCI format used in this case may be set to use the DCI format N1 or N2 used in the existing NB-IoT, 

or a new DCI format may be created and set to be used (i.e., DCI format Nm, where m is an integer). Thus, by decoding the corresponding 

N-PDSCH to obtain the SC-MCCH information, the UE can obtain the G-RNTI value per TMGI. Additionally, the UE may be set to obtain 

different multicast PRB (M-PRB) index information depending on the G-RNTI (or a specific G-RNTI group) by decoding the N-PDSCH in which 

the SC-MCCH is transmitted, and to receive different M-PRB index information depending on the G-RNTI (or a specific G-RNTI group) through 

group specific RRC signalling. 
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Subsequently, the UE may obtain SC-MTCH scheduling information (i.e., N-PDSCH scheduling) by monitoring the pre-arranged (or pre-

set) common search space (CSS) area, user-specific search space (USS), or group-specific search space (GSS) in the M-PRB corresponding 

to the G-RNTI (or a specific G-RNTI group) of the TMGI to be received. In this case, the UE may be set to monitor the aforementioned CSS 

or USS or GSS area using a G-RNTI value corresponding to the TMGI it wishes to receive or another pre-arranged RNTI value. In addition, 

the DCI format used in this case can be set to use the DCI format N1 or N2 used in the existing NB-IoT, or a new DCI format can be created 

and set to be used (i.e., DCI format Nm, where m is an integer). Therefore, by decoding the corresponding N-PDSCH to obtain SC-MTCH 

information, the UE can obtain MBMS data. 

 

 

For both I and II above, it is common for the N-PDSCH transmitting the MCCH to be transmitted in the same PRB as the PRB in which the N-

PDCCH transmitting the control information of the MCCH is transmitted, and it is also common for the N-PDSCH transmitting the MTCH to be 

transmitted in the same PRB as the PRB in which the N-PDCCH transmitting the control information of the MTCH is transmitted. However, due to the 

nature of NB-IoT system using 1RB, there is no condition that the PRB transmitting N-PDCCH and the PRB transmitting N-PDSCH are necessarily 

the same, so it may also be set to dynamically convey the information that N-PDSCH is transmitted to a third PRB different from the PRB to which 

each N-PDCCH is transmitted. As an example, it may be set to inform the new PRB index on which the N-PDSCH, which transmits the MCCH, is 

transmitted in addition to the N-PDCCH which transmits the control information of the MCCH, etc. Similarly, it may be set to inform the new PRB index 

on which the N-PDSCH, which transmits MTCH, is transmitted in addition to the N-PDCCH which transmits the control information of MTCH, etc. In 

this case, the new PRB to which the N-PDSCH carrying the SC-MCCH is transmitted, the new PRB to which the N-PDCCH carrying the scheduling 

information of the SC-MTCH is transmitted, and the new PRB to which the N-PDSCH carrying the SC-MTCH is transmitted may be allocated 

independently of each other, or they may be the same, or they may be separated by a certain PRB interval between the three, or they may have a 

certain rule-based relationship. 
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Furthermore, for both I and II above, the UE may obtain the SC-MCCH change notification information by monitoring a pre-arranged (or preset) 

common search space (CSS) area in the representative PRB. In this case, the UE may be set be monitor the aforementioned CSS area using the 

SC-RNTI value or another pre-arranged RNTI value. Further, the DCI format used in this case may be set to use the DCI format N1 or N2 used in the 

existing NB-IoT, or a new DCI format may be created and set to be used (i.e., DCI format Nm, where m is an integer). 

Further, it may be contemplated that in I and II above, the PRBs on which the MCCH or the N-PDCCH scheduling the MCCH are transmitted and 

the PRBs on which the MCTH or the PDCCH scheduling the MTCH may each be independently informed through system information (e.g., SIB). 

Alternatively, in I above, the representative PRB may not be applied to the MCCH or the N-PDCCH scheduling the MCCH, but only to the MTCH or 

the N-PDCCH scheduling the MTCH. In this case, the UE may read the MCCH or N-PDCCH scheduling MCCH from the anchor PRB. 

Additionally, the representative PRB may be a representative anchor-type PRB selected from among the anchor-type PRBs. 

 

 

3.2. Multicast PRB transmission same with camp-on PRB (or unicast PRB or paging PRB) 

The method of transmitting MCCH N-PDCCH or MTCH N-PDCCH using a PRB different from the camp-on PRB (or unicast PRB or paging PRB) 

in 3.1 is to transmit multicast Tx using an independent PRB from the legacy NB-IoT Tx at the UE side, so that there is no case that unicast N-PDCCH 

is transmitted to the same PRB as SC-PtM N-PDCCH at the configured UE side. Also, from the idle UE perspective, paging DCIs and SC-PtM N-

PDCCHs are no longer transmitted to the same PRB. On the other hand, the method of transmitting MCCH N-PDCCH or MTCH N-PDCCH using the 

same PRB as the camp-on PRB (or unicast PRB or paging PRB) can be summarized into two cases as follows. 

I. A method for aligning the DCI format of N-PDCCH that delivers control information of MCCH or MTCH with DCI format N1 

In this case, to make the DCI format equal to N1, you can use the actual DCI format N1, or you can set to use a new DCI format to have 

the same payload as DCI format N1. In this case, it is important to add extra zeros (zero padding) to make the length the same as DCI format 

N1 if there is still space left after fitting the data. In this case, the length of DCI format N1 can mean the length after zero-padding if DCI format 

N1 is zero-padded to make it the same size as other DCI formats. Furthermore, the search space in which the N-PDCCH carrying the control 

information of the MCCH or MTCH is transmitted may be set to use the common search space for SC-PtM. Characteristically, the case where 

the DCI format of the N-PDCCH carrying the control information of the MCCH or MTCH is set to be equal to DCI format N1, in order to avoid 

increasing the number of N-PDCCH blind decoding by the UE, 1) may be set that the search space in which the N-PDCCH carrying the control 

information of the MCCH or MTCH is transmitted to be included in the UE-specific search space (USS) in which the N-PDCCH for the UE-

specific data schedule is transmitted, and 2) may be applied to the case where the PRB on which the search space, in which the N-PDCCH 

carrying control information of MCCH or MTCH can be transmitted, is transmitted, is the same as the PRB in which the USS is transmitted. 
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First, considering the case of connected mode, the UE may be set that the search space in which the MCCH and MTCH DCIs are 

transmitted is the same as the USS (i.e., the NPDCCH UE-specific search space) or has a relationship that is included in the USS. In this 

case, the connected mode UE may be distinguished using CRC masking by employing different RNTI values (e.g., unicast: C-RNTI, MCCH: 

SC-RNTI, MTCH: G-RNTI) for the unicast control DCI and the DCI of the MCCH or the MTCH it was looking at without any additional BD. In 

addition, the UE will be able to decode MCCH control or MTCH control without frequency shift and without unicast interruption. 

On the other hand, for idle mode UE, since the DCI format is set to N1, an additional action is required compared to the legacy operation 

to view the control information of MCCH or MTCH transmitted in DCI format N1 for idle mode UE. In this case, the additional actions are as 

follows. The idle mode UEs will monitor the DCI format N2 size using P-RNTI to view the paging that was originally intended to be viewed 

during the UE DRX cycle. In this case, when SC-PtM (i.e., MCCH or MTCH control) related DCI is transmitted in the same subframe, it is 

tailored to DCI format N1 size and cannot be decoded without additional BD (i.e., to satisfy the max BD requirement), so it is impossible to 

obtain SC-PtM related information. However, if the terminal is capable of performing additional BD, it can obtain SC-PtM related information 

by additionally monitoring the DCI format N1 size using SC-RNTI or G-RNTI. 

II. A method for aligning the DCI format of N-PDCCH that delivers control information of MCCH or MTCH with DCI format N2 

In this case, to make the DCI format equal to N2, you can use the actual DCI format N2, or you can set to use a new DCI format to have 

the same payload as DCI format N2. In this case, it is important to add extra zeros (zero padding) to make the length the same as DCI format 

N2 if there is still space left after fitting the data. In this case, the length of DCI format N2 can mean the length after zero-padding if DCI format 

N2 is zero-padded to make it the same size as other DCI formats. Further, it may be set that the search space in which the N-PDCCH 

delivering the control information of the MCCH or MTCH is transmitted uses the common search space for SC-PtM. Characteristically, the 

case where the DCI format of the N-PDCCH carrying the control information of the MCCH or MTCH is set to be equal to DCI format N2, in 

order to avoid increasing the number of N-PDCCH blind decoding by the UE, 1) may be set that the search space in which the N-PDCCH 

carrying the control information of the MCCH or MTCH is transmitted to be included in the cell-specific search space (CSS) in which the N-

PDCCH for paging schedule is transmitted, and 2) may be applied to the case where the PRB to which the search space in which the N-

PDCCH carrying the control information of the MCCH or MTCH can be transmitted is transmitted is the same as the PRB to which the CSS 

in which the N-PDCCH scheduling paging is transmitted is transmitted. 

First, considering the case of idle mode, the UE may set that the search space in which the MCCH and MTCH DCIs are transmitted is 

the same as the CSS used by the paging signal (i.e., Type1-NPDCCH common search space) or has a relationship that is included in that 

CSS. In this case, the idle mode UE may be distinguished using CRC masking by employing different RNTI values (e.g., paging DCI: P-RNTI, 

MCCH: SC-RNTI, MTCH: G-RNTI) for the paging DCI and the DCI of the MCCH or MTCH it was looking at without any additional BD. 
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On the other hand, in case of connected mode UE, since the DCI format is set to N2, the connected mode UE needs an additional action 

compared to the legacy operation to view the control information of MCCH or MTCH transmitted in DCI format N2. The additional actions are 

as follows. In the case of connected mode UE, the DCI format N1 size is monitored using C-RNTI to view the unicast control information. At 

this time, when SC-PtM (i.e., MCCH or MTCH control) related DCI is transmitted in the same subframe, it is not possible to decode it without 

additional BD because it is tailored to DCI format N2 size, so it has to choose between obtaining SC-PtM related information or obtaining 

unicast control information. At this point, it is necessary to decide the priority of which one should be received first. First of all, it can be set to 

determine whether to receive multicast or not depending on the service type. As a specific example, you can set up for receiving multicast 

first for critical firmware updates, even if it receives unicast later. It can also be advantageous to set multicast to be received first because 

unicast has an A/N, so it can immediately tell you that it hasn't been received, whereas multicast doesn't have an A/N, so there's no way to 

tell until the information is exchanged at a higher layer. Alternatively, the determination can be made based on the amount of data sent in 

unicast. At the present time, if unicast data exceeding a certain pre-arranged threshold value has been received, unicast transmission can be 

continued, otherwise, multicast can be set to be received. This is because there is already a lot of unicast data in the buffer, and it is more 

burdensome to set it to receive it again. However, if the terminal is capable of performing additional BD, it can obtain SC-PtM-related 

information by additionally monitoring the DCI format N2 size using SC-RNTI or G-RNTI. Also, if the terminal has already received a scheduled 

unicast PDSCH via N-PDCCH decoded via USS, it can continue to receive unicast PDSCH without attempting to receive multicast in that 

segment. 

The method of determining the priority of which to receive between unicast transmission and multicast transmission is applied even in the 

same PRB, but can also be applied when transmitted to the same SF in different PRBs. 

 

In I and II above, the MCCH changing notification is transmitted in CSS type 1 using DCI format N2, but it is transmitted once in a very long time, 

and since the MCCH changing notification is transmitted to a different SF than the SF from which MCCH control is transmitted, it can be said that no 

additional BD problems occur in either connected mode or idle mode. 

 

3.3 Multiple PRBs transmission for MCCH control 

It is possible to consider a method where N-PDCCH transmitting MCCH control information is transmitted with multiple PRBs instead of being 

transmitted with one PRB. In other words, if the eNB transmits MCCH control information using several number of PRBs set semi-statically, each UE 

can select one of the several PRBs to check the MCCH control information and decode the MCCH to check the G-RNTI value per TMGI. At this time, 

if the several PRBs transmitting the MCCH control information overlap with the PRBs performing unicast transmissions that each UE is watching, 

PRBs looking at paging signals, or camp-on PRBs, the UE can decode the MCCH control information and MCCH without frequency shift and without 

unicast interruption. 

Then, UEs that have identified the G-RNTI value through the MCCH N-PDSCH can move to the PRB where the MTCH control information is 

transmitted and identify the MTCH control information using the G-RNTI value corresponding to the TMGI they wish to receive, and decode the MTCH 

accordingly to receive the MBMS data. 

Furthermore, the UE may obtain SC-MCCH change notification information by monitoring a pre-arranged (or preset) common search space (CSS) 

area in the PRB where the control information of the MCCH is transmitted. In this case, the UE may set to monitor the aforementioned CSS area 

using the SC-RNTI value or another pre-arranged RNTI value. In addition, the DCI format used in this case can be set to use the DCI format N1 or 

N2 used in the existing NB-IoT, or a new DCI format can be created and set to be used (i.e., DCI format Nm, where m is an integer). 
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4. Effectiveness of Invention 

In the present invention, when SC-PtM is to be operated in an NB-IoT system supporting cellular IoT (internet of things), a suitable PRB location 

to which N-PDCCH/N-PDSCH, etc. transmitting SC-PtM-related information is transmitted and a method for allocating such PRB are proposed. 

Furthermore, although the present invention is mainly concerned with NB-IoT systems, it can be extended to similar narrow band systems. In general, 

the PRB (i.e., carrier) can be applied by replacing it with the narrow band (i.e., 6RB) of the MTC system, and DCI format N1 can be applied by 

replacing it with DCI format 6-1A/1B, and DCI format N2 can be applied by replacing it with DCI format 6-2. 
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