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WIPO

_ . WORLD
Digital Access Service INTELLECTUAL FROPERTY

(DAS) SRSANIZATION

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 relevant Office code:

Document details:  Country/Office: US
Filing date: 09 Aug 2016 (09.08.2016)
Application number: 62372324

Date of 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, FI

Date of issue of this certificate: 22 Aug 2017 (22.08.2017)
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USITED STATES DEPARTMENT OF COMMEPROE
indtedd Sintes Patent wmd Trodemark C8Tce

August 22, 2017

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
THE RECORDS OF THE UNITED STATES PATENT AND TREADEMARK
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A
FILING DATE UNDER 35 USC 111,

APPLICATION NUMBER: 62/372,324
FILING DATE: Angust 09, 2016

THE COUNTRY CODE AND NUMBER OF YOUR PRIORITY
APPLICATION, T BE USED FOR FILING ABROAD UNDER THE PARIS
CONVENTION, IS D5a2/372,324

Cerrilied by
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e

Under Secrctary of Comnieree

it Tntellcetual Progeeriy
and Drector of the Lnited States
Patent and Trademark Offce

IPR2024-00986
Petitioners’ Exhibit 1016
Page 000003



PTOIALAA (11-15)
Approves for wse through BABAE01T, OAME 0681-0032
U5, Patent and Trademark Cifice; U5 DEPARTMENT OF COMMERCE

Umeder fhe Fapersork Raduoion Ack of 1868, no persors are reguined fo respond i 2 oollection of infemation unless it oontains 2 vald CUMB conirol numbes.

Attorney Docket Mumber | UT16-1105-US
Application Mumber

Application Data Sheet 37 CFR 1.76

Title of Invention | REPETITION LEVEL OF SC-Pild FOR ENHANCED NB-loT SYSTEM

The appicalion ala sheel is parl of e provisional or rorgeovisional appication for which iLis being submilled, The folcadng form conlaing he
bibbogranie: data arranged in & formal specilad by the Unibed States Falenl and Trademark Ofice as oulkned in 37 CTFR 1.76

This document may be completed slectronically and submitled to the Office in eecironic format using the Elecinonic Fiing System (EFS) or the
documend may be prinked and induded in a paper filed applicalxon

Secrecy Order 37 CFR 5.2;

n Poations of all of the: applicaticn associated with this Application Data Sheet may fall under a Secrecy Order pursuant o
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically. )

Inventor Information:

Inventor |1

Legal Name

Prefix| Given Name Middle Name Family Name Suiffig
| - FEC!JTI‘I _ _ | FHN | -
Residence Information (Select One) LIS Ressdency & Non US Residency Active LS Miltary Service

Gity |Eenul | Country of Residence ER ]

Mailing Address of Inventor:

Address 1 8, Yangjae-daero 11gil. Seocho-gu

Address 2

City | fpeou | staterProvince | |
Postal Code | beir2 | Countryi | kr

Inventor {2

Legal MName

Prefix| Given Name Middle Name Family Mame Suffie
| - IJDDHl'i.Ii | hI-IH | -
Residence Information (Select One) US Residency (&) Non US Residency Bclive US Miary Sorvice

city [Fw 7 Country of Residence! |

Mailing Address of Invenlor:

Address 1 4, Yangjae-daers 11gil, Seacho-gu
Address 2
City | Feoul | staterProvinee | |

Postal Code | per72 | Countryi | kR

Inventor E
Legal Name

LS Vel 2202
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PTOMALAA (11-15)

Approves for wse through D4D0017. O3 0651 -0032

15, Palent and Trademark Cifice; LLE. DEPFARTMENT OF COMMERCE

Under the Papersork Radssion Aot of 1065, no persors e requined o mespond o 3 oollection of infoemation unkess it oontains & wald OB conbrol numbes.

Attorney Docket Mumber | UT186-1105-US
Application Number

Application Data Sheet 37 CFR 1.76

Titke of Inwvention | REFPETITION LEVEL OF SC-PiM FOR ENHANCED NBE-loT SYSTEM

Prefix| Given Name Middle Name Family Name Sufffix
| [] rangsun | frou E
Residence Information [Select One) US Ressdency () Non US Residency Achive LS Misary Service

City |FWIJ| ||l:'-uunm_.- of Residence | kR |

Mailing Address of Inventor:

Address 1 8, Yanpjae-dasro 11gil, Seocho-gu

Address 2

City | ol | staterProvince | |
Postal Code | per72 | Countryi | kR

Inventor |4

Legal Name

Prefik| Given Name Middle Name Family Name Suffix
| - Feume | '—IW.#NG | -
Residence Information [Select One) US Residency  (®) Mon US Residency Achve US Mistary Sendice

T —— T —

Mailing Address of Inventor:

Address 1 4, Yangjae-daeno 11gil, Seocho-gu

Address 2

City | [peoul | State/Province | |

Postal Code | ez | Countryi | kr

All Inventors Must Be Listed - Additional Inventor Informaton blocks may be

generated within this form by selecting the Add bufton.

Correspondence Information:

Enter either Customer Number or complete the GCormmespondence Information section below.
For further information see 37 CFR 1.33(a).

[[] An Address is being provided for the cerrespondence Information of this application.

Gustomer Number b?-iﬂ?
Emaill Address nfokpatent com | Add Ernasl | |anrruw: Em-||
Email Address usptog@kpatent. com | AddEmal | |Remeve Emai|
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PTOMALAMA (11-15)

Approved for wse through AOZ0TT. OiE 00010032

LS, Palert and Trademark Gffce, U.E. DEPARTMENT OF COMNERCE

dinedesr fhe Papersork Reduoion Aok of 1865, no persons are requined o respond o 3 oodlsction of infemation unkess it oondains 3 vald CMB conbnod numibes.

Attorney Docket Mumber | UT18-1105-US
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | REPETITION LEVEL OF SC-PiM FOR EMHANCED NB-loT SYSTEM

Application Information:

Title of the Invention ETITION LEVEL OF SC-PIM FOR ENHANCED NB-loT SY3TEM

Attorney Docket Number| LIT16-1105-US | Small Entity Status Claimed [ |

Application Type Crovisional .
Subject Matter L ility -
Total Number of Drawing Sheets (if any) Suggested Figure for Publication (il any)

Filing By Reference:

Only complets this seclion when liling an applcation by relerance under 35 U0 T1Tich and 37 OFR 15T a). Lo nol complels this seclion il
application papers mcluding a specification and any drawings are being filed. Any domestic benefit or foresgn priority information must be
provided in the appropriate section|s) below (e, “Domestic BenefitMational Stage Information” and “Farelgn Priarity Informatlon®).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application ane replaced by this
reference to the previouslky filed application, subject to conditions and requiremaents of 37 OFR 1.57(al |
Application number of the previousky Filing date (Y7-MM-DO Intelbectual Property Authority or Country

filed application

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

] 35 US.C 122(b) and certify that the invention disclosed in the atached application has not and will not be the
subject of an application filed i another country, of under a multdateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be proveded for all practiboners hawving a power of afiomey ;o the application. Prowding
this nformation in the Application Dala Sheet does not conslibule a power of attomey in the application {see 37 CFR 1.32).

Either anter Customer Mumber or complete the Reprasentalive Mame seclion below. i both sections are complelad fhe customer
Mumber will be vsed Tor he Represenlabive Informmalion during procossang.

Pleasa Salect One: o Customer Nurmber UE Patent Praciitioner | () Umited Recognition (37 CFR 11.9)
Customer Mumbear FT-!BT
BF5 Wb 2212
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PTOALAMNA (11-15)

Approved for wse through DAOQZ01T. O 0651-0032

LS. Patent snad Trademank Office, U5 DEFARTMENT OF COMMERCE

Jmder the Pagpersork Raducion Aot of 1885, no persors ae required o respond e a oolksciion of infermaton unless it condaing 2 vakd OB controd number.

Attorney Docket Number UT18-1105-U8
Application Number

Application Data Sheet 37 CFR 1.76

Tithe of Invention | REPETITION LEVEL OF SC-PiM FOR ENHANCED NBE-loT SYSTEM

Domestic Benefit/National Stage Information:

This section allows for the applicant to cither claim benefit under 35 U.S.C. 1190e), 120, 121, 365(c), or 386(c) or ndicate

Maticnal Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet conslitutes
the specific reference required by 35 US.C. 118(e) or 120, and 37 CFR 1.75.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | | -
Filing o 371(c) Date
Application Mumber Continuity Type Prior Application Mumber (Y Y-MM-DD)

Additional Domestic BenefitNational Stage Data may be generated within this form
by selacting the Add bulton.

Foreign Priority Information:

This section allows for the appscant to claim prionty to & foreign application. Provideng this information in the applcaton data shest
constilles Bw claim for pricely as required by 33 U.S.C. 118(b) and 37 CFR 1.55. When priorily is clairmed 1o a foreign applicalion
that is eligible for retreval under the prionty decument exchange program tF'DK)I e information will be wsed by the Office to
automatically attemgd refrieval pursuant fo 37 CFR 1.55()(1) ard (2. Under the PDX program, applicani bears the ulimabe
responsibility for ensuring that & copy of the fonespn applicaton 5 recelved by the OfBce rom the panicipating foreign ntellectusl
propery office, or a cerliied copy of the foreign peiorily appScation is filed, within the Bime period specified in 37 CFR 1.55(g)(1).

[ Remove |
Application Mumber Cnuntr'_." Filing Date {YYYY-MM-DDY Aceess Code (f applicable)
Additional Foreign Priority Data may be generated within this form by selecting the
Add button, A

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

This application (1) claims prionty to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim o a claimed nventon that has an effective filing date on or after March
[] 18, 2013,

MOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
18, 2013, will be examined under the first inventor to file provisions of the AlA.

LESWeb 2212
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PTOIALAA (11-15)

Spprosves for wse through JABQR0TT, OIS 0GE1-0032

WS, Patent and Trademark, Cifice; U.S. DEFARTMENT OF COMMERCE

diredesr fhe Paperacrk Redecion Ack of 188S, no persors are reguined 1o respond o a oolkesction of inftematicn unless it contains 2 wakd OMB conbrod numibser,

Attormey Docket Number UT18-1105-U5
Application Mumbser

Application Data Sheet 37 CFR 1.76

Title of Invention | REPETITION LEVEL OF SC-PiM FOR ENHAMNCED NB-loT SYSTEM

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet i propery signed and filed with the application, applicant has provided writhen
authority to permit a participating foreign intellectual property {IP) office access to the instart apphcation-as-filed (see
paragraph A in subsaction 1 balow) and tha European Patent Office (EPQ) access to any search results from the instant
application (see paragraph B in subsection 1 balow).

Should applicant choose nof to provide an authorzation identified in subsection 1 below, applicant must opt-out of the
guthorization by checking the cormesponding box A or B or both in subsection 2 below,

INOTE: This section of the Applcation Data Sheet is ONLY reviewed and procossed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a forelgn IP office(s). Instead, Form PTOWSEIS or PTOVSB/ES must be used as appropriale.

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

A. Priority Document Exchange |[PDX) - Unless box & in subsection 2 [opi-out of authorization) is checked, the
undersigned heraby grants the USPTO authority to provide the Europaan Patent Office (EPD), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPQ), the State Intelleciual Property Office of the People’'s Republic of
China (SIPO}, the World Intellectual Propery Organization (WIFO), and any other foreign intellectual proparty office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priarity o the instant patent application is filed, access to: {1) the insiant patent application-as-filed
and its related bibliographic data, (2} any foreign or domestic application te which priority or benefit is claimed by the
instant applicaton and its related bibdiograghic data, and (3) the date of filing of this Authorzation. See 37 CFR 1.14(h)
1

B. Search Resulis from U.5. Application to EPO - Unless box B in subsection 2 (opt-out of authorizaton) is checkad,
the undersigned hereby gramts the USPTO authority to provide the EPO access to the bibliographic data and search
resulis from the instant patent application when a European patent application claiming pricrity to the instant patent
application is filed, See 37 CFR 1.14{h){2}.

The applicant is reminded that the EPO’s Rule 141(1) EPC (Eurcpean Patent Convention ) requlres applcants to submit a
copy of search results from the instant application without delay in a Evropean patent application that claims priority o

the instant applcation.

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

A Applicant DOES NOT authorize the USPTO to permit a participating foreign |IP office access io the instant
[ application-as-fled. If this box is checked, the USPTO will not be providing a parficipating foreign 1P office with
any documants and Information identified In subsection 1A above.

B. Applicant DOES MOT authorize the USPTO to fransmit to the EPO any search results from the instant patent
[1 application. If this box is checked, the USPTO will mot be providing the EPO with search results from thi instant
application.
NOTE: Once the application has published or is othersise publicly avallable, the USPFTO may provide access to the
application in accordanca with 37 CFR 1.14.

LFSWeb 2 12
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PTOMALAA (11-15)

Approsed for wese through DAS017T. OIS 0651 0032

LS, Patert and Trademark, Cifice; U5, DEPARTMENT OF COMMERCE

Jmder the Paperwork Reducion Ack of 1085, no persons are reguired o respond ko 3 oolleciion o ifemation unkess it confains 2 vakd GMB conbrod numiber.

Attormey Docket Mumber | UT16-1105-US
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | REPETITION LEVEL OF SC-PIM FOR EMNHAMCED MB-loT SYSTEM

Applicant Information:

Prowviding assagmenl informalion in this seclion does nol subsiube for compance wilh any requiremenl of part 3 of Tilke 37 of CFR
to have an assignment recorded by the Cffice.

Applicant |-|

[Fthe applicant is the inventor (or the remaining joint mventor or inveniors under 37 GFR 1.45), this seciion should not be completed.
The mformation bo be provided in thie section s the name and address of the legal representative who is the applicant under 37 CFR
143, or the name and address of the assignee, person o whorn the imenkor is under an obligalion Lo assign the invenlion, or person
whio oihersise shows sulficent propretary interest in the mater who is the applicant unders 37 CFR 1.46. I the apphcant is an
apphcant under 37 CFR 1,46 (assignee, person o whom the sventor is obligated Lo assign, or person who olhersdse shows sullicien]
propaedary interest) logether with one ar more ot inventors, then the joint inventor or invemors who ane also the applicant should be

identified in this secion.

Assignes Legal Representative under 35 LL.5.C. 117 Joint nventor

Person boowhom Dhe mvendor is oblicabed Lo assign. | Person who shows sanscient proprietany Inkerast
If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

-

Name of the Daceased or Legally Incapacitated Inventor:
It the Applicant is an Organization check hara. N

Prefix Given Mame Middle Mame Family Mame Suffix

| il | I :

Mailing Address Information For Applicant:
Address 1
Addrass 2
City State/Province
Country | | Postal Code
Phane Mumber Fax Number
Email Address
Additional Applicant Data may be generated within this form by selecting tha Add button. | Akl

Assignee Information including Non-Applicant Assignee Information:

Praviding assignment information in this 2ection does not substitute for compliance with any reguirement of part 3 of Tite
37 of CFR to have an assignment recorded by the Office.

LiSWeb 2 12
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PTQALAMA (11-15)

Approves for wse through 48072017, O3 0651 -0032

5. Patert and Trademank Office; U5 DEFARTMENT OF COMNERCE

dneder fhe Fagperyvork Raoduchon Aok of 18685, no porsors are required o respond o 3 oolleciion of infematon unkess itoontains & vakd OMB contral numbes.

Attormey Docket Mumber | UT18-1105-U5
Application Mumbar

Application Data Sheet 37 CFR 1.76

Tithe of Invention | REPETITION LEVEL OF SC-PIM FOR ENHANCED NB-loT SYSTEM

Assignee |‘

Compbzte this secion it assignes mlommahon, meuding non-applicant assignes infomaton, 1S desired o be induded on e patent
appkcation publication, An assignes-applicani identified in the “Applicant Information™ section will appear on the patent application
pubBcation as an applicant. For an agsignes-applicant, complate this seclion only if entification s an assignee is also desired on the
patent application publicalion.

If the Assignee or Mon-Applicant Assignes is an Organization check here. ]
Prefix Given Mame Middle Mame Family Mame Suffix

- w

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City | state/Province
Country | | Postal Code
Phone Number | Fax Mumber
Email Addrass

Additional Assignee or Mon-Applicant Assignee Data may be generated within this form by
selechng the Add button.

Signature:

NOTE: This Apolication Data Sheat must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access" section, then this ferm must
also be signed in accordance with 37 CFR 1.14|c).

This Application Data Sheat must be signed by a patent practitioner If one or mone of the applicants is a juristic
entity (e.g., corporation or association), If the applicant is two or more joint mventors, this 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
poweer of attomey (e.g.. see USPTO Form PTOUALAET ) on behalf of all joint inventor-applicants.

See 37 CFR 1.4{d) for the manner of making signatures and cartifications.

Signature [Andrew 5. Park! Date (YYYY-MM-DD)| 2016-08-00
First Mama Fﬁnﬂw Last Mame | Park Registration Mumbar TB41
Additional Signatura may be generated within this form by selecting the Add button.
LEswWweb 212
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FTOMALAA (11-15)

Approved for wse through DAsaT20T7. O3 0651 -0032
LS, Patent and Trademark Office; LS. DEFARTMENT OF COMMERCE
dindler the Faperyork Feducion Aot of 1885, no persons are requined i respond o 3 oolleciion of iInfemabon unkess it contains 2 vakd OB controd numbes.

Attorney Docket Mumber

UT18-1105-U5

Application Data Sheet 37 CFR 1.76

Application Mumber

Title of Invenbon | REPETITION LEVEL OF SC-PIM FOR ENHANCED NB-loT SYSTEM

Thes colleclion of informadion is required by 37 CFR 1.76. The infomation is required 1o oblain or refain 8 bensdit by ihe pubsc which
ie to fille {and by the USPTO to process) an applcafion. Confidentiality is governed by 35 US.C. 122 and 37 CFR 1.14. This
collection i estmated to fake 23 mimurtes to complete, including gathenng, prepanng, and submitling the completed applicabon data
shizezl [oem Lo the USPTO. Time will vary depoending upon the individual case. &ny comments on the amount of lime you regques o
oomplete this fonm andior sugpestions fof reducing this burden, shoubkd be sent bo the Chiel Informabon Oieer, LS. Patent and
Trademark Office, ULS. Departiment of Commerce, PO, Box 1430, Alexandria, WA 22313-1430. DO MOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS, SEND TO: Commissioner for Patenls, P.O. Box 1450, Alexandria, WA 22313-1450.
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Privacy Act Statement

Theee Privacy St of 19740P.L, 93-579) requires that yea be given certaln infammation in conmection with youwr sulimission of the atfached foem related 1o s patent
appllcation or patent, Arcordingly, pursuant to the requsrements of the Act, please be advised that (1) the general autharity for the colbectian of this Infamation
is 35 USC 2(bH 2 129 furnishing of the information solicited s wolurkary; and (3] the principal purpase for which the information is used by the LS. Patent and
Trachernark Mo i 0o proces and) v yesisr auibision elabad ta o patent agphcation o patent. B yeu da nol T the reguasted information, the LS,
Patent and Trademark Office may not be 2ble to process and, or mamine your submizsion, which may result in termination of proceedings or zbandonment of
the application or expiration of the patent.

Thees irifcarnation prowided by wou in this e '« be subject to the tollowing roufing uses:

1 Theinformation on this fomm will be trested conSidentially o the exbent allowed under the Fresdom of Information Ao S USAC 5520 and the Privacy
A5 USC 5528), Recosds fram this system of reconds may be disclosed 1o the Department of Justics 1o ditesmineg whethar the Fresdom of
Information Act requines disclosure of these records.

2 Arecord from this system of records may be disclased, 25 2 rowtine use, In the course af presanting esidence fo a court, magistrate, cradminsrative
tribural, including disclosuras to opposing cownsel inthe course of settlement regottions.

3 Arecord inthis sysbern of reconds may be disclossd, &g routine use, Bo 8 Memberof Congress submitting & reques| invohing an individual, towhom
he recond pemains, when the irdividual has reqiesstied ascistance Trom the Mamber with respect i the suliject matter of the mecoed,

4. Areord i this system of records may e disclosed, a5 a reutine Wee, 1o 8 coniracton of the Agency having need for the irdormaton in order to perfonm
a contract. Redplents of information shall be reguined to comply with the reguiremants of the Privacy Act of 1074, a5 amended, pursuant to 5 5.0
Shdaiml.

5 Arecord related to an Infematonal Application filled under tha Fatent Cooperation Traaty in this system of records may ba disclosed, 35 a routine use,
to the Infernaticnal Bursau of the World Intellectual Property Organization, pursuant ta the Patent CooperationTreaty.

6. Arnecord in this spstem of reconds may be disclosad, a5 a routing use, To anather federal agency for purpases of Matlonal Secunty review (35 UL5.C, 181)
and for revies pursuant to the Abomic Energy Act (42 UA.C. 118iclL

7. Arecosd broe this systemn of recards may be disclesed, aca reutine use, B0 the Adeinisiratorn, Genenl Sersces, or his'her dedgnes, during an
inspaction af records condwcted by GSA as part of that agency's responsibility to ecommand imgeovaments in records menagemaent practices and
programs, under authority of 44 LS.C. 2602 and 28046, Such disdosure shall be mede in accordance with the GSA regulations governing inspection of
records for this purpoos, and any other relevant (ie, G5A or Commence) dinsctive, Such disclosune shall not be wsed to malke detesminations about
individuals.

& A recoed Broem Hhe systen of recands may be disclodsd, a5 nouline use, 1o the pubic after sither pisilication of the application pursuant o 35 LLS.C,
122k of lssuance of 2 patent purssant fo 35 U350 1570, Further, a record may be disclosed, subject 1o the limitatlens of 37 OFR 1,74, a8 a routine use,
to the pubilic if the record was filsd in an application which becams abandeoned o in which the procesding s wene terminated and which application is
refereriied By either o pubshed spplcation, sn spplication open to pblic ins pcBons or an issued patent,

9. Arecosd from this systern of recond s may be disclosed, a5 a routine use, to & Federal, State, or local lew enforcement agercy, [if the USPTO beoomes
aware ol & violation or potental viclation of ke or regulstion.

LS Vet 22 02
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FROVISIONAL AFPFLICATION FOR UNITED STATES PATENT
IN THE NAMES OF

Seokmin SHIN, Joonkui AHN, Hyangsun YOU and
Seunggye HWANG

for

REPETITION LEVEL OF SC-PtM FOR ENHANCED NB-loT SYSTEM

Customer Number: 67487

Attorney Docket Number: UT16-1105-US

Total Number of pages: 16 (including cover)
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Attorney Docket No. UT16-1105-US

Standard Patent Request

CTO Next-Generation
Standard Research Center

Issue Date: 2016

Inventors

Seok-min Shin, Joon-gi An, Hyang-seon Yu, Sum-gye Hwang

Title of Invention

Repetition level of SC-PtM for enhanced NB-IoT system

Standardization Body

3GPP TSG RAN1 Expected conference for
announcement

Related Technical Field

LTE-A, MTC

Related Standard
Specifications

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.

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 Global 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

S Radio Frame -
_ siot_
#0 #1 #2 | #18 J #19
Subframe

Figure 1. Structure of a radio frame of 3GPP LLTE
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In Figure 1, & radio frame inclodes 10 sublrames. & subframe incudes twe slots in time domain. & time for fansmitting one
subframe is defined as a transmission time interval (TTI}. For example, one subframe may have a length of 1 milisecond (ms), and
one slot may have a length of 0.5 ms. One slot inchedes a plurality of orthegonal freguency division multiplexing [OFDM) symbals in
time domain. Since the 3GPF LTE uses the OFDRA in the downlink, the OFDM symbel is for representing one symbol perod. The
QFDM symbol may alzo be referred to as an S5C-FOMA symbol or 8 symbol period. A resource block [RB) (s a recource alocation unit,
and includes a plurality of contiguows subcarners in one slot. The strecture of the radio frame is shown for exemplary purposes
onby. Thus, the number of subframes incdueded in the radio frame or the number of slots induded in the subframe or the number of
QFDM symbols induded in the slot may be modified in various manners,

Oy aowlink dot
,)(,- b
[elinl Y] sylnbl}IE_

| ! Resaurce bock
I | 12a7 resouroe elevenis

.. Resaurce element

N™ = L7 subssrions

LI | | - |

Figure 2, Resource grid for one downlink slot

In Figure 2, a downlink slot includes & plurality of OFDM symbolks in time domain, it is described herein that one dowenlink slot
Includes 7 OFDM symbals, and one resource block (R} includes 12 subcarriess in frequency domain as an example. Howswer, the
present invention is net limited thereto. Each element on the resource grid is referred o as a resource element (RE). One RB
inchedes 127 REs, The number NOL of R8s included in the downlink slot depends on a downlink transmit bandwidih, The

structure of an uplink slat may be sarme as that of the dowalink slot.
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Figure 3. Structure of downlink subframe

In Figure 3, a maximum of three OFDM symbols lecated In a front portion of a first slot within a subframe correspond o a
control region to be assigned with a control channel. The remaining OFD symbols cormespond to a data region to be assigned
with a physical downlink shared chancel (FDSCH). Examples of dewnlink control channels used in the IGPP LTE includes a physical
control format indicator channel (PCFICH], a physical downlink control channel (PRCCH), & physical bybrd AR indicator channel
{FHICH], etc. The PCFICH is transmitled at a first OFDM symbol of a sublrame and carries information regarding the number of
OFDM symboks used for transmisslen of contral channels within the subframe. The PHICH is a redponde of uplink transmision and
carries an HARCD acknawledgment (ACK) not-acknowledgment (MACK] signal. Control information transmitted through the FOOCH
k= referred to as downlink contral information (DCI). The DO includes uglink or downlink scheduling information or includes an

uwplink transmit {Tx} power control command for arkltrary UE groups.

The FRCCH may carmy a transport format and a resource allocation of & downlink shared channel (DL-5CH], resaurce alacation
information of an wplink shared channal (LL-5CH], paging information on a paging channel [(PCH], system information on the DL-
5CH, a resource gllocation of an upper-layer control message such as a random access respanse tansmitted on the PRSCH, a set of
Te power control commands on Indlvidual UEs within an arbitrary UE groug, a Tk pawer contral command, activation of a vaice
aver IP [(WVolP), ete. & plurality of PDCCHS can be transmitted within a control region. The UE can monitor the plurality of POCCHS
The PDCCH ks transmitted on an aggregation of one or several consecutive control dhannel elements (CCEs). The CCE is a logical
allocation wnit used to provide the PDCCH with a coding rate based on 2 state of a radlo channel. The CCE corresponds to &
plurality of resource element groups (REGs), & format of the POECH and the number of bits of the available POCCH are determinad
according to a correlation between the number of CCEs and the coding rate provided by the CCEs, The BS determines a FDECCH
format acconding to a8 DC to be transmitted to the UE, and attaches a oycic redundancy check (CRC) to control information. The
CRC is masked with a unique identifier {referred to as a radio network temporary identifier (RMTI) according to an owner or usage
af the POCCH. IF the PDCCH s for a specific UE, a wnique identifier (e.g., cell-RNTE {E-RNTIH) of the UE may be masked to the CRE,
Alternativaly, if the PDCCH s for a paging message, a paging indicator identifier (e.g., paging-RNTI [P-RNTI}} may be masked to the
CRC, If the POCCH s for system information (more specifically, a system information block (518] te be deseribed below), a system

infarmation identifier and a system information RNTI{SERNTI) may be masked to the CRE, To indicate a random access response
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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
CRC.
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Figure 4. Structure of uplink subframe

In Figure 4, an uplink sublframe can be divided in a frequency domain inte a control region and a data region. The wentrol
region is allecated with a physical uplink control channel {PUCCH) lor carrying uplink control information, The data reglon ks
allocated with a physical uplink shared channel (PUSCH) for cammying user data. To maintain a single carfier property, one UE does
not simultaneously transmit the PUCCH and the PUSCH. The PUCCH for one UE is allocated to an RB pair in a subframe. RBs
belongng to the BA pair eccupy different subcamriers In respective two slots. This is called that the BB pair allocated to the PUCCH
Is frequency-hopped in a slot boundary,

B5 (hase siation) (10) UIE {ueer sguipment) (200
FROCESSOR RF1RIT PROCESS0R BF LHIT
{1 NEH (21} (23}
i
MEMCILY MEMCIRY
{17 (2K

Figure 5. Svstem for implementing prezent invention

In Figure 5, a wireless communication system includes a 85 10 and one or more UE 20. In downlink, a transmitter may be a
part of the B5 10, and a receiver may be a parg of the UE 20, In uplink, a transmitter may be a part of the UE 20, and a receiver may
be a part of the B5 10, A BS 10 may inclede a processor 11, a memany 12, and a radio frequency [RF) unit 13, The processor 11 may
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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 13 is coupled with the processor 11
and transmits and/or receives a radio signal. 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 methads 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 andfor 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
muitiple 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 3 UE
with M DL CCs where M<N so that the UE's monitering 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 UE-
specifically or celkspecifically, where LEM=<N.

Here, the CCs can be separated into cells and expressed as an equivalent concept.
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Figure 6. Sublrame structure of 3GPP LTE Release—8 system and LTE-A system with CC agegregation

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

¢ Cell A Cell B Cell C Cell D 3
\
i
(1 Pcell (CI=0) | Scell Scell ,
G | - |
" |

( Scell Pcell (CI=0) | Scell

5,

71 Pcell (Cl=0)

- !
i
L i

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

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.

_jmm(n+l}

— Noe
d,(n)=e )
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%.
d {n)=(-1) {dﬁm—“ {n}} , when N, is even number.

d, [n)=(d,,.=c_, (n]}t, when N,. is odd number. @

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.

IPR2024-00986
Petitioners’ Exhibit 1016
Page 000020



Attorney Docket No. UT16-1105-US

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 x° + x? +1, and a total of 31 codes can be generated

through different circular shifts.

63 subcarriers

A
Y

DG subcarmier (no signal}

S-SCH

/ -
SHOYE1(1;81(2) S51(28)51(29)51(30) SHW B3N SHY B2(28) S220182030)
- - -
31-length 31-length

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 x> + x® + 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 x® +x* + x? + x* + 1.

Fallowings are the criterion of out-of-synch in LTE 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 gquality of the PCell as specified in [2].

= The UE shall estimate the downlink radio link quality and compare it to the thresholds Quu
and Qi for the purpose of monitoring downlink radio link quality of the PCell.

» The threshold Qg 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
taking into account the PCFICH errors with transmission parameters in [3].

» The threshold Qi is defined as the level at which the downlink radio link quality can be
significantly more reliably received than at Qg and shall correspond to 2% block error rate of
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a hypothetical POCCH transmission taking into account the PCFICH errors with transmission
parameters specified in [3].

SC-PTM

5.8a.1 Introduction
58a1A1 Ganaral

SC-FTM control information i provided on a specific logical channel: the SC-MCOCH. The SC-MOCH carvics the

SOPTM Confipuration message which indicaies the MBMS sessions that are cngoing as well as the {comesponding)y mbrmation on
when cach sessbon may be schoduled, Lescheduling period, scheduling window and stan offeer. The SCPTMConlmiration messape
also provides information abowt the neighbour cells iransmitting the MBMS sessions which are ongoing on the cumrent cell,

A limited amount of 5C-PTM comrol information is provided on the BOCH, This primarily concems the information needed o
acyuine the 3C-MOCH,

5.8a.1.2 SC-MCCH scheduling

The SC-MCCH information (i.e. information ransmitted in messages sent over SC-MOCH) is ransmimed periodically, using a
configurable repetition period. SC-MCCH transmissions {and the associated radio resources and MCS) ane indicated on PDCCH,

58a.1.3 SC-MCCH information validity and notification of changes

Change of 5C-MCCH information only occurs at specific radio frames, i.e. the concept of a modification period s used, Within a
modification period, the zame SC-MOCH information may be ransmitted o number of tmes, os defined by its scheduling (which is
based on & repetition period). The medification period boundaries are defined by SFN valwes for which SFM mod me= 0, where o iz
the number of radio fames comprising the modification period. The medification penod is configured by means of
SvsteminformarionBlock Dpadi,

When the network changes (some of) the SC-MOCH information, it notifies the UEs about the change i the first subfimme which
can be used for SC-MOCH tansmission in o repetition pericd. LSB bit in 8-bit bitmap when set o '1" indicates the change in SC-
MOCH. Upaodt receiving a change notification, o UE interested to recedve MBMS servces transmitted using SC-PTM acquires the
new SC-MCCH information starting from the same subframe. The UE applies the previously asquired SC-MOCH information wntl
the UE sequires the new SC-MUOCH information.

H58a1.4 Procedures

The SC-PTM capable UE receiving or inferested fo receive MBMS service(s) vin SC-MRE applies SC-PTM procedures described in
seetion 5.8a and the MBMS inferest indication procedure as spesified in 5.8.5,

10
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5.8a.2 SC-MCCH information acquisition
5.8a.2.1 General

| UE | I E-UTRAN |

SOFTM-Conflpuration

Figure 5.8a.2.1-1: SC-MCCH Information acquisition

The UE applies the SC-MCOCH information acquisition procedurs to acguire the SC-FTM control information that is hroadcast by the
E-UTRAN. The procedure applies to SC-PTM capable UTEs thot are in RRC_IDLE or in RRC_CONNECTED,

5.8a.2.2 Initiation

A UE interested 1o receive MBMS services via SC-MRB shall apply the SC-MOCH information sequisition procedure upon entering
the cell bropdeasting SyatemInformarionBlockTipel0 (2.g. upon power on, following UE mobility) and wpon receiving a notification
that the 5C-MOCH information hns changed, A UE that is receiving an MBMS service via SC-MRE shall apply the SC-MOCH
information acquisiton procedure to scquire the SC-MOCH imformation that cormesponds with the service that is being received, at
the start of ench modification peried,

Unless explicitly stated otherwise in the procedumal specification, the SC-MCCH information acquisition procedure overwrites any
stored SC-MOCH information, e, delta configuration i not apphicable for SC-MOCH information and the UE discontinues using a
ficld if it is ab=ent in SC-MOCH information unless explicitly specified otherwise.

5.8a.2.3 SC-MCCH information acquisition by the UE
A SC-PTM capable UE shall:
1= if the procedurs is tiggerad by an SC-MCOCH information changs notification:
Iz srt acquiring the SCPTMW Configumation meszage from the subframe where the change notfication was received;

MOTE 1; The UE continues wsing the praviowsly received 5C-MOCH information witl the sew SC-MOCH infommation has
boen wcquined.

1= if the UE enters a cell broadcasting SvstealnfermationBlock Dol
2= acquire the SCPIMConfineration message at the next repetition period;
1= if the UE is receiving an MBMS service vin an SC-MRB:
= start acquiring the SCPTMConfiguration message from the beginning of each modification period.
5.8a.2.4 Actions upon reception of the SCPTMConfiguration message

Mo UL requirements related io the conients of this SCPTW Confipiration apply other than those specified elsewhere e.g. within
proceduncs using the concerned system information, the comesponding field descriptions,

p k!
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5.8a.3 SC-PTM radio bearer configuration

5.8a.3.1 General

The SC-PTM mdic bearer configuration procedure is used by the UE w confipure RLC, MAC and the physical layver upon starting
and/or stopping to receive an SC-MEB mansmitted on SC-MTCH, The procedure applies to 5C-FTM capable UEs that are in
RRC COMMECTED or in BRC _IDLE and are ierested o receive one or more MBMS services via SC-MRB.

MNOTE:  Incase the UE i= unable to receive an MBMS service via an SC-MRB due to capability limitations, upper layers may
tnke nppropriae action g, termmate a bwer prioiy unicast service,

5.8a.3.2 Initiation

The UE applics the SC-MERB establishment procedure o start receiving a session of a MEMS service it has an interest in. The
procedure may be initaled e.g. upon start of the MBMS session, upon entermg a cell providing via SC-MEB a MEMS service in
which the TE has interest, upon becoming interested in the MBMS service, upon removal of LE capability limitations inhibiting
recepiion of the concerned service.
The UE applizs the SC-MER release procedures to stop receiving a session. The procedurs may be initiated e.g. upon stop of the
MBMS session, upon leaving the cell where a 3C-MEDB is established, upon losing interest o the MBMS service, when capabiliny
limitations start inhibiting reception of the concemed service,
5.8a.3.3 SC-MRB establishment
Upon SC-MRB establishment, the UTE shall:

1= establish an RLC entity i accordance with the configuraiion specified in 91,17,

1= configure a SC-MTCH logieal channel applicable for the SC-MEB and instroct MAC 10 feceive DL-SCH on the cell where
the SCP T Configurarion message was received for the MBMS service for which the SC-MEB is cstablished and using g-
RNTT omd zo-mich-Schedwlingfmfe (if inchaded) in this message for this MBMS service:

1= configure the physical layer in accordance with the sc-mich-nialiss, applicakle for the SC-MRER, as included in the
SCPTM Conjiguration message,

= inform upper layers about the establishment of the SC-MBB by indicating the commesponding trrgd and sescionlal;
5.8a.3.4 SC-MRB release
Upon SC-MEB release, the UE shall:

1= release the RLC entity as well as the related MAC and physical layver configuration;

1= inform wpper lyers about the release of the SC-MRB by indicating the corresponding tmgd and sessionld;

- SysteminformationBlock Type 20

The [E SystemfnformationBlock Typei) contains dee information reguired o acguire tee control information associated transmission
of MEMS using SC-FTM.

SysteminformationBlock Type information element

== AESH1ETHRET
SyatenlnfosmaticnblockType2o-rld 1= JEQUENCE |
go-moch-RepetionPerlod-r1% EHUMERAT ED: [rIE_. rfd, 8, fie, wfiz, ofd4d, efllia, 51255}.
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sc-poch-CEffasr -r1% INTHGER (4..10)0,
nz=ticch=FiratSubfrane-ri3 INTBGER (0..%),
so-moch-duration-ril LNTHGER (2..%) OPTIOHAL,

ao-ngeh-Medi floationPericd-rl3 ENUMERATEDR {rf2, rfd, rf3, rflEe, rr32. vfE4, efl128, ©2E2%6,

rI81Z, rE1024, rI04@,. =E405%6, o192, rfls3fd, rfilves,

rfnnsac}.
lace¥onCritical Bxtensdon OCTET STRING OPTIORAL,

_ SysteminforatonBiokTyped0 Nel descrlpions

Defines perodiaalty appearing boundanas, |.a. radio frames for which SFN mod sc-moch-ModificafonPedod =
0. Thex cortents of different transmissions of SC-MCCH infermation can only be different i there is at least one

such bowndary in-bebsaen them, Valee 2 comesponds to 2 radio frames, valua 4 cormesponds to 4 radio

Indicates, starting from the subframe ndicated by sc-mech-FirstSubfmme, the duration dwing which SC-MCCH
ey b schedided in non-MESFN subirames. Absence of this |E means that SC-RMCCH is anby scheduled in

so-moch=-0fsat
Indicates, ogether with the sc-moch-RepedifonPariod, the rmdio fremas in which SC-MGGH Is schaduled |.e.
SC-MCCH is scheduled in radio frames for which: SFN mod sc-mech-RepefiionPeriod = sc-mech-Offsel. |

cch-FirstSubframe
|Fld_t-at3§_liﬂ first _:s_l_.l_bfnrﬂa In which SC-MCCH s schedubsd

sc-mech-RepatiionPeriod ) ;
Defines the inerdal between ansmissions of SC-MCCH information, in radio frames. Value 2 comesponds o |
2 radio frames. ri4 comesponds to 4 radio fremes and soon. i |

13
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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-loT 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-loT system, it can be extended to similar narrow band systems (e.g., LTE
MTC, etc.).
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