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PTO/AIA/14 (11-15) 

Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless 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-PtM FOR ENHANCED NB-loT SYSTEM 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United Slates Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

D 
Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 11 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I [:] l3eokmin I l3HIN I [:] 
Residence Information (Select One) US Residency • Non US Residency Active US Military Service 

City �eoul llcountry of Residence i l�R I 

Mailing Address of Inventor: 

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

Address 2 
City I 13eoul I State/Province 11 
Postal Code 1 �6112 I Countryi I IKR 

Inventor � I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I [:] �yangsun I t<-ou I [:] 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City �eoul llcountry of Residence i l�R I 

Mailing Address of Inventor: 

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

Address 2 
City I t,eoul I State/Province 

11 

Postal Code I p6112 I Countryi I IKR 

Inventor b I Remove I 
Legal Name 
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PTO/AIA/14 (11-15) 

Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless 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-PtM FOR ENHANCED NB-loT SYSTEM 

Prefix Given Name Middle Name Family Name Suffix 

I El �oonkui I txHN I El 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City �eoul 

Mailing Address of Inventor: 

II Country of Residence i l�R 

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

Address 2 
City I t,eoul I State/Province 11 

Postal Code I �6112 I Countryi I IKR 

Inventor � I 
Legal Name 

Prefix Given Name Middle Name Family Name 

I El tunjung I t1 

I 

Remove I 

Suffix 

I El 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City �eoul llcountry of Residence i l�R I 

Mailing Address of Inventor: 

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

Address 2 
City I t,eoul I State/Province 11 
Postal Code 1 �6112 I Countryi I IKR 
All Inventors Must Be Listed - Additional Inventor Information blocks may be 
generated within this form by selecting the Add button. I Add I 

Correspondence Information: 

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

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

Customer Number 67487 

Email Address lnfo@kpatent.com I Add Email I I Remove Email I 
Email Address "1Spto@kpatent.com I Add Email I I Remove Email I 
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PTO/AIA/14 (11-15) 

Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless 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-PtM FOR ENHANCED NB-loT SYSTEM 

Application Information: 

Title of the Invention SC-PtM FOR ENHANCED NB-loT SYSTEM 

Attorney Docket Number UT16-1104-US I Small Entity Status Claimed □ 

Application Type Provisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) 11 I Suggested Figure for Publication (if any) 11 

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 
application papers including a specification and any drawings are being filed. Any domestic benefit or 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 of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

I 

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 

11 11 

Publication Information: 

□ 

□ 

Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 
35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

. 
... 

,-

Representative information should be provided for all practitioners having a power 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 lo Limited Recognition (37 CFR 11.9) 

Customer Number �7487 
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PTO/AIA/14 (11-15) 

Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

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

Application Number 

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

Domestic Benefit/National Stage Information: 
This sect ion allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or ind icate 
National Stage entry from a PCT appl icat ion. Provid ing benefit claim information in the Appl ication Data Sheet const itutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1. 78. 
When referring to the current appl ication, please leave the "Appl icat ion Number" field blank. 

Prior Appl icat ion Status I I· I Remove I 
Fi ling or 371 (c) Date 

Appl ication Number Cont inuity Type Prior Appl icat ion Number (YYYY-MM-DD) 

I I I· I 
Add itional Domest ic BenefiUNational Stage Data may be generated within this form 

I Add I by select ing the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Provid ing this information in the appl ication data sheet 
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application 
that is eligible for retrieval under the priority document exchange program (PDX) i the information will be used by the Office to 
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the POX program, applicant 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, within the time period specified in 37 CFR 1.55(g)(1 ). 

I Remove I 
Appl ication Number Countryi F il ing Date (YYYY-MM-DD) Access Codei ( if applicable) 

I I I 
Add itional Foreign Prior ity Data may be generated within this form by select ing the 
Add button. I Add I 

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

Th is appl ication (1) cla ims priority to or the benefit of an appl icat ion filed before March 16, 2013 and (2) also 
contains, or contained at any t ime, a claim to a claimed invention that has an effect ive fi l ing date on or after March 

0 16, 2013. 
NOTE: By provid ing this statement under 37 CFR 1.55 or 1.78, this appl ication, with a fi l ing date on or after March 
16, 2013, w ill be examined under the first inventor to file provisions of the AIA. 
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PTO/AIA/14 (11-15) 

Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

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

Application Number 

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

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed 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 Application Data Sheet is ONLY reviewed and processed 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 foreign IP office(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 Office(s) 

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned 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 
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office 
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliographic data, and (3) the date of filing 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 undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

The applicant is reminded that the EPO's 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 USPTO to permit a participating foreign 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 to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 
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PTO/AIA/14 (11-15) 

Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless 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-PtM FOR ENHANCED NB-loT SYSTEM 

Applicant Information: 

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

Applicant 11 I Remove 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 the legal representative who is the applicant under 37 CFR 
1.43; or the 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 proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant 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 are also the applicant should be 
identified in this section. 

I Clear I 
Assignee 

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

I 
Joint Inventor 

Person to whom the inventor is obligated to assign. I Person who shows sufficient proprietary interest 

If applicant is the legal representative, in dicate the authority to file the patent application,  the inventor is: 

1 ·1 
Name of the Deceased or Legally Incapacitated Inventor: I I 

If the Applicant is an Organization check here. □ 

Prefix Given Name Middle Name Family Name Suffix 

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

Address 1 

Address 2 

City 

Country 1 1  
Phone Number 

Email Address 

State/Province 

Postal Code 

Fax Number 

Ad ditional Applicant Data may be generated within this form by selectin g the Add button . I Add 

Assignee Information including Non-Applicant Assignee Information: 

I 

Providing assign ment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 
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PTO/AIA/14 (11-15) 

Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless 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-PtM FOR ENHANCED NB-loT SYSTEM 

Assignee 11 

Complete this section if assignee information, including non-applicant assignee information, 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 assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. □ 

Prefix Given Name Middle Name Family Name Suffix 

I B I I I I B 
Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City 1 1  State/Province 
Countryi 1 1  Postal Code 

Phone Number Fax Number 

Email Address 

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

Signature : Remove 

NOTE: This Application Data Sheet 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 form must 
also be signed in accordance with 37 CFR 1 .14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic 
entity (e.g., corporation or association). If the applicant is two or more joint inventors, 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 
power of attorney (e.g., see US PTO Form PTO/AIA/81) on behalf of all joint inventor-applicants. 

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

Signature 'Andrew S. Park/ Date (YYYY-MM-DD) Q016-08-09 

First Name �ndrew I Last Name I rark Registration Number 47841 

Additional Signature may be generated within this form by selecting the Add button. I Add I 
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PTO/AIA/14 (11-15) 

Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number UT1 6-1 1 04-US 
Application Data Sheet 37 CFR 1.76 

Application Number 

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

This collection of information is required by 37 CFR 1 .76. The information is required to obtain or retain a benefit by the public which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1 . 1 4. This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1 450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 2231 3-1450. 
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Privacy Act Statement 

The Privacy Act of 1 974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent 
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: ( 1 )  the general authority for the collection of this information 
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and 
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S. 
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of 
the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy 
Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of 
Information Act requires disclosure of these records. 

2.  A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative 
tribunal, including disclosures to opposing counsel in the course of settlement negotiations. 

3 A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom 
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform 
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1 974, as amended, pursuant to 5 U.S.C. 
552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as  a routine use, 
to the International Bureau of the World Intellectual Property Organization, pursuantto the Patent CooperationTreaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S.C. 181 )  
and for review pursuant to the Atomic Energy Act (42 U.5.C. 21 8(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an 
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and 
programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of 
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C. 
1 22(b) or issuance of a patent pursuant to 35 U.S.C. 1 51 .  Further, a record may be disclosed, subject to the limitations of 37 CFR 1 . 14, as a routine use, 
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes 
aware of a violation or potential violation of law or regulation. 
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PROVIS IONAL APPLICATION FOR U N ITED STATES PATENT 
IN THE NAMES OF 

Seokmin SHIN, Hyangsun YOU, Joonkui AHN and Yunj ung YI 

for 

SC-PtM FOR ENHANCED NB-loT SYSTEM 

Customer N umber: 67487 

Attorney Docket N umber: UT1 6-1 1 04-US 

Total Number of pages: 25 ( i ncluding cover) 
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Attorney Docket No. UT1 6-1 104-US 

CTO) :;,;:�Ail Cff 1E � � -,1-:::::: I �-§' '§! :  2016 I 
�� A� � �  '2.1, %g,ic�, 2_!-�7 1 ,  01 %� 

�� .2.1 � �  SC-PtM for enhanced NB-IoT system 

1E. � �p 1 -,1- 3GPP TSG RANl I � lE Oil � :stl 2-1 I 
�;�p 1 ��o � LTE-A, MTC 

�� Jt�rt� 

1 .  Purpose of Invention 

.g. �� oJ] Ai � cellular IoT (internet of things) � �l �IT}� NB-loT"'l ,,,__ EJl oJ] Al SC-PtM � %31- "'l 7'] ?=j � 7cl -9-, SC-PtM ¥r 

it1. � Jil.. � � t"ii} � N-PDCCH/N-PDSCH � 01 � -t sq �  �FJ �1- PRB � �l � "tR 'it PRB21 W'a" lclJ-tt} oJl i.:fl"tR A�l '<l- �tj. 

2. Prior Art 

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

mu ltiple access (CDMA), frequency division mu ltiple access (FDMA), time d ivision multiple access (TOMA), orthogonal frequency 

d ivision mu ltiple access (OFDMA), single carrier frequency division multiple a ccess (SC-FDMA), etc. The CDMA may be 

implemented with a radio technology such as Un iversa l Terrestria l  Radio Access (UTRA) or CDMA2000. The TOMA may be 

implemented with a radio techno logy such as G loba l System for Mobi le communications (GSM)/ Genera l Packet Radio Service 

(GPRS)/ Enhanced Data Rates for GSM Evolution (EDGE).  The OFDMA may be implemented with a radio technology such as 

i nstitute of electrical and electron ics engineers { IEEE) 802.11 (Wi-Fi), I EEE  802 .16 (WiMAX), IEEE 802-20, evolved-UTRA (E-UTRA) 

etc. The UTRA is a part of a universal mobile telecommunication system (U MTS). 3 rd generation partnership project (3GPP) long 

term evolution (LTE) is a part of an evolved-U MTS (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 featu res of the present invention are not l imited thereto. 

2-1. LTE system architecture 
Radio Frame 

#18 

Subframe 

Figure 1 .  Structure of a radio frame of 3GPP L TE 

2 
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Attorney Docket No. UT1 6-1 104-US 

In Figure 1, a radio frame includes 10 subframes. A subframe includes two slots in time domain. A time for transmitting one 

subframe is defined as a transmission time interval (TTI) .  For exa mple, one subframe may have a length of 1 millisecond (ms), and 

one slot may have a length of 0.5 ms. One slot includes a plura lity of orthogonal frequency d ivision multiplexing (OFDM) symbols in 

t ime domain. Since the 3GPP LTE uses the OFDMA in the downlink, the OFDM symbol is for representing one symbol period. The 

OFDM symbol may a lso be referred to as an SC-FDMA symbol or a symbol period. A resource b lock (RB) is a resource a l location unit, 

and includes a plural ity of contiguous subcarriers in one slot. The structure of the radio frame is shown for exemplary purposes 

only. Thus, the number of subframes included in the radio frame or the number of slots included in the subframe or the number of 

OFDM symbols included in the slot may be modified in various manners. 

"E 

One downlink slot 

/
Cj

\ 
/ \ 

7 OFDM symbols 

I I 
I I 

i 

✓ 

V" 

Resource block 
12><7 resource elements 

Resource element 

Figure 2 .  Resource grid for one downlink slot 

In Figure 2, a down link slot includes a plura lity of OFDM symbols in time domain. It is d escribed herein that one downlink slot 

includes 7 OFDM symbols, and one resource block (RB) includes 12 subca rriers in frequency domain as an  example. However, the 

p resent invention is not limited thereto. Each element on the resource grid is referred to as a resource element (RE). One RB 

includes 12X7 REs. The number NDL of RBs included in the downlink slot d epends on a down link transmit bandwidth. The 

structure of an uplink slot may be same as  that of the downlink slot. 
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Control region Data region 

2nd slot 
Freq. 

i - Time 

Subframe 

Figure 3 .  Structure of downlink subframe 

In Figure 3, a maximum of three OFDM symbols located in a front portion of a first s lot within a subframe correspond to a 

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

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

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

(PH ICH), etc. The PCFICH is t ransmitted at a first OFDM symbol of a subframe and carries information regarding the number of 

OFDM symbols used for transmission of control channels within the subframe. The PH ICH is a response of uplink transmission and 

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

is referred to as downlink control information (DCI). The DCI includes uplink or down link schedu ling information or includes an  

uplink transmit (Tx) power control command for a rbitrary UE groups. 

The PDCCH may carry a transport format and a resource al location of a downlink shared channel (DL-SCH), resource a llocation 

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

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 arbitrary UE group, a Tx power control com mand, activation of a voice 

over IP (VoIP), etc. A plurality of PDCCHs can be transmitted within a control region.  The UE can mon itor the plura lity of PDCCHs. 

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

a l location unit used to provide the PDCCH with a coding rate based on a state of a radio channel.  The CCE corresponds to a 

plura lity of resou rce element groups (REGs). A format of the PDCCH and the number of bits of the available PDCCH are determined 

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

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

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

of the PDCCH .  If the PDCCH is for a specific U E, a unique identifier (e.g., cell-RNTI (C-RNTI)) of the UE may be masked to the CRC. 

Alternatively, if the P DCCH 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 described below), a system 

information identifier a nd a system information RNTI (5 1-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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One slot One slot 

Subframe 

Figure 4. Structure of uplink subframe 
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In Figure 4, an uplink subframe can be divided in a frequency domain into a control region and a data region.  The control 

region is a llocated with a physical up link control channel (PUCCH) for carrying uplink control information. The data region is 

a llocated with a physical uplink shared channel (PUSCH) for carrying user data .  To maintain a single carrier property, one UE d oes 

not simu ltaneously tra nsmit the PUCCH a nd the PUSCH . The PUCCH for one UE is a l located to an RB pair in a subframe. RBs 

belonging to the RB pair occupy different subcarriers in  respective two slots. This is ca lled that the RB pair a llocated to the PUCCH 

is  frequency-hopped in a slot boundary .  

BS (base station) (10) 

PROCESSOR 
(11) 

MEMORY 
(12) 

...... 

UE (user equipment) (20) 

PROCESSOR 
(21) 

MEMORY 
(22) 

RF UNIT 
(23) 

Figure 5. System for implementing present invention 

In Figure 5, a wireless communication system includes a BS 10 and o ne or m ore UE 20. In d ownlink, a transmitter may be a 

part of the BS 10, and a receiver may be a part of the UE 20. In up link, a transmitter may be a part of the UE 20, and a receiver may 

be  a part of the 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 this application.  The memory 12 is coup led with 

the processor 11 and stores a variety of information to operate the processor 11. The  RF unit 13 is coup led with the processo r  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 2 1  

may be configured to implement proposed procedures and/or methods described i n  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 a ntennas. 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 

mu ltiple output (M IMO) system.  

2-2. Component carrier aggregation in LTE-A 

As the increased demands for the h igh data rate transmission, the mobile communication system composed of aggregated 

mu ltiple CCs (component carriers) is now being researched . For example, Figu re 6 (b) illustrates the DL/U L 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) i l lustrates a single carrier operation as in conventional  systems. As shown in Figure 6 (b), a U E  can monitor and receive DL  

signa l/data from multiple DL  CCs at the same time. However, even i f  a cell i s  managing N DL  CCs, the  network may configure a UE 

with M DL CCs where M:o;N so that the UE 's  monitoring of the DL  signal/data is  l imited to those M DL CCs. I n  addition, the network 

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

specifically or  cel l-specifical ly, where L::;M:o;N. 

o� 7 I A-J cc :::: Cell£ -=r�� 9- 5?J O □� , � 7 �2.I 7H ';S O £ .H.E!� 9- ;?J c�. 

�20MHz=1 
DL Component Carrier 

LJ JJ. 
UL Component Carrier 

� 

E 0 E � (fJ � 
l5 ::::, a. 

(a) Single CC 

---- - -- -- -uOMHz -- �----�-
----

20MHz- ---J� --2DMHz +I 20MHz7 

DL Component Canier A DL Component Carrier B DL Component Carriere 

LJ JJ. LJ JJ. LJ 
UL Component Carrier A UL Component Carrier B UL Component Carrier C 

20MHz 20MHz 20MHz 

0MHz 

(b) Multiple CC 

Figure 6 .  Subframe structure of  3GPP LTE Release- 8  system and LTE-A system with CC aggregation 
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Cell D 

Figure 7. Configured cell, activated cell, de-activated cell 
Configured cel l:=':' F igure 7011 A-j .2� �O I 7 1  Al �.9.I cell %011 A-j measurement report � 27-l £ carrier aggregation� 9 � 5:.  � 

E!- cell£A-J U E � £ 1ei � .§ c�. Configured cel l:=':' PDSCH � �Oll CH E!- ACK/NACK � � �  �! El- resource � □ I 2.I oJI Q.f'oH �7-il .§ c�.  

Activated cel l:=':' configured cell %01 1  A-j � Ail £ POSCH/PUSCH � � §-t,� ..5:. � 1ei � .§ ce1 1£A-J POSCH/PUSCH � � � �I  Er CSI 

report.2� SRS transmission � 9® t,�7JI � cL De-activated cel l:=':' 7 1  A l  �.9.I � � !£:::: timer ��OJI .9.I oH A-j POSCH/PUSCH � � � 

c5�Ai t'J-5:. � t,�:::: cell£A-J CS I report ';?J SRS � � ..5:. % 8.§ c�. 

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

SS :::: P-SS.2� S-SS£ -'?-{c":l £1 □t � El-""! � 9® � ITH A�%£! :::: � .2.0I  c�. 

Figure 8 (a)2.Hb):::: 2..j-2..j- 7 I �  cp.2� �� CP � A�%t,�:::: Al -"- � .9.I � �  SS.9.I � §- � �I El- n 2.jl 'Ed -=r-� � 5:.AI E!- ?,;! ol c�. 

ss :::: inter-RAT measurement.9.I %0 1  gt- �  .!?-l oH GSM TI 2.jl 'Ed  � O I  '2.! 4.Gms � .::i1. 2� c5�0� !j! TI cjl 'Ed Q � l!� !j! TI 2.·H 'Ed S� .9.I � � JJ:ff 

;:;,, �OJI A-J 2..j-2..j- � � £1 .::i:l., oH 9- 2.�cl .2. TI 2jl 'Ed OJI cff El- �  .lll :::: s-ss � �oH 'f:l � 7 �::; t,�c�. P-ss :::: oH 9- ;:;,, � .9.I 12.1! □ �Al Clj- OFDM 

{d "§Oll Ai � �£I .::i:l., S-SS :::: P-SS l::l �£ � OFDM {d "§Oll Ai � �� c�. SS :::: 37H .9.I P-SS.2� 1687H .9.I S-SS.9.I � gt- �  �oH � S047H .9.I 

�2.l .lll � � -6.J � A�(physical cell ID) � � � � 97 � � c�. !£ El-, ss ';.J PBCH :::: Al -"- � CH Q:j � Lff .9.I 7 ��Cil GRB LH OJI A-j � � £1 

j w. Normal CP 

I 111111 1 _ 

0.5 ms slot 

1 O ms radio frame 

I II 
1 ms subframe ! 

7 

0.5 ms slot 

□ PSS 

111 sss 

□ P-BCH 
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0.5 ms slot 
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10 ms radio frame 

---

• 

m

• ·- 1 · I · I , I , I · I • j :  I , I • i ·  FI 
□ PSS 

111 sss 

□ P-BCH 

0.5 ms slot 

SS£1 � ;:;;- Cf O l l::H AI EI gi- 6] � 8 �  «2..1- Ell Lf .£. E  (single antenna port)e.!-� Af§ of.::il , .H. � Oll .A.--l �  [[f£ � £1 ofJ;.I Si �  

Cf. :'; ,  8 \?,1  '2.!- Eil Lf � ;:;;- � �  U EOJI � gj e_i-(transparent) � ;:;;- gi- 6]  (01I � � Qi  PVS, TSTD, COD) � Af§ �  =?- J f  £l Cf .  

a .  P-SS -¥.2. 

� 0I  63£1 ZC (Zadoff-Chu) .A.I ��� .:,Snf-9- <;!I Ql OJI.A.-J � 2.l a-fOj P-SS£I .A.I ��.£ .A.f-§e.!-q. ZC .A. l��-E � (l)Oll 2.loH �£1 £1 D:j, 
DC -¥ �%IIfOJI off�£I � .A. I�� .£1.:=:::(element), n=31g :tj� (puncturing)e.!-q. � (l)Oll.A.-J Nzc=630I q_ 

(1) 

7fgc-u -¥{E£I 6RB (=72 -¥�%IIf) % 97H£I 'ct-E -¥ �%IIf-l::- �� 02.I �l.2..£ �%6f0:j, -§71  *�� -9-le.!- � E� 11 7-JI OJI -§01�� 
7 fA1 q  -f? q. % 37H£I P-ss� �£I a-f7 I  -9-loH � (l)OJI.A.-J u=25, 29, -=:J.2.l.:il 34£1 �� N-§e.!-q. 01 ITH, 29.2.f 34-l::­
� 2JI CH � (conjugate symmetry) tl-7-ll � 7 fAl .:il 'xl.Oj.A.-J, 27H£I �ti- (correlation)� -§-.A.I OJI "?�� -9-7f <x1. q. Oj 7 I .A.-J, � 2JI CH�g 
q-§ � (2)£1 t!-7-ll� 2.l □ l a-fD:j 0 I  �{;!� 0l -§a-fOj u=29.2.f 34011 CH e.!- @ �  �tl-7I (one-shot correlator)£! -=jl� 0I  7 f"5"a-f0j,  
�Ail � 8  '2:1{:!-'e!'� '2f 33.3% �:::::.A.I � -9- <x1.q. 

d,, (n) = (-t)" (d
Nr" (n)f , when Nzc is even number. 

d., 
(n) = ( d N,c- "  (n) r , when Nzc is odd number. (2) 

b. S-SS -¥2. 

s-ss� -9-loH .A.f-§£I-l::- Al � ..,.,_ � �01  31£1 -!j=- 7H m-.A.I � ..,.,_� 8 E� 2.I �.§ � � �  a-f.:il -!j=- 7H£I Al ��� ±ru-a-fOj 168 11! -=i� 
� 'i!:!Af (cell group ID)� �%e.!-q. S-S5£I .A.l ��.£.A.-j m-.A.l ��-E .:,SIIf-9- {:"! Ifill �  ��OJI.A.-J 7c:J"?:!6f.:il, .:il� a-fq□fE. Ii:!!@- (Fast 
Hadamard Transform)� 0 l -§e.!- .:il� m-.A.I �� t!'!�.2..£ '2:1{:!-�� � �  -9-7f 'xl.q. EE.e.!-, -!j=- 7H£I fJ-g -¥2. (short code).£ s­
SS� -=jl{;!of� ?.:! �  8�£1 '2:1 {:!-�� �01 7 1  -9-loH Ail8-£I �q_ 

Figure gg -l=2.I � Q1 0JI .A.-J2.I -!j=- 7ff£I .A. I ��7f � 2.I � Ql OJI .A.i 8 E� 2.l �£I aj □H � £I -l::- ?.:!� .!i!.Oj.:,S-l::- -=i. � 0I q. S-SS-¥2. ��� 
-9-loH .A.f-§£I-l::- -!j=- 7H£I m-.A.I ��� :z.t:z.t Sl, S2i:!f.:il � £1 �  ITH, -¥�21l 'El 02.I S-SS7f  (S1, S2) -!j=- ±ru-.2..£ 11! -=i� � 'i!:!Af� 
� %e.!- q'2!, -¥�21l 'El 52.I S-SS-l::- (S2,S1).2..£ .ii!.�(swapping)a-fOj �%�.£.£Mi, lOms �21l 'El � 7-ll �  -=jl{E� -9- 'xl.7-ll .§ q. 0I ITH, 
.A.f-§£I-l::- S-SS -¥.2.-l::- x5 + x1 + 1 £1 � {;! q��� .A.f-§a-fD:j, .A.-j .£ q-E- ii:-@- :tJ 0I (circular shift)� �off % 317H£I -¥2.� 
� {;! �  -9- J f  <x1.q. 
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63 subcarriers 

DC subcan1er (no signal) 

Frequency 

- - -1 
S1 (0) S1 (1 )S1 (2) S1 (28)51 (29),S1 (30) S2(0) S2(1)  S2(2) S2(28) S2(29)S2(30) 

31 -length 31 -length 

Figure 9. S-SS ¥.2. {!Ji1 �� 

"?-� i1%� ��Al 7' I 7 I  �l o�Oj, P-SS 7 l 't)- (P-SS-based)£I Ai£ Cf-e -!'j=- 7H£I A l ��� � 2.lofOj, S-SSOJI �3.�� �  of£I SHf 

S20JI Ai£ q� Al ��£ �3.��� � Cf- .:J. �. S1 7 l 't_l- (S1-based).2.I �3.�� �  ¥.2.� � 2.l ofOj, S20JI �3. � � � �  

9-�� q_ O J  ITH, s-ss.2.I -¥.2.-e- Sms 8�1 £ ii1�£I J::J '2._I- P-SS 7 J 't_l-2.J �3.�� �  -¥.2.-e- iil�£I J::I PJ-e-Cf. P-SS 7 l 't!-£I 

�3.��� ¥.2.-e- x5 +x3 + 1 £1 {!J i1  q��.££-¥ E� {!J i1 .§  m-Al ��OjJA-j P-SS '2.! ��0JI [[f2.f 67H£I -e� =EJOI  l:l-J � .££ 

� 2.l of.:il, Sl 7 J 't)-2.I �3.�� �  -¥.2.-e- x5 + x
4 

+ x
2 

+ x' + 1 £1 q��.£.£!,!- E� {!J i1 .§  m-Al ��OJIAi S1£I '2.! ��0JI [Cf2.f 

87H£I -e� =EJOI  l:l-j �.££ �2.l�Cf-

Followings are the criterion of out-of-synch in L TE in system 

SC-PTM 

• The UE  sha l l  mon itor  the down l ink  l ink qual ity based on the cel l -specific reference signal in  
order to detect the downl ink rad io l i nk  qual ity of  the PCe l l  as specified in [2]. 

• The UE shal l  estimate the downl ink  rad io l ink qua l ity and compare it to the th resholds Q0ut 

and Q;n for the purpose of monitoring down l ink rad io l ink qua l ity of the PCel l .  
• The threshold Qout is defined as the l evel at which the down link radio l ink cannot be re l iably 

received and shal l  correspond to 10% block error rate of a hypothetical PDCC H transmission 
taking into account  the PC FICH errors with transmission parameters in [3] .  

• The th reshold Q;n is defined as the level at wh ich the down link rad io l ink qual ity can be 
sign ificantly more re l iably received than at Qout and sha l l  correspond to 2% block error rate of 
a hypothetical PDCCH transmission taking into account the PCFICH errors with tra nsmission 
parameters specified in [3] .  

5.8a. 1 I ntroduction 

5.8a . 1 . 1  General 

SC-PTM control information is provided on a specific logical channel: the SC-MCCH. The SC-MCCH carries the 
SCPTMConfiguration 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 SCPTMConfiguration message 
also provides information about the neighbour cells transmitting the MEMS sessions which are ongoing on the current cell. 

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

5.8a . 1 .2 S C-MCCH scheduling 

The SC-MCCH information (i.e. information transmitted in messages sent over SC-MCCH) is transmitted periodically, using a 
configurable repetition period. SC-MCCH 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 ofSC-MCCH information only occurs at specific radio frames, i.e. the concept ofa modification period is used. Within a 
modification period, the same SC-MCCH information may be transmitted a number of times, as defined by its scheduling (which is 
based on a repetition period). The modification period boundaries are defined by SFN 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 
SystemlnformationBlockType20. 

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. LSB bit in 8-bit bitmap when set to ' 1 '  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 same 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 procedures described in 
section 5.8a and the MBMS interest indication procedure as specified in 5 .8 .5 .  

5.8a.2 SC-MCCH information acquisition 

5 .8a.2 . 1  General 

UE I I E-UTRAN I 

SCPTM-Configuration 

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

The UE applies the SC-MCCH information acquisition procedure to acquire the SC-PTM control information that is broadcast by the 
E-UTRAN. The procedure applies to SC-PTM capable UEs that are in RRC _IDLE or in RRC _ CONNECTED. 

5.8a .2.2 I nitiation 

A UE interested to receive MBMS services via SC-MRB shall apply the SC-MCCH information acquisition procedure upon entering 
the cell broadcasting SystemlnformationBlockType20 (e.g. upon power on, following UE mobility) and upon receiving a notification 
that the SC-MCCH information has changed. A UE that is receiving an MEMS service via SC-MRB shall apply the SC-MCCH 
information acquisition procedure to acquire the SC-MCCH information that corresponds with the service that is being received, at 
the start of each modification period. 

1 0  

IPR2024-00986 
Petitioners’ Exhibit 1013 

Page 000022



Attorney Docket No. UT1 6-1 1 04-US 
Unless explicitly stated othetwise in the procedural specification, the SC-MCCH information acquisition procedure overwrites any 
stored SC-MCCH information, i .e. delta configuration is not applicable for SC-MCCH information and the UE discontinues using a 
field if it is absent in SC-MCCH information unless explicitly specified othetwise. 

5 .8a.2.3 SC-MCCH information acquisition by the UE 

A SC-PTM capable UE shall: 

1> if the procedure is triggered by an SC-MCCH information change notification: 

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

NOTE 1 :  The UE continues using the previously received SC-MCCH information until the new SC-MCCH information has 
been acquired. 

1> if the UE enters a cell broadcasting SystemlnformationBlockType20: 

2> acquire the SCPTMConfiguration message at the next repetition period; 

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

2> start acquiring the SCPTMConjiguration 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 SCPTMConfiguration apply other than those specified elsewhere e.g. within 
procedures using the concerned system information, the corresponding field descriptions. 

5.8a.3 

5.8a .3 . 1  

SC-PTM radio bearer configuration 

General 

The SC-PTM radio bearer configuration procedure is used by the UE to configure RLC, MAC and the physical layer upon starting 
and/or stopping to receive an SC-MRB transmitted on SC-MTCH. The procedure applies to SC-PTM 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: In case 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. terminate a lower priority unicast service. 

5.8a.3.2 Initiation 

The UE applies the SC-MRB 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 the MBMS session, upon entering a cell providing via SC-MRB a MBMS service in 
which the UE has interest, upon becoming interested in the MBMS service, upon removal ofUE capability limitations inhibiting 
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 stop of the 
MBMS session, upon 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 SC-MRB establishment, the UE shall: 

1 > establish an RLC entity in accordance with the configuration specified in 9 .1 . 1 . 7; 

1> configure a SC-MTCH logical channel applicable for the SC-MRB and instruct MAC to receive DL--SCH on the cell where 
the SCPTMConfiguration message was received for the MBMS service for which the SC-MRB is established and using g­
RNTI and sc-mtch-Schedulinglrifo (if included) in this message for this MBMS service: 
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1> configure the physical layer in accordance with the sc-mtch-InfoList, applicable for the SC-MRB, as included in the 

SCPTMConfiguration message; 

1> inform upper layers about the establishment of the SC-MRB by indicating the corresponding tmgi and sessionld; 

5.8a.3.4 SC-M RB release 

Upon SC-MRB release, the UE shall: 

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

1> inform upper layers about the release of the SC-MRB by indicating the corresponding tmgi and sessionld; 

SystemlnformationB/ockType20 

The IE SystemlnformationBlockType20 contains the information required to acquire the control information associated transmission 
ofMBMS using SC-PTM. 

SystemlnformationB/ockType20 information element 
- - ASNlSTART 

. .  - SEQUENCE { SysteminformationBlockType2 0 - rl 3  
sc-mcch-RepetionPeriod-rl3 
sc-mcch-Offset-rl3 
sc-mcch- Firstsubframe-rl3 
sc-mcch-duration-rl3 
sc-mcch-ModificationPeriod-rl3 

lateNonCriticalExtension 

ASNlSTOP 

ENUMERATED { rf2 , rf4 , rf8 , rfl 6 ,  rf3 2 ,  rf64 , rfl 2 8 ,  rf256 } ,  
INTEGER ( 0  . .  10) , 
INTEGER (0 . . 9 ) , 
INTEGER (2 . .  9) OPTIONAL, 
ENUMERATED { rf2 , rf4 , rf8 , rfl6 , rf32 , rf64 , rfl2 8 ,  rf2 5 6 , 

rf512 , rfl024 , r2048 , rf4 0 96 , rf8192 , rfl63 8 4 ,  rf32768 , 
rf6553 6 } ,  

OCTET STRING OPTIONAL , 

. .. .... .. SystemlnformationB/ockType20 field descriptions 
sc-mcch-ModificationPeriod 
Defines periodically appearing boundaries, i.e. radio frames for which SFN mod sc-mcch-ModificationPeriod = 

0. The contents of different transmissions of SC-MCCH information can only be different if there is at least one 
such boundary in-between them. Value rf2 corresponds to 2 radio frames, value rf4 corresponds to 4 radio 

frames and so on. 
sc-mcch-duration 
Indicates, starting from the subframe indicated by sc-mcch-FirstSubframe, the duration during which SC-MCCH 

may be scheduled in non-MBSFN subframes. Absence of this IE means that SC-MCCH is only scheduled in 
the subframe indicated by sc-mcch-FirstSubframe. 
sc-mcch-Offset 
Indicates, together with the sc-mcch-RepetitionPeriod, the radio frames in which SC-MCCH is scheduled i.e. 

SC-MCCH is schedu led in radio frames for which: SFN mod sc-mcch-RepetitionPeriod = sc-mcch-Offset. 

sc-mcch-FirstSubframe 
Indicates the first subframe in which SC-MCCH is scheduled 

sc-mcch-RepetitionPeriod 
Defines the interval between transmissions of SC-MCCH information, in radio frames, Value rf2 corresponds to 

2 radio frames, rf4 corresponds to 4 radio frames and so on. 

[213] 
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1 6 .6 Narrowband physical downl ink control channel related procedures 

A DE shall monitor a set ofNPDCCH candidates (described in subclause 1 0 .2.2 .1 of[3]) as configured by higher layer signalling for 
control information, where monitoring implies attempting to decode each of the NPDCCHs in the set according to all the monitored 
DCI formats. 

The set ofNPDCCH candidates to monitor are defined in terms ofNPDCCH search spaces. 

The DE shall monitor one or more of the following search spaces 

- a Typel -NPDCCH common search space, 

- a Type2-NPDCCH common search space, and 

- a NPDCCH DE-specific search space. 

A DE is not required to simultaneously monitor a NPDCCH VE-specific search space and a Type- 1 -NPDCCH common search 
space. 

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

A DE is not required to simultaneously monitor a Type-1 -NPDCCH common search space and a Type2-NPDCCH common search 
space. 

An NPDCCH search space NS?'.R) at aggregation level L' E {1,2} and repetition level 

R E  {1,2,4,8,16,32,64,128,256,5 1 2,1024,2048} 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 S I  messages starting with subframe 
k .  

For NPDCCH DE-specific search space, the aggregation and repetition levels defining the search spaces and the corresponding 
NPDCCH candidates are listed in Table 1 6.6-1 by substituting the value of Rmax with the higher layer configured parameter a/­
Repetition-USS. 

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

For Type2-NPDCCH common search space, the aggregation and repetition levels defining the search spaces and the corresponding 
monitored NPDCCH candidates are listed in Table 1 6.6-3 by substituting the value of �ax 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 th consecutive NB-IoT DL subframe from subframe k0 , 
R 

and b = u · R ,  and u = 0,1, . . .  _Jlli!lL - 1  , and where 
R 

subframe k0 is a subframe satisfying the condition (10nr + LnJ2J)rnod T = aoffset • T ,  where T = Rmax · G 

for NPDCCH DE-specific search space, 

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

aoffse
t
is given by the higher layer parameter nPDCCH -startSFoffiet-UESS, 

for NPDCCH Type2-NPDCCH common search space, 

G is given by the higher layer parameter nPDCCH-startSF-Type2CSS, 
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aoffsetis given by the higher layer parameter nPDCCH-startSFoffset-Type2CSS, 

For Typel -NPDCCH common search space, k = kO and is determined from locations ofNB-IoT paging opportunity subframes. 

If the DE is configured by high layers with a PRB for monitoring ofNPDCCH UE-specific search space, 

- the UE shall monitor the NPDCCH DE-specific search space on the higher layer configured PRB, 

- the DE is not expected to receive NPSS, NSSS, NPBCH on the higher layer configured PRB. 

otherwise, 

- the DE shall monitor the NPDCCH DE-specific search space on the same PRB on which NPSS/NSSS/NPBCH are detected. 

Table 1 6.6-1 : NPDCCH UE- s pecific search space candidates 

2 

4 

>=8 

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

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

2 {0,1 } 

1 {0,1 } 
2 {0,1 } 
4 {0,1 } 

R= / 8  {0,1 } 

R,,,ax / 4 {0,1 } 

Rmax /2  {0,1 } 

Rmax {0,1 } 
Note 1 :  {x}, {y} denotes NPDCCH Format O candidate with NCCE index 'x', 

and NPDCCH Fom1at O candidate with NCCE index 'y' are mon itored 
Note 2: {x,y} denotes NPDCCH Format1 candidate corresponding to NCCEs 

'X: and ' ' is monitored. 

Table 1 6.6-2: Type 1- NPDCCH common search space candidates 

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

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

64 1 ,2,4,8,1 6,32,64 - {0,1 } 

1 28 1 ,2,4,8,1 6,32,64,128 - {0,1 } 

256 1 ,4 ,8, 1 6,32,64,128 ,256 - {0,1 } 

5 1 2  1 ,4,1 6,32,64,128,256,51 2  - {0,1 } 

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

2048 1 ,8,64,128,256,51 2,l024,2048 - {0,1 } 
Note 1 :  {x}, {y} denotes NPDCCH Format O cand idate with NCCE index 'x', and 

NPDCCH Format O cand idate with NCCE index 'y' are monitored 
Note 2:  {x,y} denotes NPDCCH Format1 candidate corresponding to NCCEs 'x' and 'y' 

is monitored . 

Table 1 6.6-3: Type 2- NPDCCH common search space cand idates 

2 

4 

>=8 

1 {0,1 } 

1 {0,1 } 
2 {0,1 } 
1 {0,1 } 
2 {0,1 } 
4 {0,1 } 

R1nax I S  {0,1 } 
Rrru,x I 4 {0, 1 } 
Rrru,x I 2 {0,1 } 

Rmax {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 monitored 
Note 2 :  {x,y} denotes NPDCCH Format1 candidate corresponding to NCCEs 

'x and · ' is monitored. 

If a NB-Io T UE detects NPDCCH with DCI Format NO ending in subframe n, and if the corresponding NPUSCH format 1 
transmission starts from n +k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ 1 to subframe 
n +k-1 . 

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

If a NB-IoT UE detects NPDCCH with DCI Format Nl  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+ 1 to 
subframe n+k -1 .  
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Ifa NB-Io T UE detects NPDCCH with DCI Format Nl for "PDCCH order" ending in subframe n, and if the corresponding 
NPRACH transmission starts from subframe n +k, the UE is not required to monitor NPDCCH in any subframe starting from 
subframe n+ 1 to subframe n +k-1 . 

If a NB-IoT UE has a NPUSCH transmission ending in subframe n , the UE is not required to monitor NPDCCH in any subframe 
starting from subframe n+ 1 to subframe n+3. 

A NB-IoT UE is not required to monitor NPDCCH candidates of an NPDCCH search space if an 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. 

1 6 .6. 1 NPDCCH starting position 

The starting OFDM symbol for NPDCCH given by index /NPDCCHStart in the first slot in a subframe k and is determined as follows 

- ifhigher layer parameter operationModelnfo indicates '00' ,  or '01 '  

/NPDCCHStart is given by the higher layer parameter eutraControlRegionSize 

- ifhigher layer parameter operationModelnfo indicates ' l  0' ,  or ' 1 1 '  

[212] 

6.4.3 

/NPDCCHStart = 0 

Downl ink 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 .3 .3 . 

- 6.4.3. 1 DCI Format NO 

DCI format NO is used for the scheduling ofNPUSCH in one UL cell. 

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

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

- Subcarrier indication - 6 bits as defined in section 16 .5 .1 .1 of [3] 

- Resource assignment - 3 bits as defined in section 1 6  .5 .1 .2 of [3] 

- Scheduling delay - 2 bits as defined in section 1 6.5.1 of[3]  

- Modulation and coding scheme - 4 bits as defined in section 16.5.1 .2 of[3] 

- Redundancy version - 1 bit as defined in section 1 6.5.1 .2 of [3] 

- Repetition number - 3 bits as defined in section 1 6  .5 . 1 .2 of [3] 

- New data indicator - I bit 

- DCI subframe repetition number - 2  bits as defined in section 16.6 in [3] 
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- 6.4. 3.2 DCI Format N 1 

DCI format NI is used 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 transmitted by means of the DCI format NI : 

- Flag for format NO/format Nl  differentiation - 1 bit, where value O indicates format NO and value 1 indicates format Nl 

- NPDCCH order indicator - 1 bit 

Format Nl  is used for random access procedure initiated by a NPDCCH order only ifNPDCCH order indicator is set to ' 1  ' , 
format Nl CRC is scrambled with C-RNTI, and all the remaining fields are set as follows: 

- Starting number ofNPRACH repetitions - 2 bits as defined in section 16 .3 . 1  of [3] 

S ubcarrier indication ofNPRACH - 6 bits as defined in section 16  3 .I of [3] 

- All the remaining bits in format NI are set to one 

Otheiwise, 

Scheduling delay - 3 bits as defined in section 1 6.4. 1  of[3] 

- Resource assignment - 3 bits as defined in section 1 6.4 .1 .3 of [3] 

- Modulation and coding scheme - 4 bits as defined in section 16 .4.1 .5 of [3] 

- Repetition number - 4 bits as defined in section 1 6.4 . 1 .3 of [3] 

- New data indicator - 1 bit 

- HARQ-ACK resource - 4  bits as defined in section 16 .4.2 of [3] .  

- DCI subframe repetition number - 2 bits as defined in section 16.6 in [3] 

When the format NI CRC is scrambled with a RA-RNTI, then the following fields among the fields above are reserved: 

- New data indicator 

- HARQ-ACK resource 

If the number of information bits in format NI is less than that of format NO, zeros shall be appended to format NI 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 transmitted by means of the DCI format N2: 

Flag for paging/direct indication differentiation - 1 bit, with value O for direct indication and value 1 for paging 

IfFlag=O: 

- Direct Indication information - 8 bits provide direct indication of system information 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=l 

IfFlag=l :  

- Resource assignment - 3 bits as defined in section 1 6  .4 .1 .3 of [3] 
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- Modulation and coding scheme - 4 bits as defined in section 16 .4.1 .5 of[3] 

- Repetition number - 4 bits as defined in section 1 6  .4 . 1 .3 of [3] 

- DCI subframe repetition number - 3 bits as defined in section 1 6.6 of [3] 
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3. Composition of lnvention 

Narrowband (NB)-LTE� LTE systemSil 1 PRBoJl B"B "a-13"}� system BW� ?!-� ",;!- ,:'_ complexity, ",;!- ,:'_  power consumption g_ 

:;,;j -'tl_13"}7l � �  system01 4. 01 �  -'r-£ machine-type communication (MTC).9} � ,:'_  device� cellular systemoJP·i :;,;j �o}O:j 

internet of things (IoT)� .::;z-�13"}7] � �  �,8 lclJ-6j .2....'£ 01 ¾� 4- '.V.4. 7] e91 LTESil subcarrier spacing % 91 OFDM 

parameter� -g- LTESif- Zaf ,:'_ � g_ ;,}%% _o _ _.5"_�i 4'-7}?sj '{} band �"a- \'ct 0] legacy LTE band0ll 1 PRB � NB-LTE %Q£ W"a-13"} 

O:j 2r-31J-4-� Jt � ?sj .Q.._5"_ ;,}%� 4- '.U� ?:J- {j o] '.V.4. NB-LTESil physical channel-2. downlinkSil � 4-. N-PSS/N-SSS, N­

PBCH, N-PDCCH/N-EPDCCH, N-PDSCH � .2..£ � Qj B}.:il, LTESif- T� o}7] � � N- g_  t:i "B"B ;,i 1,!- 2 7] £ �4-

UnicastSif- � -=;z- �£1 � multicastL-} broadcast C::, 1i1'l. oJVi LTE systemoJVi � MBMS service� �l B"B MBSFN subframe g_ 5=. '1J 

13"}7-] y-, SC-PtM lclJ-� g_ -1:r:. 'i} 13"}5:J.4. NB-LTE system EE �  broadcast * -2.  multicastSif- Zaf ,:'_  service7} �.R.� --'-J-%oJP .i (e.g., 

software update) MBMS service� ;,}%tl 4- '.V, 5=.� .:il ?cj "B"B 0� �4. n:J-2.j-J,7 � �� oJl ;,i � SC-PtM Z_ NB-LTE systemoJl % 31-

A] 7'1 ?c] tl � 4-, SC-PtM ¥r �  � .!2..� �%13"}� N-PDCCH/N-PDSCH � 01 �%£1 �  � � � PRB � �l � B"B ta- PRB9) Wta­

lclJ-� oJl i:J1 "5B �l '<l- � 4. 

EE �. search space� .!i:. Y E7 i!J �4 � � Sil Sil u1  � ,  B"B ta- search space� � B"B 4'-,813"}.:il:;,;} 13"} � DCI formatoJl n:J-t'} '; � 

'?l '2"! ;'!-� Sil N-PDCCH � decoding � � "3"B ta- CRC � u l i:'.j ��4i'-.!8 '; 1:1 RNTI ;';} .2..£ scrambling IT} O:j -'tl. 13"} � i'i} 0 l 13!-� :;,;l � 

�'{} B} � 3!j-� Z_ .9-l nl �4. 4'-7}� Q£, NB-LTE systemoJJ;,i Zj- UE� single PRB � Zj-Zj-9) carrier£ '{} -6] 13"}.:il '.V,71 ufl �oJl , 

� �;,i oJl ;,i <jif13"l .:i!.. '.U� PRB� carrierSif- Zaf ,:'_  9J u] � :;,;l y ..:iL  '.U4..:iL W 4- '.V.4. � �;,i oJl ;,i c;>i i;f13"}� DCi format N0, 

N l ,  N2 � 3GPP TS 36.212[2] .R �oJl y-Sif-'.V_ � DCI format NO, N l ,  N2� Sil ul �4. 

�A--1 91 � iPa Z. � "3"B 4g 3!J- Zd-0 1 % o-J  � � or£� �4. 'anchor-type PRB' �  e-NB ¥1:� oJl Ai initial access � � B"B N­

PSS/N-SSS/N-PBCH/N-PDSCH for N-SIB % g_ � % 13"} � PRB � .9-J ul �4. AJ-:gJ-oJl n:J-i:-]- 13"1 y-.9-J anchor-type PRB7} t:-AB � 
?5=. '.V_.Q..9 44'-7H 9)  anchor-type PRB%0l t:-AH �  4-£ '.U4. 4 g  _2__5"_, 13"]-y- � ,:'_  44'-7H 9J anchor-type PRB 7} '.U� --'-J-% 
oJVi , UE7} initial access� �B"B '; � anchor-type PRB� � 1a!J �41i1'! iiH � PRB� 'anchor PRB'i:}.:i!.. '4 � �4. EE�, initial 

access O 1 � downlink 3!J-1:l g_ � i>.Jl 13"} 7 l � B"B e-NB£-¥-E7 W ta-� PRB � 'additional PRB' 4 .:il '44i'- � 4. 

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

4-� ?sj _c'.> _ _5"_, MCCH9) control ;,:a .!ii.. � g_ � 1;-i,} � N-PDCCHSif- MTCH9) control ;;(a .!2.. � Z_ � 1;-13"} � N-PDCCH7} % � 

� PRBoJl � 1;- � 4- 5:. '.U.:i!.., l-7 £ 4 :=  PRB � �iiH � 1; � -"r5:. '.V-4. 0l oJl n:J-t'} -3. fll � 7}:;,;1 £ T� tl T �)..2..uj ,  1:J i:'.j  

i>} li1'l_ 4 g 3!j- �4. 
I. MCCH.9-J control Aj _l;l_ � g_ � ¾ ol-� N-PDCCHSif- MTCH.9-J control � .!2.. � Z_ �%i>}� N-PDCCH7} % � �  PRBoJl 

�¾i,}£� 1!_ � 13"}� lclJ- � :  

£-] 3:: UE � anchor PRB (i.e., initial access � anchor-type PRB) � �"3"B i.:B .R£ 1l. � � i:J1 .R PRB index � .!2.. � system 

information block g_ ;, }¾ 13"}0:j � 1g" � � 4 .:il 1l. � tl T '.U tj-. �,  system information blockoJl � SC-PtM �H:l. � .!2.. 

(e.g., SC-PtM 01 � 1;- £j � 'T' 7] � )7} � 1;- � ,:'_ {j}� 0l .:i!..  4"7} ?sj _Q__£ i:J1 .R PRB index ¥1:i;!'! Aj .!2..7} �ig- £j ::::  � ol 

4. 01 cH!- system informationZ. � '€l- � ,:'_ UE� SC-PtM0l � ¾£1 � i.:B .R PRB index � � 4- '.,U.:i!.., SC-PtM 01 � % 

£j � 2r 71 EE� � 4- '.V,71 uJ1 �oJl , i:J1 R PRBoJVi wl i:'.j '44f--B( � ,:'_ wl i:'.j 1l_ ;;(a �) common search space(CSS) � <2"J _g­
.:2._ y Ei ''J ;s-]-0:j SC-MCCH scheduling Aa .!i!..(i.e., N-PDSCH scheduling) � � � W T �14. 01 u:J1 ,  UE� SC-RNTI u);- � 

,:'_ Dl cl '4-:'7 .!8 EE 4 :'= RNTii'i} g_ J,}-§-;s-} O:j 'if ;,i 'i':! if� CSS '?l '2"! Z. .2.. Y E7 'i'l � 4 .:il AJ_ ;;(cl � T '.U 4. EE�, 0 l rrfl 
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A}-§--5=- H:::- DCI format,': 71 � NB-IoT01Vl A}%:£1 1d DCI format NI � ,'_"_ N2 � A}-§-�q.:il 1l_ AJ � 9-S:. 11.:il, AH -5'..,'t­

DCI formatg_ ;'!� 0-JA1 (i.e., DCI format Nm, m ,':  AJ 9-) A}%�9-.:il 1l_ ;;g �  9-S:. 'V_t:r. uj-e-}-,'-7 t-H % N-PDSCH� 

decoding o}o.:j SC-MCCH 78 .!2. �  � �  <'>}li'! UE� TMGl � -5'.. G-RNTH} g_ :gj � � "r  'V_q. 
0l o-'J Ai ,  UE� LJl K PRBoJ] Ai ul e-1 <;ij::::;- -8.(� ,': Dl e-1 1l. 1:l ¥l.) common search space(CSS) °a �  g_ .£1--] E-F J 15}0:j 

SC-MTCH scheduling 78 .!iL(i.e., N-PDSCH scheduling)� � � � 9- 'V_ q. 0 l n:Jl , UE ';::: 9-� 15} 71 � 15} ';::: TMGioJl iiH % 

15} ';::: G-RNTI � � ,': Dl e-1 <;ij: :';" ¥l. !E ct� RNTI� g_ A}-§-t,}O:j '1f-J.7 <d i:r �  CSS °a �  g_ .£ Y E7 � �q.:il 1! 78 � 9-
'V-t+. !E �. 01 n:Jl A}%!c] ';::: DCI format,': 1/l � NB-IoToJ] Ai A]-%!c] 1d DCI format N I  � ,': N2 � A}-§-�q .:il 11 78  � 

9-S:. S'.l.:il, AH � ¾  DCI format g_ ;'!§-o-'j Ai (i.e., DCI format Nm, m ,'_"_ 78 9-) A}% �q .:il 1l. AJ � 9-.5:. 'V_ ct. uJ-cFi t-H 

1a" N-PDSCH� decoding 15}0:j SC-MTCH 78 .!2. �  � � 15}1i'! UE';::: MBMS data(e.g., software update) � � � W 9- 'V_ 
ct. 

Re . 

Anc. 

.. Additional PRB 

� Anchor-type PRB 

I Anc. I Anchor PRB 

I Rep. I Representative PRB 

Figure 3 . 1 .1 :  An example ofPRB position and allocation for SC-PtM option 1 .  

II. MCCH9-] control AJ .!i!_ � g_ {] %<'>}';::: N-PDCCH9j MTCH.9-] control AJ __lil___ §{i � 'b' <'>} t:- N-PDCCH7} Ai _£ q ;::  PRB 

oJl � -t !cl ;::  � -9-: 

� � UE';::: anchor PRB � 'c; t-H Lll .IE� J.J AJ ¥l. Lll K PRB index 78 .!2. ;::; system information block g_ A}-§-t,}o:j {J q- 'i:!-

� 9-.:il 1! 78 � T 'V-i::}. �, '4oJ] J.i <d i=r� ?;:! -31j- 0}%7}7.l -5'.. t-H % system information blockoJl � SC-PtM -B.� ;-<J __lil___7} 

{Ji'- � ,'_"_ %-e01 .:il .?f'-71 31 _()____5"_ qj .IE  PRB index :iH-� AJ __lil___7} {J q- :£1 ';::: -?;:! 01 ct. 01 2-7 � system information g_ � '@. 

�- ,<: UE� SC-PtM01 {i¾!cJ ::: i:fl .IE PRB index � � T 'V_.:il, SC-PtM 01 fi ¾S:] ';::: 9'7] !E �  � 9- 'V-71 uH �oJl ,  rfl 

.IE PRBoJ] Ai u] e-] <;ij:4r-¥l.(� ,°_ ul e-1 1l. AJ -8.) common search space(CSS) 0J � g_ -2-Y Ei <@ <'>} o.:j SC-MCCH scheduling 
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� .!,l_(i.e., N-PDSCH scheduling)� � � W  'T 'V_tj-. 0] rrt UE� SC-RNTI � � ,'"'_  u] e-j Q.Jc�B EE q �  RNTI� g A} 

¾-&-}aj 'ifAi � if �  cssq,J <2'J g .2..1---] El � �q.::il 1l 7'.J W  T <V.i:+. :it�, 01 rrJl A}¾Sl � DCI format,'"'_ 7] � NB-IoT61] 

}.7 A}¾Sl 1i':l. DCI format N l  * ,'"'_ N2 � A}¾�q.::il 1l � W 4-5=. 'V_.::il, -"TI £¾ DCI formatg 'il-� � A7 (i.e., DCI format 

Nm, mt ;,:J 'T) A}-§-�q.::il 1l � W 4- 5=.  'V_ i:f. trj-i'.j-kj �Ti ta- N-PDSCH� decoding -&-}aj SC-MCCH � .!,l_ � � � -&-}'B. 

UE� TMGI � .£  G-RNTI� g � � W 'T 'V_ 9-. �7}� ..2..£ UE� SC-MCCH7} � 'i'-Sl � N-PDSCH� decoding -&-}O:j 

G-RNTI(�� � - � G-RNTI group)61] trj-i'.j-A7 Al �- q �  multicast PRB(M-PRB) index 7'.j .!,l_� � � �q.::il ,.,_i[ � W 4-5=. 

'V_.::il, G-RNTI(� ,'"'_ � ;,:j G-RNTi group)61] trj-i'.j-A] A] .£ q � M-PRB index � .!,l_  � Group specific � RRC signalling g 

�-8-TI A1 � '€t- 1i! � q.::il 1i � tl  4-5=. <V.i:+. 
0] � Al ,  UE� 'T� <'>} 7] -'t[-&-}� TMGI7} ?!°� G-RNTI(� ,'"'_ � � G-RNTi group)61] �Ti l:;t-&-}� M-PRB 6Jj}.7 u] e-j Q.jc 

4,~ B(�.::'.. u] e-j 1i ;,:j -'{1) common search space(CSS) qa] Q,-j , � ,'"'_  user-specific search space(USS), � ,'"'_  group-specific 

search space(GSS)� .2..1---] El � c5} 0:j SC-MTCH scheduling ;,:J .!,l_(i.e., N-PDSCH scheduling)� � � W 4- 'V_ i:f. 0] u:TI, 

UE� 4- � i>}7] -'t[i>}� TMGI<>l] �Ti ta-c5}� G-RNTI � � ,°  u] e-j Q.Jc-4rB EE q �  RNTI� g A}¾c5}aj 'ifA7 �if� 

CSS or  USS or GSS qaj <2'J g £1---] El � �9 .::il 1l ;,:J W T  1)1:f. SC: �- ,  0] rrJl A}¾s:J � DCI format,'"'_ 7] � NB-IoT6J] Ai A} 

¾Sl 1i':l. DCI format NI � ,'"'_  N2 � A}¾�i:f.::il 1l � W  4-5=. 1).::il,  -"TI £ ¾  DCI formatg 'il-� � Ai (i.e., DCI format Nm, 

m .::'..  � 'T) A}¾�i:f .::il 1l � W 7"-5=. 'V. i:f. trj-i'.j-A7 �TI ta- N-PDSCH� decoding -.S-}Ocj SC-MTCH ;,:J -1i. � � � -&-}'B. UE 

� MBMS data� � � W 4- 'V.4. 

Re . 

Anc. - M-PRB 

- Additional PRB 

CJ Anchor-type PRB 

I Anc. 1 Anchor PRB 

I Rep. j Representative PRB 

Figure 3 . 1 .2 :  An example ofPRB position and allocation for SC-PtM option 2.  
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PRBS!} � ,':'_ PRB<>l] � 1;' � t: ?iJ 0] 'ti �3j 0] .:il 3:. �, MTCH� � ¾i>} t: N-PDSCHt: MTCH.9.J control zj .Ji. � g � 1;' i>} t: 

N-PDCCH7} �¾5'J t: PRB9} � ,':'_  PRB<>l] � 1;- s� t:  ?i! 0l � � ;,,i 0] t::.J-. i>}z] 1i'}-, lRB �  l-}-§-i>}t: NB-IoT system � .Aj AJ N­

PDCCH � �%13"}� PRBS!t N-PDSCH� �¾i>}� PRB7} -1f-3::{! % � "5H 0l= �qt: 3::{!,':'_ \1l. 7] uJj .g-oJl ,  44.9.J N-PDCCH7]­

� ¾ 5'J  t: PRBS!} 4 :S:  AJ] 3 .9.J  PRB.£ N-PDSCH7]- �¾-84t: ;.<j .Ji. � dynamici>}J]j � ��4.:,1. {i ;,:J W  4-5=. '.U4. � ti] .£, 

MCCH.9.] control � .Ji. � g �¾i>}t: N-PDCCH<>l] 47}.£ MCCH� � 1;- i>}t: N-PDSCH7} � t s� t: -"H ..£-8:- PRB index � � 

i:3'1 �4..:il 1! -'1i %1- 4-5=. '.U.2..uj , 01 S!} ti] �  i,}7-Jl , MTCH.9-l control Aj .Ji. � g � ¾ o} � N-PDCCH<>ll 4'-7} £ MTCH� � 1;' o} t: 

N-PDSCH7} �¾5'J � -"H .s¾ PRB index � �aj �4.:il 1! zJ � "r-5=. '.U9 . 0] uJ! , SC-MCCH7]- 1J i3'j _2_ t:- N-PDSCH7} � 1;' 5'j 

t: -"H ..£-8:- PRBS!}, SC-MTCH.9-] scheduling � Jil..7} 41 c l.�-t: N-PDCCH7} � ¾ 5'J  t: -"H ..£-8:- PRB, -=ii:'-] ..:il SC-MTCH7]- 1J_ i3'j _2_  

t: N-PDSCH7]- � ¾ 5'l  t: -"H .£ ¾  PRB t: l--'j .£ .!ej- � 3l .Q..s allocation � 4-5=. '.U .2..u.J , J-i .£ � 71 4, � ,':'_ 7} 2c1 12 l-}0 Ml � � 

� PRB Zl- � 1i'l-% � o-J ;x;J  '.U 7-l 4  � Aj � it 31  g �t: ¥1:lll � 7}� 4-5=. '.U 4. 

4'-7} 3j .2...£, '?};;] l.:ilt II .2..f<>ll t:1] "51Vi UEt: rf! JI. PRBoJVi P] i:'..] '44;=- -8(� ,':'_ Pj cj 1! � -8) common search space(CSS) 

� Q:j g _si_y E7 i!J "5"}0:j SC-MCCH change notification � Jil..  � � � W "r- '.U4. 0] uJ! , UE� SC-RNTI iJ;- � 2 u] i:'� 9-l'� .!8. 3:. t::.j-

� RNTii);- g l-}-§-i>}O:j 'ifl--J '(i i\'"� CSS� Qcj � .£y E-j i!J  �4.:il 1! ;,:J W- 4- '.Ut::.J-. 3:.�, 0] uJ!  l-}-§-5'j � DCI format,':'_ 7] � 

NB-IoT oJ] Ai l-}-§-5'j i;:-l_ DCI format N l  � ,°- N2� A-}%�4..:il 1! AJ %}  "r-5=. '.U..:il, -"H ..£-8:- DCI formatg \1}_-g_ 0-j,Ai (i.e., DCI 

format Nm, m-& � 4-) l-}% �4.:il 1! � %1- 4--'r. '.U 4. 

4 7]-3j .2...£, AJ7j I.:il} IIoJVi MCCH �,':_ MCCH� schedulingc5} � N-PDCCH7} � 1;� � PRBS!} MTCH � ,':_  MTCH� 

schedulingi>}t: PDCCH7} � 1;- s� t:  PRB� 44 � - � 3j .Q..s system information (e.g., SIB) g %"5HAi �c'J 9-� lclJ� g_ ..:il c'j 

W "r- '.U4. � ,':'_  AJ7j IoJVi qj .R PRB� MCCH � ,':'_  MCCH � schedulingo} � N-PDCCH<>l] t: 3j -§- _;:J ;,:.j 'c,f.:il MTCH � ,':'_  

MTCH� schedulingl3"}t: N-PDCCH<>l] 1i'.!- 31 %� "r- '.Ut::.J-. 0] uJl 01] UEt: MCCH � ,':_  MCCH� schedulingi>}t: N-PDCCH� 

anchor PRBoJVi �-l g T '.U4. 

47]-;;<:j .2...s/J7] rf!JI. PRBt: anchor-type PRB � %-oJVi {i lalj -8 qj JI. anchor-type PRB � 4- '.U 4. 

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

3 .1 oJ] l--] .9.J camp-on PRB (or unicast PRB or paging PRB)S!} t::.j-� PRB � l-}-§-i>}cij MCCH N-PDCCH � ,°  MTCH N­

PDCCH � � ¾ 1,Q-� lclJttj ;'_ ,  UE 0,J AJoJl Ai legacy NB-ToT Tx.s� E-j �- � 3j 'i.1 PRB g l-}-§-o}O:j multicast Tx � :ct i'- �7] uJl 
.g-oil ,  configured UE 'fP 'JoJ] .A7 unicast N-PDCCH7]- SC-PtM N-PDCCHS!} 7cf ,':_ PRB5- � 1;' 5'J t: -7<:l f-7} � AH "i',};,:.j 'c,f 71] .!f:l 4. 

3:.�, idle UE 1FJoJVi paging DCIS!} SC-PtM N-PDCCHS!} �- ,':'. PRB.£ � t 5'j t: 7cl f-7} �AH -8-}z] 'i!.f 7-ll .!8.t::.]-. �� camp-on 

PRB (or unicast PRB or paging PRB)S!} % � �  PRB � l-}-§-"5"}◊::j MCCH N-PDCCH � ,':'_  MTCH N-PDCCH� �¾ 'i!-t: lclJttj ,':_ 

4 g  .:ilJ- � oJ 27};,:.l 7cl -?-.s �clw  4- '.Ut:1-. 

I. MCCH � ,':_ MTCH.9.] control � Jil.. �  � �li} t:  N-PDCCH.9.J DCI formatg DCI format N l .:il} � 711 �4t: lclJ� 

0] uJ! , DCi format g NP} �71] �4t: lclJ� ,<:>_  1J �l DCi format N l g l-}-§-%1- 4-5=. '.U..:il, DCi format N1 3!J- � ,':_  

payload� �.£� -"H .s¾ DCI formatg l-}%�9 .:il 1! ;,:J W  "i"" -5:. '.U4. 01 uJ! ,  data� 4 ¥} .:il5.. �-d-0] \:} g_ 7cl f-0ll � 

o g  4'7}�- ¥} 0Vi (zero padding) � 0] � DCi format N l .:il} �71] �4t: -3-:1 °] %-k-8-}4. 0] uJ! , DCi format Nl Q:i � 01 

i:'.} 1} ,':'_ ,  DCI format Nl 01 t::.]- � DCI format.:ilt size;:;_ �47] � "5H zero-padding0] "r-"� � 7cl f- "5H cg zero-padding g 4-
"� � 0] �.9-] � 01 � .9.J u] w  4- '.Ut:}. 4'-7}.s, MCCH � ,':'_  MTCH.9-] control � -1,cl- � ��li}t: N-PDCCH7} � 1;' 5'J t:-
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search space� SC-PtM g --'fl � common search space� A}%�9-.:il 11 7<a %l- 9- '.U 9-. "; � 31 .Q..� MCCH � ,':_ MTCH 

Q.J control 1J .!i!._ � � ig--8"}";::: N-PDCCHQ.] DCI format g DCI format Nl  Jlt � 71] 13!-4 � 78 -'i'--� ,  UEQ.] N-PDCCH blind 

decoding � '? � � 0] 7-l ;!.f7] --'fl o} O:j  l ) MCCH �-& MTCHQ.] control 1J _l,l _{} � Tg-o}� N-PDCCH7} �%£! � search 

space� OE-specific data schedule g --'fl � N-PDCCH7} � 1; £1 � USS(UE-specific search space)<>ll .¥. W £1 5=. � il. 7<j %l­

T '.U .Q..9 , 2) MCCH � .2. MTCHQ.J control 1l .!i!.. � �'€ti>} �  N-PDCCH7} �i %� 9- '.U � search space7} � ¾£! � 

PRB7} USS7} �i ¾.£] � PRB9t % � � -7d -'i'--<>1l 3J %� T '.Ur:}. 

� B-, connected mode.Q.] 7J -'i'-- � �lL'j _J,l_ 1E, "5"ij "if UE t- MCCH � MTCH DCI7} � 1; £1 ';::: search space7} USS(i.e., 

NPDCCH DE-specific search space)9t �7-1 4, � .2. "5"f1==J- USS<>!] .¥. �£! ';::: 'tl:711 � � � 9-.:il i,! 7<cJ %l_- 9- '.U 9-. 0] � 711 

£1 � '  connected mode UE� � 5=. Q.] 47} BD \:ct 01 5=.  7-}"'8 °1 .!i!...:il '.U �CJ unicast control DCI9} MCCH � ,':_ MTCHQ.] 

DCI 5:..7'" Aj .£ 9- �  RNTI&(e.g., unicast: C-RNTI, MCCH: SC-RNTI, MTCH: G-RNTI)-& A}-§-o} O:j  CRC masking g_ 

A} -¼3-o} O:j -=?-¾ � ")'- '.Ur:}. EE�, "5"ij � UE ';::: frequency O l % \:ct O l ,  :i � .:il unicast interruption \:ct O l MCCH control � ,':_ 

MTCH control g decoding %l- 9- '.U 711 -!el. 9-. 

\l!-�, idle mode UEQ.] 7cl -'i'--<>ll , DCI format0] N l .Q..£ 13!-� hJ '.U 7] rrij ¥-<>!l , idle mode UEQ.] 7d -'i'--<>!l ';::: DCI format N I  

.Q..£ � ¾£1 ';::: MCCH * ,':_ MTCHQ.] control ;(a .!i!.. � .!i!.. 7] �l "5H legacy % -3}  cJl l:l l  4 7} action ° 1  �..Ro}71l -!el. 9- .  01 rrJ1 

4 7} action,':. r:} g � �9-. Idle mode UEQ.J 7<-J --9-';::: UE DRX cycle % 'i!-<>l] � 211 .!i!.. ?=j .:il �"!l tj paging g .!i!..7] -'fl "5"ij P­

RNTI� A}--§-o} O:j  DCI format N2 size� 5:..L-1 E7 'l3 o}71] -"!el.9-. 01 ufl ,  % � � subframe<>!] SC-PtM(i.e., MCCH or MTCH 

control) tl-<c! DCI7} �-1. ¾� rrij � DCI format Nl size£ 13!"� hJ '.U o-] A--j 47} :;<;j  '<l BD \:ct 0] �(i.e., max BD requirement 

� 1t}�Al 7'] 7] q:j "5"ij A7 ';:::) decoding0] �7}'; o}7l rr]1 ¥-<>!l SC-PtM tl- <c!  1:l .!i!.. �  <;>:l_ ';:::  3:l g  .¥. 7] %l- 9- �Ml \:ctr:}.  B-, 

B-� 0] 4'-7}:;<;J «l BD� %l_- '; � 01 '.U ';:::  7<! -'i'--61] � , SC-RNTI � ::'.  G-RNTI� A}-§--15}0:j DCi format Nl size� 47}:3-j 

.Q..£ 5:.. L-j E7 'i') 15} O:j SC-PtM ::;& <cl_ 1l .!i!.. � \':l. o-] � 9- '.U 9-. 

II. MCCH � ,':_  MTCH.9.] control 1:J .!i!.. �  � '@:15}� N-PDCCHQ.] DCi fonnat g_ DCi format N29t �711 1#4'- t- HJlj!j 

0] ufl , DCI format g_ N29t � 71] 1#4'- ';::: HJlj!j ,':_ � A�] DCI format N2 � A}-§-%l_- 9-5=. '.U.:il, DCI format N29} � ,':_  

payload� �5=.� AH £¾ DCi format g A}-§-�q.:il i,! 1J � 9-5=. '.Ut:l-. o] ufl, data� 9- � .:i.15=. �Zl-0] \r g  78 -'i'--"il � 

o g  4 7}£ 'i! o-] Ai (zero padding) 7,J 0] � DCi format N29t �711 13!"4� 3:! 01 �..Ro}t:l-. 01 uH , DCi format N2.Q.] ?,J 0l 

� W f_ , DCI format N27} q ;::  DCI format� size� '5!-47] --'fl "5"]1 zero-padding0] 9" <5._!l 'fl_ 7d -'i'-- "5"ij � zero-padding g 9-

'5._!l � 01 J?=-Q.J 7,J 0] � Q.] Pl � 9- ?Jr:}. 4'-7}£, MCCH * ,':_ MTCHQ.] control 1J .!i!.. � � '@:15} � N-PDCCH7} � 1; s� � 

search space';::: SC-PtM g --'fl � common search space� A}%� q .:il i,! 7<j W 9- '.U 9-. "; � 31 .Q..£ MCCH � ,':_ MTCH 

Q.J control 1J .!i!.. �  �-1. �B-}� N-PDCCHQ.] DCl formatg_ DCl format N29t �71] 13!-�� 78 -?- � ,  UEQ.] N-PDCCH blind 

decoding � 9- g 'a=i. 01 7-l ?,J-71 �l ol ◊:J 1) MCCH * ,':. MTCHQ.] control ;,(a .!i!.. � � '@:o} � N-PDCCH7} �%-'9 ';::: search 

space� paging scheduleg --'fl � N-PDCCH7} � "t £1 ';::: CSS(Cell-specific search space)oll ±. WS:1 5=.� i,! 1J -V- 9- '.U.Q.. 

9 ,  2) MCCH � 2. MTCHQ.] control 1l .!i!.. � 11. ,a-15} � N-PDCCH7} � %� 9- '.U � search space7} {1_ 1; -'9 � PRB7} 

paging g schedulingo}';::: N-PDCCH7} � % £!  � CSS7} � -1,"'-£! � PRB9} % � �  7d -'i'--<>!l 31 %� 9- ?Jt:l-. 

� B-, idle mode.Q.] 7J-'i'-- � �lL'j .!i!..�, -tH "if UE� MCCH � MTCH DCI 7} � "t -'9  � search space� paging signal0l 

A}-§--15}';::: CSS(i.e., Typel-NPDCCH common search space).!4 �7--j y- � ,':_  -tH 1% CSS<>ll .¥.W£! � tl-Al � �';::: i:}.:il il. 

7<j %f 9- '.U 9-. 0 l � 71] £1 1i"! , idle mode UE ';::: � -5:.Q.j 4 7} BD \:ct O l 5:. ;i;l --8 ° l .!i!....:il ?J t8 paging DCI9t MCCH * ,':_ 

MTCH.9-j DCI 5'_ -'f - A--j _ ,;, r:} ;': RNTiiU°(e.g., paging DCI: P-RNTI, MCCH: SC-RNTI, MTCH: G-RNTI) g_ A}{}-15}0:j 
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CRC masking S 1,.j--§-i,]- 0:j T�W 4- 'Vt.:!-. 

!fl-1i:!, connected mode UE.9-] 7<:l --9-oJl , OCI format01 N2.£. �2}-1 ;<cJ 'V- 71 u:Jl �oJl ,  connected mode UE.9-] 7<:l --9-oJl :::= OCI 

format N2s!- � 1;- s:J :::= MCCH � �  MTCH.9-1 control 78 .!i!. �  .!i!.71 q] i>H legacy % -3]- ell l:ll 47} action °l �.R,s-}1-ll B 

t.:!-. 01 u:Jl 47} action� t.:j- g .:ii- 7ctt.:i-. Connected mode UE.9-] 7cl --9-:::= unicast control Aj .!i!. � -1,!.71 qj i>H C-RNTI� J,.}-§-i,]-
0:] OCI format Nl size� .2.. y F7 � i,]-711 .!i§l. t.:j-. 0 l uH , % � � subframeoJl SC-PtM(i.e., MCCH or MTCH control) ¥1: i\'1 

OCI7} {} 1;" � u:Jl :::= OCI format N2 size.£. '5,!-2}-l � 'V 0Vi 471- �  � BO \1;. 01 :::= decoding0l ¥-7} 'c;"- i>}7l u:Jl � oJl SC­

PtM ¥1: 's"l.  78 .!i!. � � :::= � g_ ±.71 i>}7-J L-j- unicast control Aj .!i!. � � :::= � g_ ±.71 � 4- \'-:toJl \1;. 9-. 01 u:Jl 01 2:::. � S i:;':l :o<7 

�o}0l= W7.l oJl ell � priority� 7,,pj i>H 0l= W �--8..7]- 'Vt.:!-. --9-{::!, seivice typeoJl rrJ-4.Ai multicast� 4---:-l W7.l �7.l oJl i:J1 
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�ig 4- 'V_;;,.l �. multicast.Q:l 7<:l --9-:::= A!N °l 'E°AH i>}7.l 'i?;f 7] u:Jl�oJl AJqj layer<>!] 1,.i Aj .!i!. � 2r.:i1 1i!7] � 77}7.] � al -½  1'lJ 

1fl 01 \1;. 9-:::= {j £ multicast� v-1 :;(7 1i! £ � --1g 78 i>} :::= � 01 % cl W 4- '.U t:}. t:} � 1'lJ-1fj _Q_.£. :::= ,  unicast.9-1 data � % 2J=oJl 

rrJ-4kJ � 78 W  4-.£ 'Vt:}. � ;1H Al {j oJj.).7 °l cl Q.J=::;-B � 78  threshold & 0VJ-.9-l unicast data� -z:i 1;" 1i!'.?J:t:t1i:! , unicast 

-z:i 1;" g_ 7ll4f 1i! .:il, -=r �7.] 'i?J:"t.:!-1i:!, multicast� 4-'8 1i! .£� -'1g 78 W 4-£ 9J t.:!-. 01 :::= buffer<>!] 01 Pl �01 � % 1i! � 

unicast data7} 'E-;1H i>}.:il, o] � t:}Al \l!-£� -'1g 78 cS"}:::= � o] C7 burdeno] 7] u:Jl -R- 0l t.:!-. 1i±, 1i1� 0] 4 7} 6j � BO � W ';; 

� 0] 'V_:::: 7cJ --9-oJ] :::: ,  SC-RNTI � {'_ G-RNTI� A}-§-i,}O:j OCI format N2 size� 47} 6j  Q.s.. .£.y F7 � i,}O:j SC-PtM ¥1: 

i\'1 78 .!i!. � � O, ¾!l_  4- 'V_tj-. EE �, 1i1�0] 0] o] USS �  �1>H A1 decoding� N-POCCH� �1>H.Ai unicast POSCH � A 7'J] 

-½ 1i! � 7cl --9-<>il 1>H 'if TZl-<>il /..7 :::= multicast 4-'8 g_ /..l .£i,}7.l 'i?.f .:il unicast POSCH 4---:-1 g_ 7ll 4f � 4- 'V t:t. 

AJ-7] unicast transmission.:il- multicast transmission ¾ 0, 2:::. 3:1 g_ 1i!0]-0l= W7.l <>il ell � priority� � 78 ii}� UJ-61 � % 

� � PRBoJl A1 .£ � ¾s:J 7.l �, /..7 .£. t:}.:= PRBoJl .A, % �  � SF<>il � ¾ �  u:Jl .£  6l ¾ � 4- 'V-4. 
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-=r cl .:il unicast interruption \1;. 0 l MCCH control 78 _t,l _  � MCCH § decoding W 4- 'V jfl B t:}. 

<">l �, MCCH N-POSCH� �i>H G-RNTii:;);- g_ �� � UE� � MTCH.Q:l control Aj .!;!_7} {i 1;' s:-J :::: PRB-5'._ 0] %o]-O:j 4",:-lcS"]-

71 � i>}:::: TMGI<>il i>H i:Jo]- :::: G-RNTI'1} g_ 1,.}%0]- o.:j MTCH.9-] control 78 .!i!. � �� W 4- 'V_ .:il, -=z.oJl rrJ-4 MTCH � decodingi>} 
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q,j Qcj g_ .5:.y E7 PJ t.}a:j SC-MCCH change notification :;,;J .!2.. � � � W y '.V_q. 01 uJl ,  UE-::= SC-RNTI it �� u] 2-] Q}� -8 EE q 

;':: RNna):- g_ J-}%t.}a:j �Ai '{j_ i;f� cssq,J Q:cj g_ .5:.Y E1 Ba  �q.:iL {'l_Aa tl T '.V.c+. EE�, 0l uJJ  7.}%:s=J -::= DCI format� 7] � 

NB-IoT oJl .1,i .1,}%:s=J i:j DCI format Nl � �  N2 � 7.}%�q.:iL -1PJ tl y5=. '.V_.:iL, AH £¾ DCI formatg_ 1?1--g 0, 7.7 (i.e., DCI 

format Nm, m� � y) l-}%11:-9-.:iL 1i :;,;J W y5=. '.V.9-. 

4. Effectiveness of Invention 

� l;'f� 01] 7.i -::= cellular IoT (internet of things) � 7-] i:!t.}-::= NB-loP•] ,.,__ ECJl oJl J-i SC-PtM g_ %-3)- ,,._l 7'] 3j tl 7cH-, SC-PtM ¥1 

� � .!2.. � � ¾t.}-::= N-PDCCH/N-PDSCH :,= 01 :;<-:l. 4;-.s=J -::=  3:j � � PRB -$1 �l '3J i3"ij ta- PRB£1 Wta- lclJ-l{j oJl i:fl i3"ij AJ] ,a �R 4. {,-7} 

3:J .Q..£ � �� <>l] J-i 2r-£ i:J-�-::= i-J1 %  � NB-JoT system 0] 7-l 'ii:-, 01 9l- l:l] � � narrow band system.Q.. _i;:'_ £  -�PJ- 7}:;- ii"}q, � \l.l:-

3:j .Q..£, PRB(i.e., carrier){:1- MTC system£1 narrow band(i.e., 6RB)£ i:fl ��l ii"} a:j 3:J % tl y '.V_.:iL, DCI format Nl � DCI format 6-

1A/1B£, DCI format N2-::= DCi format 6-2£ i:fl ��l ir}a:j 3:J % tl  "r 919-. 
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