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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 UT16-1105-US 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention REPETITION LEVEL OF 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 [:] ~oonkui I txHN 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 UT16-1105-US 
Application Data Sheet 37 CFR 1.76 

Application Number 

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

Prefix Given Name Middle Name Family Name Suffix 

I El i,yangsun I ffou I El 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City ~eoul II Country 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 ~6112 I Countryi I IKR 

Inventor ~ I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El ~eunggye I ~WANG 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 UT16-1105-US 
Application Data Sheet 37 CFR 1.76 

Application Number 

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

Application Information: 

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

Attorney Docket Number UT16-1105-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 UT16-1105-US 
Application Data Sheet 37 CFR 1.76 

Application Number 

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

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

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

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

I I I· I 
Additional Domestic BenefiUNational Stage Data may be generated within this form I Add I by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application 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 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

I I I 
Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. I Add I 

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

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

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

UT16-1105-US Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention REPETITION LEVEL OF 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 Bin 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 Bin 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 UT16-1105-US 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention REPETITION LEVEL OF 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, indicate 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 State/Province 

Country 11 Postal Code 

Phone Number Fax Number 

Email Address 

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

Assignee Information including Non-Applicant Assignee 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. 
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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 UT16-1105-US 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention REPETITION LEVEL OF 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 11 State/Province 

Countryi 11 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 UT16-1105-US 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention REPETITION LEVEL OF 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 1.14. 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 1450, 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 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (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 1974, 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 PatentCooperationTreaty. 

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. 218(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. 
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1 .14, as a routine use, 
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public 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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Attorney Docket No. UT16-1105-US 

CTO) ;1;:~Ail CH IE~ '2:! .'.:jl-:::1:_ I ~~~:2016 I 
~~A~ H-&J ~, ~~71, -fr-gf~, ~~7'11 

~~2.1 ~~ Repetition level of SC-PtM for enhanced NB-IoT system 

1E~.2.~7IT 3GPP TSG RANl I ~ IE Q:jl ~ .2.l 2.I I 
-EH''Pl~~o~ LTE-A,MTC 

B~E~TT2=1 

1. Purpose of Invention 

~~~oJl-7-i~ SC-PtMg_ NB-LTEsystemoJl %3J-Al7'li:oj W 7cl-9-,MCCH/MTCH.9.] control/data~ ~%<'>}~N-PDCCH/N­

PDSCH %-.9.J CE(coverage enhancement) level g_ 1L %~ -2.._'sc!_ ~~ii~ 2r ~ ttJ~ oJl ell ii~ AJl '<l ~9--

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 (TOMA), 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 TOMA 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 [l]. 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. L TE system architecture 

Radio Frame 

Slot 

#0 #1 #2 #18 #19 

Sub rame 

Figure 1. Structure of a radio frame of 3GPP LTE 
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Attorney Docket No. UT16-1105-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 example, 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 plurality of orthogonal frequency division multiplexing (OFDM) symbols in 

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

OFDM symbol may also be referred to as an SC-FDMA symbol or a symbol period. A resource block (RB} is a resource allocation unit, 

and includes a plurality 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. 

One downlink slot 

,CJ,, 
./ \ 

7 OFDM symbols 

I I I 

l 

Resource block 

/ 12 x 7 resource elements 

~ 
"E 

X 

.. 
~ Resource element 

ii! 
"' .... 

~ 

, 

I I I 
I I I 

Figure 2. Resource grid for one downlink slot 

In Figure 2, a downlink slot includes a plurality of OFDM symbols in time domain. It is described herein that one downlink slot 

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

present 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 depends on a downlink 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__Tim, 
Subframe 

Figure 3. Structure of downlink subframe 

In Figure 3, a maximum of three OFDM symbols located in a front portion of a first slot 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 downlink shared chancel (PDSCH). 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 

(PHICH), etc. The PCFICH is transmitted 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 PHICH 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 downlink scheduling information or includes an 

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

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

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 PDSCH, a set of 

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

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

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

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

plurality of resource element groups (REGs). A format of the PDCCH and the number of bits of the available PDCCH are determined 

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

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

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

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

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

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

information identifier and a system information RNTI (SI-RNTI) may be masked to the CRC. 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. 

Control 
Region 

Data 
Region 

' 
' 

I\ 
RB pair 

\ 
One slot One slot 

Subframe -

Figure 4. Structure of uplink subframe 

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

allocated with a physical uplink shared channel (PUSCH) for carrying user data. To maintain a single carrier 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 

belonging to the RB pair occupy different subcarriers in respective two slots. This is called that the RB pair allocated to the PUCCH 

is frequency-hopped in a slot boundary. 

BS (base station) (10) 

PROCESSOR 
(11) 

MEMORY 
(12) 

RF UNIT 

(13) 

UE (user equipment) (20) 

PROCESSOR 
(21) 

MEMORY 
(22) 

Figure 5. System for implementing present invention 

In Figure 5, a wireless communication system includes a BS 10 and one or more UE 20. In downlink, a transmitter may be a 

part of the BS 10, and a receiver may be a part of the UE 20. In uplink, 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 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 methods described in this application. The memory 22 is coupled 

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

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

at least one of the BS 10 and the UE 20 has multiple antennas, the wireless communication system may be called as multiple input 

multiple output (MIMO) system. 

2-2. Component carrier aggregation in LTE-A 

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

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

considered in 3GPP LTE-A (LTE Advanced) system where multiple CCs are aggregated (in this example, 3 carriers exist), while Figure 

6 (a) illustrates a single carrier operation as in conventional systems. As shown in Figure 6 (b), a UE can monitor and receive DL 

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

with M DL CCs where M::5:N so that the UE's monitoring of the DL signal/data is limited to those M DL CCs. In addition, the network 

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

specifically or cell-specifically, where L::5:M::5:N. 

o~71Ai cc~ Cell£ -=r~~-? '.?J O □~,~ 7~£1 7H Is O £ .H.~~-? '.?)c~. 

~20MHz~ 
DL Component Carrier 

0MHz ~ 

2DMHz----l.!4---20MHz +I 20MHz~ 

DL Component Carrier A DL Component Carrier B DL Component Carrier C 

LJ -D,. LJ -D,. LJ -D,. LJ -D,. 
UL Component Carrier UL Component Carrier A UL Component Carrier B UL Component Carriere 

~ 

E E 0 
~ I" (fJ 

!; =i 
i,l ::, Cl. 

"' 

20MHz 20MHz 20MHz 

0MHz 

(a) Single CC (b) Multiple CC 
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Figure 6. Subframe structure of 3GPP LTE Release-8 system and L TE-A system with CC aggregation 

Carrier aggregation~ XI~ o~-i::- Al~~oJIA-J cell.g q-§- Figure 7::il~ ~ol -=r~~-? ~c~. 

Cell B Cell C 

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

Configured cell:= Figure 7011 A-j2.~ ~OI 71 Xl-=<}.QI cell %OIi A-j measurement report~ 2-7·1.~ carrier aggregation%!"-? S').r ~ 

~ cell£A7 UE~ £ ~ ~ ~ c~. Configured cell:= PDSCH t:! 8011 C!l ~ ACK/NACK t:! 8 ~ -'f-1 °E!" resource~ □ I 2-I Oji Q.j'5H ~711 ~ c~. 

Activated cell:= configured cell %0llA-J ~Xii£ PDSCH/PUSCH~ t:!"5"o~_r~ ~~~ cell£A-J PDSCH/PUSCH t:!-§-~ -'f-1~ CSI 

report£~ SRS transmission~ -?'® o~7ll ~ c~. De-activated cell:= 71 Xl-=<}.QI ~ ~ !:E:::: timer -s~Oll .QI oH A-j PDSCH/PUSCH t:! 8 ~ 

o~XI P.t.r~ o~:::: cell£A7 CSI report~ SRS t:! 8 .r. %8~ c~. 

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

SS:::: P-SS2.~ S-S5£ T~ £1 □~, 1i/l 15'-~ ~ -?~ %1- IT!l A~%£!:::: ~ .2.0I c~. 

Figure 8 (a)2-Hb):::: 2.j-2.j- 71~ CP2.~ %J-~ CP ~ A~%o~:::: Al--"-!"/.QI ~-9- ss.QI t:!-§- ~ -'f-1 ~ ]I ell 'i!:J -=jl-35. ~ .rAI ~ ~OI c~. 

ss:::: inter-RAT measurement.QI %01 gt~ -'f-1 oH GSM ]I ell 'i!:l ~ OI '21 4.6ms ~ :::iJ.2~ o~O~ ¥ ]I ell gj O'iti ::ilt ¥ rr 211 gj S'iti .QI ¥- ';ti MH 

~ ~Oll A-J 2.j-2.j- t:! 8 £1 :::iJ., oH ~ 2.tCI .2. ]I 211 'i!:J Oll cH El"~ 7-ll:::: s-ss ~ ~ii"H -El~ 7~:0 o~c~. P-ss:::: "5H ~~~.QI 12.!! □ ~XI ~ OFDM 

{:J "§OIi A-j t:! 8 £1 :::iJ., S-SS:::: P-SS t:1 t £ ~ OFDM {:J "§OIi A-j t:! ~~Ct. SS:::: 37H .QI P-5S2.t 1687H .QI S-SS.QI 35. gJ- ~ ~ oH ~ 5047H .QI 

~217-ll;; 1i/l 61~fAHphysical cell ID)~ ~"5"%1"-?7~ ~ct. !:E~, ss ~ PBCH:::: Al--"-~ CH<2:1~ LH.QI 7t~Cil 6RB LHoJIA-J ~8£1 

0-J, ~ 8 CH '2:j~Oll -E:!-7-ll'i?iOI UE7t-?3 ~ ~ := ~..2.%1--? ~.I~ ~q, 
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1 O ms radio frame 

I 11 .. .. 
1 ms subframe : 

I 

l 0 l 1 l2 13 14 16 1°l 1 l2 l 3 l 4 l 5 r~1 
0.5 ms slot 

10 ms radio frame 

I II 
----~ 

·--·1 ·I· 1, 1, ■ +I, 1, I +Fl 
0.5 ms slot 

(b) ~:g- CP£I ~.lf. 

□ PSS 

11 sss 

□ P-BCH 

□ PSS 

11 sss 

□ P-BCH 

Figure 8. SS ~%~ -9-1~ E.2il~ -,1~ 

sss.i ~ ~ CfOl l:tl Al El ~~ ~ 8g) 8EII Lf -5!. E (single antenna port)8~ Af§of .::il, H.201I A1::::: ITf ~ ~ £1 of J:J s.t::::: 

Cf.::;, 8g) 8EIILf ~~ ~~ UEOll ~~e!-(transparent) ~~ ~~ (Oll~ ~01 PVS, TSTD, COD)~ Af§~ "'f'Jf 2..'.Cf. 

a. P-SS ,¥.2 

~0I 63£1 ZC (Zadoff-Chu) )HJ~~ -9-lif=? ~Qf01IAi ~£Iof0j P-SS£I Al~.A.£ N-§-~q. ZC Al~~~ 6-1 (1)011 £IoH ~£I.S:.IIJ:j, 

DC ¥~.Y~W01I oH~S:.l-e Al~~ R±(element}, n=31g ~t} (puncturing)~q. 6-1 (1)01IAi Nzc=630lq. 
mm(n+I) 

d
11
(n)=e-1

~ 
(1) 

7Htc·u ¥~£1 6RB (=72 ¥~%rrD ~ 97H£I 'a-e ¥~%rrf-e ~.g 0£1 ~££ ~'§-oflJ:j, %71 =?~~ ¥-1~ ~Ei ~741011 -§-01m~ 

7f:,;:~q ,i?q. ~ 37H£I P-ss~ ~£Iof7I -9-loH 6-1 (1)01IAi u=25, 29, .:::12.I.:;i 34£1 ~~ Af-§-~q. 01 ITH, 292.f 34-e 

~2ilCH~(conjugate symmetry) tl-74I~ 7fJ;:l.:i1 ~OiAi, 27H£I .gt,1- (correlation)~ %AI01I =?~~ =?7f ~q. OJ7IAi, ~2ilCH~g 

q.g. 6-1 (2)£1 tl-74I~ £I □ Iof1Jj 0I ~{,j~ 0l-§-ofOJ u=292.f 34011 CH~%!~ .gt,1-7I (one-shot correlator)£I -,1~01 7fEofOj, 

~Ail~8 'c!tl~~ QJ' 33.3% f:t±AI~ =? ~q. 

du (n) = (-!)" ( dNx-U (n) r, when Nzc is even number. 

du(n)=(dN"~,(n))', when N7r is odd number. (2) 

b. S-SS ¥.2 

s-ss~ -9-laH Af-§-S:.I-e Al~.A.-e 7aa-10I31£I -!i=- 7H m-AI~~~ 8Ei2.lig,j-'E! ~g~ of.:il -!i=- 7H£I Al~~~ ~gofOJ 1681M .:::i~ 

6-1 'i!!J;:f (cell group ID)~ ~'§-~q. S-SS£I Al~~£Ai m-Al~~E- -9-lif=? {::!~~ ~~01IAi 7cf?:!of.:il, .:il~ ofq□f £ Ii:!~ (Fast 
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Hadamard Transform)~ 0I§~ .:il4/- m-AI~~ ~~££ <2!t.!-~~ ~~ 97~ ~q. EE~, 1¥- 7H£I ~.g ¥.2. (short code)£ S­

SS~ -,1~o~::: ?,_i.g 8W£I <2!t.!-~~ -S-0I7I ~loH Ail'2.!-.5:l2;'.q. 

Figure 9.g -l=-2.I ~'210fIAi£I-!¥- 7H2.I Al~~7~ {§-2.I ~<210fIAi '2.JEi2.l~.5:IOi □H~.5:I-E 3-i~ .!i!.0!4'-E .:J.'EJ0lq. S-SS¥.2. ~~~ 

~loH A~-§£I-E 1¥- 7H£I m-AI~~~ .zt.zt S1, S22.~.:il ~2.IW rrH, ¥~211~ 02.I S-5S7~ (Sl, S2) 1¥- ±%)-££ ~ .:J.~ ~~;i;:~~ 

{:!-g-~q~, ¥~211~ 52.I s-ss-E (S2,S1)££ .ii!.~(swapping)o~Oj {:!-g-"@-££»-i, lOms ~211~ ?Pll~ -i1fE-W 9 ~7-il .§q. 01 CCH, 

A~-§.5:I-E s-ss ¥.2.::: xs + x 2 + 1 £1 ~~q~~~ A~-§-o~D:j, Ai£ qe 'a:-~ ~0I (circular shift)~ ~oH ~ 317H£I ¥.2.~ 

~~%!- 97~ ~q. 

63 subcarriers 

DC subcarrier (no signal) 

S1 (O)S1 (1 )S1 (2) S1 (28)51 (29)51 (30) S2(0J S2!1 l S2(2) SL\28) S2(29)S2(30) 

31-length 31-length 

Figure 9. S-SS ¥.2. ~~ igJ-~ 

9~ ~"5"~ "§'~Al7'I7I ~p:;~Oj, P-SS 7I~ (P-SS-based)£I Ai£ qe 1¥- 7H£I Al~~~ ~2.lo~Oj, S-SSOfl ~.3.~~~ "ci~.5:I S1.:i!~ 

S20fl Ai£ qe Al~~£ ~.3.~~~ ~q . .::J. ~. Sl 7I~ (Sl-based)£I ~.3.~~~ ¥.2.~ ~2.l"ci~Oj, S20fl ~.3.'El~~~ 

9~~q. 0I rrH, S-5S£I ¥.2.-E Sms 8~1£ .ii!.~£I;.i;:I'2_!- P-SS 71~£1 ~.3.'El~~ ¥.2.-E .ii!.~£I;.i;:I t'ot-Eq. P-SS 71~£1 

A.3.~~~ ¥.2.-Exs +x3 +1£1 ~~ q~~ 0 £¥-E~ ~~-8 m-Al~~OflAi P-SS '2.!~~0fl [[~2.~ 67H£I 'a:-~ ~0I l:fi{:!££ 

~2.lo~.:il, S17I~£I A.3.'EJ~~ ¥.2.-E xs +x4 +x2 +x1 +12.I q~~ 0 £-!,:!-E~ ~~-8 m-Al~~OflAi S12.I '2.!~~0fl cq2.~ 

87H£I 'a:-~ ~0I l:fj{:!££ ~2.I~q. 

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

• The UE shall monitor the downlink link quality based on the cell-specific reference signal in 

order to detect the downlink radio link quality of the PCell as specified in [2]. 

• The UE shall estimate the downlink radio link quality and compare it to the thresholds Q0 ut 

and Q;n for the purpose of monitoring downlink radio link quality of the PCell. 

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

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

taking into account the PCFICH errors with transmission parameters in [3]. 

• The threshold Q;n is defined as the level at which the downlink radio link quality can be 

significantly more reliably received than at Qout and shall correspond to 2% block error rate of 
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a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission 

parameters specified in [3]. 

SC-PTM 

5.8a.1 

5.8a.1.1 

Introduction 

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 
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 MBMS 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 SC-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 validity 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 maybe 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. 
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5.8a.2 SC-MCCH information acquisition 

5.8a.2.1 General 

UE I I E-UTRAN I 

SCP1M-Configuratinn 

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 Initiation 

AUE 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 MBMS 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. 

Unless explicitly stated otherwise 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 ifit is absent in SC-MCCH 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 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 l: 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 SCPTMConfiguration 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. 
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SC-PTM radio bearer configuration 

General 
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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-MRB 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 SCPTMCo,ifiguration message was received for the MBMS service for which the SC-MRB is established and using g­
RNTI and sc-mtch-Schedulinglnfo (if included) in this message for this MBMS service: 

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-MRB 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 

SysteminformationBlockType20-rl3 
sc-mcch-RepetionPeriod-rl3 

SEQUENCE { 
ENUMERATED {rf2, rf4, rf8, rfl6, rf32, rf64, rfl28, rf256}, 
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sc-mcch-Offset-rl3 INTEGER (0 .. 10), 
sc-mcch-Firstsubframe-rl3 INTEGER (0 .. 9), 
sc-mcch-duration-r13 INTEGER (2 .. 9) OPTIONAL, 
sc-mcch-ModificationPeriod-rl3 ENUMERATED {rf2, rf4, rfB, rfl6, rf32, rf64, rfl28, rf256, 

rf512, rfl024, r2048, rf4096, rf8192, rfl6384, rf3276B, 
rf65536}, 

lateNonCriticalExtension OCTET STRING OPTIONAL, 

ASNlSTOP 

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 scheduled 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 i 
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. i 
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3. Composition of Invention 

Narrowband(NB)-LTE';: LTEsystem91 I PRBoJ] '3"f''if"o"}';: systemBW~ 7;,!-';: ~,':complexity,~,': powerconsumptiong_ 

7-Hl_i:>}7] .!tl~ system0 ]4. 0 ]';: '?£ machine-type communication (MTC)9t ::Q,': device~ cellular systemoJPi 7-]-'tl_B-}O:j 

internet of things (IoT)~ T~i:>}7] .!tl-q~ %~ BJ--"1.£_£ 0 1%~ 4- 'U4. 7]~.9-] LTE91 subcarrier spacing ';;91 OFDM 

parameter~ g_ LTE9} ~~ 31 g_ J.}-§-~_Q._£.,¼j {',-7}~'{} band ~ta" \;cto] legacyLTE bandoJ] 1 PRB~ NB-LTE-§-_2._£ %)_-tg-i:>} 

O:j 2rli'!-""i"-~ 1i:.%~--2..£ J.}%~ 4- 'V_';: 7-J-{:! 0 ] 'U4. NB-LTE~ physical channel,':'.. downlink~ ~-9-, N-PSS!N-SSS, N­

PBCH, N-PDCCH!N-EPDCCH, N-PDSCH ~ _Q._£ ~ 91"o"}..:il, LTE9-J- T~•3}7] .!i1-1'3"Jl N-g_ i:--J '3"ij"'i -¥- 2 7]£ ~4-

Unicast9t ';: --,Z-~£1 ';: multicast Lt broadcast ':';-1i"! ,:ii] "'i LTE systemoJ] "'i ';: MBMS service~ .!i1-1 '3"H MBSFN subframe g_ 5:. ~ 

"o"}f!L-}, SC-PtM BJ-~ g_ 5:.~"o"}?lj,i::j_ NB-LTE system .:E~ broadcast~,': multicast9t ~,': service7} ->Mil.~ ,.,_J%oJl"'i(e.g., 

software update) MBMS service~ J.}%~ 4- 'US:.~ ..:ilaj'3"ij◊-j: ~4 . .::::Z.i:'.1..:il, NB-LTE system.3i!- ::Q- 0 1 ~-¥- UE~ oJlfll coverage 

enhancement 7} ->Mil.~ ,.,_J-% 0 1 ~J.,H;t 4- ~]71 trJl~oJl, multicast transmissionoJl t:J1 '3"ij"'i 5=. CE level;'.~_ ..:il a'! '3"ij ~ -'M.R.7} 'U4. 

u:j-2j-,>.7 ~ W~<>il"'--J';: SC-PtMg_ NB-LTE systemot] %-3} A]?']aj ~ ~--9-, MCCH/MTCH91 control/data~ ~1;i:>}';: N­

PDCCH/N-PDSCH ~ 91 CE(coverage enhancement) level g 1i:.%3j -◊---~-- 1l ~ '3"ij 2r ';: BJ1tj oJ] t:J1'3"ij /\J]'il-~4-

~"'i ~ %'~Pa g .!i1-1 '3"H 4 g .3i!- ::Q- 0 1 %Ci~ ~ i:>}5=.~ ~4- 'anchor-type PRB' '= e-NB t[-{:! oJPi initial access ~ .!i1-1 '3"H N­

PSS/N-SSS/N-PBCH!N-PDSCH for N-SIB ~ g_ ~-I_ 1; i:>} ';: PRB ~ .9-J i:i] 7ll-4. ,.,_J%oJ] u:J-c.1- "o"}t.-}91 anchor-type PRB7} ;:'.: Aij ~ 

4-£ 'V__Q._T:ij 44-7H 91 anchor-type PRB ~ 01 ~Aw~ 4-5:. 'U4. 4 g _£_£, i:>]4 ~ ,': 44-7H 91 anchor-type PRB 7} ~J ';: _AJ-% 

otP--J, UE7} initial access~ %'3"Jl ":; 1l anchor-type PRB~ {"ileJ1~41i"! '3"]Jtg- PRB~ 'anchor PRB'i:'.1-..:il '4:";'~4- .:E~, initial 

access 0 1-f. downlink :tj-AJ g ~~i:>}71 .!i1-1'3"H e-NB.£-¥-E-1 ~-.:J-B PRB~ 'additional PRB' i:'.1-..:il '44;:- ~4- ~7}3j_Q._£, NB­

LTE systemotl "'i Z/- UE';: single PRB ~ Zj-Zj-2-l carrier£ '{}~ i:>}..:il 'V_7] u:ij~otl, ~-- ~,,_--] oJ]"'--j '(! '8-"o"}..:il 'U ';: PRB';: carrier9-J­

::Q-~ 91u1 ~ 7-]L-]..:il 'U4..:il ~ 4- 'U4. 

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

A. -9-{"! 3j _Q._£, SC-PtM AJ Ji.~ ~ '@i:>} ';: N-PDCCH ~ ,': N-PDSCH91 CE level g_ single CE level£ -1i 1J i:>} ~ uJ-itJ g_ ..:il pj 

"tl 4- 'U4. 0 1 trJl, CE level 0 ] c1- ~ ,':'._ N-PDCCH ~ ;'_ N-PDSCH91 repetition number setg_ 91 i:i] i:>}7-lL-] maximum repetition 

numberg 91l1]~4- 'UcJ. u:J-cl-1---J CElevel0 ] ~c1-~4JL ~,': N-PDCCH~,': N-PDSCH.9-j repetitionnumberset0 ] ig-c1-

7-] 7-11+ maximum repetition number7} ig-21-{J g_ gju] %1- 4- 'U4 . .:E~ zi-- CE leveloJl t:J1 g £] ';: N-PDCCH ~ ,': N-PDSCH 

~ repetition number set O 11+ maximum repetition number 7} ~ 2-l Ii! :Olj ~ 4- 'U 4. i:>} L-} 91 CE level g_ ,,_} ~~ ~ cJ ';: 31 ,':'.. 
system T ~ ':';-1i"! otVi complexity7} ~ .!] trJl ~otl 7-J {:J o] 'V_ cj . -"-J7] BJ-1tj otl t:J1 ~ ~ Al aim ~ 1i"! 4 ,'.; .3ij- ::Q-4. 

1. SystemotVi "'}%ii'}';: CE level g_ fixed CE level(fixed CE levelotl t:J1 g £] ';: repetition number set .:E ';: maximum 

repetition number)£ 1l ~ i:>} ';: BJ-1tj (i.e., .2.-:= cell otl -"i NB-Io T multicast CE level,':'.. ":; :OIJ fixed CE level g_ -"}%ii'} 5:. ~ 

W): 

0 ] lclJ 1tJ ,':'.. MCCH Sc.::::- MTCH91 control ~ Ji. ~ ~ 'g-i:>} ';: N-PDCCH 9-j CE level g_ 7,pJ i:>} ';: t:--l] .2. ¥, 3j % ~ 4- ~J 
';: lclJ itJ _Q._£, 7}<@ fixed CE level g_ maximum CE level(maximum CE levelot] cH g £1 ';: repetition number set .:E ';: 

maximum repetition number) £ -1i ~ i:>} 711 £11i"!, "6"ij ta" system(~,':'.. Cell)otl :";' ~ t:J1-¥-~91 UE ~ otl 7-l] service7} 7} 'o ii'} 

7-ll £1 u £ 5<]]1g -"-JY:J- 0 1 :;;,.] ~,':'._ -J"'.(e.g., 7-]"o"}, ~_:,--, __ ';;)otl UE7} 1£- 0 1 -;=':':;1ijii'}';: system otl %c1%l- 4- 'U4. ·5}:;,;ltfr, 
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~H lg AJ-% 0 1 ½ ~ *oJl 'll ';::: UEoJl J-ll ';::: ~__g_ fil ';::: it!-~ 0 1 ~ 4- 'll7] n:Jl-roJl ~'c-j c5}J-j] -3l-% %f 4- 'll 9-. 

2. Cell specific c5}J-Jl zj-zj-Qj Cell0 ] c5}t..-}Qj CE level -a}:-..2..s.. 1l.78c5}.:il, eNB7} UEoJ]J-ll system infonnation g_ %ii] 0 1 ~ 

0 ] lclJ~ ,':. MCCH -1:E';::: MTCHQJ control ;;<J.!il._~ ~1@:"ii}';::: N-PDCCH.91 CE levelg 7,;[78<5}';::: c-j] .2.f 31%%f 4- 'll 

';::: lclJ-~..2..s.., eNB7} .::z}~oJlJ-Jl configured~ UE~.9-l ~Hlg :';"'j3!j- iifC:S·UE~.91 ~?-] ~ g_ nl-<21-ol-0:J, TIJil-31..2..£ 0-j 

u:H} ~H lg ?}:2"J-g_ 7};,;j .:il 'll ';:::;,;j ~Btl- !;9, CE level -al: g_ semi statistic ii} J-Jl 1l. 78 o}O:j system infonnation ~- %ii]A-j 

~aj~cj-.:U.1l_78%f 4- 'llC!-. 0 ] lclJ~ g Aj--§-i>};':l_, cell specifici>}J-Jl CE levelg ?,;[78%f 4- 'll7] n:Jl~oJl, zJ- system T~ 
~ ;11 oJl 1'] .5=. complexity7} ~ .:il, ~__g_ fil ';::: !fr~ g ¾~ 4- 'll ';::: AJ-~ oj 'll 9-. 

B. q._g- ..2..£, SC-PtM 78 .!il.. ~ ~ 1@:"o} ';::: N-PDCCH ~ ~ N-PDSCHQJ CE level g_ multiple CE levels(i.e., repetition number 

sets, multiple maximum repetition numbers )s.. 1l. 78 i>} ';::: lclJ ~ g_ .:U. al %f 4- 'll 9-. 9-7"- 7H 91 CE level~ g 1' }% tl-9- ';::: ~ ,':_ 

UE.91 ~H lg AJ-%<>11 uj-c}, ~ ~ multicast service typeoJl uJ-cFi CE level g 9- 2 J-Jl 1l. 78 ii}O:j ~__g_ fil ';::: !fr~ g_ ¾~ 4- 'll 

';::: AJ-~ 0 l 'll j]_, AJ- %<>11 uJ-4 ::;<;j ~ ol-J-Jl CE level g_ ::;<;j % %f T 919- ';::: ~ ~ 0 l 'll q. ?} 7 l BJ- 1{j oJl ell ~ ~Al aim ~ ;11 c::i­

% 4 ~9-. 

1. TMGI(~ ~ G-RNTI ~ ,':. service type)~s.. CE level g eNBQ} B~ Z}oJ] uj 'c-] ~.:u. 'll9-.:i!. 1l_;;<Jt,} ';::: BcJ-~: 

0 ] BJ~,':_ MTCHE~ control~..!,!.~ ~i~ii}';::: N-PDCCHE] CEleveland/orMTCH~ ~1@:"B}';::: N-PDSCHQJ CE level 

g_ ~780}';:::i:1] 31%%f T 'll';::: BJ-~..2..£, MCCHN-PDSCH~ %ii]~ T 91';::: TMGI(~~ G-RNTI~~ service type) 

~£ CE levelg_ 9- 2 J-Jl 1l_;;<Jt,}';::: ~ 0 ]q. ~' o:i] ~ ½o-J, multicast service type0 ] .2.:::::_ UE7} ~Al 7"-<5]iiH 0 l= i>"}';::: %-..8_ 

~ update'c-J-;'1, CE level g .3.J-Jl 1l. ;;<J o}O:j ~H lg ~7;:J 0 1 ~ ;,;J \'?J- ~ UE~ oJl J-Jl.5=. .2. .!¥- 4-~ 7} 'o o} £ ~ 1l. 78 iiH ¾ 4- 'll 

.:u., multicast service type 0 ] :-<H lg ~ 7cl 0 ] ½ ~ *<>ll ,$1 ?.j tl- UE ~ g_ ,$1 ~ group call0 ] 'c-]-.:u. 7}:;<J o} ;11, ii] "8" UE~ 0 1 4-
~ ~ 4- 91 ';::: .i,l ± tl-91 CE level£ 1l. 78 ol O:j ~ __g_ fil ';::: repetition ° l ~ ,,_] o} ;,;j t'J- .5=. ~ 1l. ;;<J ~ "r 919-. ~ ~ 31 _o_£ 

0 ] .!7 ~ TMGI(~ ~ G-RNTI ~ ,':_ service type)~ CE level 1l_;;<J 78 .!il.. ';::: RRC signal -1:E ';::: MCCH~ %ii] UEoJ] 711 ~¾ 

~ 4- 'llc.\-. 

2. UE group(~ ~ zj- UE) ~ £ CE level g_ cj- E.. J-ll 1l_ ;;<J o} ;---:: BJ-l{j : 

0 ] BJ-~~ MCCH -1:E-t:- MTCHQJ control 78 .!il.. ~ ~ '€fo}t:- N-PDCCH and/or MCCH -1:E ';::: MTCH~ ~ 1@:"o} ';::: N­

PDSCHQJ CE level g_ ?,;[;;<Jo}';::: c-j] .2. f 31 % ~ 4- 'll ';::: BJ-~ ..2..s.., eNB ~ ;11 oJ] l-'j ';::: MCCH -1:E ';::: MTCHQJ control 78 
.!il..and/orMCCH-1:E';::: MTCH~ ~i~o}';::: N-PDSCH~ A7s_ 9-.:= PRB~ Aj--§-B}O:j A-js_ cj-.:= CElevelg_ Aj--§-"Oj-O:j ·~ 

¾ tl-9-.:U. 1l_ ;;<J ~ 4- 'll 4. 0 1 n:Jl A}%!r] ';::: CE level~ a':':- zJ- cell uj-q ·2} ~ 31 ..2..s.. 1l. 78 ~ "r 'll;:,,.] ~' ~ 78 PRBoJ] ~ 1;' 

!rj';::: CE level<>!] tjjiiHA-J';::: .2.:::::_ UE0 l]J-Jl system informationg_ %ii].!--] ~¾iiH'?-) 0 1= tl-9-.:U. 1l_;;<J%f 4- 'llC!-. i>fc:J­

system information g_ 4-~ tl- UE'{l AJoJl A-j ';::: zj- UE~s.. ~o} ';::: CE level g_ {-:i lelj <5"}◊:j, i>H 'a" control AJ .1!.7} ~ 1;' £] ';::: 

PRBs.. oJ-%°-"O}◊:j MCCH -1:E ;---:: MTCHQJ control 78 .!il.. ~ "r~ tl-9-.:U. 1l_ ;;<J ~ "r 914. 0 ] BJ-~ g_ A}-g.o};':l., zj- DE~£ 

.::z}~oj 7--Jtl- :-<Hlg ~7;:loJ] uJ-4 .::z}~oj 'i'di>}';::: CE levelg_ {}~~ 4- 'll9-';::: AJ-~ 0 1 91?.];'l-, eNB c;;':!oJ]A-j ';::: 9-"r.9.1 

PRB ~ g_ 1'}%o}O:j repetition uJ: cj- ~ 1f!!.- ~ ~ ;;<J .!il.. ~ .!il.. 41 °1= tl-9- ';::: B~ 0 l ~.:xH ~q. 

4"7}31..2..s..,eNB ~;':!oJVi MCCH-1:E';::: MTCH.91 control 78.!t.~ A-]£ cj-.:= PRB~ A}%o};,;j \'?J-.:U.,%~tl-PRB~ 

A}%ol~, A-js.. 9-.:= subframe(i.e., timing)g_ A}%o]O:j A-js_ cj-.:= CE level g_ Aj-%0}0:j ~¾~q.:u. ~78~? 919-. 

oj n:Jl 1'}%~ ';::: CE level~ ,':_ ~A-j '?::! B"tl- ~ 4 ~ 0 1 zj- cell uj-q 5;- ~ 31 ..2..s.. 1l_ 78 ~ 4- 91 z] ;'J.-,.J,.'] s.. 9-.:= CE level 2. 
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?!-~ N-PDCCH 7} allocation s.J ~ subframe(i.e., timing) g £ ~ UEoJ] 71] system information g -%"8"TI.Ai ~ 1;- iiJ1 '?➔ 0 ]: ~ 

ct :i!.. 1i ~ ~ -"r 'll ct. "8-TI ta- system information g -"r~ ~ UE ~ ;;<J-oJ] .Ai ~ zt UE~ ~ ~ii}~ CE level g 11 ~ ii} o.:J, i3"TI ta­

c3"TI 1a- subframe 0 ] ~¾s.J ~ timingoJ] ~~Ai MCCH EE~ MTCH.9-] control :Aj.!il._~ T~~ T 9.l.ct:i!.. ~:,(a~ T 9.l.ct. 
0 ] BJ-~% .A}-§-i,}1tl_, 'if.Ai ~,,_~~~18., eNB ~'i':l.oJ].Ai ct-"r.9-J PRB~ .A}-§-i,}O:j ~~ :Aj.!il._~ .!il..l.-]1°]: ~ct~ TI1l g ~ 

~ T 'll-2..l-}, zj-zj-.9.] UE7} .qdii}~ repetition 1il-.ag-:::;. .2..¥- support ii}7] ~"8"P] ~-:~Bii}~ delay~;1~]~ ~,,_!~ T 9.l. 

ct. 

4. Effectiveness of Invention 

~ ~~ oJ].Ai ~ SC-PtMg NB-LTE system0 1] %-3} .A]?] 3j ~ ~-9-,MCCH/MTCH.9.] control/data~ ~%-ii}~ N-PDCCH/N­

PDSCH ';; .9-l CE(coverageenhancement) levelg Jtit~-2..~ 1i:Aai3"TI 2r~ BJ-~<>il cflsTI ;;ti]~ ~ct. 2}-7}3.-j.Q..~ ~ ~~oJ].A-'j 2r 

~ ct-'f-~ 1.-B % ~ NB-IoT system 6] 7] 1il-, 0] 9t B];: ~narrowband system(e.g., LTE MTC ';; ).2..3'...5=. ~7-J- 7} 'o ii}ct. 

5. References 

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

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

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

specification (Release 13) 
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