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Digital Access Service 
(DAS) 

WIPO 
WORLO 
INTELLECTUAL PROPERTY 
O RGA N IZ ATION 

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

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

Document details: Country/Office: US 

Filing date: 10 Aug 2016 (10.08.2016) 

Application number: 62372919 

Date of availability of document: 23 Aug 2016 (23.08.2016) 

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

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

Date of issue of this certificate: 17 Aug 2017 (17.08.2017) 

34, chem in das Colombettas 
1211 Geneva 20, Switzerland 
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t.:Nrn: o STAI ES Ol:l',\.RTMENT (W COMMERCE 

August 17, 2017 

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

APPLICATION NUMBER: 62/372,919 
FILING DAT E:Augus t 10, 2016 

THE COUNTRY CODE Al\'D NUMBER OF YOUR PRIORITY 
APPLICATION, TO BE USED FOR FILING ABROAD UNDER THE PARIS 
CONVENTION, IS US62/372,919 

C<'rl.ificd by 

{:ndcr Sccnt,iry of Com mrne 
fen· fnti:llcc-tual P1'0{H!r-lJ 

""" l)lrtclor of the United S1,11c~ 
l>ntcnt nnd 1\·a<icmai-k Of11cc 
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PTOIAIA/1◄ (11-15) 
,A,pproved for USC through 04/30/2017. 0MB 0651-0032 

U.S. Pater< and Tradema/1< Office; U.S. DEPARTMENT OF COMMERCE 
Under the Pa,PCfWOfk Roduction Act of 1995, no pcrgons arc required to respond 1o a cotlcC'lion QI irtormation untcss it contains a vaid 0 MB c:onttOI number. 

Attorney Docket Number 16P0 1405USO0 
Application Data Sheet 37 CFR 1.76 

Application Number 

Tille of Invention I RADIO TERMINAL AND BASE STATION 

The app lcallon data sheet Is part of Ille provisional or nonprovlslonal appllcaHon for which It Is being submlltl!d. The following fonn contains the 
bibliographic data arranged in a format specified by the United States Patent and T rademark Office as outlined in 37 CFR 1.76. 
This docu-nenl may be completed eleclronicalty and submitted to the Office in eiectronic format using the Electronic Fling System (EFS) or the 
document may be pri'lted and induded in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

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

Inventor Information: 

Inventor ~ I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I I· t,,1asato I f'UJISHIRO I I· 
Residence Information (Select One) US Residency • Non US Residency Active US Military Service 

City ~ okohama-shi I Country of Residence i l~P I 

Mailing Address of Inventor: 

Address 1 i:to Kyocera Corporation 

Address 2 6 Takeda Tobadono-cho. Fushimiku 

City I J<yoto-shi, Kyoto I State/Province 11 
Postal Code ~12-8501 I Country i I ~p 

Inventor ~ I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I I· J-lervy I f::HANG I I· 
Residence Information (Select One) • US Residency { ) Non US Residency Active US Military Service 

City t,an Diego I State/Province I p I Country of Residencd I JJs 

Mailing Address of Inventor: 

Address 1 1:/o Kyocera International, Inc. IP Department 

Address 2 661 1 Balboa Ave 

City I l,an Diego I State/Province I FA 

Postal Code ~2123 I Country i I µs 
All Inventors Must Be Listed - Additional Inventor Information blocks may be 
generated w ithin this form by selecting the Add button. I Add I 

Correspondence Information: 

EFS Wf!b 2.2.12 
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PTOIAIA/14 (11-15) 
.-.pprovec for use through 04/30/2017. ™B 0651-0032 

U.S. Pattf'ol and Trademarl. Office: U.S. OEPARTMENT OF COMMERCE 
Under the Paperwof1( Redocooo Act of 1995, no persons are required to ,espond to a collection d inromtation unless it contains a vaid 0MB control numbef". 

Attorney Docket Number 16P01405USO0 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention I RADIO TERMINAL AND BASE STATION 

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

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

Customer Number 32968 

Email Address I I Add Email I I Remove Email I 

Application Information: 

Tit le of the Invent ion RADIO TERMINAL AND BASE STATION 

Attorney Docket Number 16P01405USOO I Small Entity Status Claimed D 
Application Type Provisional . 
Subject Matter Utiily . 
Total Number o f Drawing Sheets (if anyl I ~3 I Suggested Figure for Publication (if anyl 11 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 1 t 1 (c) and 37 CFR 157Ia). Do not complete this section if 
application papers including a specificatioo and ally drawings are being filed. Any domestic benefit or fore'9n priority infonnation must be 
provided in the appropriate section(s) below (i.e .. " Domestic Benefit/Nat ional 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 t he previously tiled application, subject to conditions and requirements of 37 CFR 157(a). 

Application number of the previously Filing date (VYYY-MM-0D) Intellectual Property Authority or Country 
filed application 

I I I 
Publication Information: 
O 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 publ ished under 

D 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 constiMe 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 lnfonnation during processing. 

Please Select One: • Customer Number I US Patent Practitioner 10 Limited Recognition (37 CFR 11.9) 

Customer Number '32968 

EFS Web 2.2.12 
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PTOIAIA/14 (11-15) 
.-.pproved for use through 041»"2017. ™B 0651-0032 

U.S. Pattf'ol and Trademart. Office: U.S. OEPAATMENT OF COMMERCE 
Under tt,e Paperwof1( Redoctioo Act of 1995, no persons are required to ,espond to a collection d inromtation unless it contains a vaid 0MB control numbef". 

Attorney Docket Number 16PO 1405USOO 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention I RADIO TERMINAL AND BASE STATION 

Domestic BenefitlNational Stage Information: 
This section allows for the applicant to either c laim 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 
Application Number Continuity Type Prior Application Number 

Filing or 371(c) Date 
(YYYY-MM-DD) 

I I I· I 
Additional Domestic Benefit/National Stage Data may be generated w ithin this form 

I Add I by selecting the Add button. 

Foreign Priority Information: 

This section allows lor lhe applicanl lo claim priority to a foreign application. Providing this information in the application data Sheet 

constitutes the claim for priority as reqLired by 35 U.S.C. 119(b) and 37 CFR 1.5.5. When priority is claimed to a foreign application 

that is eligible for retrieval under the priority document exchange program (POX)' 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 !hat a copy of the foreign application is received by the Office from the participating foreign intellectual 

property ollir,e, or a certified copy of the foreign priority application is filed. within the time period specified in 37 CFR 1.55(g)(1 ). 

I Ren1011e I 

Application Number Countryi Filing Date (YYYY-MM-DD) Access CodiJ (if applicable) 

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

D 16, 2013. 
N OTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, w ith a filing d ate on or after March 
16, 2013, will be examined under the first inventor to file provisions oftheAIA. 

EFS Web 2.2.12 
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PTOIAIA/14 (1 1-15) 
Approved for use 1hrough 04/30/2017. 0MB 0651-0032 

U.S. Pat ... and Tradema<l Office: U.S. OEPARTMENT OF COMMERCE 
Under the Papef'WOfk Reduction Act of 1995, no persons are required to respond to a oo!lecion d intonn.ation unless it contains a vaid 0MB contl'OI number. 

Attorney Docket Number 16PO 1405USOO 
Appllcatlon Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention I RADIO TERMINAL AND BASE STATION 

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 penmit a participating foreign intellectual property (IP) offioe access to the instant application-as-filed (see 
paragraph A in subsection 1 below) and the European Patent Otf,ee (EPO) access to any search results from the instant 
application (seo paragraph B in subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must O(!t-out of the 
authorization by checking the corresponding box A or B or both in subsec1ion 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 o r 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 lo Permit Access by a Foreign Intellectual Property Offtce(s) 

A. Prioritv Document Exchanoe f PDXI • Unless box A in subsection 2 (opt-out of authorization) is checked, the 
unders igned hereby grants the USPTO authority to provide the European Patent Offoe (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the Stale Intel lectual Property Office of the People's Republic of 
China (SIPO), the World Intellectual Property Organization (WIPO), and any othe r fo reign 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. Apelication to EPO • Unless box B in subsection 2 (opt-out of authorization) is checked, 
the undersigned herebv grants the USPTO authority to provide the EPO access to tte 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 par1icipating 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 . 

EFS Web 2.2.12 
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PTOIAIA/1◄ (1 1-15) 
,A,ppl"OYed for us.c 1hrough 04130l2017. 0MB 0651-0032 

U.S. Pat ... and Trademarl< Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwo,k Redoction Ad of 1995, no persons are required to ,espond to a cotlec'Jon d information untess it contains a va.id 0MB control numbEf-. 

Attorney Docket Number 16P0 1405USO0 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention I RADIO TERMINAL AND BASE STATION 

Applicant Information: 

Providing assignmenl information in this section does not substitute for compliance with any requirement of part 3 or Tolle 37 or CFR 
to have an assignment reoorded by the Offioe. 

Applicant ~ I Remove I 
If the applicant is the inventor (or the remaining joint inventor or invenlors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this secbon is the name and address of the legal representative who Is the applicant under 37 CFR 
1.43; or the name and ada'ess or 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 applicanl 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 l'ilh one or more joint inventors, then the joint inventor or inventors who are also the applicanl should be 
identified in this section. 

I Cle• I 
Assignee I Legal Representative under 35 U.S.C. 117 I Joint Inventor 

• Person to whom the inventor i.s obligated to assign . Person who shows sufficient proprietary interest 

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

H 

Name of the Deceased or Legally Incapacitated Inventor: I 
If the Applicant is an Organization check here. ~ 
Organization Name I l<yocerd Corporation 

Mail ing Add ress Information For Applicant: 

Address 1 l Takeda Tobadono-cho, Fushimiku 

Address 2 

City <yoto-shi, Kyoto State/Province 

Cou ntry I ~P Postal Code 612-8501 

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: 

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

EFS Web 2.2.12 
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PTOIAIA/1◄ (11-15) 
,A,ppl"OYecl for USC through 04/30l2017. 0MB 0651-0032 

U.S. Pater< and Tradematl< Office; U.S. OEPARTMEITT OF COMMERCE 
Under the Paperwo,k Reduction Act of 1995, no persons are required to ,espond to a cotleciion d infotmation ootess it contains a va.id 0MB control numbEf-. 

Attorney Docket Number 16P0 1405USOO 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention I RADIO TERMINAL AND BASE STATION 

Assignee ~ 
Complete this section if assignee in1oonation, 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, oomplete 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. D 
Prefix Given Name Middle Name Family Name Suffix 

I I· 11 I I I I· 
Mailing Address lnfonmation 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 "A uthorization 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 USPTO 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 Kathleen L. ConnelV Date (YYYY-MM-DD) 2016-08-10 

First Name ~ thleen I Last Name I pannell Registration Number 45344 

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

EFS Web 2.2.12 
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PTOIAIA/14 (11-15) 
Appnwed for use 1hrough 04/30/2017. 0MB 0651-0032 

U.S. Pat ... and Tradema,l Office: U.S. OEPARTMENT OF COMMERCE 
Under the PapE!fWOfk Reduction Act of 1995, no persons are required to respond to a oo!lecion d intonn.ation unless it contains a vaid 0MB contl'OI number. 

Attorney Docket Number 16P0 1405USOO 
Appllcatlon Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention I RADIO TERMINAL ANO BASE STATION 

This colleclion of infonnalion is required by 37 CFR 1.76. The information is required lo oblain or retain a benefil by the public which 
is to file (and by the USPTO to process) an applicalion. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes to complete, ineluding gathering, preparing, and submitting the oompleted application data 
sheel fonn lo the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require lo 
complete this rorm and/or suooestions for reducing this bl.ic!M, shouk:I be sent to ttle Chief lnformaliOl'i Officer, U.S. Palent al\d 
Trademark Office, U.S. Department ol 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 1974CP.L. 93-S79) rl'1'Qui'C$ that you be orlcn certain information in COfY'lcction with Your submissicn of the attached form related to a ootcnt 
application or patent. Accordingly, pursuan: to the requirements of the Act, please be advised I hat {l) the gener£1 a uthofity for the coUectio n of th is information 
Is 35 U.5.C 2(b)(2); (2) furnishing of the lnfonnatlon soiclted Is voluntary; and (3) tile principal purpose for whkh the lnfofmation Is used by the U.S. Patent and 
Trademark Office is to process and/oreXi'mhe yoor submission related to a patent applfCation or patent. tf you do rnx furnish the requested information, the U.S. 
Patent and Tradem.:irkOffice may not beab~ to process and/or examine your submission, whkh may result In ~rmlmtion of proceedings°' abilndonment 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 fo,m will be treatro coofidootialty to the extent allowed ooder the Freedom of lnfOffl\ation Act (S U.S.C. 552) and the Privacy 
Act (S U.$.C. SS2a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of 
Information Act requires d isclosu-e of these records. 

2. A record from this system ol rncotds may be dtsclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative 
triOOnat Including disclosures to opposing counsel in the course of settlement negodatloru. 

3 A record in this system of records may be disclosed. as a routile use, to a Member of Congress submitting , request invohnng an individual to whom 
the record pertains, when tht indvidual has requested assistance from the N'.ember with ,espect to the subject matter of the recOJd. 

4. A record in this system of records may be disclosed, as a routine we~ to a contractor of the Agency having reed for the information in order to perform 
a contract Recipients of informalion shall be ,~uired to comply with the requi~ments of the Privacy Act of 1974, as am12nded, pursuant to 5 U.S.C 
551.a(m). 

5. A record related to an lnternatiorel Application filed undc:r the Patent Cooperation Treaty in this system ofrccords may be disclosed, as a routine use, 
to the International Bureau of the World Inte llectual Property Organization, pursuant to the Patent Cooperction 1 reaty. 

6. A re<:Ofd in this syS'h!m of records may bedlsdosed, as a routine use, to another federa l agency for purposes of National Security review (35 U.S.C. 181) 
•nd for review pursuanttotheAtomic EnergyAct(42U.5.C. 218(c)), 

7. A record from this system of records may be disclosed, as a routine use, to the Adrrinistrator, General Servi<es_. or his/her designee, ci.Jring an 
inspe<:tion of records conducted by GSA as part of that agency's responsibility to recommend improvemerts in records management practk:e-s and 
programs, under authority of 44 U.S.C. 2904 and 2906. Suchdisdosure shal be made In accordance with the GSA regulations gov.!!rning inspection of 
~ords for this pur~ , and any other relievant (i.e., GSA Of Commerce} directive. Such di.sclosurie shall not be used to make determinations about 
individUllls. 

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) orlassuance of a patent pu1suantto35U.S.C. 151. further,arecord may~dlsdosed., subject tothe tlmltatlon.sof 37CFR 1.14, asa routine use, 
to the public if the rKord Wl!S filed in an application which became abandoned or in which the proceedings were termhated and which application is 
referenced by e ither a published application. c1n c1ppUc-.atioo open to publk: inspections or ~n issued patent 

9. A r·ecord from this system of records may be d isclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes 
aware of a violation or potential -.iofation of law Of regulation. 

EFS Wf!b 2.2.12 
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Doc Code: TR.PROV 
Document Description: Provisional Cover Sheet (SB16) 

PTO JSB/16 (11 -08) 
J.,pprov9d for UM lhfou!#'I OSt.l 1/201 S 0 MB 0851•0032 

U.S . P¥tc:nt •ncl Tr•demar11: Office: U.S. DEPARTMENT OF COMMERCE 
Undcf the PaperHOfk Reduciion Act of 1995. no J>Cf$0n$ arc requited to rc:$J)Ond to a 00lk:ction of ftlfo1ma:tion unkw il cii~IY$ a valid OMS c,ontrol number 

Provisional Application for Patent Cover Sheet 
Th is is a request for filing a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53(c) 

lnventor(s) 

Inventor 1 I Remove I 
Given Name Middle Name Family Name City State Country i 

t,1asato I I l=UJISHIRO J Ji'okohama-shi I ~p I 
Inventor 2 I Remove I 
Given Name Middle Name Family Name City State Country 1 

J,enry I I (;HANG l ~an Diego t:;A ~s I 
All Inventors Must Be Listed - Additional Inventor Information blocks may be I generated within this form by selecting the Add button. 

Add I 

Title of Invention ~010 TERMINAL AND BASE STATION 

Attorney Docket Number (if applicable) r 6P01405USOO I 
Correspondence Address 

Direct all correspondence to (select one): 

@ The address corresponding to Customer Number 0 Firm or Individual Name 

Customer Number ~ 2968 

The invention was made by an agency of the United States Government or under a contract w ith an agency of the United 
States Government. 

• No . 

Yes, the invention was made by an agency of the United States Government. The U.S. Government agency name is: 

Yes, the invention was under a contract with an agency of the United States Government. Tho name of the U.S. 
Government agency and Government contract number are: 

EFS • Web 1.0.1 
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Doc Code: TR.PROV 
Document Description: Provisi,onal Cover Sheet (S616) 

PTO/SB/16 (11 ·08) 
Approved for us,e lhlou!j, 05131/2015 OMS 065 M)032 

U.S. P-•lcnt and Tradcmartl Office: U.S. DEPARTMENT OF COMMERCE 
Undct the PapCf'HOfk Reduction Act or 1995. no pct sons a,c required to respond to a oollcction ol information urkss it disph1')'$ a varld OMS 00ntrol number 

Entity Status 
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[Document Name] Specification 

[Title of Invention] RADIO TERMINAL AND BASE STATION 

[Technical Field] 

The present invention relates to a radio terminal and base station for a mobile communication 

system. 

[Background Art] 

In the Third Generation Partnership Project (3GPP), a project to standardize mobile 

communication systems, a Multimedia Broadcast Multicast Service (MBMS), which provides 

multicast and broadcast services to radio terminals, is being specified. There are two radio 

transmission methods for MBMS, being MBSFN (Multicast Broadcast Single Frequency 

Network) transmission and SC-PTM (Single Cell Point-To-Multipoint) transmission. Since the 

MBMS transmits the same data to a plurality of radio terminals by using the same radio resource, 

utilization efficiency of the radio resource can be enhanced. 

Meanwhile, radio terminals for MTC (Machine Type Communication) and Internet of 

Things (IoT) services that perform communication without human intervention are being studied. 

Such a radio terminal is required to achieve cost reduction, coverage expansion, and low power 

consumption. Thus, in 3GPP, a category of a new radio terminal in which transmission/reception 

bandwidth is limited only to a part of a system transmission/reception band has specified. However, 

there is a problem in that there is currently no mechanism for a new category of radio terminal to 

efficiently receive multicast/broadcast services using MBMS. 

[Summary of Invention] 

A radio terminal according to a first feature is a radio terminal for a mobile communication 

system. The radio terminal is provided with: a transceiver configured to transmit and receive radio 

signals within a limit bandwidth narrower than a system transmission/reception band; and a control 

unit that uses the transceiver to perform radio communication with a base station. The control unit 

performs a process for receiving, from the base station, information required for receiving an 

MBMS service provided via the base station within the limit bandwidth. 

A base station according to a second feature is a base station for a mobile communication 

system. The base station is provided with a control unit for transmitting, within a limit bandwidth 

narrower than the system transmission/reception bandwidth, information required for receiving an 

MBMS service provided via the base station to a radio terminal configured to transmit/receive a 

radio signal within the limit bandwidth. 

[Brief Description of Drawings] 

[FIG. 1] A diagram illustrating a configuration of an LTE system according to an 

embodiment. 

[FIG. 2] A diagram illustrating a network configuration according to MBMS according to 

the embodiment. 

[FIG. 3] A diagram illustrating a configuration of a UE (radio terminal) according to the 

embodiment. 

[FIG. 4] A diagram illustrating a configuration of an eNB (base station) according to the 

embodiment. 

[FIG. 5] A diagram illustrating a protocol stack of a radio interface in an LTE system 

according to the embodiment. 

[FIG. 6] A diagram illustrating a configuration of a downlink channel of an LTE system 

according to the embodiment. 
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[FIG. 7] A diagram illustrating a configuration of a radio frame of an LTE system according 

to the embodiment. 

[FIG. 8] A diagram illustrating relationships between a hyperframe, a radio frame, and a 

subframe according to the embodiment. 

[FIG. 9] A diagram illustrating a downlink physical channel for a category M1 according 

to the embodiment. 

[FIG. 10] A diagram illustrating an example of an operation where the UE according to the 

embodiment performs SC-PTM reception. 

[FIG. 11] A diagram illustrating a Direct Indication according to the embodiment. 

[FIG. 12] A diagram illustrating an SIB20 according to the embodiment. 

[FIG. 13] A diagram illustrating SCPTM setting information (SCPTM Configuration) in 

the SC-MCCH according to the embodiment. 

[FIG. 14] A diagram illustrating a provisioning start time expressed by an H-SFN according 

to the embodiment. 

[FIG. 15] A diagram illustrating repeating count information according to the embodiment. 

[Embodiments of Invention] 

(Mobile Communication System) 

A configuration of a mobile communication system according to an embodiment will be 

described. A mobile communication system according to the embodiment is an LTE (Long Term 

Evolution) system having specifications developed in 3GPP. FIG. 1 is a diagram illustrating a 

configuration of an LTE system according to the embodiment. FIG. 2 is a diagram illustrating a 

network configuration according to MBMS. 

As illustrated in FIG. 1, an LTE system is provided with a radio terminal (UE: User 

Equipment) 100, a radio access network (E-UTRAN: Evolved-UMTS Terrestrial Radio Access 

Network) 10, and a core network (EPC: Evolved Packet Core) 20. The E-UTRAN 10 and the EPC 

20 constitute a network of the LTE system. 

The UE 100 is a mobile communication device. The UE 100 performs radio 

communication with an eNB 200 managing a cell (serving cell) in which the itself is present. 

The E-UTRAN 10 includes a base station (eNB: evolved Node-B) 200. The eNB 200 are 

mutually connected via an X2 interface. The eNB 200 manages one or a plurality of cells and 

performs radio communication with the UE 100 having established a connection with its own cell. 

The eNB 200 has a radio resource management (RRM) function, a routing function of user data 

(hereinafter simply referred to as "data"), a measurement control function for mobility control and 

scheduling, and the like. "Cell" is used as a term indicating the minimum unit of a radio 

communication area. "Cell" is also used to describe a function or a resource that performs radio 

communication with the UE 100. 

 The EPC 20 includes a mobility management entity (MME) and a serving gateway (S-GW) 

300. The MME performs various mobility controls and the like for the UE 100. The S-GW 

performs data transfer control. The MME/S-GW 300 is connected to the eNB 200 via the S1 

interface. 

 Next, a network entity for MBMS will be described. The E-UTRAN 10 includes an MCE 

(Multi-Cell/Multicast Coordinating Entity) 11. The MCE 11 is connected to the eNB 200 via an 

M2 interface and is connected to the MME 300 via an M3 interface (see FIG. 2). The MCE 11 

performs MBSFN radio resource management, allocation, and the like. Specifically, the MCE 11 

performs scheduling of MBSFN transmission. In contrast, scheduling of SC-PTM transmission is 

performed by eNB 200. 
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 The EPC 20 includes an MBMS GW (MBMS Gateway) 21. The MBMS GW 21 is 

connected to the eNB 200 through an M1 interface, connected to the MME 300 through an Sm 

interface, and connected to the BM-SC 22 through SG-mb and SGi-mb interfaces (see FIG. 2). 

The MBMS GW 21 performs IP multicast data transmission, session control, and the like with 

respect to the eNB 200. 

 The EPC 20 also includes a BM-SC (Broadcast Multicast Service Center) 22. The BM-SC 

22 is connected to the MBMS GW 21 via the SG-mb and SGi-mb interfaces, and is connected to 

the P-GW 23 via the SGi interface (see FIG. 2). The BM-SC 22 manages and assigns a Temporary 

Mobile Group Identity (TMGI). 

 Furthermore, a GCS AS (Group Communication Service Application Server) 31 is 

provided in a network (that is, the Internet) external to the EPC 20. The GCS AS 31 is an 

application server for group communication. The GCS AS 31 is connected to the BM-SC 22 via 

MB2-U and MB2-C interfaces and is connected to the P-GW 23 via the SGi interface. The GCS 

AS 31 performs group management, data distribution, and the like in group communication. 

 FIG. 3 is a diagram illustrating a configuration of the UE 100 (radio terminal) according to 

the embodiment. As illustrated in FIG. 3, the UE 100 is provided with a reception unit 110, a 

transmission unit 120, and a control unit 130. 

 The reception unit 110 performs various reception under the control of the control unit 130. 

The reception unit 110 includes an antenna and a receiver. The receiver converts a radio signal 

received by the antenna into a baseband signal (reception signal) and outputs such to the control 

unit 130. 

 The transmission unit 120 performs various transmissions under the control of a control 

unit 130. The transmission unit 120 includes an antenna and a transmitter. The transmitter converts 

a baseband signal (transmission signal) outputted by the control unit 130 into a radio signal and 

transmits the such from the antenna. 

 The control unit 130 performs various control in the UE 100. The control unit 130 includes 

a processor and a memory. The memory stores a program executed by the processor and 

information used for processing by the processor. The processor includes a baseband processor 

that modulates and demodulates a baseband signal and encodes and decodes the baseband signal, 

and a central processing unit (CPU) that executes the program stored in the memory and performs 

various processes. The processor may include a codec for encoding/decoding an audio/video signal. 

The processor executes various processes described below. 

 FIG. 4 is a diagram illustrating a configuration of the eNB 200 (base station) according to 

the embodiment. As illustrated in FIG. 4, the eNB 200 is provided with a transmission unit 210, a 

reception unit 220, a control unit 230, and a backhaul communication unit 240. 

 The transmission unit 210 performs various transmission under the control of the control 

unit 230. The transmission unit 210 includes an antenna and a transmitter. The transmitter converts 

a baseband signal (transmission signal) outputted by the control unit 230 into a radio signal and 

transmits the such from the antenna. 

 The reception unit 220 performs various reception under the control of the control unit 230. 

The receiver 220 includes an antenna and a receiver. The receiver converts a radio signal received 

by the antenna into a baseband signal (reception signal) and outputs such to the control unit 230. 

 The control unit 230 performs various control in the eNB 200. The control unit 230 includes 

a processor and a memory. The memory stores a program executed by the processor and 

information used for processing by the processor. The processor includes a baseband processor 

that modulates and demodulates a baseband signal and encodes and decodes the baseband signal, 
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and a CPU that executes the program stored in the memory and performs various processes. The 

processor executes various processes described below. 

 A backhaul communication unit 240 is connected to an adjacent eNB via an X2 interface, 

and is connected to an MME/S-GW 300 via an S1 interface. The backhaul communication unit 

240 is used for communication performed on the X2 interface, communication performed on the 

S1 interface, and the like. 

 FIG. 5 is a diagram illustrating a protocol stack of a radio interface in an LTE system. As 

illustrated in FIG. 5, a radio interface protocol is divided into a first layer to a third layer of an OSI 

reference model. The first layer is a physical (PHY) layer. The second layer includes a medium 

access control (MAC) layer, a radio link control (RLC) layer, and a packet data convergence 

protocol (PDCP) layer. The third layer includes a radio resource control (RRC) layer. 

 The physical layer performs encoding/decoding, modulation/demodulation, antenna 

mapping/demapping, and resource mapping/demapping. Data and a control signal are transmitted 

between the physical layer of the UE 100 and the physical layer of the eNB 200 via a physical 

channel. 

 The MAC layer performs priority control of data, retransmission processing via HARQ 

(Hybrid ARQ), and the like. Data and a control signal are transmitted between the MAC layer of 

the UE 100 and the MAC layer of the eNB 200 via a transport channel. The MAC layer of the eNB 

200 includes a scheduler which determines a transport format (transport block size, 

modulation/encoding system (MCS)) of uplink and downlink and an allocation resource block to 

the UE 100. 

 The RLC layer transmits data to the RLC layer of the receiving side by using the functions 

of the MAC layer and the physical layer. Data and a control signal are transmitted between the 

RLC layer of the UE 100 and the RLC layer of the eNB 200 via a logical channel. 

 The PDCP layer performs header compression/decompression and encryption/decryption. 

 The RRC layer is defined only in a control plane handling a control signal. Messages (RRC 

messages) for various settings are transmitted between the RRC layer of the UE 100 and the RRC 

layer of the eNB 200. The RRC layer controls the logical channel, the transport channel, and the 

physical channel according to establishment, re-establishment, and release of a radio bearer. When 

there is a connection (RRC connection) between the RRC of the UE 100 and the RRC of the eNB 

200, the UE 100 is in an RRC connected mode, and when not, the UE 100 is in an RRC idle mode. 

 A NAS (Non-Access Stratum) layer positioned above the RRC layer performs session 

management, mobility management, and the like. 

 FIG. 6 is a diagram illustrating a configuration of a downlink channel of the LTE system. 

FIG. 6(a) illustrates a mapping between a logical channel (Downlink Logical Channel) and a 

transport channel (Downlink Transport Channel). 

 As illustrated in FIG. 6(a), a PCCH (Paging Control Channel) is a logical channel for 

notifying paging information and system information change. The PCCH is mapped to a PCH 

(Paging Channel) which is a transport channel. 

 A BCCH (Broadcast Control Channel) is a logical channel for system information. The 

BCCH is mapped to a BCH (Broadcast Control Channel) and a DL-SCH (Downlink Shared 

Channel), which are transport channels. 

 A CCCH (Common Control Channel) is a logical channel for transmission control 

information between the UE 100 and the eNB 200. The CCCH is used when the UE 100 does not 

have an RRC connection with the network. The CCCH is mapped to the DL-SCH. 
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 A DCCH (Dedicated Control Channel) is a logical channel for transmitting individual 

control information between the UE 100 and a network. The DCCH is used when the UE 100 has 

an RRC connection. The DCCH is mapped to the DL-SCH. 

 A DTCH (Dedicated Traffic Channel) is an individual logical channel for data transmission. 

The DTCH is mapped to the DL-SCH.  

An SC-MTCH (Single Cell Multicast Traffic Channel) is a logical channel for SC-PTM 

transmission. The SC-MTCH is a one-to-many channel (point-to-multipoint downlink channel) for 

transmitting data from the network to the UE 100 using SC-PTM transmission. 

 A single cell multicast control channel (SC-MCCH) is a logical channel for SC-PTM 

transmission. The SC-MTCH is a one-to-many channel (point-to-multipoint downlink channel) for 

transmitting SC-MTCH control information for one or a plurality of MBMSs from the network to 

the UE 100. The SC-MCCH is used for the UE 100, which receives or is interested in receiving an 

MBMS using the SC-PTM. Moreover, only one SC-MCCH is present in one cell. 

 An MCCH (Multicast Control Channel) is a logical channel for MBSFN transmission. The 

MCCH is used for transmitting MBMS control information for the MTCH from the network to the 

UE 100. The MCCH is mapped to an MCH (Multicast Channel) which is a transport channel. 

 The MTCH (Multicast Traffic Channel) is a logical channel for MBSFN transmission. The 

MTCH is mapped to the MCH. 

 FIG. 6(b) illustrates a mapping between a transport channel (Downlink Transport Channel) 

and a physical channel (Downlink Physical Channel). 

 As illustrated in FIG. 6(b), the BCH is mapped to a physical broadcast channel (PBCH). 

 The MCH is mapped to a physical multicast channel (PMCH). The MCH supports MBSFN 

transmission by a plurality of cells. 

 The PCH and the DL-SCH are mapped to a physical downlink shared channel (PDSCH). 

The DL-SCH supports HARQ, link adaptation, and dynamic resource allocation. 

 The PDCCH transports resource allocation information of the PDSCH (DL-SCH, PCH) 

and DL-SCH information or the like related to the HARQ. The PDCCH also carries an uplink 

scheduling grant. 

 FIG. 7 is a diagram illustrating a configuration of a radio frame of the LTE system. In the 

LTE system, OFDMA (Orthogonal Frequency Division Multiple Access) is applied to downlink, 

and SC-FDMA (Single Carrier Frequency Division Multiple Access) is applied to uplink. 

 As illustrated in FIG. 7, the radio frame is configured from ten subframes aligned in the 

time direction. Each subframe is configured from two slots arranged in the time direction. The 

length of each subframe is 1 ms, and the length of each slot is 0.5 ms. Each subframe includes a 

plurality of resource blocks (RB) in the frequency direction and includes a plurality of symbols in 

the time direction. Each resource block includes a plurality of subcarriers in the frequency direction. 

One resource element (RE) is configured from one symbol and one subcarrier. Among the radio 

resources (time/frequency resources) allocated to the UE 100, the frequency resource can be 

specified by a resource block, and the time resource can be specified by a subframe (or a slot). 

 In a downlink, the section of the leading few symbols of each subframe is a region used 

mainly as a PDCCH for transmitting a downlink control signal. Furthermore, the remaining portion 

of each subframe is an area that can be used as a PDSCH for mainly transmitting downlink data. 

Furthermore, in the downlink, an MBSFN subframe that is a subframe for MBSFN transmission 

may be set. 
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 In an uplink, both ends in the frequency direction in each subframe are regions used mainly 

as PUCCH for transmitting an uplink control signal. The remaining portion in each subframe is an 

area that can be used as a PUSCH for mainly transmitting uplink data. 

 In the LTE system, Discontinuous Reception (DRX) may be set in the UE 100 to reduce 

power consumption. In a DRX operation, the UE 100 in the RRC idle mode monitors a paging 

message in a paging reception occasion (Paging Occasion) generated at a predetermined time 

interval (DRX cycle). 

 In the DRX operation, the UE 100 intermittently monitors the PDCCH to receive paging. 

The UE 100 decodes the PDCCH by using a paging radio network temporary identifier (P-RNTI) 

to acquire allocation information of a paging channel. The UE 100 acquires a paging message on 

the basis of the allocation information. A PDCCH monitoring timing in the UE 100 is determined 

based on an identifier (IMSI: International Mobile Subscriber Identity) of the UE 100. 

 The PDCCH monitoring timing (PDCCH monitoring subframe) in the DRX operation is 

referred to as a Paging Occasion (PO). The PO corresponds to a paging receiving occasion. 

 The UE 100 and the eNB 200 calculate the Paging Occasion (PO) and the Paging Frame 

(PF), which is a radio frame that can include the Paging Occasion, as shown below. 

 A system frame number (SFN) of the PF is obtained from the following formula (1). 

SFN mod T = (T div N) * (UE_ID mod N) ... (1) 

 Here, T is the DRX cycle of the UE 100 for monitoring paging and is expressed in a number 

of radio frames. Furthermore, T is the smaller between a default DRX value broadcast by the eNB 

200 via a system information block (SIB) and a UE-specific DRX value set in the UE 100 by the 

NAS message. Note that when a UE-specific DRX value is not set, the UE 100 applies a default 

DRX value. In addition, N is the smaller value between T and nB. nB is a value selected from 4T, 

2T, T, T/2, T/4, T/8, T/16, and T/32. UE_ID is the value determined by "IMSI mod1024." 

 Among the PFs obtained in this manner, an index i_s is obtained by the following formula 

(2), and a subframe number of the PO corresponding to the index i_s is obtained. 

 i_s = floor(UE_ID/N) mod Ns ... (2) 

 Here, Ns is the larger value between 1 and nB/T. 

 Next, an extended DRX (extended DRX) will be described. In the extended DRX, a 

hyperframe is used to support a very long DRX cycle. 

 FIG. 8 is a diagram illustrating a relationship between a hyperframe, a radio frame, and a 

subframe. As illustrated in FIG. 8, the hyperframe is identified by an H-SFN (Hyper System Frame 

Number). The H-SFN is reported from a cell. The radio frame is identified by a system frame 

number (SFN). The subframe is identified by the subframe number. One hyperframe is configured 

from 1024 radio frames. System frame numbers from No. 0 to No. 1023 are assigned to the 1024 

radio frames. Furthermore, 1 radio frame is configured from 10 subframes. Subframe numbers 

from No. 0 to No. 9 are assigned to the 10 subframes. 

 The UE 100 for which the extended DRX cycle is set performs extended DRX operation 

when the cell indicates, via system information, support for extended DRX. The UE 100 monitors 

the PO described above in a periodic paging window set in its own UE. The paging window is UE-

specific. The paging window is defined by a paging hyperframe (PH), a start point (PW_start) in 

the PH, and an end point (PW_end) in the PH. 

 Here, PH is H-SFN, satisfying the following formula (3). 

 H-SFN mod TeDRX, H = (UE_ID mod TeDRX, H ) ... (3) 

 Here, UE_ID is "IMSI mod 1024." TeDRX, H is an extended DRX cycle (eDRX cycle) set in 

the UE 100. 
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 PW_start is an SFN indicating the first radio frame of the paging window, satisfying the 

following formula (4). 

 SFN = 256*i eDRX ... (4) 

 Here, ieDRX is "floor(UE_ID/TeDRX, H) mod 4." 

 PW_end is an SFN that indicates the last radio frame of the paging window, satisfying the 

following formula (5). 

 SFN = (PW_start + L*100 - 1) mod 1024 ... (5) 

 However, L is a paging window length set in the UE 100. 

(Presumed Scenario) 

A presumed scenario according to the embodiment will be described below. In the embodiment, a 

scenario is presumed in which a UE 100 of a new category in which transmission/reception 

bandwidth is limited only to a portion of a system transmission/reception band receives a 

multicast/broadcast service using the MBMS. Such a scenario (use case) includes a case of 

performing bulk distribution of firmware to a large number of UEs 100 as an MBMS service. 

 The new UE category is referred to as a category M1 and an NB (Narrow Band)-IoT 

category. The category M1 limits the transmission/reception bandwidth of the UE 100 to 1.08 MHz 

(that is, the bandwidth of 6 resource blocks) and supports coverage enhancement (CE: Enhanced 

Coverage) technology using repeated transmissions and the like. The NB-IoT category further 

limits the transmission/reception bandwidth of the UE 100 to 180 kHz (that is, the bandwidth of 1 

resource block) and supports coverage enhancement technology. Repeated transmission is a 

technology that uses a plurality of subframes to repeatedly transmit the same signal. Below, the 

UE 100 of the category M1 is mainly presumed, but the UE 100 of the NB-IoT category may also 

be presumed. Note that it is presumed that an eDRX is set for power saving in this type of UE 100. 

 As one example, the system bandwidth of the LTE system is 10 MHz, and the 

transmission/reception bandwidth thereof is 9 MHz (that is, the bandwidth of 50 resource blocks). 

Conversely, the UE 100 of the category M1 cannot receive normal PDCCH because it cannot 

receive downlink radio signals transmitted with a bandwidth wider than 6 resource blocks. 

Therefore, an MPDCCH (MTC-PDCCH), which is an PDCCH for MTC, is introduced. For a 

similar reason, an NPDCCH (NB-PDCCH), which is a PDCCH for NB-IoT, is introduced. 

 FIG. 9 is a diagram illustrating a downlink physical channel for the category M1. As 

illustrated in FIG. 9, the eNB 200 transmits the MPDCCH within 6 resource blocks. The MPDCCH 

includes scheduling information for allocating the PDSCH. As one example, the MPDCCH assigns 

a PDSCH of a subframe different from the subframe in which the MPDCCH is transmitted. The 

eNB 200 transmits the PDSCH within 6 resource blocks. Moreover, the eNB 200 allocates the 

PDSCH over a plurality of subframes in order to repeatedly transmit the same signal. The UE 100 

of the category M1 specifies the allocation PDSCH by receiving the MPDCCH, and receives data 

transmitted by the allocation PDSCH. 

 Next, the MBMS will be described. There are two methods of radio transmission for 

MBMS, being MBSFN transmission and SC-PTM transmission. In MBSFN transmission, data is 

transmitted via a PMCH in MBSFN area units composed of a plurality of cells. In contrast, in SC-

PTM transmission, data is transmitted in cell units via the PDSCH. Below, a scenario is mainly 

presumed in which the UE 100 in the category M1 or NB-IoT category performs SC-PTM 

reception, but MBSFN may also be presumed. 

 The UE 100 may receive the MBMS service in the RRC connected mode. The UE 100 may 

receive the MBMS service in the RRC idle mode. Below, it is mainly presumed that the UE 100 

receives the MBMS service in the RRC idle mode. The RRC idle mode includes a suspend state. 
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In the suspend state, context information of the UE 100 is maintained in the eNB 200, and thus the 

RRC connection can be quickly recovered. 

 FIG. 10 is a diagram illustrating one example of an operation where the UE 100 according 

to the embodiment performs SC-PTM reception. The UE 100 is a UE 100 of the category M1 or 

the NB-IoT category. 

 As illustrated in FIG. 10, in step S1, the UE 100 acquires a USD (User Service Description) 

from the EPC 20 via the eNB 200. The USD provides basic information for each MBMS service. 

The USD includes, for each MBMS service, a TMGI for identifying the MBMS service, a 

frequency at which the MBMS service is provided, and a service start/end time for the MBMS 

service. 

 In step S2, the UE 100 receives the MPDCCH or the NPDCCH from the eNB 200. Each 

of the MPDCCH and the NPDCCH includes update notification information (Direct Indication) 

indicating an update of system information (SIB: System Information Block). FIG. 11 is a diagram 

illustrating the Direct Indication. FIG. 11 (a) illustrates a Direct Indication in the MPDCCH, and 

FIG. 11 (b) illustrates a Direct Indication in the NPDCCH. The UE 100 recognizes that any of the 

system information has been updated on the basis of the Direct Indication, and further receives an 

SIB type 1 (SIB1). The SIB1 includes a tag number (valueTag) indicating whether each SIB is 

updated. The UE 100 determines whether an SIB type 20 (SIB20), being an SIB for SC-PTM, is 

updated based on the tag number. Here, the description will proceed assuming that the SIB20 has 

been updated. Note that updates are considered rare because the SIB20 includes only the 

scheduling information of the SC-MCCH. 

 In step S3, the UE 100 receives the SIB20 from the eNB 200 via the BCCH. The SIB20 

includes information (scheduling information) required for acquiring the SC-MCCH. FIG. 12 is a 

diagram illustrating the SIB20. As illustrated in FIG. 12, the SIB20 includes an sc-mcch-

Modification Period indicating a period in which the content of the SC-MCCH may be changed, 

an sc-mcch-Repetition Period indicating the transmission (retransmission) time interval of the SC-

MCCH by the number of radio frames, an sc-mcch-Offset indicating the offset of the radio frame 

where the SC-MCCH is scheduled, and an sc-mcch-Subframe indicating the subframe where the 

SC-MCCH is scheduled, and the like. The SC-MCCH (SCPTM Configuration) is transmitted in 

the sc-mcch-Repetion Period (maximum of every 2,560 ms). The UE 100 acquires the SC-MCCH 

for each sc-mcch-Modification Period (maximum of 655,360 ms = about 10.92 minutes). The 

acquisition of such an SC-MCCH may increase the power consumption of the UE 100. 

 In step S4, the UE 100 receives SIB20 setting information (SCPTM Configuration) from 

the eNB 200 via the SC-MCCH based on the SCPTM. In the physical layer, SC-RNTI (Single Cell 

RNTI) is used for SC-MCCH transmission. FIG. 13 is a diagram illustrating SCPTM setting 

information (SCPTM Configuration) in the SC-MCCH. As illustrated in FIG. 13, the SCPTM 

configuration information includes control information applicable to the MBMS service sent via 

the SC-MRB (Single Cell MBMS Point to Multipoint Radio Bearer). The SCPTM setting 

information includes a sc-mtch-InfoList including the setting of each SC-MTCH in a cell 

transmitting the information, and a scptmNeighbourCellList, being a list of adjacent cells 

providing the MBMS service via the SC-MRB. The sc-mtch-InfoList includes one or more SC-

MTCH-Info. Each SC-MTCH-Info includes information of an ongoing MBMS session 

(mbmsSessionInfo) transmitted via the SC-MRB, a G-RNTI (Group RNTI) corresponding to the 

MBMS session, and a sc-mtch-schedulingInfo, being DRX information for the SC-MTCH. The 

mbmsSessionInfo includes a TMGI and a session ID (sessionId) for identifying the MBMS service. 

The G-RNTI is a RNTI that identifies a multicast group (specifically, a SC-MTCH to a specific 
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group). The G-RNTI is mapped one-to-one with the TMGI. The sc-mtch-schedulingInfo includes 

a onDurationTimerSCPTM, a drx-InactivityTimerSCPTM, and a 

schedulingPeriodStartOffsetSCPTM. The schedulingPeriodStartOffsetSCPTM includes SC-

MTCH-SchedulingCycle and SC-MTCH-SchedulingOffset. Here, DRX for SC-PTM transmission 

will be described. The DRX for SC-PTM transmission is an operation independent of the DRX 

described above. A UE 100 in which a DRX for SC-PTM transmission is set intermittently 

monitors an PDCCH by using a corresponding G-RNTI in the RRC connected mode or the RRC 

idle mode. When onDurationTimerSCPTM or drx-InactivityTimerSCPTM is running (running), 

an active time is entered. The UE 100 monitors the PDCCH in the active time. When "[(SFN*10) 

+ subframe number]modulo(SC-MTCH-Scheduling Cycle) = SC-MTCH-SchedulingOffset" is 

satisfied, the UE 100 starts the onDurationTimerSCPTM. When the PDCCH indicates DL 

transmission, the UE 100 starts the drx-InactivityTimerSCPTM. 

 In step S5, the UE 100 receives the SCPTM service (data) corresponding to the SC-MTCH-

SchedulingInfo that the SC-MTCH is interested in via the TMGI based on the MBMS in the setting 

information (SCPTM Configuration). In the physical layer, the eNB 200 transmits the PDCCH by 

using the G-RNTI, and then transmits the data via the PDSCH. The UE 100 tries data reception 

every 8192 ms at most. This data reception may increase the power consumption of the UE 100. 

(Operation Patterns) 

An operation pattern according to the embodiment will be described below. As a 

prerequisite, the UE 100 is provided with: a transceiver (the reception unit 110 and the control unit 

130) configured to transmit and receive radio signals within a limit bandwidth narrower than a 

system transmission/reception bandwidth; and a control unit 130 that uses the transceiver to 

perform radio communication with the eNB 200. The limit bandwidth is, for example, 1.08 MHz 

when the UE 100 belongs to the M1 category (that is, the bandwidth of 6 resource blocks), and 

180 kHz when UE 100 belongs to the NB-IoT category (that is, the bandwidth of 1 resource block). 

The control unit 130 performs a process of receiving from the eNB 200, within a limit bandwidth, 

information necessary for receiving a multicast/broadcast service (MBMS service) provided via 

the eNB 200. 

(1) Operation Pattern 1 

As described above, when the UE 100 of the category M1 or the NB-IoT category performs 

SC-PTM reception, the power consumption of the UE 100 is increased. In particular, when 

assuming a case where the eDRX is set to UE 100, there is a concern that sufficient power 

consumption reduction effects will not be obtained due to wake-up related to SC-PTM reception. 

Therefore, it is desirable to enable SC-PTM reception while suppressing an increase in the power 

consumption of the UE 100. 

 In an operation pattern 1, the UE 100 is provided with a predetermined storage medium for 

storing a preset service identifier (TMGI). As one example, the predetermined storage medium is 

a UICC (Universal Integrated Circuit Card). The preset service identifier is a service identifier 

dedicated to a specific MBMS service. The specific MBMS service may be a firmware distribution 

service. 

 Thus, the UE 100 can confirm that a specific MBMS service is provided from the eNB 200 

by simply looking at the SC-MCCH provided from the eNB 200 (serving cell) without acquiring 

the USD in unicast. Therefore, the UE 100 in the RRC idle mode does not need to transition to the 

RRC connected mode only for acquiring USD. Furthermore, the UE 100 may receive the SC-

MCCH when waking up the eDRX (when confirming paging). 

(2) Operation Pattern 2 
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As described above, the UE 100 cannot recognize the update of the MPDCCH unless it 

receives and confirms the tag number (valueTag) in the SIB 1 after receiving the update 

notification information (Direct Indication) in the SIB 20 or the NPDCCH. The process of 

receiving and confirming such a tag number increases the power consumption of the UE 100. 

 In an operation pattern 2, the UE 100 receives update notification information (Direct 

Indication) from the eNB 200 on a predetermined physical downlink control channel (MPDCCH 

or NPDCCH) having a bandwidth not greater than a limit bandwidth. The update notification 

information includes at least one of a first update notification indicating an update of a system 

information block (SIB 20) for SC-PTM, a second update notification indicating an update of a 

multicast control channel (SC-MCCH) for SC-PTM, and a third update notification indicating an 

update related to a specific MBMS service indicated in a multicast control channel (SC-MCCH) 

for SC-PTM. Each of the first to third update notices may be defined as a 1-bit flag. The update 

notification information (Direct Indication) may use an existing format or define a new format (a 

new PDCCH format). 

 The first update notification is an update notification by the SIB 20 alone. The UE 100 can 

recognize the update of the MPDCCH even when the SIB1 is not received in response to the update 

notification information (Direct Indication) in the NPDCCH or the SIB20 including the first update 

notification. 

 The second update notification is an update notification of the SC-MCCH (that is, SCPTM 

Configuration). The eNB 200 may transmit a second update notification to the UE 100 by the 

MPDCCH or the NPDCCH scrambled by the SC-N-RNTI. The UE 100 can recognize the update 

of the MPDCCH in response to the update notification information (Direct Indication) in the SC-

MCCH or the NPDCCH including the second update notification. 

 The third update notification is an update notification related to a specific sc-mtch-InfoList 

among the SC-MTCH-Info in the SC-MCCH. The specific SC-MTCH-Info is associated with a 

specific MBMS service (for example, firmware distribution service). Specifically, the specific SC-

MTCH-Info includes a TMGI (service identifier) for identifying the specific MBMS service. The 

UE 100 can recognize the update of the specific MPDCCH in response to the update notification 

information (Direct Indication) in the SC-MTCH-Info or the NPDCCH including the third update 

notification, even when the SC-MCCH is not received. When the update of each of the plurality 

of MBMS services can be notified, two bits or more in the update notification information (Direct 

Indication) may be assigned to the third update notification. The position of each bit is associated 

with an MBMS service (specifically, SC-MTCH-Info). The correspondence between the bit 

position and the MBMS service may be set from the eNB 200 to the UE 100 by the SIB or the like. 

In this case, the UE 100 confirms which sc-mtch-InfoList among the SC-MTCH-Info in the SC-

MCCH has been updated on the basis of the bit position of the third update notification in the 

update notification information (Direct Indication). 

 When the second and third update notifications are not provided, the UE 100 may receive 

the PDCCH each time it receives the SC-MCCH scrambled at SC-MCCH modification boundary 

or SC-N-RNTI, and confirm whether there is an update of the setting (SC-MTCH-Info) relating to 

the TMGI of interest. 

(3) Operation Pattern 3 

An operation pattern 3 is an operation pattern that enables direct notification of the 

distribution start of a specific MBMS service to the UE 100. 

 In the operation pattern 3, the UE 100 receives a paging message from the eNB 200 on a 

PDSCH having a bandwidth equal to or less than the limit bandwidth. The paging message includes 
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a service identifier (TMGI) of a specific MBMS service. The paging message may include a list 

comprising a plurality of service identifiers (TMGIs). Thus, the UE 100 recognizes that the 

distribution of the specific MBMS service is started and can start a process for receiving the 

specific MBMS service. Therefore, the wake-up of the UE 100 can be kept to a necessary minimum. 

It should be noted that a general paging message does not include a service identifier (TMGI) but 

includes an identifier (such as IMSI) of the UE 100 being called. 

 The eNB 200 designates a PDSCH (narrow band PDSCH) carrying a paging message by 

the MPDCCH or the NPDCCH scrambled by the P-RNTI. Then, the eNB 200 transmits the paging 

message on the designated PDSCH. The UE 100 receives the MPDCCH or the NPDCCH 

scrambled by the P-RNTI to recognize the PDSCH (narrow band PDSCH) carrying the paging 

message. Then, the UE 100 receives the paging message on the recognized PDSCH. The UE 100 

may confirm whether the preset service identifier (TMGI) described in the operation pattern 1 is 

indicated in the paging message. 

 The UE 100 may establish an RRC connection with the eNB 200 when desiring reception 

of an MBMS indicated by the service identifier (TMGI) included in the paging message. In this 

case, the UE 100 may transmit a RRC Connection Request message to the eNB 200, or may 

transmit a RRC Resume Request message to the eNB 200 in the case of a suspended state. 

Alternatively, the UE 100 may acquire the SIB20 and/or the SC-MCCH instead of establishing the 

RRC connection, and then attempt to receive when the SC-PTM has been transmitted. 

(4) Operation Pattern 4 

In an operation pattern 4, the UE 100 receives from the eNB 200 time information 

indicating at least one of the time when the provision of the specific MBMS service is started and 

the time when the provision is terminated. The time information is transmitted from the eNB 200 

by a system information block (SIB20) for SC-PTM or a multicast control channel (SC-MCCH) 

for SC-PTM. The SIB20 or SC-MCCH (SCPTM Configuration) may include a list comprising a 

plurality of service identifiers (TMGI) and time information for each of the plurality of service 

identifiers (TMGI). Thus, the start time or the like can be notified to the TMGI for each UE 100. 

Therefore, the UE 100 can maintain a sleep state until provision of the MBMS service (for example, 

the MBMS service indicated by the preset service identifier) in which the user is interested is 

started. 

 The time information may be a combination of a provision start time and a provision end 

time. Alternatively, the time information may be a combination of a start time and a duration (for 

example, one minute). The provision start time (and offer end time) may be expressed by H-SFN 

or by UTC (Coordinated Universal Time). 

 When expressed by H-SFN, the UE 100 recognizes that the H-SFN indicating the offer 

start time is the H-SFN after a wrap-around (#1023 → #0). FIG. 14 is a diagram illustrating a 

provisioning start time expressed by the H-SFN. FIG. 14(a) illustrates a case where the UE 100 

indicates that the provision start time is H-SFN = 200 in the SC-MCCH at a point in time of H-

SFN = 150. In this case, the UE 100 recognizes that the MBMS service is started to be provided 

at H-SFN = 200 after the wrap-around (#1023 → #0). FIG. 14(b) illustrates a case where the UE 

100 indicates that the provision start time is H-SFN = 200 in the SC-MCCH at a point in time of 

H-SFN = 300. In this case, the UE 100 recognizes that the MBMS service is started to be provided 

at H-SFN = 200 after the wrap-around (#1023 → #0). By establishing such a rule, it is possible to 

prevent deviation from occurring in the interpretation of the service start time between the UE 100 

and the network. Such a rule can be, for example, a rule such that "the UE 100 must understand 

this as the offer start timing of the designated H-SFN after the H-SFN wraps around (reaches the 
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upper limit)." In a similar thought process, instead of the upper limit of H-SFN, the modification 

boundary of the SC-MCCH or the SIB may be used to start provision in the H-SFN corresponding 

to the timing after the next boundary of the modification boundary of SC-MCCH or SIB.  

 Conversely, when expressed in UTC, there is also a case where the UE 100 does not have 

GPS or the like and the current UTC cannot be confirmed. However, when the current UTC is 

provided with SIB type 16 (SIB16), UTC can be confirmed even when the UE 100 cannot use GPS 

or the like. Therefore, the eNB 200 may provide the UE 100 with the provisioning start time 

expressed by UTC only when it itself is transmitting the SIB16. 

(5) Operation Pattern 5 

As described above, repeated transmission can be applied to MPDCCH (or NPDCCH) and 

PDSCH (narrowband PDSCH) for the purpose of coverage enhancement (CE). When repeated 

transmission is applied, it is desirable that the UE 100 knows the maximum repeated transmission 

count and the actual repeated transmission count. 

 In the operation pattern 5, the UE 100 receives, from the eNB 200, repetition count 

information indicating at least one of the repeated transmission count of a predetermined physical 

downlink control channel (MPDCCH or NPDCCH) having a bandwidth no greater than a limit 

bandwidth and the repeated transmission count of a physical downlink shared channel (narrow-

band PDSCH) having a bandwidth no greater than the limit bandwidth. The repetition count 

information indicates at least one of the maximum repeated transmission count and the actual 

repeated transmission count. The repetition count information is transmitted from the eNB 200 by 

a system information block (SIB20) for SC-PTM or a multicast control channel (SC-MCCH) for 

SC-PTM. 

 FIG. 15 is a diagram illustrating repetition count information. FIG. 15(a) illustrates a case 

where the repetition count information (#of repetition) is provided in the SIB20. As illustrated in 

FIG. 15(a), the eNB 200 provides, within the SIB20, repetition count information of the MPDCCH 

(or the NPDCCH) corresponding to the SC-MCCH and repetition count information of the narrow 

band PDSCH corresponding to the SC-MCCH. Even when repeated transmission is applied to the 

SC-MCCH, the UE 100 can appropriately receive the SIB20 on the basis of the repetition count 

information in the SC-MCCH. FIG. 15(b) illustrates a case where the repetition count information 

(#of repetition) is provided in the SC-MCCH. As illustrated in FIG. 15(b), the eNB 200 provides, 

within the SC-MCCH, repetition count information of the MPDCCH (or the NPDCCH) 

corresponding to the SC-MTCH and repetition count information of the narrow band PDSCH 

corresponding to the SC-MTCH. Here, an example is illustrated where the repeated transmission 

count information is provided for each MBMS service (for each TMGI). The UE 100 can 

appropriately receive the SC-MTCH based on the repetition count information in the SIB20. 

(6) Operation Pattern 6 

The UE 100 may move from one cell to another cell during SC-PTM reception. In such a 

case, it is preferable to enable the SC-PTM reception to be continued. 

 In an operation pattern 6, the UE 100 receives a group RNTI (G-RNTI) associated with an 

MBMS service provided by an adjacent cell adjacent to a serving cell managed by the eNB 200 

from the eNB 200 via the serving cell. That is, the UE 100 receives the G-RNTI used by the 

adjacent cell from the serving cell. The G-RNTI is transmitted from the eNB 200 (serving cell) by 

the system information block (SIB20) for SC-PTM or a multicast control channel (SC-MCCH) for 

SC-PTM. 

 The eNB 200 (serving cell) may provide SC-MTCH scheduling information (sc-mtch-

schedulingInfo) of an adjacent cell to the G-RNTI in addition to the UE 100. Alternatively, the 
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eNB 200 (serving cell) may provide all of the SC-MCCH information (SCPTM Configuration) of 

the adjacent cell to the UE 100. Thus, even when the UE 100 moves from the serving cell to the 

adjacent cell, the SC-MTCH of the adjacent cell can be quickly received. Note that the eNB 200 

(serving cell) may provide at least a portion of the SIB20 of the adjacent cell to the UE 100. 

(7) Operation Pattern 7 

The UE 100 may not always succeed in receiving the MBMS service (data) sent over the 

SC-MTCH. Assuming a firmware distribution service, even a portion of data (firmware) being 

missing is a problem. 

 In an operation pattern 7, the UE 100 establishes an RRC connection in response to failure 

in reception of the eNB 200 service in a state (that is, RRC idle mode) without RRC connection 

with the MBMS, and transmits information about the MBMS service which has failed in reception 

to the eNB 200. Thus, the eNB 200 can be urged to perform unicast retransmission of the MBMS 

service. 

 In the operation pattern 7, the eNB 200 buffers the MBMS service (data) transmitted on 

the SC-MTCH for a fixed time. The eNB 200 may set a timer value related to the time for buffering 

the data to the UE 100 by the SIB or the like. The timer value defines the allowable time from 

when the UE 100 fails to receive the SC-MTCH until the RRC connection is established (for 

example, an RRC Connection Request message is transmitted). When the reception fails, the UE 

100 must start a timer that has set the timer value and send a RRC Connection Request message 

(or a RRC Connection Resume message) before the timer expires. The eNB 200 starts the timer 

for each SC-MTCH transmission or buffering and abandons the buffering data when the timer 

expires. 

 The UE 100 that failed to receive the MBMS service may notify the eNB 200 of at least 

one of the following information after transitioning to the RRC connected mode. 

· The fact that the SC-PTM reception failed 

· The TMGI for which reception failed 

· The leading packet number for which reception failed (such as a PDCP sequence number) 

· The HARQ process ID for which reception failed 

 Here, by notifying the packet number and/or the HARQ process ID, the eNB 200 does not 

resend the entire MBMS service (data) by unicast, but can resend only the data after the point in 

time when the UE 100 failed in receiving by unicast. Thus, the UE 100 can utilize the data normally 

received by the multicast. 

 The eNB 200 may notify the UE 100 of at least one of the following information when 

performing unicast retransmission. 

· The ID of the retransmission bearer 

· The PDCP sequence number of the retransmission start packet 

· The HARQ process ID 

 Note that an example has been described where the UE 100 transmits the MBMS message 

in response to a failure in receiving the RRC Connection Request service, but the SC-MTCH is 

not limited to this, and feedback information indicating a failure in receiving the RFID service 

may also be transmitted. The feedback information may be a retransmission control signal (ACK 

or NACK) or the like. 

(Other Embodiments) 

The present invention is not limited to a case where each operation pattern described above 

is implemented separately and independently, but may be implemented by combining two or more 

operation patterns. For example, a partial process relating to one operation pattern may be added 
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to another operation pattern. Alternatively, a partial process related to one operation pattern may 

be replaced with a partial configuration of another operation pattern. 

 In the embodiment described above, firmware distribution is presumed as the MBMS 

service. However, MBMS services such as group message distribution, group chat message 

distribution, virus definition file distribution, periodic update file distribution such as weather 

forecasts, irregular file distribution such as news flash reports, night file distribution (off-peak 

distribution) such as video content, audio/video streaming distribution, telephone/video telephone 

(group communication), live video distribution, radio audio distribution, and the like may be 

presumed. 

 In the embodiment described above, an LTE system is given as an illustration of the mobile 

communication system. However, the present invention is not limited to an LTE system. The 

present invention may be applied to a mobile communication system other than an LTE system.  

(Notes) 

1. Introduction 
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Provisional Application_l 6P01405US0(TH1 - 1362-US(PRO)) 

In RAN#72, the new WI on Further Enhanced MTC was approved and one of 

main objectives is to extend SC-PTM functionalities from RAN2 point of view 

[ 1]; 

Multicast [RAN2 lead, RANI] 

Extend Rel-l3 SC-PTM to support multicast downlink transmission (e.g. 

firmware or software updates, group message delivery) 

Introduction of necessary enhancements to support narrowband operation, 

e.g. support of MPDCCH, and coverage enhancement, e.g. repetitions 

In this contribution, the general issues to enhance the existing multicast 

mechanism for FeMTC UEs are discussed. 

2. Discussion 

2.1. Rel-13SC-PTM 

The SC-PTM was specified on top of the eMBMS architecture to support DL 

multicast transmission in a single cell using POSCH, unlike MBSFN with PMCH 

[2]. The POSCH-based multicast mechanism allows dynamic scheduling by 

PDCCH scrambled with SC-RNTI or G-RNTI, which also well matches with the 

objective of this WI, i.e. , "for machine-type communications for BL/CE (eMTC) 

UEs", although MPDCCH has not supported SC-RNTI, SC-N-R~TT and G-RNTI 

in Rel-13 [3] . 

Observation 1 Rel-13 SC-PTM potentially supports 6 PRBs operation, although 

MPDCCH needs the RNTls for SC-PTM transmission. 

Before the UE receives DL multicast data, it needs to acquire SIB20 to know the 

occasions of SC-MCCH transmission, wherein SC-MCCH conveys the detailed 

information for SC-PTM reception, i.e. , SC-MTCH-InfoList, such as TMGI, 

corresponding G-RNTI, SC-PTM scheduling information and so on [4] . 

The current upper bound of SC-MCCH modification period is about 10. 92 

minutes, i.e., rf65536. So, the UE interested in SC-PTM needs to check whether 

the contents of SC-MCCH has changed at least once every 10.92 minutes even if 

it has already received the current SC-MCCH, i.e ., to try receiving the SC-MCCH 

change notification (PDCCH scrambled with SC-N-RNTI). On the other hand, 

Rel-13 eDRX extends the idle mode DRX cycle up to 43.69 munities [2] . While it 

could be assumed that FeMTC UEs are configured with the eDRX cycle, if the UE 

is interested in SC-PTM reception then it may not take the full benefit of eDRX 
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from the power saving point of riew. 

The UE monitors the SC-RNTI in the PDCCH to obtain the SC-MCCH 

transmission in the DL-SCH. The SC-MCCH provides the l ist of all MBMS 

services with on-going sessions transmitted on SC-MTCH(s), inc luding for each 

MBMS service TMGI and optional session ID, associated G-RNTI and scheduling 

informat ion. When the TMGI of interes t is available in SC-MCCH, the UE 

monitors PDCCH scrambled with G-RNTI , i.e., SC-PTM, in the subframe 

occasions. The current scheduling period of SC-PTM is defined up to 8, 192 ms, 

i.e., sfSl 92 [4], so the UE needs to decode PDCCH once every 8 seconds, which 

is much s horter period compared to the eDRX cycle. 

Obser\'ation 2 The IDLE UE interested in SC-PTM reception may need to 

decode PDCCH scrambled with SC-N-RNTI and/ or G-RNTI in shorter period than 

its configured eDRX cycle. 

In order to avoid the add itional power consumption of FeMTC UEs, ii should be 

discussed that the SC-MCCH change notification mechanism and/or SC-PTM 

scheduling period needs to be extended, e .g., to align with eDRX mechanisms 

using H-SFN [2]. 

Proposal I RA '2 should discuss whether the SC-MCCH change notification 

and SC-PTM scheduling period are extended, in order to minimize the UE power 

consumption. 

2 .2. Rel-14 multicast requirements 

2 2.1. Support of Firmware update use case 

The WID identifies the motivation of DL mul t icast for FeMTC UEs, '·e.g. 

firmware or software updates, group message delivery" fl] . It would requi re mo re 

reliab le communication compared to the group communication and video 

streaming that were assumed as main apJ)lications in the legacy eMBMS, i.e., the 

fi rmware makes no sense even if only one packet is missed. 

Regarding the unicast transmissions, HARQ and ARQ funct ionalities ensured the 

re liab le packet transfer which could match the required QoS of e.g., firmware 

update case. However, considering the massive number of connections expected 

for loT devices in the near future, it could no longer make sense that the reliab le 

communicat ion only relies on the unicast (and possibly on a robust network 

deployment). 
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On the other hand, the multicast transmissions could provide a data transfer to 

multiple UEs simultaneously, which is beneficial to serve massive number of 

devices in a cell. However, the existing multicast scheme is not robust enough fo r 

some cases since there is no protocol support for the packet fai led to decode. 

Obserl'at ion 3 The unicas t transmission could ensure lhe reliable data lransfer 

for e.g., firmware, whi le the mullicas t t ransmission could serves more number or 

UEs, massive MTC devices. 

There are three approaches for the enhancements, a) a combination of unicast and 

multicast, b) enhancements to unicast and c) enhancements to multicast, whereby 

only a) and c) are in-line with the scope of WI ( I] . 

Regarding a), it could be considered thal the UE, which fails the integrity check 

o r a fi le downloaded via multicasl, would be expected to reacquire the file via 

unicast by e.g. , an uppe r layer-initiated retransmission request. While ifs simple 

mechanism from the AS specification point of view, there could be some 

drawbacks from the perspective of UE power consumption. For example, the UE 

may need to reacquire whole the file even if a part of packets is no t successfully 

decoded, wherein it's not efficien t especially if the file is not small size, e .g., 

firmware/software. Addi tionally, if the UE was in IDLE, i.e., idle mode reception 

of multicast, then it needs lo es tabl ish RRC connection for the unicast transfer, 

wherein it takes additional signalling for connection establishment/resumption. 

Regarding c), it may be one of the approaches to in troduce the re1ransmissio11 

scheme in AS specifications fo r multicast. It needs the standardization efforts for 

e .g., UL feedback and/or retransmission mechanisms, while it would improve the 

effi ciency of FeMTC UEs to download the firmware completely. Considering that 

low power consumption is key performance of MTC dev ices, the retransmission 

scheme should be considered for DL multicast. 

Proposal 2 RA 12 should di scuss whether the re transmiss ion scheme, 

including UL feedback, should be introduced in SC-PTM for FeMTC UEs. 

2.2.2. Support of Enhanced Coverage 

Currently, pre-Rel- 14 UEs in Connected and IDLE are able to recei1'e MBMS 

services [2]. Since Rel- 11 4 UEs are assumed to be in Enhanced Coverage, the 

princ iple of current mult icast mechanism should be applied. 

Proposal J Rel- 14 UEs in Connected and IDLE should also be able to receive 
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SC-PTM in Enhanced Coverage. 

The repetit ion of signals was a key component to support Coverage Enhancements 

in Rel - 13, in additioo to the bandwidth reduced access technology [ IJ. The 

repetition technique could be considered to be reused for Rel-14 multicast to UEs 

in Enhanced Coverage. From RAN2 point of view, a t leas t BCCH (S1820) and 

DL-SCH (SC-MCCH and SC-PTM) should be considered and the (maximum) 

number of repetitions for these channels are already provided by RRC, 1.e., 

pdsch-maxNumRepetitionCEmodeA , pdsch-maxNumRepetitionCEmodeB and 

mpdcch-NumRepet iti on 14] and MPDCCH provides actual number of POSCH 

repetition [3 ], while mpdcch-NumRepetition for SC-MCCH/SC-PTM 

transmissions may need to be provided in SIB for IDLE UEs if MPDCCH is used 

to assign Lhe correspo nd ing PDSCHs. In add ition, the repetit ion of SC-MCCH is 

already provided in S1820, i.e., sc-mcch-RepetionPe riod-r 13, in order to limit the 

access latency (4). Tt may be also reused to support Enhanced Coverage. lf 

RAN2 agrees these changes are needed, RANI should also be informed about 

RAN2's views. 

Obsen·at ion 4 The repetition technique should be reused for multicasting in 

Enhanced Coverage. 

Proposal 4 If RAN2 agrees with Observation 4, an LS should be send to 

RANI to inform them of desired changes. 

According to the curren t id le mode procedure [SJ, the UE receiving or interested 

in an MBMS service may prioriti7.e the frequency provid ing SC-PTM over the 

other frequencies, i.e., to consider the highest priority. On the other hand, it 's also 

specified that ''Rank i11g with cell selection c riterion S for enhanced coverage is 

applied for intra-frequency and inter-frequency cell reselection when the current 

serv ing cell can only be accessed using enhanced coverage", wherein it seems to 

hand le all the frequenc ies as equal prio rity if the UE is in Enhanced Coverage. 

Since the SC-PTM reception in Enhanced Coverage was not clearly assumed in 

Rel-13, i i would be confi rmed that the current speci fication allows the UE in 

Enhanced Coverage lo prioritize SC-PTM frequency as it is done in normal 

coverage. Also, RA N2 should discuss whether some smal I enhancements are 

necessary, e.g., to add no tes in the specification. 

Proposal 5 RAN2 should discuss and clarify whether the UE in Enhanced 
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Coverage is allowed to prioritize the frequency providing multicast service of 

in terest. 

2 .2.3. Other op timizations 

2 .2.3. 1. Service continui ty 

In the current specification f4] , SC-MCCH provides the neighbour cell 

information in SCPTM-NeighbourCellList, i.e. , physical cell ID and frequency. Jf 

the UE is interested in a TMGI of which the serving cell does not provide 

SC-PTM, the UE needs to decode the neighbour cells ' SC-MCCI-ls to seek the 

TMGI of interest. II would consume the UE's baltery for additional decoding over 

inter-frequency measurements, which will have more impact on UE's mobi li ty 

that is somewhat enhanced in th is WI [ I]. So, it should be discussed whether some 

additional information needs to be broadcasted in order to faci litate Fe.MTC UEs 

mobili ty wi th low power consumption. 

Proposal 6 RA 12 should discuss whether addi tional information is 

broadcasted m e .g. , SC-MCCH, to ass ist the UE mobil ity wi th lower power 

consumption. 

2.2.3.2. One-shot multi casting 

As discussed in sect ion 2.2.1, the use case of firmware/software update is the 

mull icast-lype service rather than the broadcast service. It could be also assumed 

that the fi rmware is a (set of) file(s), so it would be not efficient that the same 

firmware is multicasled many times . In the current MBMS service, it's assumed 

that '·the application/service layer provides for each service the TMGI, the session 

start and end time, the frequencies and the MBMS service area identit ies" in the 

USO [2]. It may allow performing a one-shot multicasting, i.e., the one firmware 

is multicasted only once, by setting appropriate start/end time in the USO. 

However, the USO should be obtained via unicast; therefore, the associated UEs 

needs to establish RRC Connection at least once when the firmwa,re is delivered , 

which is no t elTicient from the perspect i,•es of NW capacity and UE power 

consumption. So, it may need some sort o r RAN-level optimi,:ations, e .g., 

RAN-level information like the start/stop time, TMGl-based paging and so on, 

which may interact with/complement the USO. 

Proposal 7 RA 12 should discuss whether RAN-level optimization to 
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facilitate the one-shot multicast del ivery is necessary. 

3. Conclusion 

l.11 this contribution, the potential issues of Rel-13 SC-PTM are discussed. Also, 

some enhancements to s upport FeMTC requirements and optimizations are 

considered. RAN2 is kindl)' asked to take into account the 

observations/ proposals below: 

Observation I Rel-13 SC-PTM potentially supporls 6 PRBs operation, although 

MPDCCH needs the RNTis for SC-PTM transmission. 

Observation 2 The IDLE UE interested in SC-PTM reception may need to 

decode PDCCH scrambled with SC-N-RNTI and/ or G-RNTI in shorter period than 

its configured eDRX cycle. 

Proposal I RAN2 should discuss whether the SC-MCCH change notification 

and SC-PTM schedul ing period are extended, in order to minimi7.e the UE power 

consumption. 

Observat ion 3 The unicast transmission could ensure the rel iable data transfer 

for e.g., firmware, while the multicast t ransmiss ion could serves more number of 

UEs, massive MTC dev ices. 

Proposal 2 RAN2 should discuss whether the re transmission scheme, 

including UL feedback, should be introduced in SC-PTM for FeMTC UEs. 

Proposal 3 Re l-14 UEs in Connected and IDLE should also be able to receive 

SC-PTM in Enhanced Coverage. 

Observat ion 4 The repetition technique should be reused for multicasting in 

Enhanced Cove-rage. 

Proposal 4 If RAN2 agrees with Observation 4, an LS should be send to 

RANI to inform them of desired changes. 

Proposal 5 RA 12 should discuss and clarify whether the UE in Enhanced 

Coverage is a lllowed to prioritize the frequency p roviding multicast service of 

in terest. 

Proposal 6 RA 12 should discuss whether additional information is 

broadcasted in e.g. , SC-MCCH, lo assist the UE mobilitv with lower power 

consumption. 

Proposal 7 RA 12 should discuss whether RAN-level optimization lo 

facil itate the one-shot multicast delivery is necessary. 
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[Document Name] Scope of Claims 

[Claim 1] 

A radio terminal for a mobile communication system, comprising:  

a transmitter/receiver configured to transmit/receive radio signals within a limit bandwidth 

narrower than a system transmission/reception bandwidth; and  

a control unit that uses the transmitter/receiver to perform radio communication with a base 

station, wherein  

the control unit performs a process of receiving, from the base station within the limit 

bandwidth, information necessary to receive an MBMS service provided via the base station. 

[Claim 2] 

The radio terminal according to claim 1, wherein  

the radio terminal is provided with a predetermined storage medium that stores a preset 

service identifier, and  

the preset service identifier is a dedicated service identifier for a specific MBMS service. 

[Claim 3] 

The radio terminal according to claim 1, wherein  

the control unit performs a process for receiving update notification information from the 

base station on a predetermined physical downlink control channel having a bandwidth no greater 

than the limit bandwidth, and  

the update notification information includes at least one of  

a first update notification indicating an update of a system information block for SC-PTM,  

a second update notification indicating an update of a multicast control channel for SC-

PTM, and  

a third update notification indicating an update of a specific MBMS service indicated in 

the multicast control channel. 

[Claim 4] 

The radio terminal according to claim 1, wherein  

the control unit performs a process of receiving a paging message from the base station on 

a physical downlink shared channel having a bandwidth no greater than the limit bandwidth, and  

the paging message includes a service identifier of a specific MBMS service. 

[Claim 5] 

The radio terminal according to claim 1, wherein  

the control unit performs a process of receiving from the base station time information 

indicating at least one of a time when provision of a specific MBMS service is started and a time 

when the provision is ended, and 

the time information is transmitted from the base station via a system information block 

for SC-PTM or a multicast control channel for SC-PTM. 

[Claim 6] 

The radio terminal according to claim 1, wherein  

the control unit performs a process of receiving from the base station repetition count 

information indicating at least one of a repetition count of a predetermined physical downlink 

control channel having a bandwidth no greater than the limit bandwidth and a repetition count of 

a physical downlink shared channel having a bandwidth no greater than the limit bandwidth, and  

the repetition count information is transmitted from the base station by a system 

information block for SC-PTM or a multicast control channel for SC-PTM. 

[Claim 7] 

Provisional Application_l 6P01405US0(TH1-1362- US(PRO)) 
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The radio terminal according to claim 1, wherein  

the control unit performs a process of receiving, from the base station via the serving cell, 

a group RNTI associated with an MBMS service provided by an adjacent cell that is adjacent to a 

serving cell managed by the base station, and  

the group RNTI is transmitted from the base station by a system information block for SC-

PTM or a multicast control channel for SC-PTM. 

[Claim 8] 

The radio terminal according to claim 1, wherein,  

in a state where the radio terminal does not have an RRC connection with the base station, 

the control unit establishes the RRC connection in response to a failure in receiving the MBMS 

service, and performs a process of transmitting to the base station information relating to the 

MBMS service having failed in the reception. 

[Claim 9] 

A base station for a mobile communication system, comprising  

a control unit for transmitting, within a limit bandwidth, information required for receiving 

an MBMS service provided via the base station to a radio terminal configured to transmit/receive 

a radio signal within the limit bandwidth narrower than the system transmission/reception 

bandwidth. 
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[Document Name] Abstract 

A radio terminal according to a first feature is a radio terminal for a mobile communication 

system. The radio terminal is provided with: a transceiver configured to transmit and receive radio 

signals within a limit bandwidth narrower than a system transmission/reception band; and a control 

unit that uses the transceiver to perform radio communication with a base station. The control unit 

performs a process for receiving from the base station information required for receiving an 

MBMS service provided via the base station within the limit bandwidth.
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Electronic Acknowledgement Receipt 

EFSID: 26601013 

Application Number: 62372919 

International Application Number: 

Confirmation Number: 9363 

Title of Invention: RADIO TERMINAL AND BASE STATION 

First Named Inventor/Applicant Name: Masato FUJISHIRO 

Customer Number: 32968 

Filer: Kathleen Lynn Connell/ toloko kinoshita 

Filer Authorized By: Kath leen Lynn Connell 

Attorney Do,cket Number: 16P01405USOO 

Receipt Date: lO·AUG-2016 

Filing Date: 

Time Stamp: 13:19:57 

Application Type: Provisional 

Payment information: 

Submitted w ith Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $260 

RAM confirmation Number 081016INTEFSW13202300 

Deposit Account 1024 

Authorized User Tokiko Kinoshita 

The Director o f the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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File Listing: 

Docu ment 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (ifappl.) 

182)267 

1 Applicaticn Data Sheet 
2016-08-IO_ADS_ 16P01405US no 8 

00.pdf 
4Sl~~4;58w-.dl43':l:!l8!iJ~ ,, .. 

Warnings: 

Information: 

1471396 

2 Provisional Cover Sheet (S616) 
2016-08-1 O_ProvCvrSheet_ 16P no 3 

01405USOO.pdf 
l'l()J~l5,fl~~l)0,006tf1'GV.1' 

"" 

Warnings: 

Information: 

680172 

3 Specification - Not In English 
2016-08-l O_ProvApp_Spec_ 16 no 28 P01405USOO.pdf 

01!1c!l2'07b7tJ7t.')1Al'lc«3100,0Slt'64!t.i 
j71<1J 

Warnings: 

Information: 

1858059 

4 
Drawings-only black and white line 2016-08-lO_provApp_Drawing no 13 

drawings s_ 16P0140SUSOO.pdf 
efrdl.i0.l01790l'alll118ef1 ~l;fuS,~d 

"" 
Warnings: 

Information: 

29051 

5 Fee Worksheet (S606) fee-info.pd! no 2 
21201~0103'9ul>Sl.l~)MoJ2SGI , .. 

Warnings: 

Information: 

Total Files Size (in bytes) 5868545 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the ind icated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as .. vidence of r<>eeipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (s<>e 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1 .54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 u.s.c. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.5.C. 371 and othe r applicable requirements a Form PCT/DO/ EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing R<>eeipt, in due course. 

New International Application Filed with the USPTO as a R<>eeiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subjKt to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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