
Declaration of Translation 

I, SooJin Namgung, hereby declare: 

I possess advanced knowledge of the Korean and English languages and am 

qualified to translate documents from Korean to English; 

I translated U.S. Application Number 62/501,048 from Korean into English and to 

the best of my knowledge and belief, the attached Document is a true and accurate 

translation from Korean into English; 

I also declare that all statements made herein of my own knowledge are true and 

that all statements made on information and belief are believed to be true, and that 

these statements were made with the knowledge that willful false statements and 

the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. 

§ 1001.

Dated: May 14, 2024 

_______남궁수진_______________________ 
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U.S. Patent and Trademark Offioe; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are reqt.ired to respond lo a oo!k!ction of informaOOn unless i1 conliljns a valid OMS control number. 

Attorney Docket Number UT17-0756-US 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention METHOD OF DATA SCHEDULING AND HARQ OPERATION FOR NEW RADIO SYSTEM 

The applicat.ion data sheet is part of the provisional or nonprovisional application for which it is being submitted. The fo llowing form contains the 
bibliographic data arranged in a formal specified by the United Slates Patent and T rademar1< Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office In electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

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

Inventor Information: 

Inventor 11 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I I· t',uckchel I f,'ANG I I· 
Residence Information (Select One) US Residency • Non US Residency Active US Military Service 

City ! eoul IICountry of Residence i 1ER I 

Mailing Address of Inventor: 

Address 1 ~9, Yangjae-daero 1 t gil, Seoch~u 

Address 2 

C ity I t5eoul I State/Province 1 1 
Postal Code I P6TT2 I Countryi I t<R 
Inventor b I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I I· ~oonkui I ~ HN I I· 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City ! eoul I ICountry of Residence i tER I 

Mailing Address of Inventor: 

Address 1 ~9, Yangjae-daero 1 t gil, Seoch~u 

Address 2 

C ity I t',eoul I State/Province 11 
Postal Code I P6TT2 I Countryi I ~R 

Inventor b I Remove I 
Legal Name 
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Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention METHOD OF DATA SCHEDULING AND HARQ OPER&.TION FOR NEW RADIO SYSTEM 

Prefix Given Name Middle Name Family Name Suffix 

I I· t,lanjun I f=>ARK I I· 
Residence Information (Select Onel US Residency @ Non US Residency Active US Military Service 

City f eoul l 1Country of Residence i 1ER I 

Mailing Address of Inventor: 

Address 1 19, Yangja~ero 11gil, SeochOiJU 

Address 2 

City I t,;eool I Sta te/Province 1 1 
Postal Code P6772 I Countryi I t<R 

Inventor ~ I Remove I 
Legal Name 

Prefix G iven Name Middle Name Family Name Suffix 

I I· J,eonwook I f<IM I I· 
Residence Information (Select O nel US Residency @ Non US Residency Active US Military Service 

City Eeoul l1eountry of Residence i 1ER I 

Mailing Address o f Inventor: 

Address 1 19, Yangjae-daero 1 t gil, Seocho-gu 

Address 2 

C ity I J,eool I State/Province 1 1 
Postal Code P6772 I Country i I t<R 

Inventor b I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I I· pianghwan I f=>ARK I I· 
Residence Information (Select Onel US Residency @ Non US Residency Active US Military Service 

City Eeoul I ICountry of Residence i tER I 

Mailing Address o f Inventor: 

Address 1 19, Yangja~ero 11gil, SeochOiJu 

Address 2 

C ity I J,eool I State/Province 1 1 
Postal Code P6772 I Country i I t<R 
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Application Number 

Title of Invention METHOD OF DATA SCHEDULING AND HARQ OPERATION FOR NEW RADIO SYSTEM 

Inventor ~ I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I I· Jseunggye I J-lWANG I I· 
Residence Info rmation (Select One) US Residency @ Non US Residency Active US Military Service 

City Eeoul I ICountry of Residence i l~R I 

Mailing Address of Inventor: 

Addres s 1 19, Yangjac -dacro 1 t g il, Scocho-gu 

Address 2 

City I t,eoul I State/Province II 
Postal Code P6772 I C ountryi I t<R 

Inventor ~ I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I I· t<ijun I l<IM I I· 
Residence Informatio n (Select One) US Residency @ Non US Residency Active US Military Service 

City ~ eoul I ICountry of Residence i l~R I 

Mailing Address of Inventor: 

Address 1 19, Yangjae-daero 11gil, Seocho-gu 

Address 2 

C ity I t,eoul I State/Province 11 
Postal Code P6772 I C o untryi I t<R 

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: 
Enter either Customer Number or c o mplete the Correspondence Information s ection below. 
For further information see 37 CFR 1.33(a). 

□ An Address is being p rovided for the correspondence Information of this a pplicat ion. 

Customer Number B7487 

Email Address .-ifo@kpatent.com I Add Email I I Remove Email I 
Email Address usplo@kpalent.com I Add Email I I Remove Email I 
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Attorney Docket Number UT17-0756-US 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention METHOD OF DATA SCHEDULING AND HARQ OPERATION FOR NEW RADIO SYSTEM 

Application Information: 

T itle of the Invention METHOD OF DATA SCHEDULING AND HARO OPERATION FOR NEW RADIO SYSTEM 

Attorney Docket Number UT17-0756-US I Small Entity Status Claimed □ 
Application Type Provisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) 
11 

I Suggested Figure for Publicat ion (if any) 11 

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

For the purposes of a filing date under 37 CFR 1.53(bl, the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 157(a). 

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

11 

Publication Information: 

□ 

□ 

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

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

35 U .S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publ ication at eighteen months after filing. 

Representative Information: 

. 

. 

; 

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

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

Customer Number J:l7<IB7 
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Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention METHOD OF DATA SCHEDULING AND HARQ OPERATION FOR NEW RADIO SYSTEM 

Domestic Benefit/National Stage Information : 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes 
the specific re ference 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 Appl ication 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 BenefiUNational Stage Data may be generated within this form I Add I by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.5_5. When priority is daimed to a foreign application 

that is eligible for retrieval under the priority document exchange program (PDX)1 the information will be used by the Office to 
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the POX program, applicant bears the ultimate 
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

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

I Remove I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

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

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

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

0 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1. 78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the A IA. 
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Attorney Docket Number UT17-0756-US 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention METHOD OF DATA SCHEDULING AND HARQ OPERATION FOR NEW RADIO SYSTEM 

Authorization or Opt-Out of Authorization to Permit Access: 

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

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant .lllU.SllPL,--QJ.ll of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

HQIE: This section of the Application Data Sheet is QMLY reviewed and processed with the fN[IIAL filing of an 
application. After the initial fil ing of an application, an Appl ication Data Sheet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

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

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

B. Search Results from U.S. Al!P-lication 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 the bibliographic data and search 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

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

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

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

any documents and information identified in subsection 1A above. 

8 . 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 w ill not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 
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Application Number 

Title of Invention METHOD OF DATA SCHEDULING AND HARQ OPERATION FOR NEW RADIO SYSTEM 

Applicant Information: 

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

Applicant h I Remove I 
If the applicant is the inventor (or the remaining joint invenlor or inventors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation lo assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant ooder 37 CFR 1.46 (assignee. person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the appl icant should be 
identified in this section. 

I Clear I 
Assignee I Legal Representative ooder 35 U.S.C. 117 I Joint Inventor 

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

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

1·1 
Name of the Deceased or Legally Incapacitated Inventor: I I 
If the Applicant is an Organization check here. D 
Prefix Given Name Middle Name Family Name Suffix 

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

Address 1 

Address 2 

City State/Province 

Country 11 Postal Code 

Phone Number Fax Number 

Email Address 

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

Assignee Information including Non-Applicant Assignee Information: 

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

Title of Invention METHOD OF DATA SCHEDULING AND HARQ OPERATION FOR NEW RADIO SYSTEM 

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

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. □ 
Prefix Given Name Middle Name Family Name SUlffiX 

I I· I I I I I· 
Mailing Address Information For Assignee including Non-Applicanit A ssignee: 

Address 1 

Address 2 

City I State/Province 

Country i 11 Postal Code 

Phone Number Fax NU1mber 

Email Address 

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

Signature: Remove 

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

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

See, 37 CFR 1.4(d) for the manner of making sig natures and certifications. 

Signature 'Andrew S. Park/ Date (YYYY-MM-DD) 2017-05-03 

First Na me f6.ndrew I Last Name I f ar1< Registration Number ~7841 

Additional S ignature may be generated within th is form by selecting the Add button. I Add I 
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Application N u m ber 
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This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes to complete. including gathering, preparing, and submrtting the oompleted application data 
sheet rorm to the USPTO. Time will vary depending upon the individual case. Any oomrnents on the amount or time you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 {P.L 93-S79} requires that you be given certain information in connection with your submission of the attached form related to a patent 
application°' patent. Accordi1gly, pursuant to the requirements of the Act, p lease be advised that: {1) the general authority for the collection of this information 
Is 35 U.S.C. 2(bJ(2); (2) furnishing of the Information solicited is voluntary; and (3) the principal purpose for whkh the information is used by the U.S. Patent and 
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S. 
Patent and Trademark Office may not be able to process and/ or examine your submission, which may result in termination of proceedings or abandonment of 
the applk:atlon or expiration of the patent. 

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

The information on this form w ill be treated confidentially to the extent allowed under the Freedom of lnfOJmation Act (5 U.S.C. 5S2) and the Privacy 
Act (S U.S.C. 5S2a). Records from this system of records may be disclosed to the Department of Justke to determine whether the Freedom of 
Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, 01' administrative 
tribunal, including disclosures to opposing counsel in the course of settlement negotiations. 

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform 
a contract. Recipients of i nformation shall be required to comply with the requirements of the Privacy Act of 1974, a.s amended, pursuant to S U.S.C. 
S52a(m). 

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

6. A record in this system of rKords may be disclosed, as a routine use, to another federal agency for purposes of National SKurity review (35 U.S.C. 181 ) 
and for review pursuant to the Atomic Energy Act (42 US.C. 218(c)~ 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services. or his/her de5ignee, during an 
inspection o f records cooducted by GSA as part of that agency's responsibility to recommend improvements in rK ords management practkes and 
progr21ms, under authority of44 U5.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of 
records for this purpose, and any other relevant (i.e., GSA or Commerce) d irective. Such disclosure sh all not be used to make determinations about 
individuals. 

8. A record from this system of rKords may be d isclosed, as a routine use, to the publk after either publication of the application pursuant to 35 U.S.C. 
122(b) or Issuance of a patent pursuant to 35 US.C. 1 S 1. Further, a rKord may be d isclosed, subject to the llmltatlons of 37 CFR 1.14, as a routine use, 
to the public if the record was filed in an application which became abandoned or in which the proceedings were tenninated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, o r local law enforcement c.gency, if the USPTO becomes 
aware o f a viola tion or potential violation of law or regulation. 
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Suckchel Yang, Joonkui Ahn, Hanjun Park, Seonwook Kim, Changhwan Park, Seunggye Hwang, Kijun Kim 

The present invention proposes a code block (CB) or a CB group (CBG) based data scheduling method and an HARQ operation 
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INVENTION DESCRIPTION DOCUMENT 

CTO) Mobile communication lab. ACS team I Date: 2017.04.30 I TEL : 82-31-450-4074 

Inventor 

Title of Invention Method of data scheduling and HARQ operation for new radio system 

Specification Groups 3GPP TSG RAN1 I I 
Related Technology field 

Related Specification L TE-Advanced 

1 . Purpose of Invention 

2. Prior Arts in the same field of the invention 

Techniques, apparatus and systems described herein can be used in various w ireless access technologies 

such as code division multiple access (CDMA), frequency division multiple access (FDMA), time division multiple 

access (TOMA), orthogonal frequency division multiple access (OFDMA), single carrier frequency division multiple 

access (SC-FDMA), etc. The CDMA may be implemented with a radio technology such as Universal Terrestrial 

Radio Access (UTRA) or CDMA2000. The TOMA may be implemented with a radio technology such as Global 

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

Evolution (EDGE). The OFDMA may be implemented with a radio technology such as institute of electrical and 

electronics engineers (IEEE) 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802-20, evolved-UTRA (E-UTRA) etc. 

The UTRA is a part of a universal mobile telecommunication system (UMTS). 3rd generation partnership project 

(3GPP) long term evolution (L TE) is a part of an evolved-UMTS (E-UMTS) using the E-UTRA. The 3GPP L TE 

employs the OFDMA in downlink and employs the SC-FDMA in uplink [1][2][3). L TE-advanced (L TE-A) is an 

evolution of the 3GPP L TE. For clarity, this application focuses on the 3GPP L TEil TE-A. However, technical 

features of the present invention are not limited thereto. 

2-1. L TE system architecture 

2 



 

Attorney Docket No. UT17-0756-US 

Section 1 
Radio Frame 

>----- ---- ---- - - - --
Slot 

#0 #1 #18 #19 

u rame 

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

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

transmitting one subframe is defined as a transmission time interval (TTI). For example, one subframe may have a 

length of 1 millisecond (ms), and one slot may have a length of 0.5 ms. One slot includes a plurality of orthogonal 

frequency division multiplexing (OFDM) symbols in time domain. Since the 3GPP L TE uses the OFDMA in the 

downlink, the OFDM symbol is for representing one symbol period. The OFDM symbol may also be referred to as 

an SC-FDMA symbol or a symbol period. A resource block (RB) is a resource allocation unit, and includes a 

plurality of contiguous subcarriers in one slot. The structure of the radio frame is shown for exemplary purposes 

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

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

X 
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~ .. ·c 

] 
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One downlink slot 

Bl. 
I I I I 
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Resource block 

1/ l2x7 resource elements 
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! 

I I I I I I 
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Figure 2. Resource grid for one downlink slot 

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

downlink slot includes 7 OFDM symbols, and one resource block (RB) includes 12 subcarriers in frequency domain 

as an example. However, the present invention is not limited thereto. Each element on the resource grid is referred 

to as a resource element (RE). One RB includes 12><7 REs. The number N°L of RBs included in the downlink slot 
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depends on a downlink transmit bandwidth. The structure of an uplink slot may be same as that of the downlink slot. 

Con~ region Data region 

2nd slot 
Freq. 

-kTime 
Subframe 

Figure 3. Structure of downlink subframe 

In Figure 3, a maximum of three OFDM symbols located in a front portion of a first slot within a subframe 

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

a data reg ion to be assigned with a physical downlink shared chancel (PDSCH). Examples of downlink control 

channels used in the 3GPP L TE includes a physical control format indicator channel (PCFICH), a physical downlink 

control channel (PDCCH), a physical hybrid ARQ indicator channel (PHICH), etc. The PCFICH is transmitted at a 

first OFDM symbol of a subframe and carries information regarding the number of OFDM symbols used for 

transmission of control channels within the subframe. The PHICH is a response of uplink transmission and carries 

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

PDCCH is referred to as downlink control information (DCI). The DCI includes uplink or downlink scheduling 

information or includes an uplink transmit (Tx) power control command for arbitrary UE groups. 

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

resource allocation information of an uplink shared channel (UL-SCH), paging information on a paging channel 

(PCH), system information on the DL-SCH, a resource allocation of an upper-layer control message such as a 

random access response transmitted on the PDSCH, a set of Tx power control commands on individual UEs within 

an arbitrary UE group, a Tx power control command, activation of a voice over IP (VoIP), etc. A plurality of PDCCHs 

can be transmitted within a control region. The UE can monitor the p lurality of PDCCHs. The PDCCH is transmitted 

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

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

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

PDCCH are determined according to a correlation between the number of CCEs and the coding rate provided by 

the CCEs. The BS determines a PDCCH format according to a DCI to be transmitted to the UE, and attaches a 

cyclic redundancy check (CRC) to control information. The CRC is masked with a unique identifier (referred to as a 

radio network temporary identifier (RNTI)) according to an owner or usage of the PDCCH. If the PDCCH is for a 

specific UE, a unique identifier (e.g., cell-RNTI (C-RNTI)) of the UE may be masked to the CRC. Alternatively, if the 
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POCCH is for a paging message, a paging indicator identifier (e.g., paging-RNTI (P-RNTI)) may be masked to the 

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

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

indicate a random access response that is a response for transmission of a random access preamble of the UE, a 

random access-RNTI (RA-RNTI) may be masked to the CRC. 

Control 
Region 

Data 
Region 

. 

\ 
RB p.;!ir 

\ 
. 

One slot One s lot 

Subframe 

Figure 4. Structure of uplink subframe 

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

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

The data region is allocated with a physical uplink shared channel (PUSCH} for carrying user data. To maintain a 

single carrier property, one UE does not simultaneously transmit the PUCCH and the PUSCH. The PUCCH for one 

UE is allocated to an RB pair in a subframe. RBs belonging to the RB pair occupy different subcarriers in respective 

two slots. This is called that the RB pair allocated to the PUCCH is frequency-hopped in a slot boundary. 

BS (base station) ( I 0) 

PROCE$5QR 
( JI) 

MEMORY 
(12) 

-
UE (user equipment) (20) 

PROCESSOR 
(2 1) 

M EMORY 
(22) 

Figure 5. System for implementing present invention 

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

transmitter may be a part of the BS 10, and a receiver may be a part of the UE 20. In uplink, a transmitter may be a 
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part of the UE 20, and a receiver may be a part of the BS 10. A BS 1 O may include a processor 11 , a memory 12, 

and a radio frequency (RF) unit 13. The processor 11 may be configured to implement proposed procedures and/or 

methods described in this application. The memory 12 is coupled w ith the processor 11 and stores a variety of 

information to operate the processor 11 . The RF unit 13 is coupled with the processor 11 and transmits and/or 

receives a radio signal. A U E 20 may include a processor 21 , a memory 22, and a R F unit 23. The processor 2 1 

may be configured to implement proposed procedures and/or methods described in this application. The memory 

22 is coupled w ith the processor 2 1 and stores a variety of information to operate the processor 21 . The R F unit 23 

is coupled with the processor 21 and tr ansmits and/or receives a rad io signal. The BS 10 and/or the UE 20 may 

have single antenna and multiple antennas. When at least one of the BS 10 and the UE 20 has mult iple antennas, 

the wireless communication system may be called as multiple input multiple output (MIMO) system. 

2-2. Frame structure in L TE 

T hroughout L TE specification, unless otherwise noted, the size of various fields in the time domain is expressed 
as a number of time units T,, = 1/(15000 x 2048) seconds. 

Down link and uplink transmissions are organized into rad io frames w ith T, = 307200 x T,, = 1 Oms duration. 

Two radi-0 frame structures are supported: 

Type 1, applicable to FDD, 

Type 2 , applicable to TDD. 

(1 ). Frame s tructure type 1 

Frame structure type 1 is applicable to both full duplex and half duplex FDD. Each rad io frame is 

Tr = 307200 . r. = IO ms long and consists of 20 slots of length T sio< = 15360. T. = 0.5 ms , numbered from O to 19. A 

subframe is defined as two consecutive slots where subframe ; consiists of slots 2; and 2;+1. 

For F DD, 10 subframes are available for downlink t ransmission and 10 subframes are available for upl ink 

transmissions in each 10 ms interval. Uplink and downlink transmissions are separated in the frequerncy domain. In 

half-duplex FDD operation, the UE cannot transmit and receive at the same time while there are no such 

restrictions in full-duplex FOO. 

One radio frame, Tr- 307200T,= 10 ms 

i One s101, T,,..= l .5360T,= 0.5 ms 

#0 # I #2 #3 # 18 # 19 

One subframe 

F igure 6: F rame structure type 1. 

(2). Fram e structure type 2 
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Frame structure type 2 is applicable to TDD. Each radio frame of length Tr= 307200 ·7. = !Oms consists of two 

half-frames of length 153600-T. =5ms each. Each half-frame consists of f i ve subframes of length 

30720. :r. = J ms. The supported uplink-downlink configurations are listed in Table 2 where, for each subframe in a 

radio frame, "D" denotes the subframe is reserved for downlink transmissions, "U" denotes the subframe is 

reserved for uplink transmissions and "S" denotes a special subframe with the three fields DwPTS, GP and UpPTS. 

The length of DwPTS and UpPTS is given by Table 1 subject to the total length of DwPTS, GP and UpPTS being 

equal to 30720. T, = I ms . Each subframe ; is defined as two slots. 2; and 2; + J of length T.io, = 15360 . r,, = 0.5 ms 

in each subframe. 

Uplink-downlink configurations with both 5 ms and 10 ms downlink-to-uplink switch-point periodicity are 

supported. In case of 5 ms downlink-to-uplink switch-point periodicity, the special subframe exists in both half­

frames. In case of 10 ms downlink-to-uplink switch-point periodicity, the special subframe exists in the first half­

frame only. Subframes O and 5 and DwPTS are always reserved for downlink transmission. UpPTS and the 

subframe immediately following the special subframe are always reserved for uplink transmission. 

Onentdiur,am&. T,•3072007; • 10 m s 

, I 1-: o_n_•_"""_· 4_"'""' __ · ,_s= __ r._=_',..'"'-- --- ---, -- ·-

I o-ic oioi. 
JT-=15-."\roT. 

subframo, ! 
30?.1C 7i • ' 

3072'Jr. 

ONPTS Qp 

-- --..... ··--. .. - ... __ 

Sul'.>ff.ii,me#S 

DwPTS G~ 

Figure 7: Frame structu re type 2 (for 5 ms switc h-point periodic ity). 
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Table 1: Configuration of special subframe (lengths of DwPTS/GP/UpPTS). 

Special subframe Normal cyclic prefix in downlink Extended cyclic prefix in downlink 
confi91Jr;itlon 

DwPTS UpPTS DwPTS UpPTS 

Normal Extended Normal cyclic Extended cyclic 
cyclic prefix cyclic prefix prefix in uplink prefix in uplink 

in uplink in uplink 

0 6592- T. 7680-T,, 

1 19760 -T, 20480 -T,, 
2192 -Ts 2560-T5 

2 21952-T,, 2 192·T• 2560-T,, 23040-T,, 

3 24144 -T,, 25600 -T. 

4 26336 ·T,, 7680-T,, 

5 6592 -T. 20480 -T, 4384-T. 5120-T. 

6 19760 · T,, 23040 -T, 
4384 · T,, 5120-~ 

7 2 1952-T, - - -
8 24144 · T,, - - -

Table 2: Uplink-downlink configurations. 

Uplink- Downlink-to-Uplink Subframe number 
downlink 

Switch-point 0 1 2 3 4 5 6 7 8 9 
configuration periodicity 

0 5ms D $ u u u D s u u u 

1 5ms D s u u D D s u u D 

2 5ms D s u D D D s u D D 

3 10ms D s u u u D D D D D 

4 10 ms D s u u D D D D D D 

5 10 ms D $ u D D D D D D D 

6 5ms D s u u u D s u u D 

2-3. PUSCH related procedures in L TE 

For FDD, there shall be 8 HARO processes in the uplink for non-subframe bundling operation, i.e. normal 

HARO operation, and 4 HARO processes in the uplink for subframe bundling operation. The subframe bundling 

operation is configured by the parameter ttiBundling provided by higher layers. 

in subframe bundling operation, a bundle of PUSCH transmissions consists of four consecutive uplink subframes in 
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For FOO and normal HARO operation, the UE shall upon detection of a PDCCH with DCI format O and/or a 

PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe 

n+4 according to the PDCCH and PHICH information. 

For FOO and subframe bundling operation, the UE shall upon detection of a PDCCH with DCI format O in 

subframe n intended for the UE, and/or a PHICH t ransmission in subframe n-5 intended for the UE, adjust the 

corresponding first PUSCH transmission in the bundle in subframe n+4 according to the PDCCH and PHICH 

information. 

For FOO and TDD, the NOi as signalled on PDCCH, the RV. and the TBS shall be delivered to higher layers. 

For TDD, the number of HARO processes shall be determined by the DUUL configuration, as indicated in Table 3 . 

Table 3: Number of synchronous UL HARQ processes for TDD 

TOOUUDL Number of HARQ pro cesses for Number of HA RQ processes f or 
co nflauration n o rma l HARQ o""ration subframe bundling op e ratio n 

0 7 3 
1 4 2 
2 2 N/A 
3 3 N/A 
4 2 N/A 
5 1 N/A 
6 6 3 

For TDD UL/DL configurations 1-6 and normal HARO operation, the UE shall upon detection of a PDCCH with 

DCI format O and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH 

transmission in subframe n+k, with k given in Table 4, according to the PDCCH and PHICH information. 

For TDD UL/DL configuration O and normal HARO operation the UE shall upon detection of a PDCCH with DCI 

format O and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH 

transmission in subframe n+k if the MSB of the UL index in the DCI format O is set to 1 or PHICH is received in 

subframe n=O or 5 in the resource corresponding to /pHrCH =O, with k given in Table 4. If, for TDD UL/DL 

configuration O and normal HARO operation, the LSB of the UL index in the DCI format O is set to 1 in subframe n 

or a PHICH is received in subframe n=O or 5 in the resource corresponding to JPH,cH =1, or PHICH is received in 

subframe n= 1 or 6, the UE shall adjust the corresponding PUSCH transmission in subframe n+7. If, for TDD UL/DL 

configuration 0, both the MSB and LSB of the UL index in the DCI format O are set in subframe n, the UE shall 

adjust the corresponding PUSCH transmission in both subframes n+ k and n+7, with k given in Table 4. 

For TDD UL/DL configurations 1 and 6 and subframe bundling operation, the UE shall upon detection of a 

PDCCH with DCI forma t O in subframe n intended for the UE, and/or a PHICH transmission intended for the UE in 
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subframe n-1 with / given in Table 5, adjust the corresponding first PUSCH transmission in the bundle in subframe 

n+k, with k given in Table 4, according to the PDCCH and PHICH information. 

For TDD UUDL confii:iuration O and subframe bundling operation. the UE shall upon detection of a PDCCH with 

DCI format O in subframe n intended for the UE, and/or a PHICH transmission intended for the UE in subframe n-1 

with / given in Table 5, adjust the corresponding first PUSCH transmission in the bundle in subframe n+k, if the 

MSB of the UL index in the DCI format O is set to 1 or if lp1-1ic1-1 =O, with k given in Table 4 , according to the PDCCH 

and PHICH information. If, for TDD UUDL configuration O and subframe bundling operation, the LSB of the UL 

index in the DCI format O is set to 1 in subframe nor if lp1-1,c1-1 =1 , the UE shall adjust the corresponding first PUSCH 

transmission in the bundle in subframe n+7, according to the PDCCH and PHICH information. 

Table 4: k for TDD configurations 0-6 

TDOUUOL DL subframe number n 

Configuratio 
0 1 2 3 4 5 6 7 8 9 

n 

0 4 6 4 6 

1 6 4 6 4 

2 4 4 

3 4 4 4 

4 4 4 

5 4 

6 7 7 7 7 5 

Table 5: / for TDD configurations 0, 1 and 6 

TODUUOL DL s ubframe number n 

Configuratio 
0 1 2 3 4 5 6 7 8 9 

n 

0 9 6 9 6 

1 2 3 2 3 

6 5 5 6 6 8 
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For Frame Structure type 1, an ACK/NACK received on the PHICH assigned to a UE in subframe i is associated 

with the PUSCH transmission in subframe i-4. 

For Frame Structure type 2 UUDL configuration 1-6, an ACK/NACK received on the PHICH assigned to a UE in 

subframe i is associated w ith the PUSCH transmission in the subframe i-k as indicated by the following Table 6. For 

Frame Structure type 2 UUDL configuration 0, an ACK/NACK received on the PHICH in the resource corresponding 

to IPHICH = 0, assigned to a UE in subframe i is associated with the PUSCH transmission in the subframe i-k as 

indicated by the following Table 6. If, for Frame Structure type 2 UUDL configuration 0, an ACK/NACK received on 

the PHICH in the resource corresponding to IPH,cH = 1, assigned to a UE in subframe i is associated with the 

PUSCH transmission in the subframe i-6 . 

Table 6: k for TDD configurations 0-6 

TDD UL/DL DL subframe number I 

Configuratio 
0 1 2 3 4 5 6 7 8 9 

n 

0 7 4 7 4 

1 4 6 4 6 

2 6 6 

3 6 6 6 

4 6 6 

5 6 

6 6 4 7 4 6 

The physical layer in th e UE shall deliver indications to the higher layers as follows: 

For downlink subframe i, if a transport block was transmitted in the associated PUSCH subframe then: 

<D if ACK is dlecoded on the PHICH in subframe i, ACK shall be delivered to the higher layers; 

@ else NACK shall be delivered to the h igher layers. 
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2-5. PHICH assignment procedure 

For PUSCH transmissions scheduled from serving cell c in subframe n, a UE shall determine the corresponding 

PHICH resource of serving cell c in subframe n + k PNJCH , where kpwc:H is always 4 for FDD and is given in Table 

7 for TDD. For subframe bundling operation, the corresponding PHICH resource is associated with the last 

subframe in the bundle. 

Table 7: k PHJCH for TDD 

TDDUUDL subframe index n 

Configuratio 0 1 2 3 4 5 6 7 8 9 

n 

0 4 7 6 4 7 6 

1 4 6 4 6 

2 6 6 

3 6 6 6 

4 6 6 

5 6 

6 4 6 6 4 7 

The PHICH resource is identified by the index pair (nf!f,"t-
11 

,n;%c
11

) where nr;;(/
11 

is the PHICH group number and 

n?:f1c,, is the orthogonal sequence index within the group as defined by: 

where 

group (J ) dNgroup I Ngroup 
n PHICH = PRB _ RA + n DMRS mo l-'HJCH + Pl{/Clf Pll/CH 

•~q <LI / Ngroup J ) d 2 NPHJCH npJTJCH = PRB_RA PH/CH +nnMRS mo SF 

noMRS is mapped from the cyclic shift for DMRS field (according to Table 8) in the most recent 
PDCCH w ith uplink DCI format [2] for the transport block(s) associated with the corresponding 
PUSCH transmission. " I JMRS shall be set to zero, if there is no PDCCH with uplink DCI format for 
the same transport block, and 

if the initial PUSCH for the same transport block is semi-persistently scheduled, or 

if the initial PUSCH for the same transport block is scheduled by the random access 
response grant . 

Nft"cH is the spreading factor size used for PHICH modulation as described in [1 ]. 
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for tile first TB of a PUSCH with associated PDCCH or for the case of 

no associated PDCCH wheo the number of negatively acknowledged 
TBs is not equal to the number of TBs indicated in the most recent 

PDCCH associated with the corresponding PUSCH 

J10w•st _;,.d<?I + J for a second TB of a PUSCH with associated PDCCH PRB _ RA 

where J 1°'"•st - i"d'" is the lowest PRB index in the first slot of the corresponding PUSCH PRJJ _ RA 

transmission 

Nj'if/!!H is the number of PHICH groups configured by higher layers as described in [1), 

{
I for TDD UUDL configuration O with PUSCH transmission in subframe n = 4 or 9 

/ PHJCH = · 0 otherwise 

Table 8; Mapping betw-n nw.ms and the cyclic shift for DMRS field in PDCCH with uplink DCI format (2] 

Cyclic Shift for DMRS Field in PDCCH 
n f>MRS with uplink DCI format in (2) 

000 0 
001 I 

010 2 
OJI 3 
100 4 

101 5 
110 6 
11 I 7 

2-6. UE procedure for reporting ACK/NACK in L TE 

For FDD, when both ACK/NACK and SR are transmitted in the same sub-frame a UE shall transmit the 

ACK/NACK on its assigned ACK/NACK PUCCH resource for a negative SR transmission and transmit the 

ACK/NACK on its assigned SR PUCCH resource for a positive SR transmission. 

For TDD and all UL-DL configurations except configuration 5 , two ACK/NACK feedback modes are supported 

by higher layer configuration . 

ACK/NACK bundling, and 

ACK/NACK multiplexing 

For TDD UL-DL configuration 5, only ACK/NACK bundling is supported. 

For TDD , the U E shall iupon detection of a POSCH transmission or a PDCCH indicating downllnk SPS release 

w ithin subframe(s) n-k . wh·ere k e K and K is defined in Table 11 in tended for the UE and for which 
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ACK/NACK response shall be provided, transmit the ACK/NACK response in UL subframe n. 

For TDD UL-DL configurations 1-6, the value of the Downlink Assignment Index (DAI) in DCI format 0 , V)f}u. 
detected by the UE according to Table 9 in subframe n - k', where k' is defined in Table 10, represents the 

total number of subframes with POSCH t ransmissions and w ith PDCCH indicating downlink SPS release to the 

corresponding UE within all the subframe(s) n-k , where k e K . The value VJf:U includes all POSCH transmission 

w ith and w ithout corresponding PDCCH within all the subframe(s) n - k. In case neither POSCH transmission, nor 

PDCCH indicating the downlink SPS resource release is intended to the UE, the UE can expect that the value of 

the DAI in DCI format O. v:ft . if transmitted. is set to 4 . 

For TDD UL-DL configurations 1-6, the value of the DAI in DCI format 1/1A/18/1D/2/2A denotes the 

accumulative number of PDCCH(s) with assigned POSCH transmission(s) and PDCCH indicating downlink SPS 

release up to the present subframe w ithin subframe(s) n-k , where k e K • and shall be updated from subframe to 

subframe. Denote V,fjj as the value of the DAI in PDCCH with DCI format 1/1A/1 B/1 D/2/2A detected by the UE 

according to Table 9 in subframe n - k.,. where k., is the smallest value in the set K (defined in Table 11) such 

that the UE detects a DCI format 1/1A/18/1 D/2/2A. Denote U DAI as the total number of PDCCH(s) with assigned 

POSCH transmission(s) and PDCCH indicating downlink SPS release detected by the UE within the subframe(s) 
n - k. where k e K. Denote N SPS. which can be zero or one, as the number of POSCH transmissions without a 

corresponding PDCCH within the subframe(s) n-k, where k e K . 

Table 9: Value of Downlink Assignment Index 

DAI V UL V DL Number of subframes with POSCH 
MSB, LSB DA.I or DAI transmission 

0,0 1 1 or 5 or 9 

0 ,1 2 2 or6 

1,0 3 3 or 7 

1, 1 4 0 or4 or 8 

Table 10: Uplink association index le' for TDD 

TDD UL/DL DL subframe number n 
Configuration 

0 1 2 3 4 5 6 7 8 9 

1 6 4 6 4 

2 4 4 
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2-7. UE procedure for determining PUCCH assignment in L TE 

Uplink control information (UGI) in subframe n shall be transmitted 

on PUCCH using format 1/1a/1b or 2/2a/2b if the UE is not transmitting on PUSCH in subframe n 

on PUSCH if the UE is transmitting on PUSCH in subframe n unless the PUSCH transmission 
corresponds to a Random Access Response Grant or a retransmission of the same transport block as part 
of the contention based random access procedure, in which case UGI is not transmitted 

Throughout this section, subframes are numbered in monotonically increasing order; if the last subframe of a radio 

frame is denoted k , the first subframe of the next radio frame is denoted k + 1 . 

The following combinations of uplink control information on PUCCH are supported: 

HARO-ACK using PUC CH format 1 a or 1 b 

HARQ-ACK using PUCCH format 1 h with r.hannel ,.election 

Scheduling request (SR) using PUCCH format 1 

HARO-ACK and SR using PUCCH format 1a or 1b 

COi using PUCCH format 2 

COi and HARQ-ACK using PUCCH format 

- 2a or 2b for normal cyclic prefix 

- 2 for extended cyclic prefix 

The scrambling initialization of PUCCH format 2, 2a and 2b is by C-RNT I. 

The parameter Simultaneous-AN-and-CQI provided by higher layers determine if a UE can transmit a combination 

of CQI c1nd HARO·ACK on PUCCH in the same subframe. 

For TDD, two ACK/NACK feedback modes are supported by h igher layer configuration. 

ACK/NACK bundling and 

ACK/NACK multiplexing 

For TOD UL-DL configuration 5, only ACK/NACK bundling is supported. 

TDD ACK/NACK bundling is performed per codeword across M multiple DL subframes associated with a single 

UL subframe n, where M is the number of elements in the set K defined in Table 11 , by a logical AND operation 
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of all the individual POSCH transmission (with and without corresponding PDCCH) ACK/NACKs and ACK in 

response to PDCCH indicating downlink SPS release. The bundled 1 or 2 ACK/NACK bits are transmitted using 

PUCCH format 1a or PUCCH format 1b, respectively. 

For TDD ACK/NACK multiplexing and a subframe n with M > 1. where M is the number of elements in the 

set K defined in Table 11, spatial ACK/NACK bundling across multiple codewords within a DL subframe is 

performed by a logical AND operation of all the corresponding individual ACK/NACKs and PUCCH format 1 b with 

channel selection is used. For TDD ACK/NACK multiplexing and a subframe n with M = l , spatial ACK/NACK 

bundling across multiple codewords within a DL subframe is not performed, 1 or 2 ACK/NACK bits are transmitted 

using PUCCH format 1a or PUCCH format 1b. respectively. 

Table 11: Downlink association set index K: {k0 , k1 ,· ··k,11_1) for TDD 

UL-DL Subframe n 

Configuration 0 1 2 3 4 5 6 7 8 9 

0 - - 6 - 4 - - 6 - 4 

1 - - 7,6 4 - - - 7,6 4 -
2 - - 8, 7,4,6 - - - - 8, 7, 4,6 - -

3 - - 7,6, 11 6,5 5, 4 - - . - -
4 - - 12,8, 7, 11 6,5,4, 7 - - . . - -

5 - - 13, 12,9, 8, 7,5,4, 11,6 . - - - . - . 

6 - - 7 7 5 - - 7 7 -

2-8. Carrier aggregation in L TE-A 
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(a) Slngle CC (b) Multiple CC 

Figure 8 : Subfr:ame structure of 3GPP L TE Release-8 system and L TE-A system with CC aggregation 

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

aggregated multiple CCs (component carriers) is now being researched. For example, Figure 8 (b) illustrates the 

DUUL subframe structure considered in 3GPP L TE-A (L TE-Advanced) system where multiple CCs are aggregated 

(in this example, 3 carriers exist) , while Figure 8 (a) illustrates a single carrier operation as in conventional systems. 

As shown in Figure 8 (b}, a UE can monitor and receive DL signal/data from multiple DL CCs at the same time. 

However, even if a cell is managing N DL CCs, the network may configure a UE with M DL CCs where Ms.N so that 

the UE's monitoring of the DL signal/data is limited to those M DL CCs. In addition, the network may configure L DL 

CCs as the main OL CCs from which the UE should monitor/receive OL signal/data with a priority. either UE­

specifically or cell-specifically, where L:SM:SN. 

Moreover, for cross-CC scheduling of L T E-A UEs, the introduction of carrier indicator field (CIF) has been 

considered. The baseline of PDCCH transmission for L TE-A is summarized as below, and configuration for the 

presence or absence of the CIF within POCCH is semi-statically and UE-specifically enabled by higher layer 

signaling. 

■ CIF disabled: PDCCH on a DL CC assigns POSCH resources on the same DL CC and PUSCH resources 

on a single linked UL CC 

• No CIF 

• Same as Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) and DCI formats 

■ CIF enabled: POCCH on a OL CC can assign POSCH or PUSCH resources in one of multiple aggregated 
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DL/UL CCs using the CIF 

• Rel-8 OCI formats extended with the CIF 

- CIF (if configured) is a fixed 3-bit field 

- CIF (if configured) location is fixed irrespective of OCI format size 

• Reusing Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) 

In the case of presence of CIF, desirably, the eNB may assign the PDCCH monitoring DL CC set for reduction 

of blind decoding complexity at the UE side. This CC set is a portion of the entire aggregated DL CCs and the UE 

only performs detection/decoding of PDCCHs scheduled for it on this set. In o ther words, to schedule 

POSCH/PUSCH for a UE, the eNB transmits PDCCHs only through the PDCCH monitoring DL CC set. The 

PDCCH monitoring DL CC set may be set UE-specific or UE-group-specific or cell-specific. For example. Figure 9 

shows a DL subframe for a L TE-A UE for which 3 DL CCs are aggregated, and DL CC A is configured as the 

PDCCH mo11iluring DL CC. If the CIF is disabled, each DL CC can transmit only the PDCCH scheduling it own 

POSCH without the C IF, by following the Rel-8 PDCCH principle. On the other hand, if the CIF is enabled by UE­

specific higher layer signaling, only DL CC A can transmit the POCCHs scheduling not only it own POSCH but a lso 

PDSCHs of the other CCs, by using the CIF. Note that no PDCCH is transmitted on DL CC Band C which are not 

configured as the PDCCH monitoring DL CC. 

Monitoring cc for a UE 

01.. Compo.nont CMicr C 

Figure 9 : Subframe structure of L T E-A system with C IF for cross-CC scheduling 

2-9. PDCCH assignment procedure In L TE-A 

The control region of each serving cell (i.e. CC) consists of a set of CC Es, numbered from O to N ca,k - I , 

where Ncce.1t is the total number of CCEs in the control region of subframe k . T he UE shall monitor a set of 

PDCCH candidates on one or more activated serving cells as configured by h igher layer signaling for control 

information in every non-DRX subframe, where monitoring implies attempting to decode each of the PDCCHs in the 

set according to all the monitored DCI formats. 

The set of PDCCH candidates to monitor are defined in terms o f search spaces, where a search space s;L> at 

aggregation level l e {1,2.4,8} is defined by a set of POCCH candidates. For each serving cell on which POCCH is 

monitored, the CC Es corresponding to POCCH candidate m of the search space s f> are given by 
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where Y, is defined below, i=0,· ·· , L - 1. For the common search space (i.e. CSS) m'= m . For the UE specific 

search space (i.e. USS), for the serving cell on which PDCCH is monitored, if the monitoring UE is configured w ith 

carrier indicator field then m' = m + M <L> .nc 1 where nc 1 is the carrier indicator field value, e lse if the monitoring 

UE is not configured with carrier indicator field then m ' = m , where m = Q, .. . , M<'·>- 1. M <L> is the number of 

PDCCH candidates to monitor in the given search space. 

The UE shall monitor one common search space at each of the aggregation levels 4 and 8 on the primary cell 

(i.e. PCC). A UE not configured with a carrier indicator field shall monitor one UE-specific search space at each of 

the aggregation levels 1, 2, 4, 8 on each activated serving cell. AUE configured with a carrier indicator field shall 

monitor one or more UE-specific search spaces at each of the aggregation levels 1, 2, 4, 8 on one or more 

activated serving cells as configured by higher layer signaling. The common and UE-specific search spaces on the 

primary cell may overlap. 

A UE configured with the carrier indicator f ield associated with monitoring PDCCH on serving cell c shall 

monitor PDCCH configured w ith carrier indicator field and w ith CRC scrambled by C-RNTI in the UE specific search 

space of serving cell c. A UE configured with the carrier indicator field associated w ith monitoring PDCCH on the 

primary cell shall monitor PDCCH configured with carrier indicator field and with CRC scrambled by SPS C-RNTI in 

the UE specific search space of the primary cell. 

The UE shall monitor the com mon search space for PDCCH without carrier indicator field. For the serving cell 

on which PDCCH is monitored, if the UE is not configured w ith a carrier indicator field . it shall monitor the UE 

specific search space for PDCCH without carrier indicator field, if the UE is configured with a carrier indicator field it 

shall monitor the UE specific search space for PDCCH w ith carrier indicator field . 

A UE is not expected to monitor the PDCCH of a secondary cell (i.e . SCC) if it is configured to monitor PDCCH 

with carrier indicator field corresponding to that secondary cell in another serving cell. For the serving cell on which 

PDCCH is monitored, the UE shall monitor PDCCH candidates at least for the same serving cell. 

AUE configured with carrier indicator field for a given serving cell and configured to monitor PDCCH candidates 

with CRC scrambled by C,RNTI with a common payload size and with the same first CCE index nccE in the 

- common search space 

- UE specific search space 

may assume that only the PDCCH in the common search space is transmitted by the primary cell. 

A UE configured to monitor PDCCH candidates in a g iven serving cell with a given DCI format size w ith CIF, 

and CRC scrambled by C-RNTI, where the PDCCH candidates may have one or more possible values of CIF for 
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the given DCI format size, shall assume that a PDCCH candidate with the given DCI format size may be transmitted 

in the given serving cell in any UE specific search space corresponding to any of the possible values of CIF for the 

given DCI format size. 

The aggregation levels defining the search spaces are listed in Table 12. The DCI formats that the UE shall 

monitor depend on the configured transmission mode per each serving cell. 

For the common search spaces, Y,, is set to 0 for the two aggregation levels L = 4 and L = 8. For the UE­

specific search space sf> at aggregation level L, the variable Y, is defined by 

Y,.. =(A· Y1 _ , ) modD 

where y_, = "RNTI ~ o, A= 39827, D ~ 65537 and k = L n,/2 J, n, is the slot number within a radio frame. The 

RNTI value used for n,,,,,, is defined in [3] as a kind of UE's ID. 

Table 12: PDCCH candidates monitored by a UE 

S•arch space s(L) Number of POCCH 
t M <L) 

Tvna Annreaatlon level L Size nn CCEsl candidates 

1 6 6 
UE- 2 12 6 

speclffc 4 8 2 
8 16 2 

Common 4 16 4 
8 16 2 

2-10. ACK/NACK multiplexing in L TE 

Under the situation that a UE should simultaneously transmit multiple ACK/NACKs corresponding to multiple 

data units received from the eNB, in order to maintain the single-carrier property of ACK/NACK signals and reduce 

the total ACK/NACK transmission power, ACK/NACK multiplexing method based on PUCCH resource selection can 

be considered. With ACK/NACK multiplexing, contents of the ACK/NACK responses for multiple data units are 

identified by the combination of the PUCCH resource used in actual ACK/NACK transmission and the one of QPSK 

modulation symbols. For example, if we assume one PUCCH resource carries 4 bits and 4 data units can be 

transmitted in maximum (here we assume HARO operation for each data unit can be managed by single 

ACK/NACK bit), the ACK/NACK result can be identified at the TX node as in the following Table 13. 

Table 13 : Example of ACK/NACK multiplexing based on PUCCH resource selection 

HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3) (!) 
"ruCCH b(O),b(l) 

ACK, ACK, ACK, ACK ( 1) 
nPU('('H, l 1, 1 

ACK, ACK, ACK, NACK/DTX ( I) 
nPUCCH, I 1, 0 

NACK/DTX,NACK/DTX,NACK,DTX ( ) ) 
n l'UCCH.2 1, 1 

ACK, ACK, NACK/DTX, ACK (I) 
nPl)CCH,I 1 , 0 
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NACK,DTX, DTX, DTX 

ACK, ACK, NACK/DTX, NACK/DTX 

ACK, NACK/DTX, ACK, ACK 

NACK/DTX, NACK/DTX, NACK/DTX, NACK 

ACK, NACK/DTX, ACK, NACK/DTX 

ACK, NACK/DTX, NACK/DTX, ACK 

ACK, NACK/DTX, NACK/DTX , NACK/DTX 

NACK/DTX, ACK, ACK, ACK 

NACK/DTX, NACK, DTX, DTX 

NACK/DTX, ACK, ACK, NACK/DTX 

NACK/DTX, ACK, NACK/DTX, ACK 

NACK/DTX, ACK, NACK/DTX, NACK/DTX 

NACK/DTX, NACK/DTX, ACK, ACK 

NACK/DTX, NACK/DTX, ACK, NACK/DTX 

NACK/DTX, NACK/DTX, NACK/DTX, ACK 

DTX, DTX,DTX,DTX 
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( I) 

nrucc,<,o 1, 0 
(I) 

nPUCCH,I 1, 0 

n(l> 
PUC<:H.3 0, 1 

(J ) 
nPUCCH.J 1, 1 

(1) 
nPUCCH.2 0, 1 

( 1) 
n l'UCCH,O 0 , 1 

(I) 
nPUCCH,O 1, 1 

n<o 
PUCCll.3 0 , 1 
(1 ) 

nPUCCH,I 0, 0 

n<•> 
PUCCH,2 1, 0 

(I) 
nPUCCll.3 1, 0 

(I) 
llj,UCCH,I 0, 1 

n <•> 
PUCC H,3 0, 1 
(I) 

nrucc,u 0, 0 

( I ) 
llj,UCCH,3 0,0 

NIA NIA 

In Table 2, HARQ-ACK(i) indicates the ACK/NACK result for the data unit i (there are maximum 4 data units, 

that is, from data unit 0 to data unit 3 in this example). In Table 2, DTX means there is no data unit transmitted for 

corresponding HARQ-ACK(i) or the RX node doesn't detect the existence of the data unit corresponding to HARQ­

ACK(i). n~ca-1.x indicates the PUCCH resource which should be used in actual ACK/NACK transmission, where 

there are 4 PUCCH resources, ni:kctt,o. ni.:.:cctt.i, n~~cett.2, and nt~cCH.J in maximum. b(0),b(I) indicates two 

bits carried by the selected PUCCH resource. Modulation symbol which is transmitted through PUCCH resource is 

decided according to the b its. For example, if the RX node receives and decodes 4 data units successfully, the RX 

node should transmit two bits, (1, 1), using PUCCH resource n~~cctt., . For another example, if the RX node 

receives 4 data units, fails in decoding (or misses) the f irst and the third data units (corresponding to HARQ-ACK(0) 

and HARQ-ACK(2)) and decodes the second and the fourth data units (corresponding to HARQ-ACK(1) and 

HARQ-ACK(3)) successfully, the RX node should transmit (1, 0) using n~~CCH.J. By linking the actual ACK/NACK 

contents w ith the combination of PUQCH resource selection and the actual bit contents in the transmitted PUCCH 

resource in th is way, ACK/NACK transmission using single PUCCH resource for multiple data units is possible. 

In ACK/NACK multiplexing method, basically, NACK and DTX are coupled as NACK/DTX as shown in Table 2 if 

at least one ACK exists for all data units. This is because combinations of PUCCH resource and QPSK symbol are 

insufficient to cover all ACK/NACK hypotheses based on decoupling of NACK and DTX. On the other hand, for the 
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In an LTE-A system, transmitting a plurality of ACK/NACK information/signals for a plurality of PDSCHs transmitted via a plurality 

of DL CCs via a specific UL CC is considered. For this purpose, unlike ACK/NACK transmission using PUCCH format 1a/1b in a 

conventional Rel-8 LTE, it may be considered to channel code the plurality of ACK/NACK information (for example Reed-Muller code, 

Tail-biting convolutional code, and the like) and then transmit the plurality of ACK/NACK information/signals using PUCCH format 2 

or a new PUCCH format (for example, E-PUCCH format) of a varied form, which is based on block-spreading as described below. 

 

Block-spreading technique is a method to modulate control information/signal (for example, ACK/NACK and the like) transmission 

using SC-FDMA method, which is different from PUCCH format 1 or 2 series in existing LTE. In this method, the symbol sequence is 

transmitted by time-domain spreading by OCC (Orthogonal Cover Code) as shown in Figure 10, and the control signals of a plurality 

of UEs can be multiplexed to the same RB using OCC. In the previous PUCCH format 2, one symbol sequence is transmitted over the 

time domain and UE multiplexing is performed using cyclic shift (that is, CCS) of the CAZAC sequence, while in the block-spreading-

based E-PUCCH format, one symbol sequence is transmitted over the frequency domain and UE multiplexing is performed using OCC-

based time-domain spreading. As an example, Figure 10 shows how one symbol sequence is transmitted by generating five SC-FDMA 

symbols using an OCC of lengh-5 (SF = 5) and transmitting them. In the example shown in the figure, a total of two RS symbols are 

used for one slot, but various other applications can also be considered, such as using three RS symbols and an OCC of SF=4. Here, the 

RS entities can be generated from a CAZAC sequence with a specific cyclic shift and transmitted in a form with a characteristic OCC 

applied (multiplied) to a plurality of RS symbols in the time domain. 

Example of E-PUCCH format based on block-spreading (that is, PUCCH format 3) 

Attorney Doc ket No. UT17-0756-US 
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case that no ACK exists for all data units (in other words, NACK or DTX only exists for all data units), single definite 

NACK case is defined as the case that only one of HARQ-ACK(i)s is NACK decoupled with DTX. In this case, 

P UCCH resource linked to the data unit corresponding to s ingle definite NACK can be also reserved to transmit the 

signal of multiple ACK/NACKs. 

2-11 . ACK/NACK transmission for L TE-A 

• Block-spreading 

Symbol sequence ;{d1 ,d2 . . . } 

Block-spreading ,, 
code (OCC) \ 

IFFT 

Data 

4------------- 1 Slot------ ----- - -+ 

Figure 10. 
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For ease of explanation, this special channel coding based ACK/NACK transmission method that uses PUCCH format 2 or E-

PUCCH format is referred to as "multi-bit ACK/NACK coding" transmission method. This method refers to the transmission of 

ACK/NACK coded blocks generated by channel coding the ACK/NACK or DTX information for PDSCHs of a plurality of DL CCs 

(meaning PDCCHs are not received/detected). For example, if the terminal operates in SU-MIMO mode and receives two codewords 

(CW) from a certain DL CC, it can transmit a total of four feedback states of ACK/ACK, ACK/NACK, NACK/ACK, and 

NACK/NACK for each CW for that CC, or it can have up to five feedback states including DTX. Furthermore, if a terminal receives 

a single CW, it can have up to three states of ACK, NACK, and DTX (if NACK is treated the same as DTX, it can have two states, 

which are ACK and NACK/DTX). Therefore, if a terminal aggregates up to 5 DL CCs and operates in SU-MIMO mode on all CCs, 

it can have up to 5⁵ feedback states that can be transmitted, and the ACK/NACK payload size to represent them is 12 bits in total (if 

DTX is treated the same as NACK, the number of feedback states is 4⁵ and the ACK/NACK payload size to represent these is 10 bits 

in total). 

In the previous ACK/NACK multiplexing (for example, ACK/NACK selection) method applied to the existing Rel-8 TDD 

system, an implicit ACK/NACK selection method is considered, which basically uses the implicit PUCCH resource corresponding 

to the PDCCH (that is, linked to the lowest CCE index) that schedules each PDSCH of the UE to secure the PUCCH resource of each 

UE. On the other hand, LTE-A FDD systems are basically considering a plurality of ACK/NACK transmissions for a plurality of  

PDSCHs transmitted through a plurality of  DL CCs via one specific UL CC, which is set UE-specific, and for this purpose, an 

“ACK/NACK selection” method is considered, which uses a combination of explicit PUCCH resources pre-scheduled for each UE 

via implicit PUCCH resources linked to the PDCCH that schedules a specific, some, or all DL CCs (that is., linked to the lowest CCE 

index nCCE, or linked to nCCE and nCCE+1) or via the implicit PUCCH resource and RRC signaling. 

On the other hand, a situation may also considered in an LTE-A TDD system, in which a plurality of  CCs is aggregated (CA), 

and accordingly, transmitting a plurality of ACK/NACK information/signals for a plurality of  PDSCHs transmitted via a plurality of  

DL subframes and a plurality of  CCs via a specific CC (for example, A/N CC) in the UL subframe corresponding to the plurality of  

DL subframes is considered. Here, unlike the previous LTE-A FDD, a method wherein a plurality of ACK/NACKs corresponding to 

the maximum number of CWs that can be transmitted through all CCs assigned to the UE is transmitted to all of the plurality of DL 

subframes (that is, SF) (that is, full ACK/NACK) is considered, or a method wherein transmission is performed after reducing the 

total number of ACK/NACK transmissions by applying ACK/NACK bundling to the CW and/or CC and/or SF domain (that is, 

bundled ACK/NACK) (here, CW bundling means applying ACK/NACK bundling for CW to each DL SF for each CC, CC bundling 

means applying ACK/NACK bundling for all or some CCs to each DL SF, and SF bundling means applying ACK/NACK bundling 

for all or some DL SFs to each CC. As a characteristic SF bundling method, an "ACK-counter" method can be considered, which 

provides the total number of ACKs per CC (or the number of some ACK) to all PDSCH or DL grant PDCCH received by each CC). 

In this case, depending on the ACK/NACK payload per UE, that is the size of the ACK/NACK payload for transmitting full or 

bundled ACK/NACK set for each UE, 
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a ACK/NACK transmission method based on "multi-bit ACK/NACK coding" or "ACK/NACK selection" can be configurably 

applied. 

2 -1 2. Random access procedure In LTE 
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An L TE UE CM only be S<::h~uled for UL transmi:s~ if Its UL lrtltl:$mi&slon timing is syne.hronized. Thie L TE 

random access channel {RACH) theretore p,Says a key rolei as an interface between non-synchtontzed UEs and the 

orttiogon,;1 1ran1rni$$iOn Kh-tm• Of tho L TE UL radio acc6$$ {3), L TE use-& tho RACH for initi31 nciworf<. soocu. but 

in LTE the AACH cannot carry a.ny user data. lnste&d, the LTE RACH Is used to acnleve- UL time synchronization 

for 1.11 UE whieh eithet hn not yet acquired. or ha.s lost, its UL synctironiultion, Once UL gynehroniU>tlon is oc.hi()Ved 

for a UE, the eNB coo sehedule orthogonal UL transmls~ resources fOt" It 

The L TE random aoceu prooedure comes tn IWO forms. el lowfng acce&& to be either contention-based 

(implylng an Inherent rl:Sk Of OOll'ision) °' con1entl0f'l•fte-e. A UE inltiatH ., conler'11,tl)n•based r.,~om .:ac-cess 

proee<11,,1re for all u~es Including the initial access.. In !lhls procedure, e RACH p,eamble slg:nature Is ranoomty 

chosen by the VE. with the result that ii is possible for more th.an one VE simultaneously to transmit the $3.mo 

sign..:ttu:ro, leading to a need for a subsecruent contention re60lutioo process. F0< tho U-58--C8-$0S svch as t\8ndover, 

the eN8 has the option ot preventing contenuon occurring by alk>Catlng a dedicated signature to a ue. resutting in 

contentjon.:froe •ccess (namely, dOdiC411ted random ac<;0.$5), Thit;. 1$ ta.stor Ulan «>ntention-bascd 00CC$S • a factor 

Which Is partlcolarty Important for the case of handover, Wtlleh Is tlme<riticat These two proce-dores are outlined in 

Figure 11, 

© l+--RAPrellmblo 1Ui$flmein.,_--f 

l+---C,onllontlon Ao$0W----I 0 Q) 1+--~ndomA.eoess Respo=---f 

(a) contentlon•b3$ed .-.ndom &ceess 

Figure 11, Random access procedures of 3GPP L TE Aeiea&&-8 s~em 

The four steps of the OOfllantion-based random access proeedute are prOVided as beiOw: 

• Step 1: RACH proaml)le transmission ( from UE 10 eN8 in UL) 

- Step 2: Random access 1esponse (from eN8 to UE in OL) 
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- Step 3: Layer 2 / Layer 3 message (from UE to eNB in UL) 

- Step 4: Contention resolution message (from eNB to UE in DL) 

Attorney Docket No. UT17-0756-US 

Section 1 

On the other hand, the dedicated random access procedure consists of the following three steps: 

- Step 0: RACH preamble assignment via dedicated signalling (from eNB to UE in DL) 

- Step 1: RACH preamble transmission (from UE to eNB in UL) 

- Step 2: Random access response (from eNB to UE in D L) 

The Random Access Response (RAR) is sent by the eNodeB on the Physical Downlink Shar-ed CHannel 

(POSCH), and addressed w ith an ID, the Random Access Radio Network Temporary Identifier (RA-RNTI) , 

identifying the time-frequency slot in which the preamble was detected. If multiple UEs had collided by selecting the 

same signature in the same preamble time-frequency resource, they would each receive the RAR. The RAR 

conveys the identity of the detected preamble, a timing alignment instruction (i.e. TA: Timing Advance) to 

synchronize subsequent uplink transmissions from the UE, an initial uplink resource grant for transmission of the 

Step 3 message, and an assignment of a Temporary Cell Radio Network Temporary Identifier (C-RNTI) (which may 

or may not be made permanent as a resu lt of the next step - contention resolution). 

(1) Transmission timing adjustments 

Upon reception of a timing advance command, the UE shall adjust its uplink transmission timing for 

PUCCH/PUSCH/SRS of the primary cell. The timing advance command indicates the change of the uplink timing 
relative to the current uplink timing as multiples of 16 T,. The start timing of the random access preamble is 

specified in [1 ]. The UL transmission timing for PUSCH/SRS of a secondary cell is the same as the primary cell. 

In case of random access response, 11-bit timing advance command, TA, indicates NrA values by ind-ex values of 

TA = 0, 1, 2, ... , 1282, where an amount of the time alignment is given by NrA = TA x16. N rA is defined in (1). 

In other cases, 6-bit timing advance command, TA, indicates adjustment of the current N rA value, N rA,Ola, to the new 

NrA value, NrA.n•w, by index values of TA= 0, 1, 2, ...• 63, where NrA,new = NrA.okJ + (TA -31 )x16. Here, adjustment of 

N rA value by a positive or a negative amount indicates advancing or delaying the uplink transmission timing by a 

given amount respectively. 

For a timing advance command received on subframe n, the corresponding adjustment of the timing shall apply 

from the beginning of subframe n+6. When the UE's uplink PUCCH/PUSCH/SRS transmissions in subframe n and 

subframe n+1 are overlapped due to the timing adjustment, the UE shall transmit complete subframe n and not 

transmit the overlapped part of subframe n+1. 

If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing 

adjustment without timing advance command, the UE changes NrA accordingly. 
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(2) Rando m Access Resp onse Grant 

The higher layers indicate the 20-bit UL G raint to the physical layer. T his is referred to the Random Access 

Response Grant in the physical layer. The content of these 20 b its starting with the MSB and ending with the LSB 

are as follows: 

- Hopping flag - 1 bit 

- Fixed s ize resource block assignment - 1 O bits 

- Truncated modulation and coding scheme - 4 bits 

- TPC command for scheduled PUSCH - 3 bits 

- UL delay - 1 bit 

- CSI request - 1 bit 

The UE shall use the single-antenna port uplink transmission scheme for the PUSCH transmission corresponding 

to the Random Access Response Grant and the PUSCH retransmission for the same transport block. 

The UE shall perform PUSCH frequency hopping if the single bit frequency hopping (FH) field in a corresponding 

Random Access Response Grant is set as 1 and the uplink resource block assignment is type 0, otherwise no 

PUSCH frequency hopping is performed. When the hopping flag is set, the UE shall perform PUSCH hopping as 

indicated via the fixed size resource block assignment detailed below. 

The fixed size resource block assignment field is interpreted as follows: 

if Ni{k :S:44 

Truncate the fixed size resource block assignment to its b least significant bits, where 

h = r log2 (N i{k · (N /tk + 1 )12 )l , and interpret the truncated resource block assignment according to the rules for a 

regular DCI format 0 

else 

Insert b most significant b its with value set to '0' after the N u1._11cp hopping bits in the fixed size resource block 

assignment, where the number of hopping b:its Nu1._nop is zero when the hopping flag b it is not set to 1 when the 

hopping flag bit is set to 1, and h = (f1og 2 (N;tk -(Ni½';+ 1)12)l - Io} and interpret the expanded resource block 

assignment according to the rules for a regular DCI format 0 

end if 

The truncated modulation and coding scheme field is interpreted such that the modulation and coding scheme 

correspondling to the Random Access Response grant is determined from MCS indices O through 15 defined for 
PUSCH transmission in [3 ]. The TPC command o,,,,

8 2 
shall be used for setting the power of the PUSCH, and is 

interpreted according to Table 14. 
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Table 14: TPC Command omsgi for Sc h eduled PUSCH 

TPC Com mand Value lin d B i 
0 -6 
1 -4 
2 -2 
3 0 
4 2 
5 4 
6 6 
7 8 

In non-contention based random access procedure, the CSI request field is interpreted to determine whether an 

aperiodic CQi, PMI, and RI report is included in the corresponding PUSCH transmissiorn. In contention based 

random access procedure, the CSI request field is reserved. The UL delay applies for both TDD and FOO and this 

field can be set to O or 1 to indicate whether the delay· of PUSCH is introduced. 

(3) DCI for-mat 1A 

DCI format 1A is used for the compact scheduling of one POSCH codeword in one cell and random access proced 

ure initiated by a P DCCH order. The follow ing information is transmitted by means of the DCI format 1A: 

- Carrier indicator - O or 3 bits. This field is present according to the definitions in (3] . 

- Flag for format0/1A differentiation - 1 bit, where value O indicates format O and value 1 indicates format 1A 

Format 1A is used for random access procedure initiated by a PDCCH order only if format 1A CRC is scrambled 
with C-RNTI and all the remaining fields are set as follows: 

- Localiz ed/Distributed VRB assignment flag - 1 bit is set to 'O' 

- Resource block assignment - f1og 2 (Nfk<NA} + 1)/ 2) l b its, where all bits shall be set to 1 

- Preamble Index - 6 bits 

- PRACH Mask Index - 4 bits 

- All the remaining bits in format 1A for compact scheduling assignment of one POSCH codeword are set to 

zero 

Otherwise, 

- Localized/Distributed VRB assignment flag - 1 bit as defined in [3] 

- Resource block assignment - rlog2(NJtl;(NJtl; + 1) /2) l bits as defined in [3]: 

- For localized VRB: 

f 1og2 (N::); (N::; + 1)/2) l bits provide the resource allocation 

- For distributed VRB: 

- If N::J; < SO or if the format 1A C RC is scrambled by RA-RNTI, P-RNTI, or SI-RNTI 

- f1og2 (N!!(N~ + 1) /2) l bits p rovide the resource allocation 

- Else 
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- 1 bit, the MSB indicates the gap value, where value 0 indicates N ?P = N gap, , and value 1 

indicates N gap = N gnp.2 

- (1Iog2 (N~ (N~; + 1)/ 2) l -1) bits provide the resource a llocation, 

where N 81'() is defined in [1 ). 

- Modulation and coding scheme ·- 5bils as defined in [3) 

- HARO process number - 3 bits (FOO) , 4 bits (TDD) 

- New data indicator - 1 bit 

- If the format 1A CRC is scrambled by RA-RNTI, P-RNTI, or SI-RNTI: 

- If N~ .:: 50 and Localized/Distributed VRB assignment flag is set to 1 

- the new data indicator b it indicates the gap value, where value 0 indicates N ••P = N gap,, and 

value 1 indicates N l<'IP a N Bfll>.2 . 

- Else the new data indicator b it is reserved. 

- Else 

- The new data Indicator bit 

- Redundancy version - 2 bits 

- TPC command for PUCCH - 2 bits as defined in [3] 

- If the format 1A CRC is scrambled by RA-RNTI, P-RNTI, or SI-RNTI: 

- The most significant bit of the TPC command is reserved. 

- The least significant bit of the TPC command indicates column Ni~ of the TBS table defined of [3]. 

- If least significant bit is 0 then Ni~= 2 else Ni~= 3. 

- Else 

- The two bits including the most significant bit indicates the TPC command 

- Downlink Assignment Index (this field Is present in TDD for all the uplink -downlink configurations and only 
applies to TDD operation with uplink -downlink configuration 1-6. This field is not present in FOO) - 2 bits 

- SRS request - 0 or 1 bit. This field can only be present in DCI formats scheduling POSCH which are mapped 
onto the UE specific search space given by the C-R NTI as defined in [3). The interpretation of this field is 
provided in [3) 

If the number of information bits in format 1A mapped onto a given search space is less than that of format 0 for 

scheduling the same serving cell and mapped onto the same search space, zeros shall be appended to format 1A 

until the payload size equals that of format 0. If the number of information bits in format 1A belongs to one of the 

sizes in Table 15, one zero bit shall be appended lo format 1A. 
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For PDSCH transmitted through a FDD cell when TDD PCell and FDD SCell are carrier aggregated (carrier aggregation, CA),  
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Table 15: Amblguou• Si2: .. of lnfonnatlon B lt:t. 

C:::<12, 14 . t8 ,20, 24 . 2e, sa, 40, ..... Ml I 

When the format 1A CRC 1:$ setamble<I wtth 8 RA,R NTI, P•RNTI, or 5 1-RNT I thetl the fOIIOwing field's among the 

fields above are reserved: 

- HARO prooess number 

- Oown.llnk Assignment Index (used fo, TOO only aod' ls not present ln FOO) 

2 .. 13. PHICH resource configuration In LTE 

The PHICH carries the hybrid-ARO ACK/NACK. Muttipfe PHICH s mapped to the same set of resource elements 

cons.ti1vte a PHICH grwp, where PHtCHs within the sa.mo PHICH group are s.epa.ra.tea through ditre,ent orthogonal 

sequances. A PHICH ,esource i9 Identified by the Jnde:x palf ~•~••''~ic11 ) . where ,,~, is the PHICH group 

number and "=JC.'tt is the orthogona.l &-equence index within the grOup. 

For trame ttru«;ture type 1. the number of PH!CH g.roups N=11 is con$ton1 rn 011 $Ubfrt11~• and given by 

f.N ,(N:'; /s)l 
N~, • Iii.. 

2-fN,(N •• J•)l 
for normal c:ydk pre fb: 

where N 1 ~ {1/6,1/2,1.2} is. provid8d by higher layers. Tho index n=, rongcs from O to N=, -1 , 

Fo, frame structure type 2, the number o f PHICH groups may vary between downlink subframes end is given by 

m,•N~, Where m, is given by Table 6.9'-1 and N=, by the expression above. The Index ,,~~. in a 

dc>wnlink subfn,me with non.zero PHtCH resourees ranges tt0m o to m, •N~ 1. 

Table 6.9-1 : The factor m, for f rame atructure type 2 

.,Ol)flnk-downtltik . ';' . . .:;· Suti"tiatne..nwnbef' r ,,'... . -
_c~nno.,...~ ~ 0 1 · 2 ' 3 . •• • • .., •· • 

0 2 1 . . . 2 1 . . . 
1 0 1 . . 1 0 1 . . 1 

2 0 0 . 1 0 0 0 . I 0 
3 1 0 . . - 0 0 0 1 1 

• 0 0 . . 0 0 0 0 1 1 

• 0 0 . 0 0 0 0 0 1 0 

• 1 1 . . . 1 1 . . 1 -
2-14. HARQ timing for CA between TOO and FOO 
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if ACK/NACK is transmitted through the UE subframe of the TDD Pcell by applying PDCCH/PDSCH-to-ACK/NACK timing (for 

example 4 ms) defined in existing FDD cell as is in timing of ACK/NACK transmission to the UE, ACK/NACK cannot be transmitted if 

TDD PCell is defined as DL subframe in ACK/NACK transmission timing. Therefore, in order to provide ACK/NACK transmission for 

more DL subframes in the FDD cell, the new DL HARQ timing may be applied instead of the PDCCH/ PDSCH-to-ACK/NACK timing 

defined in the reference FDD cell. Similarly, UL HARQ timing may also apply the new HARQ timing. The following HARQ timings 

that can be discussed and approved in current LTE systems are summarized below. 

Atto mey Dockft No. UT17-0758-0S 

Socti,on 1 

1) Ol HARQ tirring (POSCH to HARQ·ACK tlmlng) for TOO SCe11 rn caw of FOO PC~I 

A. ~ lf•scheduling cas~: follow- Ol HARQ tim."9 of F-00 PCcU 

8. Cro»"'Ufrier scheduling casr. folk>w OL HARQ timing of FOO PC.en 

2) UL HARQ timing (UL grant 00 to PUSCJ-1, PUSCH to PHICH) for TOO sceu in c:au of FOO PCcll 

A. ~!f•s.cheduling c~se: fotlow UL HARQ timing of TOO s.cheduied «'II timing 

8. Cross--canier scheduling ~ 

i. Option UL•Al: 

1. fo, FDO scheduling cell c.ase, follow TOO scheduled au timing 
2. For TOO scheduling c:ell c;,se, r.-fcr.nc:,e, U/0 cor,figvrat.ion for UL tfflng is de rived by 

schedul ing a.nd scheduled cells U/0 configuration foaowtng ReH.l LTE ru.11!'. 

ii. OptiOn Ul.·B1 

1. FOf FOO scheduting cell case-. 4ms fo, UL g ra nt to PUSCH. 6ms for PUSCH to PHICH 

l. Few" TOO sc~uling ct-II c.ase. tc-f~fl'Ke U/0 conf'igur•tion for UL timing is deri~ by 

scheduling and scheduled cells V/0 conf,guration followlng Rcl· 11 LTE rule. 

3) DL HARQ timing (POSCM to MARQ•ACK timing) fCK" FOO SCe-11 in aw ol TOO PCt!II 

A. Setf•schedulll''9 case 

i. Option 1: for c~ch TOD PCcll U/0 configur.,tion. foUow TOO PCofl timing + additional new 
timings for the DL subframes for whkh DL HARQ t iming is not defined ln TOO PCelf timing (o, 

new timing$ to, ~~ TOO PC~J U/0 c:onfi91,1r:>tio.n to .addrt5$ more OI. svbframfn than 

def'.ned In TOO PCeff) 

ii, Opdon Z; Follow refefence U/0 configuration d<ifined (or configvred) for the FOO SCell. 

((:oofigurable) reference UiC> conrigu,-ation depends on me TOO ~eif's Uit> con{iguradon. 

(new timing c.an be added to the urfe'fence U/0 configu~tion to sopport mcwe OL subframes 

with HARQ·AC.K feed~ 

8, Cro~rrier scheduling case: s-ame options (optk:m 1 and option 2) .is in self~schedollng case, Of 

else, oruy fO,low TOD PCell timing 

4) UL HAAQ timing {UL g rant 00 to PUSCl-t PUSCH to PHICH) for FOO SCell in case of TOO PCetl 

A. S,elf-$Chedl.ding C3$t-: fOOow FOO $Chtduled «II timing 

8 . Ctoss~carrier sched uling case 
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An example of HARQ timing (for example, DL association set index) applicable to the above DL HARQ timing option 1 is 

shown in Table A below. In the table below, UL-DL conf. means the U/D configuration of the TDD PCell, HARQ timing means the 

type/index of HARQ timing configured with option 1 for the TDD PCell U/D configuration, and [] in the DL association set index 

column means the newly created DL association set index for the TDD PCell U/D configuration. The examples of reference U/D 

configuration applicable to FDD SCell in DL HARQ option 2 are shown in Tables B-1, B-2, and B-3 below. 

UL•DL 
Conf. 

0 

• 
' ' 2 

3 

3 

• 
4 

• 
• 
• 

i, Opt.On Ul.·A2: 

Atto m • y Dock• t No. UT17..07H--US 
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l . for TOO scheduling cell use. follow scht-dvling cell t iming 

2. Fot FDD scheduling cell case, f~low FOD timing 

ii. Option Ul•82; 

1. For TOO sc:heduling cell eas~. 4ms for UL grant to PUSCH. 6ms for PUSCH to PHICH 

2. For FOO S<hcdollng cell case. follow FOO t iming 

T a.bleA 

HARO 
lfmlng 0 

0A 
OB 
1 ,. 
2 

3 

,. 
• 
•• 
• 
• 
•• 

T able B-1. 
TPOPCell . . 

• ' U/0 ¥ A.flowed l'ererence COnflguratlon for·F OO SCell 
00t1r'9U,01Jo" • 

0 l O. 1. 2, 3. 4. S. 6l 

1 (1, 2 , 4 , 5) 
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2 {2, 5} 

3 {3, 4 , 5} 

4 {4, 5} 

5 {5} 

6 {1, 2 , 3 , 4, 5, 6} 

Table B-2. 

0 {2, 4, 5} 

1 {2, 4 , 5} 

2 {2, 5} 

3 {4, 5} 

4 {4, 5} 

5 {5} 

6 {2, 4 , 5} 

Table B-3. 

0 5 

1 5 

2 5 

3 5 

4 5 

5 5 

6 5 

2-15. FDD HARQ-ACK feedback procedures 
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2 

2 

2 

4 

4 

Not applicable 

2 

For FDD and for a UE transmitting HARO-ACK using PUCCH format 1b with channel selection or PUCCH format 3, 

the UE shall determine the number of HARO-ACK bits, o, based on the number of configured serving cells and 

the downlink transmission modes configured for each serving cell . The UE shall use two HARO-ACK bits for a 

serving cell co_nfigured with a downlink transmission mode that support up to two transport blocks; and one HARO­

ACK bit otherwise. 
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AUE that supports aggregating at most 2 serving cells with frame structure type 1 shall use PUCCH format 1b with 

channel selection for transmission of HARO-ACK when configured with more than one serving cell with frame 

structure type 1. 

A UE that supports aggregating more than 2 serving cells with frame structure type 1 is configured by higher layers 

to use either PUCCH format 1b with channel selection or PUCCH format 3 for transmission of HARO-ACK when 

configured with more than one serving cell with frame structure type 1. 

The FOO HARO-ACK feedback procedure for one configured serving cell is given in section 10.1.2.1 and 

procedures for more than one configured serving cell are given in section 10.1.2.2. 

2-15-1. FDD HARQ-ACK procedure for one configured serving cell 

HARO-ACK transmission on two antenna ports (p e [p0 , p 1]) is supported for PUCCH format 1a/1b. 

For FOO and one configured serving cell, the UE shall use PUCCH resource n ~1u~hH for transmission of HARO­

ACK in subframe n tor p mapped to antenna port p for PUC CH format 1 a/1 b (3), where 

for a PDSCJ I transmission indicated by the detection of a corresponding PDCCH in subframe n - 4 , or for a 
PDCCH indicating downlink SPS release (defined in section 9.2) in subframe n - 4 , the UE shall use 

n~u~JH = nCCE + N ~8ccH for antenna port p 0 , where nccE is the number of the first CCE (i .e. lowest CCE 

index used to construct the PDCCH) used for tran.smission of the corresponding D CI assignment and NiUcCH is 

configured by higher layers. For two antenna port transmission the PUCCH resource for antenna port p 1 is given by 
(I.Pi ) I N ( I ) 

nPUCCH = nCCE + + PUCCH . 

for a POSCH transmission on the primary cell where there is not a corresponding PDCCH detected in subframe 

n - 4, the value of n~\fdcu is detennined according to higher layer configuration and Table 9.2-2. For a UE 

configured for two antenna port transmission, a PUCCH resow·ce value in Table 9.2-2 maps to two PUCCH 

resources with the first PUCCH resource n Mi~H for antenna port Po and the second PUCCH resource n~~i~~ 

for antenna port p 1 , otherwise, the PUCCH resource value maps to a single PUCCH resource n~~H for antenna 

port Po · 

2-15-2. FOO HARQ-ACK procedures for more than one configured serving cell 

The FOO HARO-ACK feedback procedures for more than one configured serving cell are either based on a PUCCH 

format 1b w ith channel selection HARO-ACK procedure as described in section 10.1.2.2.1 or a PUCCH format 3 

HARO-ACK procedure as described in section 10.1 .2.2.2. 

HARO-ACK transmission on two antenna ports (p e [po, p 1]) is supported for PUCCH format 3. 

(1) PUCCH format 1b with channel selection HARQ-ACK procedure 

For FOO with two configured serving cells and PUCCH format 1b with channel selection, the UE shall transmit 

b(O)b( l) on PUCCH resource n~'lccH selected from A PUCCH resources, niUccH.J where o ~ j ~ A - l 

and A e {2,3,4} . according to Table 10.1.2.2.1-3, Table 10.1 .2.2.1-4, Table 10.1 .2.2.1-5 In subframe n using 
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PUCCH format 1 b. HARO-ACK(/) denotes the ACK/NACK/DTX response for a transport block or SPS release 

PDCCH associated w ith serving cell c , where the transport block and serving cell for HARQ-ACK(/) and A 

PUCCH resources are given by Table 10.1.2.2.1 -1 . 

A UE configured with a transmission mode that supports up to two transport blocks on serving cell, c , shall use 

the same HARO-ACK response for both the transport b locks in response to a POSCH transmission with a single 

transport block or a PDCCH indicating downlink SPS release associated with the serving cell c. 

Table 10.1.2.2.1-1: Mapping of Transport Block and Serving Cell to HARQ-ACK(/) for PUCCH format 1b 
HARQ-ACK channel selectlon 

A HARQ-ACK(j) 

HARO-ACK(Ol HARQ-ACKl1) HARQ-ACK<2l HARQ-ACKl3l 
2 TB1 Primary cell TB1 Secondarv cell NA NA 
3 TB1 Serving cell1 TB2 Servino cell1 TB1 Servino cell2 NA 
4 TB1 Primarv cell TB2 Primarv cell TB1 Secondarv cell TB2 Secondarv cell 

The UE shall determine the A PUCCH resources, nilJccH,/ associated with HARO-ACK(/) where o ,s; j ,s; A - I in 

Table 10.1.2.2.1-1, according to 
for a POSCH transmission indicated by the detection of a corresponding PDCCH in subframe n - 4 on the primary 
cell, or for a PDCCH indicating downlink SPS release (defined in section 9.2) in subframe n - 4 on the primary 

cell, the PUCCH resource is nVJcci-,.j = nccE + Nigcci-, , and for transmission mode that supports up to two 

h (I) . • ( I ) 1 u ( I ) h transport blocks. t e PUCCH resource npuccn.J+I 1s given by rli,uocu.;+i =nee£+ + l•ruccn w ere nee,; is 

the number of the first CCE used for transmission of the corresponding PDCCH and NW,ccH is configured by 

higher layers. 

for a PDSCH transmission on the primary cell where there is not a corresponding PDCCH detected in subframe 

n-4, the value. of n},~CCl-l,J is determined according to higher layer configuration and Table 9 .2-2. For 

transmission mode that supports up to two transport blocks, the PUCCH resource 

( I) . (I) 1 
nPUCCH.j+ I = n PUCCH.j + 

( I) 
nPUCCH,J+ l is given by 

for a POSCH transmission indicated by the detection of a corresponding PDCCH in subframe n - 4 on tbe 

secondary cell, the value of nVJco~, , and the value of niiCCH,J+I for tbe transmission mode that supports up to 

two transport blocks is determined according to higher layer configuration and Table I 0.1.2.2 .1-2. '[be T PC field in 
the DCl format of the corresponding PDCCH shall be used to determine the PUCCH resource values from one oftbe 
four re-source values configured by higher layers, with tbe mapping defined in Table 10.1 .2.2.1-2. For a UE 
configured for a transmission mode that supports up to two transport blocks a PUCCH resource value in Table 

10.1.2.2.1-2 maps to two PUCCH resources (n~'JccH,i'n~0CCH,J+i) , otherwise, the PUCCH resource value maps to 

a single PUCCH resource ni~cCH,i . 
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Table 10.1.2.2.1-2: PUCCH Resource Value for HARQ-ACK Resource for PUCCH 

( I) 
Value of 'TPC command for nPUCC.,""H,J or 

PUCCH' ( (I) (I) ) 
nPUG'CH.j ' 1'lpuccH,.J♦I 

' 00' The 1st PUCCH resource value 
confiaured bv the hiaher layers 

' 01 ' The 2·~ PUCCH resource value 
confioured bY the hioher laYers 

'JO ' 
The 3•u PUCCH resource value 
confiQured by the higher layers 

i 1 I , The 4~ PUCCH resource value 
confiaured by the hioher layers 

!Note: ( (I) (I) ) 
flj,ucCH,j' n PUCCH,j+I are determined from the first and second 

PUCCH resource lists configured by n1PUCCH-AN-CS-List-r10 in [11), 
respectively. 

Table 10.1.2.2.1-3: Transmission of Format 1b HARQ-ACK channel selectlon for A= 2 

HARQ-ACK(O) HARQ-ACK(1) 
() ) 

n PUCCH 
b(O)b(I) 

ACK ACK ~I) n UCCH, I 1,1 

ACK NACK/DTX 
( )) 

nPUCCH.0 1.1 

NACK/DTX ACK (I) 
nPUCCH,l 0,0 

NACK NACK/DTX (I) 
nPUCCH,O o.o 

DTX NACK/DTX No Transmission 

Table 10.1.2.2.1-4: Transmission of Format 1b HARQ-ACK channel selection for A= 3 

HARQ-ACK(O) HARQ-ACK(1) HARQ-ACK(2) (I) 
n rucca b(O)b(I) 

ACK ACK ACK n(l) 
PUCCH.l 1,1 

ACK NACK/OTX ACK 
(I) 

nPUCCH, l 1,0 

NACK/DTX ACK ACK ( I) 
npuCCH, I 0 ,1 

NACK/DTX NACK/DTX ACK (I) 
nPUCCH,2 1,1 

ACK ACK NACK/DTX (I) 
nPUCCH,O 1,1 

ACK NACK/DTX NACK/DTX (I) 
npucc H,o 1,0 

NACK/DTX ACK NACK/DTX ( I) 
nPUCCH,0 0,1 

NACK/DTX NACK/DTX NACK (I) 
nPUCCN,2 0,0 

NACK NACK/DTX DTX (I) 
nPUCCH,O 0,0 

NACK/OTX NACK DTX ( I) 
n puccH,O 0,0 

DTX DTX DTX No Transmission 
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Table 10.1.2.2 .1-5: Transmission of Format 1 b HARQ-ACK channel selection for A = 4 

HARQ-ACK(0) HARQ-ACK(1) HARQ-ACK(2) HARQ-ACK(3) ( I ) 
nPUCCH b (O)t,(1) 

ACK ACK ACK ACK ( I ) 
nruccn.1 1.1 

ACK NACK/DTX ACK ACK 
(I) 

nPUCCH,2 0 ,1 

NACK/DTX ACK ACK ACK ( I ) 
nruccH.1 0,1 

NACK/DTX NACK/DTX ACK ACK ( 1) 
npucc H.J 1,1 

ACK ACK ACK NACK/DTX ( I) 
nPI JCCH, I 1,0 

ACK NACKIDTX ACK NACK/DTX ( I) 
nPUCCH,2 0,0 

NACK/DTX ACK ACK NACK/DTX n <•> 
PUCCH, I 0,0 

NACK/DTX NACK/DTX ACK NACK/DTX (I) 
"PUCCH,3 1,0 

ACK ACK NACK/DTX ACK n(I) 
PUCCH,2 1 ,1 

ACK NACK/DTX NACK/DTX ACK (I) 
nPUCCH.2 1,0 

NACK/DTX ACK NACK/DTX ACK 
( I) 

n r u ccH,3 0,1 

NACKIDTX NACK/DTX NACK/DTX ACK (I) 
npuccH.3 0,0 

ACK ACK NACK/DTX NACK/DTX (I) 
n PUCCH,O 1,1 

ACK NACK/OTX NACK/DTX NACK/DTX (I) 
npuccH.o 1,0 

NACK/DTX ACK NACK/DTX NACK/OTX 
(I) 

nPUCCH,O 0 ,1 

NACK/DTX NACK NACK/OTX NACK/DTX ( I ) 
"ruc cH.O 0,0 

NACK NACK,'DTX NACK/DTX NACK/DTX (1) 
nPUCCH.O 0,0 

DTX DTX NACK/DTX NACK/OTX No Transmission 

(2) PUCCH format 3 HARQ-ACK procedure 

For FOO with PUCCH format 3, the UE shall use PUCCH resource n~t~~H or n ~:/c!cH for transmission of HARO­

ACK in subframe n for p mapped to antenna port p where 

for a POSCH transmission only on the primary cell indicated by the detection o f a corresponding PDCCH in 
subframe n - 4 , or for a PDCCH indicating downlink SPS release (defined in section 9.2) in subframe n-4 on the 

pr imary cell, the UE shall use PUCCH format I a/lb and PUCCH resource nt~~CII with 

n i t ~bf = nccF. + N ~0ccH for antenna port Po , where "ccE is the number of the first CCE (i.e. lowest CCE 

index used to construct the PDCCH) used for transmission of the corresponding PDC Cl I and N iUccH fa conl'i,gured 

by higher layers. When two antenna port transmission is configured for PUCCH format I a/I b, the PUC.CH resource 
" · · b ().,;,> +l+N(ll ,or antenna port P1 JS given y n PUCCH = n CCE PUCCH . 

for a PDSCH transmiss ion only on the primary cell where there is not a corresponding PDCCH detected in subframe 

n - 4 , the UE shall use PUCCH format la/I band PUCCH resource n~:fc!ctt where the value of 11~~11 is 

determined according to higher layer configuration and Table 9 .2-2. For a UE configured for two antenna port 
transmission for PUCCH fonnat la/lb, a PUCC H resource value in Table 9.2-2 maps to two PlJCCH resources w ith 
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Efficient utilization of limited frequency bands is becoming an increasingly important requirement for the next generation of 

wireless communication systems as more and more communication devices demand greater communication capacity. Cellular 

communication systems, such as LTE systems, are also exploring the use of unlicensed bands for traffic offloading, such as the 2.4 

GHz band used by conventional WiFi systems or the newly emerging 5 GHz band. Basically, unlicensed bands assume that wireless 

transmission and reception is based on competition between communicating nodes, requiring each communicating node to perform 

channel sensing to ensure that no other communicating nodes are transmitting signals before transmitting a signal. This is called clear 

channel assessment (CCA), and an eNB or UE in an LTE system may also need to perform CCA to transmit signals in unlicensed 

bands (referred to as LTE-U bands for convenience). In addition, when an eNB or UE in an LTE system transmits signals, other 

communication nodes, such as WiFi, must also perform CCA to ensure that they do not cause interference. For example, in the WiFi 

standard (801.11ac), the CCA threshold is defined as -62 dBm for non-WiFi signals and -82 dBm for WiFi signals, which means that 

an STA or AP will not transmit a signal to avoid causing interference if, for example, a non-WiFi signal is received with a power greater 

than -62 dBm. Characteristically, in a WiFi system, an STA or AP may perform CCA and transmit a signal if a signal above the CCA 

threshold for more than 4us is not detected. 
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the first PUCCH resource n~\·,~ H for antenna port Po and the second PUCCH resource ni~~ for antenna 

po1t p 1 , otherwise, the PUCCH resource value maps to a single PUCCH resource n~~~JH for antenna port Po. 

for a POSCH transmission on the secondary cell indicated by the detection of a corresponding POCCH in subframe 
p - 1 n-, n - 4 , the UE shall use PUCCH format 3 and PUCCH resource npufcH where the value of nl'urcH is determined 

according to higher layer configuration and Table I 0. I .2.2.2-1. The TPC field in the DCI format of the corresponding 
POCCH shall be used to detennine the PUCCH resource values from one of the four resource values configured by 
higher layers, with the mapping defined in Table l 0.1.2 .2 .2-1. For a UE configured for two antenna port transmission 
for PUCCI-I format 3, a PUCCH resource value in Table I 0.1.2.2.2- 1 maps to two PUCCH resources with the first 

PUCCH resource nit~~H for antenna port Po and the second PUCCH resource 11~~~~11 for antenna po11 p 1, 

otherwise, the PUCCH resource value maps to a single PUCCH resource n~ii~~ for antenna port Po . AUE shall 

assume that the same HARQ-ACK PUCCH resource value is transmitted in each DCI fonnal of the corresponding 
secondary cell POCCH assignments in a given subframe. 

Table 10.1.2.2.2-1 : PUCCH Resource Value for HARQ-ACK Resource for PUCCH 

Value of 'TPC command for (3, p) 
PUCCH' nPUCCH 

'00' The 1st PUCCH resource value 
configured by the higher layers 

'01 ' 
The 2"" PUCCH resource value 
configured by the higher layers 

' 10~ The 3"' PUCCH resource value 
configured by the higher layers 

'11' 
The 4"' PUCCH resource value 
configured by the higher layers 

2-16. L TE in unlicensed band (L TE-U) 
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The designations of base stations described in the present application are used as umbrella terms to include remote radio head 

(RRH), eNB, transmission point (TP), reception point (RP), relay, and the like. In the following, the proposed method is described based 

on the 3GPP LTE system for ease of description. However, the scope of systems to which the proposed method is applicable can be 

extended to systems other than the 3GPP LTE system (for example, UTRA and the like). 

The present invention proposes a resource banding method and an accompanying UE operation in a cell/carrier wherein the 

available resource bands are secured/configured in an aperiodic or discontinuous manner, such as in the case of an unlicensed band 

wherein exclusive use of a particular system is not guaranteed. In one example, an eNB may transmit signals to a UE or a UE may 

transmit signals to an eNB under a carrier aggregation situation of a licensed band, LTE-A Band, and an unlicensed band (hereinafter 

referred to as "LTE-U Band" for convenience), as shown in FIG. 1. In the following description, for ease of description of the proposed 

approach, a situation wherein the UE is configured to perform wireless communications over two component carriers (CCs) in each of 

the licensed and unlicensed bands is assumed. Here, as one example, the carrier in the licensed band may be interpreted as a primary 

carrier (Primary CC; may be referred to as PCC or PCell) and the carrier in the unlicensed band may be interpreted as a secondary 

carrier (Secondary CC; may be referred to as SCC or SCell). However, the proposed methods of the present invention can be extended 

and applied to situations wherein a plurality of licensed bands and a plurality of unlicensed bands are used as carrier aggregation 

techniques, and can also be applied to situations where only unlicensed bands are used to transmit and receive signals between eNBs 

and UEs. Furthermore, the proposed methods of the present invention can be extended not only to 3GPP LTE systems but also to systems 

with other characteristics. 

<FIG. 1> 

In order for base stations and terminals to communicate in the LTE-U band, they must first be able to compete with other non-LTE 

communications systems (e.g., WiFi) to occupy/secure the spectrum for a specific time period (for convenience, the time period 

occupied/secured for communications in the LTE-U band is referred to hereafter as the reserved resource period (RRP)). There may be 

a number of ways to secure such RRP intervals. Typically, a method is possible wherein  a specific reservation signal is transmitted so 

that other communication system devices such as WiFi can recognize that the radio channel is busy, or RS and data signals are 

continuously transmitted so that signals above a certain power level are constantly transmitted during the RRP interval. In this way, if 

the base station has predetermined the RRP time interval for occupying the LTE-U band  
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the base station can inform the device in advance so that the device can maintain a constant transmission/reception link during the 

indicated RRP interval. The method of informing the terminal of the RRP time may be by communicating the RRP time interval 

information to the terminal through another CC (for example, the LTE-A band) to which the terminal is connected in a form of the above 

carrier aggregation. 

As another example of unlicensed band behaviour operating in a competition-based random-access fashion, the eNB may first 

perform carrier sensing (CS) before transmitting or receiving data. The eNB may check whether the current channel state of the SCell is 

busy or idle, and if it is determined to be idle, the eNB may transmit a scheduling grant through the (E)PDCCH of the PCell (that is, 

cross carrier scheduling (CCS)) or the PDCCH of the SCell, and attempt to send or receive data. At this time, as one example, an RRP 

interval consisting of M consecutive subframes (SFs) can be set. Here, the eNB may inform the UE of the M values and the purpose of 

the M SFs in advance via higher layer signaling (using PCell) or physical control/data channel. The start point of the RRP  interval may 

be set periodically (or semi-statically) by higher layer signaling. Alternatively, the start point of an RRP segment may be specified by 

physical layer signaling at SF #n or at SF #(n-k) when it is desired to set the RRP start point at SF #n. 

On the other hand, the subframes configuring such an RRP may be configured by a form in which the subframe boundary and 

subframe number/index are aligned with the Pcell as shown in FIG. 2 (such a case is referred to as "aligned-RRP"), or may be configured 

to even support a form in which the subframe boundary or subframe number/index is not aligned with the Pcell as shown in FIG. 3 (such 

a case is referred to as "floating-RRP"). In the present invention, when a subframe boundary between cells is spaced, it may mean that 

the spacing between the subframe boundaries of two different cells is less than or equal to a certain time (for example, CP length, or X 

usec where x ≥ 0). Also, in the present invention, Pcell may refer to a specific cell (for example, a cell in a licensed band (that is, L-

band), and the like.) that is referenced to determine the subframe (and/or symbol) boundary of a cell in the U-band (that is, Ucell) in 

terms of time (and/or frequency) synchronization. 

<FIG. 2> 

Subframe 
number 

Pcell 
(licensed) 

Scell 
(unlicensed) 

N -1 

non -RRP 
(busy) 

N N+ l N+2 
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As more and more communication devices require larger communication capacity, the need for improved mobile broadband 

communication is emerging compared to the existing radio access technology. In addition, massive MTC (Machine Type 

Communications), which connects a large number of devices and objects to provide various services anytime, anywhere, is also one of 

the major issues to be considered in next-generation communication. In addition, communication system design considering reliability 

and latency-sensitive services/UE is being discussed. As such, the introduction of next generation radio access technology considering 

enhanced mobile broadband communication, massive MTC, URLLC (Ultra- Reliable and Low Latency Communication), and the like. 

is being discussed, and in this invention, the technology is called new RAT for convenience. 

[Self-contained subframe structure] 

In order to minimize data transmission latency in TDD systems, a self-contained subframe structure as shown in Figure 2-1 is 

considered for the fifth generation of new RAT .  

<FIG. 3> 

Figure A. 

Subframe 
number 

Pcell 
(l icensed) 

Scell 
(unlicensed) 

N • l N 

non•RRP 
(b_usy) 
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2-17. New RAT for next generation system 

DL only or UL only 

i : 
i 3 

,f: y· ~~-~-~~-~-~-~-~~-~-~-~-
0 2 3 4 5 6 

Sym bol lndOx 
7 8 9 10 11 12 13 

One TTI 

Self~contained subframe structure 
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In millimeter waves (mmW), installation of a plurality of antennas becomes possible as the wavelength becomes short. That is, 

the wavelength is 1 cm, and thus 100 antenna elements can be installed in total as a form of a 2-dimensional arrangement at a spacing 

of 0.5 lambda (wavelength) on a 5 by 5 panel. Therefore, in mmW, the coverage is increased, or throughput is increased by increasing 

the beamforming (BF) advantage using a plurality of antenna elements. 

In this case, if there is a TXRU (transceiver unit) such that the transmission power and phase adjustment is possible for each 

antenna element, independent beamforming is possible for each frequency resource. However, installing TXRUs on each antenna 

element reduces the efficiency in terms of the price. Thus, a method is considered, wherein a plurality of antenna elements is mapped 

onto one TXRU and the direction of the beam is adjusted by an analogue phase shifter. Such analog beamforming methods can make 

one beam direction for the entire band, and thus has a drawback of being capable of performing frequency-selective beaming. 

As an intermediate form between the digital BF and analog BF, a hybrid BF can be considered that has B TXRUs, the number of 

which is smaller than the number of antenna elements Q. In this case, although there are differences depending on the method for 

connecting B TXRUs and Q antenna elements, the number of directions of the beams that can be transmitted simultaneously is limited 

to B or less. 

In Figure A, the hatched area represents the downlink control channel, and the black area represents the uplink control channel. 

The unmarked area may be used for downlink data transmission or may be used for uplink data transmission. The characteristic of this 

structure is that DL transmission and UL transmission proceed sequentially within one subframe, allowing DL data to be sent and UL 

ACK/NACK to be received within the subframe. As a result, the time it takes to retransmit data when a data transmission error occurs 

is reduced, thereby minimizing the latency of final data delivery. 

 As one example of the above self-contained subframe type that can be configured/set in a system operating based on New RAT, 

at least the following four subframe types can be considered (the following is an expression in time order within the subframe).  

1) DL control interval + DL data interval + GP + UL control interval 

2) DL control interval + DL data interval 

3) DL control interval + GP + UL data interval + UL control interval 

4) DL control interval + GP + UL data interval 

 In this self-contained subframe structure, a time gap is required for the base station and the UE to switch from transmission mode 

to reception mode or from reception mode to transmission mode. For this purpose, some OFDM symbols at the time point of transition 

from DL to UL in the subframe structure can be set as a guard period (GP), and in the present invention, for convenience, the above 

subframe type is referred to as self-contained SF. 

[Analog beamforming] 
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2-18. Resource Allocation for PDCCH with uplink DCI Format 

Two resource allocation schemes Type O and Type 1 are supported for PDCCH with uplink DC I format. 
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If the resource allocation type bit is not present in the uplink DCI format, only resource allocation type O is supported. 

If the resource allocation type bit is present in the uplink DCI format, the selected resource allocation type for a 

decoded PDCCH is indicated by a resource allocation type bit where type O is indicated by O value and type 1 is 

indicated otherwise. The UE shall interpret the resource allocation field depending on the resource allocation type 

bit in the uplink PDCCH DCI format detected. 

8.1 .1 Uplink Resource allocation type 0 

The resource allocation information for uplink resource allocation type O indicates to a scheduled UE a set of 

contiguously allocated virtual resource block indices denoted by nvRB . A resource allocation field in the scheduling 

grant consists of a resource indication value (RIV) corresponding to a starting resource block ( RBsTAAT ) and a 

length in terms of contiguously allocated resource blocks ( LcRBs ~ 1 ). The resource indication value is defined by 

if (LcRB, - I) :. l,N ~-/ 2 J then 

RIV= N:/l; (l,cRB, -1) + RBsTART 

else 

RIV = N:/Jj (N:/1; - L cRD, + I)+ ( N:ti; - 1- RBsTART) 

8.1 .2 Uplink Resource allocation type 1 

The resource allocation information for uplink resource allocation type 1 indicates to a scheduled UE two sets of 

resource blocks w ith each set including one or more consecutive resource block groups of size Pas given in table 

7 .1.6.1-1 assuming N:/1; as the system bandwidth. A combinatorial index r consists of rlog{(rN~ ~P+l~)l 
bits. The b its from the resource allocation field in the scheduling grant represent r unless the number of bits in the 

resource allocation field in the scheduling grant is 
smaller than required to fully represent r , in which case the bits in the resow·ce allocation field in the scheduling grant 
occupy the LSBs of rand the value of the remaining bits of r shall be assumed to be O; or 

larger than required to fully represent r, in which case r occupies the LSBs of the resource allocation field in the 
scheduling grant. 

The combinatcrial index r corresponds to a starting and ending RBG index of resource block set 1, so and s1 -1 , 

and resource block set 2, s2 and s3 -i respectively, where r is given by equation r = :E(N-s'.) defined in 
;=o M-, 

section 7 .2.1 with M=4 and N = r Nf} Ip 1 + I . Section 7 .2.1 also defines ordering properties and range of values 

that s1 (RBG indices) map to. Only a single RBG is allocated for a set at the starting RBG index if the 

corresponding ending RBG index equals the starting RBG index. 
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2-19. Code block based data transmission in L TE 

5 .1.4 Rate matching 

5 .1.4.1 Rate matching for turbo coded transport channels 

The rate matching for turbo coded transport channels is defined per coded block and consists of interleaving the 

three information bit streams df;0>, df;1> and d1,21 , followed by the collection of l:>its and the generation of a circular 

buffer as depicted in Figure 5. 1.4-1 . T he output bits for each code block are transmitted as described in section 

5.1.4.1 .2 . 

d (0) 
Sub-block 

V(O) 
k - k. 

interleaver-

virtual circular 
buffer 

d ( I) 
Sub-block v <•) Bit Wk 

e, 
k - k • Bit selection - interleaver - collection and pruning -

( 2) d k - Sub-block 
v(2) 

k 
interleaver -

Figure 5 .1.4 -1. Rate matching for turbo coded transport channels. 

The bit stream dt> is interleaved according to the sub-block interleaver defined in section 5 .1.4. 1 .1 with an output 

sequence defined as v~0>, vf0>, v~0 > , .. . , vf~ _1 and where Kn is defined in section 5 . 1.4. 1. 1 . 

The bit stream d}1l is interleaved according to the sub-block interleaver defined in section 5.1.4.1.1 with an output 

sequence defined as v<•> v<1l v<1J v\1l 0 ' J ' 2 , ..• , Kn - I . 

The bit stream d?> is interleaved according to the sub-block interleaver defined in section 5.1.4.1 .1 with an output 

sequence defined as .. <2> v<2> v<2> v<2> · o , 1 , 2 , ... , Kn - • 

T he sequence of bits e* for transmission is generated according to section 5 .1 .4.1 .2 . 

5.1 .4 .1.1 Sub-block Interleaver 

The bits input to the block interleaver are denoted by d(i) dVl d (il d V> where D is the number of bits. The 
0 • I ' 2 ,. · ·~ 0 - 1 • 

output bit sequence from the block interleaver is derived as follows: 

(l) Assign c;'S.blad ; 32 to be the number of columns of the matr ix.. The columns of the matrix are numbered 0, l , 

2, ... , C;,".;,6"'._.. - 1 from left to right. 

~ ~ (2) Determine the nu.mber of rows of the matrix R , "bblock, by finding minimum integer R .,"bblock such that: 
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The rows of rectangular matrix are numbered 0, I, 2, .. . , R[,Cj,bl,,,-• - l from top to ibottom. 

(3) If(R~ block xC_;;,,uncJc )> D, then N D = (~block xC~block - D) dummy bits are padded such thaty• = <NULl> fork -

0 , !, ... ,ND-I. Then, Y ND+k = dy>, k = 0, 1, . .. , D-1, and the bit sequencey• !is written into the(R;~blo<A- x C.!5,blodc) 

matrix row by row starting with bity0 in column O of row 0: 

[ 

Yo Y1 Y2 

Y c~,... Y c.l:.~••• Yc~+2 

y ( R~'Cj,b/od; -1)xC'f;~I,•* y ( R.?Ji.&10t•I - 1):,t.C!,1,bl~.t ➔ I y (x'f!ib1ot:k- l)xC!S1i1oc.t ..-2 

Ye.:£.,.,._~-• l 
Y 2c::S,,,, .. ,. - , 

y ( R.:Ji,hl,d ~c;Jj,.,..,,- 1) 

(4) Perform the inter-colwn.o permutation for the matrix based on the pattern (P(J)) /e~ .I .... ,c!J,;_,.-Jj that is shown in table 

5.1.4- 1, where P(i) is the original column position ofthej-th permuted column. After permutation ofthe columns, the 

inter-co lumn permuted (n_;,~;b/ock x C~hlock ) matrix is equal to 

[ 

YP(O) 

y P(O)+cf;i,,,,«t 

y P(O)+(R::S,,,,~- l )xCJJi,•vxi 

YP(I ) 

y f'(I )+';=1.5bt«< 

YP(2) 

y P(2)+<;:J.".,,-
Y r<c:Ji,.,...-n l 

y P(CI$,hl<><i_-l }+Cl,5bvxi 

J-' P(C};l>bl0<>.t- l)+(H~6kri - l pcCfSt,1oek 

(5) The output of the block interleaver is the bit sequence read out column by column from the inter-co lumn permuted 

(Rrc e re ) tr· Th b " aft bbl k . I . d t db (i) (,) (;) (;) h (/) subtitock x subblt:>d ma 1x. e ,ts er su - oc inter eavmg are eno e y v0 , v1 , v 2 , ... , v Kn -I, w ere v0 

d (,) , (7C 7C ) correspon S toy1,(0) • v I lOyP(O) ,TC . •• and Kn= R/,ubblock x C,ubblock . 
+G~11hblN:~ 

(4) The output of the sub-block interleaver is denoted by v~2>, v}2>. v~2
) , ••• , vf,~-, , where v£21 = Y .-(k) and where 

1r(k)=(P(l rck JJ+c~block x(kmodR;S,b'""* }+ 1JmodKn l R s-ubblock 

The permutation function Pis defined in Table 5. 1.4-1 . 

Table 5.1.4-1 Inter-column permutation pattern for sub-block Interleaver. 

Number of columns Inter-column permutation pattern 

C;;,,b/ock < P(0), P(I), ... , P( C ~blo-ck - I)> 

32 < 0 , 16, 8 , 24. 4 . 20, 12. 28, 2, 18. 10, 26, 6 , 22, 14, 30, 
1 17 9 25 5,21 13 29 3 19 11 . 27 7 ,23 15,31 > 
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5.1 .4.1 .2 Bit collection, selection and transmission 

The circular buffer of length Kw = 3K n for the r-th coded block is generated as follows: 

w, = vf> fork=O, .. .. Kn-I 
( J ) 

WKu+2k ==: Vk 

(2) 
WKn+2k+ l = vk 

fork=0, ... , K n- l 

fork=O, .. . , K n - 1 

Denote the soft buffer size for the transport block by N1R bits and the soft buffer size for the r-th code block by Neb 

bits. The size N eb is obtained as follows, where C is the number of code blocks computed in section 5. 1.2: 

-N, b = min(lN~R j.K..,) for DL-SCH and PCH transport channels 

for UL-SCH and MCH transport channels 

where N 1R is equal to: 

N -l N ,oft j 
JR - K r. . K MlMO . min(M DL_HARQ ' M limrt ) 

where: 

If the UE signals ue-Category-v10xy. and is configured with transmission mode 9 for the DL cell, Nsott is the 

total number of soft channel bits (4) according to the UE category indicated by ue-Category-v10xy [6). Otherwis 

e, N.,,.. is the total number of soft channel b its (4) according to the UE category indicated by ue-Category (6]. 

If N &a11. = 35982720, 

Kc= 5, 

elseif Nsott = 3654144 and the UE is capable of supporting no more than a maximum of two spatial layers for the DL 

cell, 

Kc =2 

else 

Kc = 1 

End if. 

KMiMo is equal to 2 if the UE is configured to receive POSCH transmissions based on transmission modes 3 , 4 , 8 or 

9 as defined in section 7.1 of [3], and is equal to 1 otherwise. 

M 01._ HARO is the maximum number of DL HARO processes as defined in section 7 of [3). 

M 11m11 is a constant equal to 8 . 

Denoting by Ethe rate matching output sequence length for the r-th coded block, and rv;dx the redundancy version 

number for- this transmission (rv;c1, = O. 1. 2 or 3). the rate matching output bit sequence is e*, k = 0, 1, ... , E- J . 

Define by G the total number of bits available for the transmission of one transport block. 

Setc' = G/( N L · Qm) where Om is equal to 2 for QPSK, 4 for 16QAM and 6 for 64QAM, and where 

For transmit diversity: 

- N ,. is equal to 2, 

Other wise: 
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- N, is equal to the number of layers a transport block is mapped onto 

Set r = G' mod c, where C Is the number of code blocks computed in section 5.1.2. 

if r s C - r - 1 

set£= NL •Q,. •LG'/CJ 

else 

end if 

Set ko = RSJ•t:b .. bt-.•·· -(2 1 Nrccb l · rv,-,. + 2J , where K · b f d t· 5 ••• ~ R subblock 1s the num er o rows e 1ned in section .1 .4 .1 .1. 
8Rs1Jbblcx:k 

Set k = 0 and j = D 

while { k < E} 

if w (.-.,+ j)mod Ncb ,,.< NULL> 

end if 

j=j +1 

end while 

k = k+1 

5.1.4.2 Rate matching for convolutionally coded transport channels and control information 

The rate matching for convolutionally coded transport channels and control information consists of interleaving the 
three b it streams, dt), di'> and d!2l, followed by the collection of bits and the generation of a circular buffer as 

depicted in Figure 5 .1.4-2. The output bits are t ransmitted as described in section 5.1.4.2 .2. 

d (0) 
Sub-bloci< 

v<O) 
~ k • 

Interleaver 

virtual circular 
buffer 

d (I) Su!H>loci< v}') Bit W; 
ek • . Bit selec!ion . 

interleaver collection and pruning -

d (2) 
Sub-block 

v (2) 
k . . . 

interleaver -
Figure 5.1.4-2. Rate matching for convolutionally coded transport channels and control Information. 

The bit stream d1°> is interleaved according to the sub-block interleaver defined in section 5.1 .4.2.1 with an output 

sequence defined as , ,(O) v(O) ,,<0> .,(O) and where ' ' n is defined in section 5.1 .4.2.1 . 0 ' I • 2 , ... , ., A"n-1 n. 
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The bit stream d}'l is interleaved according to the sub-block interleaver defined in section 5.1.4.2.1 with an output 

sequence defined as <1> <1> <1> <•l Vo , vi , V 2 , ... , VKn - 1. 

The bit stream d1,2> is interleaved according to the sub-block interleaver defined in section 5.1.4.2. 1 with an output 

sequence defined as v<2> v<2l v<2> v<2> . 0 , 1 , 2 , ... , K n - 1 

The sequence of bits c* for transmission is generated according to section 5.1.4.2 .2. 

5.1 .4.2.1 Sub-block interleaver 

The bits input to the block interleaver are denoted by di1l , df>, dr> , ... , dt
1 

• where D is the number of bits. The output 

bit sequence f rom the block interleaver is derived as follows: 

{I) Assign C.~~block = 32 to be the number of columns oftbe matrix. The columns oftbe matrix are numbered 0, I, 

2, .. . , c;;:i6,.,._.* -1 from le-ft to right. 

(2) Determine the number of rows of the matrix R;;,1block , by finding minimum integer R ;;i,bl(x:k such that : 

. . cc The rows of rectangular matrix are numbered 0, I, 2, ... , R subMo<k - 1 from top to bottom. 

(3) lfV?£1Mock x C'j5,blod- )> D, then ND = (R_:;_1block x C!;_~h/,~-i - D) dummy bits are padded such that Y• = <NULL> fork= 

0, 1, .. . , Nv - I. T hen, YNv•• =dY>, k • O, l , ... , D-1, and thebitsequencey, is written intotl1e{~16,..-, xc_;;_~hfo., ) 
matrix row by row starting with bit y 0 in column O of row 0: 

y <R'x I ) c-CC I y ( 'ICC I ) ., .cc 2 3Ubb/Q<;k - >< S&tbhl(ld + r ' s11f/b!Qd. - x .wlthJ(,r.~ + 

( 4) Perform the inter-column permutation for the matrix based on the pattern ( P(j )) Jehi, .... ~)b,.,.,. _,} thal is shown in table 

5. 1.4-2, where P(/) is the original column position ofthej-th permuted column. After permutation of the columns, the 
inter-column permuted { R£1Mock x c;;,;b,oc1< ) matrix is equal to 

[ 

Y;>(O) 

y P(O)+c-Zi.,1oc, 

y P(O)+{R},;ib/~r1),C£'&b-

y P(I) 

y P(l )+c,i;'bhJ<>ci, 

YP(2) 

y P(2}, <-°i;;)b"""-' 
y P(C~5:.,~r') l 

Y P<cZ.,,d ;-i>+cZ.,oc.t 

y P(C£'i,,,..,.,-1 )+{ Rf£-,.-t )xC§;,'i.,.,.. 

(5) The output of the block interleaver is the bit sequence read out column by column from the inter-column 

d ( .,cc C'c ) tr· Th b " ft b-bl k . t I . d t d b (i) (il Ul (,) 1 permute I\subblock x subbloc.k ma 1x. e .its a .er su oc mer eavmg are eno e yv0 , v1 , v 2 , .. . , v Kn-I , w 1ere 

(/) d t (,) t d ,, - (Rec c C:C ) Vo COrreSpOn S OYP(O), Vl Oy . O)(-.cr . . . an n.n - subblockx subb/ock 
P( "" .mhblf>i!k 
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Table 5 .1.4-2 Inter-column permutation pattern for sub-block interleaver. 

Number o f columns Inter-column permutation p attern 

C.~~hlock < P(0), P(I), ... , P(C;Sbl<>Ck - I)> 

32 
<1, 17,9,25,5,21, 13, 29,3, 19, 11, 27, 7,23, 15,31, 
0, 16,8,24, 4 ,20, 12, 28,2, 18, 10,26, 6,22, 14 , 30> 

This block interleaver is also used in interleaving POCCH modulation symbols. In that case, the input bit sequence 

consists of POCCH symbol quadruplets [2). 

5.1.4.2.2 Bit collection, selection and transmission 

T he circular buffer of length K •. = 3Kn is generated as follows: 

wk =l'io) fork=0, ... , Kn - 1 

fork = 0, ... , Kn - I 

fork = 0, ... , K
11 

-1 

Denoting by E the rate matching output sequence length, the rate matching output bit sequence is e* • k = 0, 1 , ... , 

E - 1. 

Set k = 0 and J = 0 

while { k < E} 

if w , mod Kw -,t<NULL > 

end if 

j=j+1 

end while 

k = k+1 

5.1.5 Code block concatenation 
The input bit sequence for the code block concatenation block are the sequences erk. for r = 0, ... ,C-1 and 

k = 0, ... , E, - I . The output bit sequence from the code block concatenation block is the sequence fx for 

k = 0, ... ,G - 1 -

The code block concatenation consists of sequentially concatenating the rate matching outputs for the different 

code blocks. Therefore, 

Set k = 0 and r = 0 

while r <C 

Set j = O 

while j <E, 

f t = e'i 

k = k +1 
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end while 

end while 

r = r + I 

j = j + l 
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5.3.2 Downlink shared channel, Paging channel and Multicast channel 

Figure 5.3.2-1 shows the processing structure for each transport block for the DL-SCH, PCH and MCH transport 

channels. Data arrives to the coding unit in the form of a maximum of two transport blocks every transmission time 

interval (TTI) per DL cell. T he following coding steps can be identified for each transport block of a DL cell: 
Add CRC to the transport block 

Code b lock segmentation and code block CRC attachment 

Channel coding 

Rate matching 

Code block concatenation 

The coding steps for PCH and MCH transport channels, and for one transport block of DL-SCH are shown in the 

figure below. The same processing applies for each transport block on each DL cell. 
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Transport block 
CRC attachment 

b o, b, , ... , b.8- 1 l 
Code block segmentation 
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, o,C'r1,· ··,c,(x, - 1) 1 C 

Channel coding 

d (1) d (') d((i il ro, rl ,· ••7 r /), - 1) 

Rate matching 

,<> • e,1 , ... , e,(E,- 1) 1 e 

Code block 
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Figure 5 .3.2 -1 : Transport block p rocessing for DL-SC H, PC H and M CH . 

5 .3.2.1 T ransport block CRC attachment 

Error detection is p rovided on transport blocks through a Cyclic Redundancy Check (CRC). 

The entire t ransport block is used to calculate the CRC parity bits. Denote the b its in a transport b lock delivered to 

layer 1 by a0 , a1 , a2 , a3, ... , a A-•, and the parity bits by Po,Pt, p 2,p3, .. ·,PL- t. A is the size of the transport block and L 

is the number of parity bits. The lowest order information bit a 0 is mapped to the most significant bit of the transport 

block as defined in section 6 . 1. 1 of [5) . 

The parity bits are computed and attached to the transport block according to section 5 .1.1 setting L to 24 bits and 

using the generator polynomial gcRc24A(D). 

5.3.2.2 Code block segmentation and c ode block CRC attachment 

The bits input to the code b lock segmentation are denoted by bo,b, ,b2 , h3 , ... , b8 _ 1 where B is the number of bits in 

the transport block (including CRC). 

Code b lock segmentation and code b lock CRC attachment are performed according to section 5 .1.2 . 
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The b its after code block segmentation are denoted by c, 0 , c,1 , c, 2 , c , 3 , •.• ,c,(K, - i), where r is the code block number 

and K, is the number of bits for code block number r. 

5 .3.2.3 Channel coding 

Code blocks are delivered to the channel coding block. They are denoted by c,o,cr1 , c, 2 , c,3, .. . , c,(K, -i) , where r is 

the code block number, and K, is the number of b its in code block number r. The total number of code blocks is 

denoted by C and each code block is individually turbo encoded according to section 5.1 .3.2. 
After encoding the bits are denoted by d¼}, d~;> , d~1.d~1 •... ,d ~(n, - ,)' with/= 0,1, and 2 , and where D, is the number of 

bits on the i-th coded stream for code block number r, i.e. D, = K, + 4 . 

5 .3 .2 .4 Rate matching 

Turbo coded blocks are delivered to the rate matching block. They are denoted by d ('> d<1l d ('> d (1) d <1) 
rO , rt , r2 , r3 ,···• r(D, - 1) ' 

with;= 0,1, and 2 , and where r is the code block number, i is the coded stream index, and D, is the number of bits 

in each coded stream of code block number r . The total number of code blocks is denoted by C and each coded 

block is individually rate matched according to section 5. 1.4.1. 
After rate matching, the bits are denoted by e,.0 ,e,,,e,2 , e,3 , ... , e,{E,-i)• where r is the coded block number, and where 

E, is the number of rate matched bits for code block number r. 

5.3.2 .5 Code block concatenatio n 

The bits input to the code block concatenation block are denoted by e, 0 , e, 1,e, 2.e,3, .. . ,e,(E, - J) for r = o, ... , C - 1 and 

where £ , is the number of rate matched bits for the r-th code block. 

Code block concatenation is performed according to section 5.1 .5. 

The bits after code block concatenation are denoted by fo,Ji, J;, fj, ... ,f0 _1 , where G is the total number of coded 

bits for transmission. This sequence of coded bits corresponding to one transport block after code block 

concatenation is referred to as one codeword in section 6.3.1 of [2]. In case of multiple transport blocks per TTI, the 

transport block to codeword mapping is specified according to section 5.3.3.1.5, 5.3.3.1.5A or 5.3.3.1.5B, 

depending on the DCI Format 

7 .1 .8 Storing soft channel bits 

Both for FOO and TDD, if the UE is configured with more than one serving cell, then for each serving cell, for at 
least K . . min(M M ) transport blocks, upon decoding failure of a code block of a transport block, the UE 

~11.MO DL_l-1.A.RQ, liml1 

shall store received soft channel bits corresponding to a range of at least w k wk+, , .. . , wmod(k+n,. - ,.N.,) , where: 

. ( l N',,,ft JJ ns11 =m1n l'Vc11 , DL . ' 
C . N ~llr. KMJ.MO . 1n1n{M U.L._tfARQ, Mb,Tnl) 
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wk , C , N ,., K Mi><o . ,and Mu.,;, are defined In Section 5.1 .4.1.2 of (4). 

MoLJ<ARD is the maximum number of DL HARQ processes. 
,vf.t, is the number of configurecl serving cells. 
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If the UE signals ue-Category-v10xy, N' is the total number of soft channel bits (12) according to the UE 
soft 

category indicated by ue-Category-v10xy (11). Otherwise, N ' is the total number of soft channel bits (12) a 
><>ft 

ccording to the UE category indicated by ue-Catego,y(11). 
In determining k, the UE should give priority to storing soft channel bits corresponding to lower values of k . w k sh 

all correspond to a received soft channel bit. The range w k w ,,+1 , . .. , w mod(k+ns.-1.N,,J may include subsets not contai 

ning received soft channel bits. 
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For existing LTE systems, a method wherein, when the size of DL data (that is, TB size) becomes a fixed level or more, the bit stream 

to be sent via PDSCH is divided into a plurality of CB (Code Block) and is transmitted in a form in which channel coding and CRC 

are separately applied for each CB, is applied. When reception (decoding) of even one of the plurality of CBs included in one PDSCH 

fails, the UE operates such that HARQ-ACK feedback corresponding to the PDSCH is reported to eNB using NACK and that this 

allows all CBs to be retransmitted from eNB. In other words, the HARQ operation for DL data in the existing LTE has a structure that 

is performed based on the scheduling/transmission from eNB in the unit of TB and the HARQ-ACK feedback configuration from the 

UE corresponding to this in the unit of TB. 

On the other hand, the new RAT system can basically have larger (wider) system (carrier) BW compared to LTE, and due to this, there 

is a high probability that the (maximum) TB size becomes larger than that of the existing LTE, and accordingly, the number of CBs 

constituting one TB can also become larger than that in LTE. Therefore, if HARQ-ACK feedback in the unit of TB is performed even 

in such a situation, retransmission scheduling in the unit of TB must be accompanied even when decoding error (for example, NACK) 

has occurred only for a small portion of CBs, and thus the resource use efficiency can be reduced. Furthermore, in a new RAT system 

environment, an operation wherein data type 2 (for example, URLLC) that has a small time duration (TTI) and is delay-sensitive via a 

portion (symbol) of the resources allocated for transmission of data type 1 (for example, emBB) that has a large time duration (TTI) 

and is delay-sensitive can be supported, and due to an influence of interference signals that has a time-sensitive property including this, 

a phenomenon wherein decoding error (for example, NACK) is concentrated into a certain portion from among the plurality of CBs 

constituting one TB for data type 1. 

In the present invention, in consideration of these operational properties of the new RAT system, a method is proposed, wherein the 

(retransmission) scheduling is performed in the unit of CB or of CB group (CBG) and the HARQ-ACK feedback is 

configured/transmitted in the unit of CB/CBG. More specifically, a method for configuring a CBG, a method for configuring HARQ-

ACK (that is, A/N) feedback, a method for operating a reception soft buffer of UE, and a method for handling a certain mismatch 

situation are proposed. For CBG described below, all CBs (constituting a single TB) can be configured as one CBG, or a portion of 

a plurality of CB is composed of one CBG, or each of one CBs can  be configured into one CBG. Furthermore, in the following, 

floor(X) means the floor function that expresses the maximum integer no larger than X, ceiling(X) means the ceiling function that 

expresses the minimum integer that is larger than X, respectively, and mod(A, B) means the remainder for when A is divided by B. 

(X) Method for Configuring CB 

1) Method X-1: Given Cn, which is the number of bits constituting one CB, based on which Cm CBs are configured 

For this method, Cn, which is the number of bits that constitute one CB, can be defined as the same one value regardless of the 

size of TB or defined as different values (proportional to the TB size) for each TB size in advance, or can be indicated to the UE 

via semi-static (for example, RRC) or dynamic (for example, DCI) signaling, and according to this, when the total number of 

bits that constitute the TB is Ck, the total of Cm=floor(Ck/Cn) or Cm=ceiling(Ck/Cn) CBs can be configured. For the former, 

only one CB is composed of (Cn+mod(Ck, Cn)) bits, and the remaining (Cm-1) CBs can be each composed of Cn bits, 

3. Composition of Invention 
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and for the latter, only one CB is composed of mod(Ck, Cn) bits, and the remaining (Cm-1) CBs can be composed of Cn bits each. 

Accordingly, for the former, Cn can mean the minimum number of bits that constitute one CB, and for the latter, Cn can mean the 

maximum number of bits that constitute one CB, respectively. 

Also, as another method, a method wherein the number of bits per CB is equally allocated (near-equal) to the entire CB can be applied, 

and specifically, when Cm=floor(Ck/Cn) CBs are configured in the above, mod(Ck, Cn) CBs are composed of (Cn+1) bits and the 

remaining CBs can be composed of Cn bits, and when Cm=ceiling(Ck/Cn) CBs are configured, (Cn-mod(Ck, Cn) CBs are composed 

of (Cn-1) bits and the remaining CBs can be composed of Cn bits. Therefore, for the former, Cn can mean the minimum number of 

bits that constitute one CB, and for the latter, Cn can mean the maximum number of bits that constitute one CB, respectively. 

On the other hand, when the above method is applied, one or more specific (small) CBs from among the total of Cm CBs can be 

composed of a small number of bits compared to the remaining other CBs, a method for grouping Cm CBs, which have unequal sizes, 

into M pluralities of CBGs may be necessary. Specifically, the cases can be classified into the case wherein Cm, which is the total 

number of CBs, can be classified into the case wherein a multiple of the number of CBGs M for and the case wherein Cm is not a 

multiple of the number of CBGs M, and for each case, CB grouping methods as the following can be considered. In the following, the 

CBG size can mean the number of CBs per CBG. On the other hand, when Cm is not a multiple of M, the size can vary for each CBG, 

and the maximum differences between CBGs can be considered to be 1 CB. 

A) When Cm is a multiple of M (all CBG has the same size) 

A. Opt 1-1: Configure such that a small CB is distributed to all CBG as much as possible 

B. Opt 1-2: Configure such that a small CB belongs to some CBGs in a small number as much as possible 

B) When Cm is not a multiple of M (sizes can vary for each CBG) 

A. Opt 2-1: Configure such that a small CB belongs to a CBG of a relatively large size 

B. Opt 2-2: Configure such that a small CB belongs to a CBG of a relatively small size 

C. Opt 2-3: Either Opt 1-1 or Opt 1-2 above is applied 

Additionally, the size of CBG for which the probability of retransmission is high can be reduced as much as possible by including a 

small number of CBs in a CGB corresponding to a portion for which the decoding reliability may be low 

As one example, when a configuration of M=3 CBGs is considered in a situation wherein Cm=7 CB indices 1, 2, 3, 4, 5, 6,and 7 are 

respectively composed of 5, 5, 5, 5, 5, 5, and 2 bits, applying the above Opt2-1 can result in the configuration wherein CB indices {1, 

2}, {3, 4}. {5, 6, 7} respectively are configured into CBG indices 1, 2, and 3, and applying Opt 2-2 above can result in the configuration 

wherein CB indices {1, 2, 3}, {4, 5}, {6, 7} are configured into CBG indices 1, 2, and 3. As another example, when a configuration 

of M=3 CBGs is considered in a situation wherein Cm=7 CB indices 1, 2, 3, 4, 5, 6,and 7 are respectively composed of 5, 5, 5, 5, 4, 

4, and 4 bits, applying the above Opt2-1 can result in the configuration wherein CB indices {1, 2}, {3, 4}. {5, 6, 7} respectively are 

configured into CBG indices 1, 2, and 3, and applying Opt 2-2 above can result in the configuration wherein CB indices {1, 2, 3}, {4, 

5}, {6, 7} are configured into CBG indices 1, 2, and 3, and on the other hand, when the Opt 1-1 above is applied,  CB indices {1,2,5}, 

{3, 6}, {4,7} are configured into CBG indices 1, 2, and 3, and when the Opt 1-2 above is applied, CB indices {1,2}, {3, 4}, {5, 6, 7} 

can be respectively configured into CBG indices 1, 2, and 3.  
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a) Regular CBs are gradually formed in the unit of X-bits starting from a low CB index, and then small CBs are formed in the 

unit of Y-bits starting from a certain CB index (Y <X) 

b) (Sequentially from a low CB index) Regular CBGs are formed by bundling in the unit of M CBs from a low CBG index, and 

then from a certain CBG index, small CBGs are formed by bunding in the unit of K CB units (K<M) 

c) From a low CBG index, signals are sequentially mapped using a frequency-first (or time-first) method 

 (for example, a signal  for which the CB size is relatively small or is separated far away from DMRS temporally, is separated far 

away from the point in time of the CSI feedback or which is mapped into a symbol adjacent to SRS (or PUCCH or PRACH) as 

possible, and in order to achieve this, CBG can be configured using a method as follows. 

On the other hand, when the setting is such that Cn>Ck, the form is such that all bits of TB are configured as a single CB, and thus, 

in this case, one CB that includes Ck bits can be configured. 

2) Method X-2: Cm, which is the total number of CBs, is given, and each CB is configured in the unit of Cn bits based on this 

 For this method, the total number of CBs Cm can be defined as one identical value or as values different for each TB size (proportional 

to the TB size) in advance regardless of the TB size or indicated to the UE via semi-static (for example, RRC) or dynamic (for example. 

DCI) signaling, and according to this, when the total number of bits constituting the TB is Ck, each CB can be configured in the unit of 

the total Cn=floor(Ck/Cm) or Cn=ceiling(Ck/Cm). For the former, only one CB is composed of (Cn+mod(Ck,Cn)) bits, and the remaining 

(Cm-1) CBs can be composed of Cn bits each, and for the latter, only one CB is composed of mod(Ck, Cn) bits and the remaining (Cm-

1) CBs can be composed of Cn bits each. Accordingly, for the former, Cn can mean the minimum number of bits constituting one CB, 

and for the latter, Cn can mean the maximum number of bits constituting one CB, respectively. 

3) Method X-3: Given Tm, which is a minimum number of bits that constitute one CB, configure the CB based on this 

For this method, each of all the CBs constituting one TB can be set to consist of at least Tm bits or more, and as one example, when it is 

assumed that the TB size (that is, the total number of bits constituting the TB) is Ck, Cm.max is calculated, which is the maximum Cm 

that satisfies the inequality Ck/Cm≥Tm to consider an operation of dividing the TB into the total of Cm.max CBs can be considered. 

 

4) Method X-4: When the number of CBs is of a fixed level or more, scheduling in the unit of CB or grouping between a plurality of CBs 

is performed 

Also, as another method, a (near-equal) method wherein the number of bits per CB is allocated equally to the entire CB can be 

applied, and specifically, for CB configuration in the unit of Cn=floor(Ck/Cm) bits, mod(Ck, Cn) CBs may be composed of (Cn+1) 

bits and the remaining CBs can be composed of Cn bits, and for a CB configuration in the unit of Cn=ceiling(Ck/Cm), (Cn=mod(Ck, 

Cn)) CBs can be composed of (Cn-1) bits and the remaining CBs can be composed of Cn bits. Therefore, for the former, Cn can mean 

the minimum number of bits constituting one CB, and for the latter, Cn can mean the maximum number of bits constituting one CB, 

respectively. 
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For this method, in a state wherein Cn, which is the number of bits that constitute one CB (for example, whether by being defined 

in advance or via a certain signaling), is given, the setting/definition can be such that (retransmission) scheduling in the unit of CB 

or CBG for the corresponding TB is applied only when K, which is the total number of CBs that constitute one TB, is Ts or more, 

and the setting/ definition can be such that, when the total number of CBs K is Tg or more, plurality of CBs are grouped to configure 

one CBG (in this case, the setting can be Ts<Tg) 

(A) Method for configuring CBGs 

On the other hand, when N and K are set such that N>K, all CBs that constitute the TB belong to one CBG, and therefore, in this 

case, one CBG that contains K CBs can be configured. 

2) Method A-2: Given M, which is the total number of CBG, each CBG is configured in the unit of N CBs based on this 

For this method, M, which is the total number of CBGs, can be defined as the same one value regardless of the size of TB or defined 

as different values (proportional to the TB size) for each TB size in advance, or can be indicated to the UE via semi-static (for 

example, RRC) or dynamic (for example, DCI) signaling, and according to this, when the total number of bits that constitute the TB 

is K, each CBG can be configured in the unit of N=floor(K/M) or N=ceiling(K/M) CBs in total. For the former, only one CBG is 

composed of (N+mod(K, N)) CBs, and the remaining (M-1) CBGs can be each composed of N CBs, and for the latter, only one 

CBG is composed of mod(K, N) CBs, and each of the remaining (M-1) CBGs can be composed of N CBs. On the other hand, the 

UE can perform transmission by configuring A/N bits for each CBG configured in this manner. Therefore, 

 

Also, as another method, a method wherein the number of CBGs per CB is equally allocated (near-equal) to the entire CBG can be 

applied, and specifically, when M=floor(K/N) CBGs are configured in the above, mod(K, N) CBGs are composed of (N+1) CBs 

and the remaining CBGs can be composed of N CBs, and when M=ceiling(K/N) CBGs are configured, (N-mod(K, N) CBGs are 

composed of (N-1) CBs and the remaining CBGs can be composed of N CBs. Therefore, for the former, N can mean the minimum 

number of CBs that constitute one CBG, and for the latter, N can mean the maximum number of CBs that constitute one CBG, 

respectively. 

1) Method A-1: Given N, which is the total number of CB constituting one CBG, M CBGs are configured based on this  

For this method, N, which is the number of CBs constituting one CBG, can be defined as the same one value regardless of the size of 

TB or defined as different values (proportional to the TB size) for each TB size in advance, or can be indicated to the UE via semi-

static (for example, RRC) or dynamic (for example, DCI) signaling, and according to this, when the total number of bits that constitute 

the TB is K, each CBG can be configured in the unit of M=floor(K/N) or M=ceiling(K/N) CBs in total. For the former, only one CBG 

is composed of (N+mod(K, N)) CBs, and the remaining (M-1) CBGs can be each composed of N CBs, and for the latter, only one 

CBG is composed of mod(K, N) CBs, and each of the remaining (M-1) CBGs can be composed of N CBs. On the other hand, the UE 

can perform transmission by configuring A/N bits for each CBG configured in this manner. Therefore, for the former, N can mean the 

minimum number of CBs that constitute one CBG, and for the latter, N can mean the maximum number of CBs that constitute one 

CBG, respectively. 
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On the other hand, when M and K are set such that M>K, each CB becomes one CBG, which can configure K CBGs total, and in this 

case, a method wherein, 1) In a state wherein the total A/N feedback is composed of M bits, the (M-K) bits that do not correspond to an 

actual CBG are processed using NACK or DTX, or 2) the A/N feedback itself is composed of K bits that correspond to the actual CBG, 

can be considered. 

a) When (M,N) = (1, 16), only one CBG is configured and the CBG includes all 16 CBs. 

b) When (M,N) = (2, 8), 2 CBGs are configured, and 8 mutually different CBs are included for each CBG. In this case, one CBG 

includes 2 CBGs of when (M,N)=(4, 4) below. 

 

 for the former, N can mean the minimum number of bits that constitute one CBG, and for the latter, N can mean the maximum 

number of CBs that constitute one CBG, respectively. 

As one example of this method, a method as the following can be considered, wherein the total number of CBs that constitute a TB is 

assumed to be K=16, and in a state wherein each CB is indexed as k=0, 1, …, 15, the numbers of CBGs are set to be M={1, 2, 4, 8, 

16} and the sizes of CBGs corresponding to each thereof is set to be N=K/M={16, 8, 4, 2, 1} (“nested CBG example 1”). 

Also, as another method, a (near-equal) method wherein the number of CBs per CBG is allocated equally to the entire CBG can be 

applied, and specifically, for CBG configuration in the unit of N=floor(K/M) CBs, mod(K, N) CBGs can be composed of (N+1) CBs 

and the remaining CBGs can be composed of N CBs, and for CBG configuration in the unit of N=ceiling(K/M), (N=mod(K, N)) CBGs 

may be composed of (N-1) CBs and the remaining CBGs can be composed of N CBs. Therefore, in the former, N can mean the minimum 

number of CBs constituting one CBG, and in the latter, N may mean the maximum number of CBs constituting one CBG, respectively. 

3) Method A-3: CBG configurations based on a tree (or nested) structure for the number of CBGs M and the CBG size N 

For this method, CBGs can be configured such that there is a tree structure for the total number of the CBGs M (for example, 

M1, M2, …) and the number of CBs configuring the CBG, that is, the CBG size N (for example, N1, N2, …). In this case, a 

plurality of CBG configurations that is mutually different, can be set based on a plurality of (M,N) combinations for one TB 

(size) that is mutually different, and considering the CBG configurations for (M1,N1) and (M2, N2) with respect to mutually 

different (M,N) combinations, when M1<M2, the setting can be such that N1>N2. Furthermore, one CBG for (M1, N1) can be 

configured to include one or more CBGs for (M2, N2), and conversely one CBG for (M2, N2) can be configured to belong to 

only one specific CBG for (M1, N1). Furthermore, M2 can be set to be a multiple of M1 and/or N1 can be set to be a multiple of 

N2, and M can be characteristically set to be a value in the form of  2m (m=0, 1, …). On the other hand, one among: the index 

for the above M or N or (M, N) combination; and CBG index possible by all (M,N) combinations can be indicated to the UE via 

semi-static (for example, RRC) or dynamic (for example, DCI) signaling, and the UE can perform transmission by configuring 

the A/N bits for each CBG configured to correspond to the index. Furthermore, the above M or N can be defined as one identical 

value in advance regardless of the TB size or can be defined as different (proportional to the TB size) values for each TB size in 

advance. 
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a) When (M,N) = (1,9), only one CBG is configured and the CBG contains all 9 CBs. 

b) When (M,N) = (2, 5 or 4), the total of 2 CBGs are configured, and one CBG contains 5 units, and the other CBG contains 4 CBs 

respectively, for example, each of the sets of CB indices {0, 1, 2, 3, 4} and {5, 6, 7, 8} constitutes  one CBG. 

c) When (M,N) = (3, 3), three CBGs are configured, and for each CBG, 3 CBs that are  mutually different are included, for example, 

each of the sets of CB indices {0, 1, 2}, {3, 4, 5}, and {6, 7, 8}constitutes one CBG. 

d) When (M,N) = (6, 2 or 1), the total of 6 CBGs are configured, among which three CBGs include two CBs and the other three CBGs 

contains one CB respectively, for example, each of the sets of CB indices {0, 1}, {2, 3}, {4, 5}, 

 

a) When (M,N) = (1, 6), only one CBG is configured and the CGB contains all 6 CBs. 

b) When (M,N) = (2, 3), 2 CBGs are configured, and each CBG contains 3 CBs that are mutually different, for example, each of the 

sets of CB indices {0, 1, 2} and {3, 4, 5} constitutes  one CBG. 

c) When (M,N) = (3, 2), three CBGs are configured, and each CBG includes 2 CBs that are  mutually different, for example, each of 

the sets of CB indices {0, 1}, {2, 3}, {4, 5} constitutes one CBG. 

d) When (M,N) = (6, 1), 6 CBGs are configured, and each CBG contains only one CB that are mutually different. 

 

Also, as another example, a method as the following can be considered, such that, assuming that the total number of CB configuring the 

TB is K=9, in a state wherein each CB is indexed by k=0, 1,…, 8, the number of CBG is set to be M={1, 2, 3, 6} and the CBG size that 

corresponds to each thereof is set to be N={9, (5 or 4), 3, (2 or 1)} (“nested CBG example 3”). 

c) When (M,N) = (4, 4), 4 CBGs are configured and four CBs that are mutually different for each CBG. In this case, one CBG 

includes 2 CBGs of when (M,N)=(8, 2) below. 

d) When (M,N) = (8, 2), 8 CBGs are configured, and 2 mutually different CBs are included for each CBG 

e) When (M,N) = (16, 1), 16 CBGs are configured, and only one mutually different CB is included for each CBG. 

As in the above example, in a state wherein a plurality of (M, N) combinations that are mutually different are configured/designated in 

advance, one an index of a specific M or N or (M, N) combination, or a CBG index that is possible by all (M, N) combinations can be 

indicated to the UE (in the above example, there are 5 possible M or N or (M, N) combinations, and this corresponds to the case wherein 

CBG indices possible by all (M, N) combinations are set to be 31 types {corresponding to the sum of the possible M values {1, 2, 4, 8, 

16}), and the UE can operate so as to perform decoding and configuration/transmission of the corresponding A/N feedback in a state 

wherein a CBG configuration that correspond to the indicated M and/or N index for the scheduled DL data (for example, TB or CBG) 

is assumed. 

By generalizing this method, for the CBG configurations having (M1, N1) and (M2, N2), which are mutually different (M,N) 

combinations, when M1<M2, by an only condition that the setting is such that N1≥N2, a CBG configuration of a plurality of CBGs for 

one TB (size) can be set.As one example, a method as the following can be considered such that, in a state wherein: the total number of 

CBs constituting the number of TB is assumed to be K=6; and each CB is indexed by k=0, 1,…, 5, the number of CBGs is set to be 

M={1, 2, 3, 6} and that the CBG size corresponding to each thereof is set to be N=K/M={6, 2, 3, 1}(“nested CBG example 2”). 
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Therefore, by indexing a total of 12 (=1+2+3+6) CBGs, which are configured as above (based on 4 mutually different (M, N) 

combinations), the operation can be performed such that CBGs that are scheduled (at eNB) for retransmission are indicated (via DCI) 

and/or that A/N feedback for the CGB that is indicated (at the UE) indicated (at the UE) is configured and transmitted based on this. 

On the other hand, in consideration of the DCI overhead for CBG indication to be scheduled and /or the UCI overhead for configuring 

the corresponding A/N feedback, L, which is the total number of the CBG indices that are configured in a nested form as above, can be 

set to be identical for each TBS, or can be set such that the bit overhead for CBG indication for each TBS is identical (for example, such 

that the value of ceiling(log2(L)) is identical). 

4) Method A-4: Configuring CBs that belong to a set of a certain number of symbols (and set of a certain number of RBs) into one CBG 

For this method, in a state wherein the time interval (and/or the frequency region) during which a TB is transmitted is divided into a plurality 

of symbol sets (and/or a plurality of RB sets), CBs transmitted via each symbol set (and/or each RB set) can be configured as one CBG. In 

this case, information for the number of symbols in each symbol set (that is, SG: Symbol Group) or the number of symbols that constitute 

a single SG (and/or the number of RBs in each RB set (that is, RBG) or the number of RBs constituting a single RBG) can be indicated to 

the UE via semi-static (for example, RRC) or dynamic (for example. DCI) signaling, and the UE can perform transmission by configuring 

A/N bits for each CBG configured by such methods. 

Alternatively, if a CB is mapped/transmitted across multiple SGs (and/or RBGs), then from the CBG configuration/instruction perspective 

for (retransmission) scheduling at the eNB, set the CB to be included commonly to all of the multiple CBGs corresponding to the multiple 

SGs (/RBGs), but from the perspective 

{6}, {7}, and {8}  constitutes  one CBG configures one CBG. 

 

On the other hand, when this method has been applied, when one CB is mapped/transmitted over a plurality of SGs (and/or RBGs), the 

CB: Opt 1) can be configured by a CBG that corresponds to the SG that has the lowest or highest symbol index(and/or RBG that has the 

lowest or highest RB index, or Opt. 2); or can be configured by a CBG that corresponds to SG (and/or RBG) that contains the most of 

coded bits of the CB. 

Furthermore, even in this case, method that configures the CBG to have a tree structure as in the above method A-3 for the number of 

symbols that constitute one SG or the total number of SGs configured within the TB transmission time interval (and/or the number of 

RBs that constitute one RBG or the total number of RBGs configured within the TB transmission frequency interval) is possible. Based 

on the above nested CBG examples 1, 2, and 3, for example, assuming that the total number of symbols (or RB) constituting the TB is 

K=16 or 6 or 9, a plurality of SGs (or RBGs) that has mutually nested structures in a form similar to the above nested CBG examples 1, 

2, and 3 can be configured in a state wherein each symbol (or RB) is indexed by k=0, 1, …,15 or k=0, 1, …, 5 or k=0,1,…, 8 (depending 

on the above K value). Furthermore, for the above SG (and/or RBG) size and number, defined as identical one value regardless of the 

TB size, or defined as mutually different (proportional to the TB size) for each TB size in advance. 
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of  configuring CBG-specific A/N feedback at the UE, the A/N bits may be configured for each CBG to be transmitted, while only 

including the CB in the CBG corresponding to a specific one of the plurality of SGs (/RBGs). In this case, characteristically, the UE 

selects a specific CBG containing the corresponding CB (when configuring A/N feedback) 1) if there is a CBG containing a CB that is 

NACK even if the corresponding CB is excluded, among them (based on the application of Opt 1/2), and if no such CBG exists, it may 

operate to select one (based on the application of Opt 1/2) among all multiple CBGs (including the corresponding CB from a scheduling 

perspective), and 2) even if the decoding result of the corresponding CB is ACK, it can be operated to select one of all multiple CBGs 

(including the corresponding CB from a scheduling perspective) (based on the application of Opt 1/2). On the other hand, when multiple 

CBGs including the same CB are scheduled at the same time, the CB may be operated to be transmitted only once, and even in this case, 

it may be transmitted in a form that is included in only one specific CBG index (based on the application of Opt 1/2 above) of those 

multiple CBG indices. By generalizing the above method, from the perspective of CBG configuration/instruction for eNB scheduling, a 

CB may be set to be commonly included in multiple CBGs, and from the perspective of configuring CBG-specific A/N feedback by the 

UE, the CB may be operated to be included in only one of those multiple CBGs, in which case the above method may be applied. 

 

As another method, in order to prevent one CB from being mapped/transmitted across multiple SGs (and/or RBGs), or in order to make 

the number of data bits belonging to each CBG as equal as possible across CBGs, the following method can be considered. Considering 

the scheduled TBS as A bits and the number of SGs or RBGs (or CBGs in general) allocated to the TBS as M, each CBG can first be 

allocated (A/M) or ceiling(A/M) or floor(A/M) data bits. Next, a plurality of CBs belonging to each CBG can be configured by applying 

Methods X-1/2/3, with the number of data bits allocated to each CBG replaced by the number of bits Ck corresponding to the TBS in 

Methods X-1 or X-2 or X-3 above. On the other hand, the coded bits for a single CBG configured as above may be mapped/transmitted 

to only one SG or RBG. 

 

Meanwhile, it is possible to vary the number of symbols comprising one SG depending on the number of symbols allocated for data 

transmission and/or the number of RBs (or TBS). For example, the larger the number of symbols allocated for data transmission (to make 

the number of CBGs as equal as possible), the larger the number of symbols per SG may be configured, and the larger the number of RBs 

(or TBS) allocated for data transmission (to make the CBG size as equal as possible), the smaller the number of symbols per SG may be 

configured. Similarly, it is possible to vary the number of RBs comprising one RBG depending on the number of RBs and/or number of 

symbols (or TBS) allocated for data transmission. For example, the larger the number of RBs allocated for data transmission (to make the 

number of CBGs as equal as possible), the larger the number of RBs per RBG may be configured, and the larger the number of symbols 

(or TBS) allocated for data transmission (to make the CBG size as equal as possible), the smaller the number of RBs per RBG may be 

configured. 

 

5) Method A-5: Configuring the total number of CBGs M and CBG size (number of CBs in a CBG) N by TB size (TBS) 

In this method, the (M, N) combination for CBG configuration is set (differently) for each TBS, where, for the number of DCI bits for 

CBG indication and/or UCI payload size for the corresponding A/N feedback configuration to be scheduled, it may be determined (e.g., 

as M.max or ceiling(M.max / K) or ceiling(log2(M.max)) bits) based on the maximum value M.max among the M values set for each TBS 

(wherein K is a positive integer, e.g., K = 2). 
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Further, as an additional method, if the set of (M, N) combinations to be applied per TBS is referred to as a TBS-CBG table, it may be 

contemplated that a plurality of such TBS-CBG tables are defined/set in advance and one of such plurality of tables is indicated to the UE 

via semi-static (e.g., RRC) or dynamic (e.g., DCI) signaling, in which case the (M, N) combinations corresponding to the same TBS may 

be configured differently among such plurality of TBS-CBG tables. Accordingly, the UE may be operable to determine the (M, N) 

combination corresponding to the TBS indicated via the DL/UL scheduling DCI by referring to the corresponding TBS-CBG table 

indicated, and to perform DL/UL data transmission/receipt and A/N feedback transmission based on the determined (M, N) combination. 

 

As another method, one may consider dividing the entire set of TBSs into a plurality of TBS ranges and applying a different CBG 

configuration method to each TBS range. For an example, within a specific TBS range 1, the above method A-1 or the method of 

configuring a different number of CBGs M per TBS (or the same CBG size N) may be applied, while for a different TBS range 2, the 

above method A-2 or the method of configuring the same number of CBGs M per TBS may be applied, wherein TBS range 2 may be 

comprised of TBSs that are larger than the TBSs in TBS range 1 to account for DCI overhead and/or UCI payload. Alternatively, it is 

also possible to apply the same CBG configuration method for each of the plurality of TBS ranges, but apply different CBG number/size 

parameter values between the TBS ranges. For example, the above method A-2 or the method of configuring the CBG number M equally 

for each TBS is applied to each of TBS range 1/2, but a different value of M may be set between TBS ranges 1 and 2, such that M for 

TBS range 2 is set to a value greater than M for TBS range 1. As another example, a method configured using the above method A-1, or 

a method wherein the CBG size (number of CBs per CBG) N is configured to be the same for each of TBS range ½, but a different value 

of N may be set between TBS range 1 and 2, in which case N of TBS range 2 may be set to a value greater than N of TBS range 1. 

 

6) Method A-6: Apply interleaving between CBs belonging to the same CBG before data-to-resource mapping 

In the case of this method, inter-CB interleaving is applied between multiple CBs (coded bits) belonging to the same CBG prior to data-

to-resource (RE) mapping (e.g., RE mapping based on frequency-first manner) to account for the effects of interference (e.g., URLLC 

puncturing operation as described above) with specific (e.g., time-selective) patterns. Specifically, for multiple CBs (coded bits) belonging 

to the same CBG, 1) intra-CB interleaving within each CB is applied first, followed by inter-CB interleaving, or 2) only inter-CB 

interleaving is applied, omitting intra-CB interleaving (if CBG-based HARQ operation is set). 

 

Meanwhile, in all of the above proposed methods, the values of M, N, and K values may be set/instructed to the same value for different 

TB sizes, or may be set/instructed to different values for different TB sizes, or may be set/instructed to the same value for some (e.g., N) 

and different values for others (e.g., M, K) depending on the TB size. Also, considering how one DL data scheduling/transmission is 

performed over a plurality of slots, one symbol set (SG) in the above proposed method may be configured/set as a slot (in which case, the 

symbol index in the above is applied by replacing it with the slot index). 
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(B) HARQ-ACK Feedback Methods 

 

1) Method B-1: Configure/transmit a (minimum) range containing all NACKs on a CBG index as feedback 

In this method, given a CBG configuration method (e.g., number/size of CBGs), and considering the decoding error (i.e., NACK) over 

successive CBG indices due to time-selective interference, the UE may operate to either 1) feedback to the eNB the CBG index of the 

first NACK and the CBG index of the last NACK (on a CBG index), or 2) feedback the CBG index of the first NACK and the distance 

between the first NACK and the last NACK. Characteristically, cases 1) and 2) may be signaled using either the RIV indication method 

applied to UL resource allocation type 0 in 2-18 above or the combinatorial index method applied to UL resource allocation type 1. In 

this case, the CBG configuration method may include any of the above proposed methods A-1/2/3/4. 

 

As an additional method, one of the plurality of CBG configuration methods (e.g., number/size of CBGs) may be directly selected by the 

UE, and based on the selected CBG configuration, the UE may either 1) determine a (minimum) CBG range containing the NACK as 

described above and feedback the NACK CBG range together with the selected CBG configuration information to the eNB, or 2) configure 

individual A/N bits for each CBG and feedback them (together with the selected CBG configuration information) to the eNB. In this case, 

the CBG configuration method may include the above proposed methods A-1/2/3/4. 

 

Furthermore, the above method may also be applied to the scheduling of CBGs from the eNB, wherein 1) the first and last CBG indices 

at which the (re)transmission is to be performed, or 2) the first CBG index and the total number L of CBGs to be (re)transmitted, may be 

indicated via the DL data scheduling DCI. In this case, the UE may operate (receive) assuming/considering that 1) the set of CBGs 

corresponding to the first and last CBG indices and the indices in between, or 2) the set of CBGs corresponding to the first CBG index 

and the subsequent L consecutive indices, have been scheduled via the corresponding DCI. 

 

2) Method B-2: Feedback the (smallest size) CBG containing all NACKs from the CBG configurations in the tree structure 

In this method, given a plurality of CBG configurations (e.g., (M, N) combinations) based on the tree structure as in method A-3 above, 

the UE may be operated to select one specific CBG configuration, determine the CBG index containing all NACKs based on the selected 

CBG configuration, and feedback the selected CBG configuration information together with the corresponding NACK CBG index to the 

eNB. In the case of NACK CBGs, it may be desirable that a single CBG is selected that has the smallest size while containing all NACKs, 

i.e., the UE may operate to first select a particular CBG configuration among a plurality of CBG configurations having a tree structure 

such that a single CBG has the smallest size while containing all NACKs, to determine one CBG index that includes al NACK based on 

the selected CBG based on the selected CBG configuration, and to feedback these (along with the configuration information of the selected 

CBG configuration) to eNB. 

 

Similarly, given a plurality of CBG configurations having the same SG (and/or RBG) based tree structure as in Method A-4 above (based 

on different SG (/RBG) sizes/numbers),  
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the UE may select one CBG configuration based on a particular SG (/RBG), determine a CBG index containing all NACKs based on the 

selected CBG configuration, and feedback the selected CBG configuration (or corresponding SB (/SBG) configuration) information 

together with the corresponding NACK CBG index to the eNB. 

 

Furthermore, the above methods may also be applied to CBG scheduling from the eNB, in particular, given a plurality of CBG 

configurations (e.g., M and/or N (combinations) or SB(/RBG) sizes/numbers) having a tree structure as in methods A-3 or A-4 above, 

one CBG index based on one specific CBG configuration may be indicated via a DL data scheduling DCI. In this case, the UE may 

operate (receive) assuming/believing that the set of CBGs belonging to that CBG index has been scheduled via that DCI. 

 

3) Method B-3: Keeping CBG configuration and corresponding A/N configuration the same during one HARQ process 

In this method, in order to prevent unnecessary retransmission of RLC level DL data due to A/N error of a specific CBG, the CBG 

configuration and the corresponding A/N feedback configuration may be kept the same during one HARQ process (i.e., until its 

termination) for scheduling (indication) of retransmission (CBG) at the eNB. The CBG configuration and the A/N feedback configuration 

corresponding to the CBG configuration may be kept the same, specifically, the CBG configuration and the A/N feedback configuration 

initially applied/instructed for scheduling/transmitting DL data having a specific HARQ process ID and the corresponding A/N feedback 

configuration may be operated to remain the same until the end of that process (e.g., until decoding is successful for all CBs comprising 

the TB of that DL data, or until a new DL data scheduling with the same HARQ process ID (with NDI toggled) is initiated). In the above, 

the initially applied/instructed CBG and A/N configuration information may be indicated to the UE via semi-static (e.g., RRC) or dynamic 

(e.g., DCI) signaling (e.g., (Initial) DL data scheduling DCI). 

 

In this case, the UE may configure the A/N bits for each CBG to feedback, but for each CBG, the UE may operate to feedback NACK 

for that CBG until decoding is successful (regardless of whether the CBG is scheduled or not), and after decoding is successful, the UE 

may operate to feedback ACK for that CBG (regardless of whether the CBG is scheduled or not, and until the end of the corresponding 

HARQ process). 

 

4) Method B-4: Setting the corresponding A/N transmission timing delay differently according to the number of scheduled CBs/CBGs 

For this method, you can consider setting the corresponding A/N transmission timing delay (i.e., the time interval between receiving DL 

data and transmitting the corresponding A/N feedback) differently depending on the number of CBs or CBGs scheduled simultaneously 

for the same TB (size). Specifically, the smaller the number of CBs or CBGs scheduled, the smaller the corresponding A/N delay can be 

set. For example, the corresponding A/N delay may be set smaller when some CBs or CBGs are scheduled compared to when the entire 

TB, i.e., all CBs, are scheduled, the corresponding A/N delay may be set smaller when fewer CBGs are scheduled assuming the same 

CBG size (i.e., number of CBs in a CBG configuration), and the corresponding A/N delay may be set smaller when a smaller CBG size 

is configured assuming the same number of scheduled CBGs. 

 

5) Method B-5: Set CBG configuration (CBG number/size) differently between DL data scheduling and A/N feedback 
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For this method, it may be contemplated to set the CBG configuration (e.g., number/size of CBGs) applied to DL data 

scheduling/transmission (e.g., indicated via the DL data scheduling DCI) and the CBG configuration applied to A/N feedback 

corresponding to the DL data reception differently, specifically, the (M, N) combination for DL data scheduling (indicated via the DCI) 

and the (M, N) combination for A/N feedback configuration may be set to different values. For example, the combination (M1, N1) may 

be set for DL data scheduling and the combination (M2, N2) may be set for A/N feedback, such that when comparing case 1 with M1 > 

M2 (and N1 < N2) and case 2 with M1 < M2 (and N1 > N2), the number of DCI bits may be increased while the number of retransmission 

DL data resources and A/N feedback bits may be decreased in case 1, and the number of DCI bits may be decreased while the number of 

retransmission DL data resources and A/N feedback bits may be increased in case 2. 

 

6) Method B-6: Setting different A/N transmission timing delay for each CBG for multiple scheduled CBGs 

For this method, you may consider setting different A/N transmission timing delays for each CBG (i.e., TDM transmission of A/Ns per 

CBG) for multiple simultaneously scheduled CBGs, such that the A/N delay corresponding to a CBG transmitted via a lower symbol (or 

slot) index is smaller (so that it is fed back via a relatively faster symbol (or slot) timing). 

 

7) Method B-7: Configuring A/N feedback corresponding to the (re)transmission scheduling of TB units (consisting of M CBGs) 

In this method, the A/N bit configuration of the TB unit and the A/N bit configuration of the CBG unit are configured according to 

whether A/N feedback is performed by semi-static (e.g., RRC) or dynamic (e.g., DCI) signaling (e.g., (initial) DL data scheduling DCI), 

and in the case of CBG unit A/N bit configuration, the corresponding A/N payload size (and PUCCH format for the corresponding A/N 

transmission) may be set via semi-static (e.g., RRC) signaling. In this case, for a given (fixed) A/N payload size (e.g., M bits), the total 

number of CBGs comprising a TB may be determined (e.g., M equal to the total number of A/N bits), and accordingly, the number of 

CBGs comprising a TB (M) may be set to be the same for different TB sizes, and accordingly, the number of CBs comprising one CBG 

may be set to be different (e.g., proportional to the TB size) depending on the TB size. On the other hand, if the total number of CBs 

comprising the TB is equal to or less than the given A/N payload size, the full A/N feedback may be configured by allocating A/N bits to 

each CB without grouping for CBs, and if the total number of CBs N is less than the given A/N payload size M (bits), the A/N feedback 

may be operated to 1) NACK the remaining (M - N) bits not allocated to A/N per CB, or 2) change the A/N payload size itself to N (bits) 

equal to the total number of CBs. 

 

On the other hand, for each TB size, the number of CBs comprising the corresponding TB and the CBG configuration based thereon (e.g., 

the total number of CBs comprising the TB, M, and the number of CBs comprising a single CBG, N) may be determined according to a 

predetermined rule, and the A/N payload size and the corresponding PUCCH format may be set based on the number of CBGs set in a 

given TB. For example, the PUCCH format and the set of candidate PUCCH resources used for CBG-based A/N transmission may be 

independently (differently) set for each TB size (and thus the total number of CBGs M).  

64 

 

 

 

 

 

 

 

 

 

 

 

Attorney Docket No. UT17--0756-US 

Section 1 



 

 

Furthermore, the value of M and/or the corresponding PUCCH format may be determined by semi-static (e.g., RRC) or dynamic (e.g., 

DCI) signaling (e.g., DL data scheduling DCI) to the UE, e.g., a plurality of combinations of M values and PUCCH formats (and candidate 

PUCCH resource sets) may be pre-specified, and a specific one combination may be indicated via DCI (e.g., when an M value is indicated, 

the corresponding M value is indicated, For example, an M value may be indicated and a PUCCH format (and a set of candidate PUCCH 

resources) predetermined for that M value may be automatically determined, or a PUCCH format may be indicated and an M value 

predetermined for that PUCCH format may be automatically determined), or both the M value and the PUCCH format may be indicated 

independently via the RRC and/or DCI. 

 

Alternatively, the N values and/or the corresponding PUCCH formats may be indicated to the UE via semi-static (e.g., RRC) or dynamic 

(e.g., DCI) signaling (e.g., DL data scheduling DCI) to the UE, such that a plurality of N values and a plurality of corresponding (M, 

PUCCH format (and a set of candidate PUCCH resources)) combinations are specified in advance, and one particular combination is 

indicated via DCI (e.g., when the N value is indicated, the PUCCH format specified in the corresponding M value is indicated), or For 

example, when an N value is specified, a PUCCH format (and a set of candidate PUCCH resources) specified for the M value may be 

automatically determined, or when a PUCCH format is specified, a total number of CBGs and a number of CBs per CBG may be 

automatically determined based on a corresponding A/N payload size (e.g., M bits)), or both the N value and the PUCCH format may be 

independently indicated via the RRC and/or DCI. 

 

8) Method B-8: Configure A/N feedback in response to retransmission of some CBGs (out of M CBGs comprising the TB) 

For this method, when scheduling retransmissions for L (L < M) or fewer CBGs out of the total M CBGs comprising the TB, Opt 1) the 

same A/N payload size (e.g., M bits) as in the case of A/N feedback corresponding to TB-wise (re)transmission (as in Method B-7 above) 

is applied (so that, for example, the actual A/N is mapped to only L bits and the remaining (M - L) bits can be treated as NACK), 

Alternatively, Opt 2) a different (e.g., smaller) A/N payload size (and PUCCH format) may be applied than in the case of A/N feedback 

corresponding to TB unit (re)transmission, wherein the A/N payload size (and PUCCH format) may be varied (e.g., consisting of only L 

bits) depending on the scheduled CBG number L value. In this case, L may be indicated to the UE as a single value via semi-static (e.g., 

RRC) signaling or as a dynamically changing value via dynamic (e.g., DCI) signaling (e.g., DL data scheduling DCI), and in the former 

case, the corresponding CBG indication signaling may be configured to allow scheduling of up to L CBGs out of a total of M CBGs via 

per CBG scheduling DCI. Furthermore, it may be configured to perform retransmission scheduling (from the eNB) only for L (L < M) or 

fewer CBGs out of the total M CBGs comprising the TB, and in this case, if the number of CBGs to be scheduled exceeds L, it may 

operate to perform TB-level scheduling (DCI transmission). 

 

In the case of Opt 1 and Opt 2 above, it is basically assumed that the CBG configuration initially applied/instructed in the TB 

scheduling/transmission (e.g., the total number of CBGs M comprising the TB and the number of CBs N comprising a single CBG) 

remains the same during the HARQ process, and further, in the case of Opt 1, the A/N payload size may be set to (e.g., M bits), but in 

order to configure the A/N feedback only for the actual scheduled CBGs, the CBs belonging to all of the L scheduled CBGs (each 

consisting of N CBs) may be reorganized into M CBGs (consisting of a smaller number of CBs than N) such that the overall A/N feedback 

is configured based on the allocation of A/N bits per CBG. On the other hand, in the case of the CBG retransmission scheduling DCI 

corresponding to the A/N feedback in Opt 2 above, the corresponding signaling may be configured in the form of 1) a retransmission 

CBG indication based on the total number of CBGs M regardless of the A/N payload size change, or 2) a CBG indication assuming that 

the set of CBGs (consisting of less than or equal to M CBs) that the UE has feedback as NACK is the total CBG configuration. 
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Furthermore, it is possible to indicate to the UE via semi-static (e.g., RRC) or dynamic (e.g., DCI) signaling (e.g., DL data scheduling 

DCI) whether the same (fixed) A/N payload size (and PUCCH format) should always be applied for CBG (retransmission) scheduling 

regardless of the number of scheduled CBGs as in Opt 1 above, or whether the A/N payload size (and PUCCH format) should be changed 

(dynamically) according to the number of scheduled CBGs as in Opt 2 above, RRC) or dynamic (e.g., DCI) signaling (e.g., DL data 

scheduling DCI) to indicate to the UE whether to change the A/N payload size (and PUCCH format) according to the number of scheduled 

CBGs as in Opt 2 above. 

 

9) Method B-9: A/N feedback on a CBG basis only if some of the CBGs (out of M CBGs comprising the TB) are NACK 

In this method, you can configure/transmit CBG-level A/N feedback (e.g., assign individual A/N bits for each CBG) only if L or fewer 

(L < M) CBGs are NACK out of the total M CBGs that comprise the TB, and if the number of CBGs that are NACK exceeds L, you can 

operate to configure/transmit TB-level A/N feedback. In this case, since the CBG-level A/N feedback is configured only for L or fewer 

NACKs, the retransmission CBG (index) indication through the CBG-level (retransmission) scheduling DCI may be configured in the 

form of 1) an indication for L or fewer CBGs out of the total M CBGs, or 2) a CBG indication assuming that the set of CBGs (L or fewer) 

that the UE has fed back as NACKs is the entire CBG configuration. More specifically, in this case, the UE may consider indexing all 

combinations of selecting i CBGs out of the total of M CBGs for all values of i for i = {1, ..., L}, and feeding one of those indices back 

to the eNB as the set of CBGs that are NACK. 

 

10) Method B-10: CBG retransmission scheduling and A/N feedback with maximum number of CBGs limited to M 

For this method, from the eNB scheduling point of view, the entire CBG configuration may consist of no more than M Mr CBGs and may 

operate to indicate to the UE the retransmission of L (L ≤ Mr ≤ M) CBGs among them, where M has a fixed value for at least one TB 

transmission or one HARQ process, while Mr (and L) values may change at each (retransmission) scheduling point. 

 

In this case, from an A/N feedback perspective, the UE shall either Opt 1) configure A/N feedback based on the maximum possible 

number of CBGs, M (e.g., configure the entire A/N payload size to be M bits, but treat the (M - L) bits corresponding to the actual 

unscheduled CBGs as NACK or DTX), or Opt 2) configure A/N feedback based on the total number of CBGs, Mr, at the time of 

scheduling (e.g., configure the entire A/N payload size to be Mr bits, but treat the (Mr - L) bits corresponding to the actual unscheduled 

CBGs as NACK or DTX), total A/N payload size of Mr bits, but NACK or DTX the (Mr - L) bits corresponding to the actual unscheduled 

CBGs), or Opt 3) configure the A/N feedback based on the number of scheduled CBGs L (e.g., configure the total A/N payload size of L 

bits and map/transmit A/N bits per scheduled CBG). In the case of Opt 2/3 above, the A/N payload size may change depending on the Mr 

value or the L value, and the PUCCH format (and the set of candidate PUCCH resources) used to transmit the A/N feedback (based on 

different Mr values or different L values) may change accordingly (i.e., set differently depending on the Mr value or the L value). 
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Furthermore, in this case, the overall Mr configuration of CBGs for retransmission scheduling in the eNB may be configured for the entire 

set of CBs comprising the TB (i.e., the overall set of CBGs is equal to the entire TB), or it may be configured for a specific subset of all 

CBs (i.e., the overall set of CBGs corresponds to a subset of the TB). In the former case, the Mr value at a particular scheduling point for 

one TB transfer or one HARQ process may be constrained to be set to a value that is always less than or equal to the Mr value at the 

previous scheduling point. In the latter case, the specific subset of CBs may be considered either 1) as the set of CBs belonging to the L 

CBGs scheduled at the previous scheduling point, or 2) as the set of CBs belonging to the CBGs that were NACKed by the UE among 

the L CBGs scheduled. 

 

11) Method B-11: Handling of (subsequent) CBGs scheduled for retransmission prior to A/N feedback transmission 

In a situation where a CBG retransmission for the same TB is scheduled at a time prior to the transmission of the A/N feedback 

corresponding to the reception of a specific TB (hereinafter referred to as “original TB”) (hereinafter referred to as “subsequent CBG”), 

the operation of transmitting the A/N feedback reflecting the reception combining for the subsequent CBG at the time of the first A/N 

may not be possible because the end of decoding for the subsequent CBG is too late. In this case, receive combining may refer to the 

operation of storing the subsequent CBG after flushing the buffer in which the previously received signal is stored. In this case, the UE 

may either 1) transmit the A/N feedback based on the decoding result only for the original TB at the first A/N time point and perform 

receive combining for the subsequent CBG (for A/N feedback at a later time point), or 2) transmit the A/N feedback based on the decoding 

result including the receive combining of the subsequent CBG at a time point that is a certain delay later than the first A/N time point, in 

which case the A/N transmission at the first A/N time point may be omitted (dropped) or only the A/N for the original TB may be 

transmitted. 

 

In UL data scheduling situations, similarly to the above, a (subsequent) CBG retransmission for the same TB may be scheduled at a time 

prior to a specific (original) TB transmission, where the time of the original TB transmission (referred to as “TX timing 1”) and the time 

of the subsequent CBG transmission (referred to as “TX timing 2”) may be different, with TX timing 2 being slower than TX timing 1. 

In this case, the UE may operate with TX timing 1 to transmit only the remaining scheduled original TB signal, excluding the CBG 

corresponding to the subsequent CBG (e.g., puncturing the RE/RB/symbol to which the CBG is mapped), while with TX timing 2 it may 

transmit the subsequent CBG scheduled for retransmission as is. 

 

Furthermore, in a cross-slot scheduling situation for DL data, similarly to the above, a (subsequent) CBG retransmission for the same TB 

may be scheduled via a specific (original) TB reception prior to a (subsequent) TB reception, where the original TB reception (referred 

to as “TX timing 1”) and the subsequent CBG reception (referred to as “TX timing 2”) may be different and TX timing 2 may be directed 

to a later time than TX timing 1. In this case, the UE may operate to receive only the remaining signals with TX timing 1 excluding the 

CBG corresponding to the subsequent CBG from the original TB signal scheduled (e.g., puncturing for the RE/RB/symbol to which the 

CBG is mapped), while with TX timing 2 it may receive the subsequent CBG as scheduled for retransmission. 

 

(C) How to operate the soft buffer 
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1) Method C-1: Determine the minimum buffer size per CB based on the total sum of the number of CBs belonging to the CBG that is 

NACK 

For this method, for the (minimum) buffer size (Bt) per TB allocated to one HARQ process or one TB, the buffer size (Bc) divided by 

the total number of CBs (Cn) belonging to the CBG(s) that the UE has fed back (to the eNB) as NACK is the minimum buffer size per 

CB from the UE receiving perspective (e.g, For example, Bc = Bt/Cn (e.g., the minimum number of (soft channel) bits that the UE should 

store in the buffer for each CB for said TB transmission), and as a specific example of this, one may consider substituting C for Cn in the 

following equation in 2-19 above. 

 

In this case, there is an advantage of increasing the minimum buffer size per CB (e.g., because C > Cn) compared to the conventional 

method based on A/N feedback in TB units, at which time, for Cn applied to one HARQ process or one TB transmission, the operation 

can be performed to 1) determine Cn based on only the initial A/N feedback (CBG with double NACK) composed of CBG units (i.e., 

apply the same Cn until the end of the HARQ process), or 2) determine Cn based on the A/N feedback (CBG with double NACK) at each 

point of A/N transmission, Cn is applied to the same until the end of the HARQ process), or 2) it can be operated to determine based on 

the A/N feedback (CBG with double NACK) at each point of A/N transmission (i.e., Cn is determined and applied according to the NACK 

CBG at each scheduling/feedback point). 

 

2) Method C-2: (limited/circular buffer) rate-matching operation at the eNB for retransmitted CBG signals 

In this method, when performing (limited/circular buffer) rate-matching based on the NACK fed back (from the UE) or the whole CBG 

that needs to be retransmitted from the eNB perspective, an A/N error may cause a mismatch between the NACK CBG from the eNB 

perspective and the NACK CBG fed back by the UE, To eliminate this mismatch, the eNB may either 1) behave (and the UE may 

assume/act on the assumption) that it always performs retransmission scheduling for all CBGs that have been fed back as NACK (from 

the UE) (or for which it has not received ACK feedback) all at once/simultaneously (i.e, ), or 2) (allowing retransmission scheduling for 

only some of the total NACK CBGs at the eNB), but indicating to the UE via DL data scheduling DCIs the total CBG information (e.g. 

number/index of NACK CBGs) that have been NACK-fed back or need to be retransmitted (or have not received ACK feedback) from 

the eNB perspective (e.g. number/index of NACK CBGs). 

 

In this case, the (minimum) buffer size per TB (Bt) allocated to one HARQ process or one TB may be determined by dividing the buffer 

size (Bc) by the sum of the number of CBs belonging to the CBG(s) that have been fed back as NACK or that require retransmission (or 

that have not received ACK feedback) from the eNB perspective (Cn), It may be considered to determine the minimum buffer size per 

CB from an eNB transmission perspective (e.g., Bc = Bt / Cn), and as a specific example of this, it may be considered to substitute C for 

Cn in the following formula in 2-19 above. 
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In this case, compared to the conventional method that applies only TB unit retransmissions, it has the advantage of increasing the 

minimum buffer size per CB (e.g., because C > Cn), and the Cn applied to one TB transmission can be 1) determined at the time of the 

first CBG unit retransmission executed (i.e., applying the same Cn, which has been determined in this manner,  until the end of the HARQ 

process), or 2) determined at each point of CBG unit retransmission (i.e., determine according to the number of CBGs which have been 

fed back to NACK as of each time point or for which retransmission is necessary (or for which ACK feedback has not been received)). 

 

3) Method C-3: Applying power offset to A/N feedback PUCCH transmission according to CBG unit scheduling 

For this method, the power offset added/applied to PUCCH transmissions carrying A/N feedback organized on a CBG basis shall be based 

on Opt 1) the total number of CBGs to which A/N bits are assigned or subject to A/N feedback (without distinction between ACK/NACK), 

or Opt 2) the number of CBGs scheduled by the eNB, or Opt 3) the number of NACK CBGs indicated (from the eNB) in Method C-2 

indicated by eNB above, or Opt 4) the number of NACK CBGs from the UE, or Opt 5) the number of CBGs in Opt 2 above, taking into 

account how the A/N feedback is configured as in Method B-3 above, Opt 6) the number of CBGs in Opt 3 above, plus the total number 

of CBGs that were unscheduled but fed back as ACKs; or Opt 7) the number of CBGs in Opt 3 above, plus the total number of CBGs that 

were unscheduled but fed back as ACKs; or Opt 8) the power offset added/applied to the A/N PUCCH transmission at a particular timing, 

excluding the CBGs that were already fed back as ACKs at a point prior to that timing, (e.g., the larger the number of CBGs in Opt 

1/2/3/4/5/6/7 above, the larger the corresponding power offset is added/applied). 

 

(D) Mismatch handling method 

 

1) Method D-1: Mismatch between CBG specific A/N information reported by the UE and CBG scheduled for retransmission by the eNB 

In this method, there may be a mismatch (due to an A/N error) between the CBG specific A/N information reported by the UE and the 

corresponding retransmission scheduled CBG index from the eNB, e.g., the CBG index scheduled from the eNB may not contain some 

of the CBGs reported by the UE as NACK and/or may contain CBGs that have already been reported as ACK. In this case, the UE shall 

either Opt 1) map the A/N result after combining and decoding for the scheduled CBGs that were previously fed back as NACK, or Opt 

2) map ACK again (without combining/decoding) for the scheduled CBGs that were previously fed back as ACK, or Opt 3) map NACKs 

for all CBGs, or Opt 4) perform TB-wide NACK feedback or TB-wide retransmission requests, or Opt 5) operate to discard the 

corresponding CBG scheduling DCI. On the other hand, it is also possible to apply one of the above Opt 1/2 if the scheduled CBG contains 

the entire CBG that was fed back with NACK before the scheduled CBG, and one of the above Opt 3/4/5 if not. 

 

2) Method D-2: Mismatch between TB-wide applied CRC and per CB and/or per CBG applied CRC 

In this method, the results of the CRC checks at the UE (e.g., pass or fail) may be different between the CRC applied to the entire TB, 

CRC applied in the unit for CB, and CRC applied in the unit of CRC. For example, the results of the CRC checks at the UE and/or CBG 

units may all be passes while the results of the CRC checks at the TB as a whole may be fails, or conversely, the results of the CRC checks 

at the TB as a whole may be  
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passes while the results of the CRC checks at at least one CB and/or CBG unit may be fails, in which case the UE may operate to apply 

one of Opt 3/4/5 above. In another example, the results of the CRC checks of the CBs belonging to a particular CBG may all be pass, 

while the CRC check result of the entire CBG may be fail, or conversely, the CRC check result of the entire CBG may be pass even 

though the CRC check result of at least one CB belonging to a particular CBG may fail, in which case the UE may map the CBG to 

NACK and feedback, or the UE may act to apply one of Opt 3/4/5. 

 

(E) Configure CBG Scheduling DCI  

 

1) Method E-1: Configure and set the Redundancy Version (RV) in the CBG unit's scheduling (DCI) 

For this method, configure only one RV field in the (retransmission) scheduling DCI in CBG units, 1) with the same size as the RV field 

in the scheduling DCI in TB units, but apply the RV value indicated in that field equally to all scheduled CBGs (where, RV value is the 

same as for TB-level scheduling), or 2) configure separate RV fields for each CBG, each of which can be smaller in size than the RV 

field in the TB-level scheduling DCI (but with fewer RV values than for TB-level scheduling). 

 

2) Method E-2: Perform retransmission scheduling for some CBGs (out of M CBGs comprising the TB) 

In this method, it may be operated to enable retransmission scheduling for only up to L (L < M) CBGs out of the total M CBGs comprising 

the TB, where L may be indicated to the UE as a single value through semi-static (e.g., RRC) signaling. Accordingly, up to L CBGs out 

of a total of M CBGs may be indicated through a CBG unit scheduling DCI, and for retransmission scheduling for CBGs beyond L, a TB 

unit scheduling DCI (or a flag in the DCI indicating TB-by-TB (re)transmission scheduling) may be applied. Furthermore, in this case, a 

method can be considered in detail, wherein, for every value of i = {1, ..., L}, all combinations of selecting i CBGs out of the total of M 

CBGs are indexed and the set of CBGs corresponding to one of those indices is indicated to the UE via a CBG retransmission scheduling 

DCI. 

 

On the other hand, considering the early termination of the TB decoding operation at the UE, it is possible to 1) perform decoding 

sequentially one CB at a time for each CBG, alternating for multiple CBGs (e.g., CB1 in CBG-1 → CB1 in CBG-2 → ... CB1 in CBG-

M → CB2 in CBG-1 → ... ), or 2) sequentially decode each CBG (by index) in a CBG-by-CBG manner (e.g., CBs in CBG-1 → CBs in 

CBG-2 → ...), and if a CBG that is NACK is encountered, the system may be operated to feedback the NACK for all subsequent CBGs 

(by index) (omitting the decoding operation). 

 

On the other hand, the CBG unit retransmission scheduling and CBG-specific A/N feedback configuration operation may not be 

applied/set for DL/UL data transmitted based on the SPS method, and accordingly, the CBG unit retransmission scheduling and CBG-

specific A/N feedback configuration operation may be  
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applied/set only for DL/UL data transmitted based on the general scheduling method other than the SPS method, and the TB unit 

scheduling and TB-specific A/N feedback operation may be applied/set for DL/UL data transmitted based on the SPS method. Also, for 

DL/UL data scheduled via DCI (or specific DCI format) transmission based on UE (group) CSS (and/or Msg3 scheduled from RAR 

accompanying random access process and Msg4 transmitted for contention resolution purpose), retransmission scheduling on CBG basis 

and A/N feedback configuration operation on CBG basis may not be applied/set, As a result, retransmission scheduling on a CBG basis 

and A/N feedback configuration operation on a CBG basis may be applied/set only for DL/UL data transmissions scheduled via USS-

based DCI transmissions rather than CSS, while TB-based scheduling and A/N feedback operation on a TB basis may be applied/set for 

DL/UL data (and/or Msg3/4) transmissions scheduled via CSS-based DCI transmissions. 

 

On the other hand, when considering a situation where the above intentional URLLC puncturing behavior is applied in a co-channel inter-

cell environment, it may be desirable to minimize at least the interference impact of URLLC signals transmitted by a particular cell on 

DMRS signals used for receiving DL/UL data in other cells. For this purpose, it may be contemplated that the cells communicate/exchange 

with each other the symbol position information to be used for DMRS transmission in each cell and/or the symbol position information 

to be used for URLLC (puncturing) transmission in each cell. 

 

The application of the proposed methods of the present invention may not be limited to the DL data scheduling and transmission situation, 

(for example, by replacing the DLdata (scheduling DCI) with UL data (scheduling DCI) in the above) and the operating principles of the 

proposed methods (e.g., configuring CB/CBG according to TB, setting UL data transmission timing, configuring CBG scheduling DCI, 

etc. 
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Universal mobile telecommunications system (UMTS) is a 3rd Generation (3G) 

asynchronous mobile communication system operating in wideband code division muttiple access 

(WCDMA) based on European systems, global system for mobile communications (GSM) and general 

packet radio services (GPRS). The long-term evolution (L TE) of UM TS is under discussion by the 3rd 

generation partnership project (3GPP) that standardized UMTS. 

[0002) The 3GPP L TE is a technology for enabling h igh-speed packet communications. Many 

schemes have been proposed for the L TE objective including those that aim to reduce user and provider 

costs, improve service quality, and expand and improve coverage and system capacity. The 3G L TE 

requires reduced cost per bit, increased service availability, flexible use of a frequency band, a simple 

structure, an open interface, and .idequate power com,Ymption of a terminal as an upper-leve! reqyirement. 

[0003) FIG. 1 is a block diagram illustrating network structure of an evolved universal mobi le 

telecommunication system (E-UMTS). The E-UMTS may be also referred to as an L TE system. The 

communication network Is widely deployed to provide a variety of communication services such as voice 

(VoIP) through IMS and packet data. 

[0004] As illustrated in FIG. 1, the E-UMTS network include-s an evolved UMTS terrestrial radio 

access network (E-UTRAN), an Evolved Packet Core (EPC) and one or more user equipment. The E­

UTRAN may include one or more evolved NodeB (eNodeB) 20, and a plurality of user equipment (UE) 10 

may be located in one cell. One or more E-UTRAN mobility management entity (MME)/system architecture 

evolution (SAE) gateways 30 may be positioned at the end of the network and connected to an external 

network. 

[0006] As used herein, "downlink" refers to communication from eNodeB 20 to UE 10, and "uplink" 

refers to communication from the UE to an eNodeB. UE 10 refers to communication equipment carried by 

a user and may be also referred to as a mobile station (MS), a user terminal (UT). a subscriber stati on (SS) 

or a wireless device. 

[0006) An eNodeB 20 provides end points of a user plane and a control plane to the UE 10. 

MME/SAE gateway 30 provides an end point of a session and moblli'ty management function for UE 10. 

The eNodeB and MME/SAE gateway may be connected via an S1 interface. 

[0007] The eNodeB 20 is generally a fixed station that communicates with a UE 10, and may also 

be referred to as a base station (BS) or an access point. One eNodeB 20 may be deployed per cell. An 

interface for transmitting user traffic or control traffic may be used between eNodeBs 20. 

[0008) The MME provides various functions including NAS s ignalling to eNodeBs 20, NAS 

signalling security, AS Security control, Inter CN node signalling for mobility between 3GPP access 

networks, Idle mode UE Reachabili1y (including control and execution of paging retransmission) , Tracking 

Area list manage-men! (for UE in idle a nd active mode), PON GW and Serving GW selection, MME 
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selection for handovers with MME change, SGSN selection for handovers to 2G or 3G 3GPP access 

networks, Roaming, Authentication, Bearer management functions including dedicated bearer 

establishment, Support for PWS (which includes ETWS and CMAS) message transmission. The SAE 

gateway host provides assorted functions including Per-user based packet filtering (by e.g. deep packet 

inspection), Lawful Interception, UE IP address allocation, Transport level packet marking in the downlink, 

UL and DL service level charging, gating and rate enforcement. DL rate enforcement based on APN­

AMBRFor clarity MME/SAE gateway 30 will be referred to herein simply as a "gateway," but it is 

understood that this entity includes both an MME and an SAE gateway. 

[0009) A plurality of nodes may be connected between eNodeB 20 and gateway 30 via the S1 

interface. The eNodeBs 20 may be connected to each other v ia an X2 interface and neighboring eNodeBs 

may have a meshed network structure that has the X2 interface. 

[0010) FIG. 2 is a block diagram depicting architecture of a typical E-UTRAN and a typical EPC. 

As illustrated, eNodeB 20 may perform functions of selection for gateway 30, routing toward the gateway 

during a Radio Resource Control (RRC) activation, scheduling and transmitting of paging messages, 

scheduling and transmitting of Broadcast Channel (BCCH) information. dynamic allocation of resources to 

UEs 1 O in both uplink and downlink, configuration and provisioning of eNodeB m easurements, radio bearer 

control, radio admission control (RAC), and connection mobility control in L TE_ACTIVE state. In the EPC, 

and as noted above, gateway 30 may perform functions of paging origination, L TE-IDLE state management, 

ciphering of the user plane, System Architecture Evolution (SAE) bearer control, and ciphering and integrity 

protection of Non-Access Stratum {NAS) signaling. 

[0011) FIGS. 3{a) and 3(b) are block diagrams depicting the user-plane protocol and the control-

plane protocol stack for the E-UMTS. As illustrated, the protocol layers may be divided into a first layer 

(L 1 ), a second layer (L2) and a third layer (L3) based upon the three lower layers of an open system 

interconnection (OSI) standard model that is well known in the art of communication systems. 

[0012) The physical layer, the first layer (L 1), provides an information transmission service to an 

upper layer by using a physical channel. The physical layer is connected with a medium access control 

(MAC) layer located at a higher level through a transport channel, and data between the MAC layer and the 

physical layer is transferred via the transport channel . Between different physical layers, namely, between 

physical layers of a transmission side and a reception side, data is transferred via the physical channel. 

[0013) The MAC layer of Layer 2 (L2) provides services to a radio l ink control (RLC) layer (which 

is a higher layer) via a logical channel. The RLC layer of Layer 2 (L2) supports the transmission of data 

with reliability. It should be noted that the RLC layer illustrated in FIGS. 3(a) and 3(b) is depicted because 

if the RLC functions are implemented in and performed by the MAC layer, the RLC layer itself is not 

required. The PDCP layer of Layer 2 (L2) performs a header compression function that reduces 

unnecessary control information such that data being transmitted by employing Internet protocol (IP) 

packets. such as 1Pv4 or 1Pv6, can be efficiently sent over a radio (wireless) interface that has a relatively 

small bandwidth. 

73 



[0014] 

Attorney Docket No. UT17-0756-US 
Section 2 

A radio resource control (RRC) layer located at the lowest portion of the third layer (L3) is 

only defined in the control plane and controls logical channels. transport channels and the physical 

channels in relation to the configuration, reconfiguration, and release of the radio bearers (RBs). Here, the 

RB signifies a service provided by the second layer (L2) for data transmission between the terminal and the 

UTRAN. 

[0015] As illustrated in FIG. 3(a), the RLC and MAC layers (terminated in an eNodeB 20 on the 

network side) may perform functions such as Scheduling, Automatic Repeat Request (ARO), and Hybrid 

Automatic Repeat Request (HARO). The PDCP layer (terminated in eNodeB 20 on the networ1< side) may 

perform the user plane functions such as header compression, integrity protection, and ciphering. 

[0016] As illustrated in FIG. 3(b), the RLC and MAC layers (terminated in an eNodeB 20 on the 

networ1< side) perform the same functions for the control plane. As illustrated, the RRC layer (terminated in 

an eNodeB 20 on the networ1< side) may perform functions such as broadcasting, paging, RRC connection 

management, Radio Bearer (RB) control, mobility functions, and UE measurement reporting and controlling. 

The NAS control protocol (terminated in the MME of gateway 30 on the network side) may perform 

functions such as a SAE bearer management, authentication, L TE_IDLE mobility handling, paging 

origination in L TE_IDLE, and security control for the signaling between the gateway and UE 10. 

[0001) The RRC state may be divided into two different states such as a RRC_IDLE and a 

RRC_ CONNECTEO. In RRC_IDLE state, the UE 10 may receive broadcasts of system information and 

paging information while the UE specifies a Discontinuous Reception (ORX) configured by NAS, and the 

UE has been allocated an identification (ID) which uniquely identifies the UE in a tracking area and may 

perform PLMN selection and cell re-selection. Also, in RRC-IDLE state, no RRC context is stored in the 

eNodeB. 

(0002] In RRC_CONNECTED state. the UE 10 has an E-UTRAN RRC connection and a context 

in the E-UTRAN, such that transmitting and/or receiving data to/from the network (eNodeB) becomes 

possible. Also, the UE 1 O can report channel quality information and feedback information to the eNodeB. 

(0003) In RRC_CONNECTED state. the E-UTRAN knows the cell to which the UE 10 belongs. 

Therefore, the network can transmit and/or receive data to/from UE 10, the network can control mobility 

(handover and inter-RAT cell change order to GERAN with NACC) of the UE, and the network can perform 

cell measurements for a neighbori ng cell. 

(0004) In RRC_IDLE mode, the UE 10 specifies the paging DRX (Discontinuous Reception) cycle. 

Specifically, the U E 10 monitors a paging signal at a specific paging occasion of every UE specific paging 

DRX cycle. 

(0005) The paging occasion is a time interval during which a paging signal is transmitted. The UE 

1 O has its own paging occasion. 

[0006) A paging message is transmitted over all cells belonging to the same tracking area. If the 

UE 10 moves from one tracking area to another tracking area, the UE will send a traeking area update 

message to the network to update its location. 
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[0007] A physical channel transfers signaling and data between layer L 1 of a UE and eNB. As 

illustrated in FIG. 4, the physical channel transfers the signaling and data with a radio resource, which 

consists of one or more sub-carriers In frequency and one more symbols in time. 

[0008] One sub-frame, which is 1.0 ms. in length, consists of several symbols. The particular 

symbol(s) of the sub-frame, such as the first symbol of the _sub-frame, can be used for downlink control 

channel(PDCCH). PDCCHs carries dynamic allocated resources, such as PRBs and MCS 

[0009] A transport channel transfers signaling and data between the L 1 and MAC layers. A 

physical channel is mapped to a transport channel. 

[001 OJ Downlink transport channel types include a Broadcast Channel (BCH), a Downlink Shared 

Channel (DL·SCH), a Paging Channel (PCH) and a Multicast Channel (MCH). The BCH Is used for 

transmitting system information. The DL-SCH supports HARO, dynamic link adaptation by varying the 

modulation, coding and transmit power, and both dynamic and semi-static resource allocation. The DL­

SCH also may enable broadcast in the entire cell and the use of beamforming. The PCH is used for paging 

a UE. The MCH is used for multicast or broadcast service transmission. 

[0011] Uplink transport channel types include an Uplink Shared Channel (UL-SCH) and Random 

Access Channel(s) (RACH). The UL-SCH supports HARQ and dynamic link adaptation by varying the 

transmit power and potentially modulation and coding. The UL-SCH also may enable the use of 

beamforming. The RACH is normally used for initial access to a cell. 

[0012] The MAC sublayer provides data transfer services on logical channels. A set of logical 

channel types is defined for different data transfer services offered by MAC. Each logical channel type is 

defined according to the type of information transferred. 

[0013] Logical channels are generally classified into two groups. The two groups are control 

channels for the transfer of control plane information and traffic channels for the transfer of user plane 

information. 

[0014] Control channels are used for transfer of control plane information only. The control 

channels provided by MAC include a Broadcast Control Channel (BCCH), a Paging Control Channel 

(PCCH), a Common Control Channel (CCCH), a Multicast Control Channel (MCCH) and a Dedicated 

Control Channel (DCCH). The BCCH is a downlink channel for broadcasting system control information. 

The PCCH is a downlink channel that transfers paging information and is used when the network does not 

know the location cell of a UE. The CCCH is used by UEs having no RRC connection w ith the network. 

The MCCH is a point-to-multipoint downlink channel used for transmitting MBMS control information from 

the network to a UE. The DCCH is a point-to-point bi-directional channel used by UEs having an RRC 

connection that transmits dedicated control Information between a UE and the network. 

[0015] Traffic channels are used for the transfer of user plane information on ly . The traffic 

channels provided by MAC include a Dedicated T raffic C hannel (DTCH) and a Multicast Traffic Channel 

(MTCH). The DTCH is a point-to-point channel, dedicated to one UE for the transfer of user information 
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and can exist in both uplink and downlink. The MTCH is a point-to-multipoint downlink channel for 

transmitting traffic data from the network to the UE. 

[0016) Uplink connections between logical channels and transport channels include a DCCH that 

can be mapped to UL- SCH, a DTCH that can be mapped to UL-SCH and a CCCH that can be mapped to 

UL-SCH. Downlink connections between logical channels and transport channels include a BCCH that can 

be mapped to BCH or DL-SCH, a PCCH that can be mapped to PCH. a DCCH that can be mapped to DL­

SCH, and a DTCH that can be mapped to DL-SCH, a MCCH that can be mapped to MCH, and a MTCH 

that can be mapped to MCH. 

[0017) It is known that d ifferent cause values may be mapped on the signature sequence used to 

send messages between a UE and eNB and that either Channel Quality Indicator (COi} or path loss and 

cause or message size are candidates for inclusion in the initial preamble. FIG. 5 illustrates different 

messages exchanged between a UE and eNB during initial access. 

[0018) When a UE wishes to access the network and determines a message to be transmitted, 

the message may be linked to a purpose and a cause value may be determined. The size of the ideal 

message number 3 illustrated in FIG. 5 may also be determined by Identifying all optional information and 

different attemative sizes, such as by removing optional information, or an alternative •·scheduling request" 

message may be used. 

[0019) The UE acquires necessary Information for the transmission of the preamble, UL 

interference, Pilot Transmit power and required Signal-to-Noise Ratio (SNR) for the preamble detection at 

the receiver or combinations thereof. This information must allow the calculation of the initial transmit 

power of the preamble. It is beneficial to transmit the uplink message in the vicinity of the preamble from a 

frequency point of view in order to ensure that the same channel is used for the transmission of the 

message. 

[0020) The UE should take into account the uplink interference and the uplink path loss in order to 

ensure that the network receives the preamble with a minimum SNR. The uplink interference can be 

determined only in the ENodeB and, therefore, must be broadcast by the ENodeB and received by the UE 

prior to the transmission of the preamble. The uplink path loss can be considered to be similar to the 

downlink path loss and can be estimated by the UE from the received Rx (receiver) signal strength when 

the transmit power of some pilot sequence of the cell is known to the UE. 

[0021) The required uplink SNR for the detection of the preamble would typically depend on the 

NodeB configuration , such as a number of Rx antennas and receiver performance. There may be 

advantages to transmitting the rather static Transmit power of the pilot and the necessary uplink SNR 

separately form the varying uplink interference and possibly the power offset required between the 

preamble and the message. 

[0022) The initial transmission power of the preamble can be roughly calculated according to the 

following formula: 

(0023) Transmit power = TransmitPilot - RxPilot + Ullnterference +Offset+ SNRRequired. 
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Therefore. any combination of SNRRequired, Ullnterference, TransmitPilot and Offset can 

be broadcast. In principle, only one value must be broadcast. This is essentially the method in current 

UMTS systems, although the UL interference in L TE will mainly be neighboring cell inter1erence that is 

probably more constant than in UMTS . 

[0025) The UE determines the initia l uplink transmit power for the transmission of the preamble as 

explained above. The receiver in the eNB is able to estimate the absolute received power as wall as the 

relative received power compared to the interference in the cell. The eNB will consider a preamble 

detected if the received signal power compared to the inter1erence is above an eNB known threshold. 

[0026) The UE performs power ramping in order to ensure that a UE can be detected even if the 

initially estimated transmission power for the preamble is not adequate. Another preamble will most likely 

be transmitted if no acknowledgement or a negative acknowledgement is received by the UE before the 

next random access attempt. The transmit power of the preamble can be increased, and / or the preamble 

can be transmitted on a d ifferent uplink frequency in order to increase the probability of detection. 

Therefore, the actual transmit power of the preamble that w ill be detected does not necessarily correspond 

to the initial transmit power of the preamble as initia lly calculated by the UE. 

[0027) The UE must determine the possible uplink transport format 

The transport format, which may include Modulation and Coding Scheme (MCS) and a number of resource 

blocks that should be used by the UE, depends mainly on two parameters, specifically the SN R at the eNB 

and the required size of the message to be transmitted. 

[0028) In practice. a maximum UE message size, or payload, and a required minimum SNR 

correspond to each transport format. In UMTS, the UE determines before the transmission of the preamble 

whether a transport format can be chosen for the transmission according to the estimated initial preamble 

transmit power, the required offset between preamble an~ the transport block, the maximum allowed or 

available UE transmit power, a fixed offset and additional margin. The preamble in UMTS need not contain 

any information regarding the transport format selected by the UE since the network does not need to 

reserve time and frequency resources and, therefore, the transport format is indicated together with the 

transmitted message. 

(0029] The eNB must be aware of the size of the message that the UE intends to transmit and the 

SNR achievable by the UE in order to select the correct transport format upon reception of the preamble 

and then reserve the necessary time and frequency resources. Therefore, the eNB cannot estimate the 

SNR achievable by the UE according to the received preamble because the UE transmit power compared 

to the maximum allowed or possible UE t.ransmit power is not known to the eNB, given that the UE will 

most likely consider the measured path loss in the downlink or some equivalent measure for the 

determination of the initial preamble transmission power. 

[0030) The eNB could calculate a difference between the path loss estimated in the downlink 

compared and the path loss of the uplink. However, this calculation is not possible if power ramping is used 

and the UE transmit power for the preamble does not correspond to the initially calculated UE transmit 
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power. Furthermore, the precision of the actual UE transmit power and the transmit power at which the 

UE is intended to transmit is very low . Therefore, it ha s been proposed to code the path loss or COi 

estimation of the downlink and the message size or the cause value in the uplink in the signature. 

(0031) 

(0032) 

(0033) Brief Description of the Drawings 

[ 00 34) FIG. 1 illustrates a block diagram illustrating network structure of an evolved universal 

mobile telecommunication system (E-UMTS). 

(0036) 

EPC. 

[0036) 

[003 7] 

[0038) 

[0039] 

FIG. 2 illustrates a block diagram depicting arch itecture of a typical E-UTRAN and a typical 

FIG. 3(a) illustrates the user-p lane protocol for the E-UMTS. 

F IG . 3(b) illustrates the control-plane p.-otocol stack for the E-UMTS 

FIG. 4 illustrates a Structure of the physical channel. 

FIG. 5 illustrates a R;mdom Ac~ss proce(l11re for E-VTR.AN inrl:ial <1ccess. 

[004 0) FIG. 6 illustrates a block diagram of a mobile station (MS) or access terminal (AT) 

according to the present lnven·tion. 
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