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PTO/AIAM4 (11-15)

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

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to 2 collection of information unless it contains a valid OMB control number.

R R Aftorney 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 application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The foliowing form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

H 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 Crder may not be filed electronically.)

Inventor Information:

Inventor 11 Remave
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
[ -] Jpuckehel ] Jranc | [
Residence Information (Select One) US Residency e Non US Residency Active US Military Service
City |Feoul IICountry of Residence | l'(R I
Mailing Address of Inventor:
Address 1 9, Yangjae-daero 11gil, Seocho-gu
Address 2
City I ﬁeoul l State/Province I I
Postal Code 3 |06772 | Countryi * P(R
Inventor & Remove
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
[ -] Jroonkui ] pHn [ -]
Residence Information (Select One} US Residency @ Non US Residency Active US Military Service
City |Feoul I{Country of Residence | ‘ﬁ? I

Mailing Address of Inventor:

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

Address 2

City | peout | staterProvince | |
Postal Code l IOBTTZ | Countryi ; P(R

Remo
Inventor b

Legal Name
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PTO/AIAM4 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032
U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it conlains a valid OMB 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

Prefix| Given Name Middle Name

Family Name

Suffix

‘ E] '—lanjun ] PARK

Residence Information (Select One} US Residency (@ Non US Residency

Active US Military Service

City |Eeou| I]Country of Residence |

| S

Mailing Address of Inventor:

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

Address 2

City l jpeoul | state/Province | |
Postal Code ] l06772 | Countryi } F(R

Inventor !4

Remove

Legal Name

Prefix| Given Name Middle Name

Family Name

Suffix

| [

Feonwook

] fam

Residence Information (Select One) US Residency (8 Non US Residency

Active US Military Service

City IISeoul I}Country of Residence |

kr ]

Mailing Address of Inventor:

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

Address 2

City I feoul | state/Province I |
Postal Code l |06?72 | Countryi * P(R

Inventor E

Legal Name

Prefix| Given Name Middle Name

Family Name

l E] '::hanghwan I FARK

Residence Information (Select One) US Residency (@ Non US Residency

Active US Military Service

City Eeoul IlCountry of Residence |

[

Mailing Address of Inventor:

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

Address 2

City I feoul | state/Province I |
Postal Code | ps772 | Countryi | kr
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PTO/AIAM4 (11-15)

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

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

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

UT17-0756-US

Attorney Docket Number

Application Data Sheet 37 CFR 1.76

Application Number

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

Inventor k

Legal Name

Prefix| Given Name Middle Name

[ Booroore |

Residence Information (Select One) US Residency

Family Name Suffix

pwanG e

@ Non US Residency Active US Military Service

City |Feoul ”Country of Residence | I'(R I

Mailing Address of Inventor:

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

Address 2

City I Feoul | State/Province l |
Postal Code ‘ |06T12 | Countryi I P(R

Remaove

Inventor 17
Legal Name

Prefix| Given Name Middle Name Family Name Suffix

| [ i | K | [

Residence Information (Select One) US Residency (8 Non US Residency Active US Military Service

City |Feoul I!Country of Residence | FR I

Mailing Address of Inventor:

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

Address 2

City | feoul | state/Province | |
Postal Code l [06772 | Countryi } P(R

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

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

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

Customer Number 7487
Email Address info@kpatent.com [ AddEmail |  [Remove Email
Email Address uspto@kpatent.com [ AddEmail | [Remove Email|
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PTO/AIAM4 (11-15)

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

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it conlains a valid OMB 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

Application Information:

Title of the Invention ETHOD OF DATA SCHEDULING AND HARQ OPERATION FOR NEW RADIO SYSTEM
Attorney Docket Number| UT17-0756-US Small Entity Status Claimed [ ]

Application Type Provisional -
Subject Matter tility -
Total Number of Drawing Sheets (if any) Suggested Figure for Publication (if any)

Filing By Reference:

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

For the purposes of a filing date under 37 CFR 1.53(b}, the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

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

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

Req uest Not to Publish. | hereby request that the attached application not be published under
] 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires

publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attomey 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: e Customer Number US Patent Practitioner | (O Limited Recognition (37 CFR 11.9)

Customer Number ’57487
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PTO/AIAM4 (11-15)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it conlains a valid OMB 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

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate

National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 118(e) or 120, and 37 CFR 1.78.

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

Prior Application Status I - ] Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (F’DX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i){1) and (2). Under the PDX praogram, 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).

Remove
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codée (if applicable)
Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

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
[] 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 AlA.
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PTO/AIAM4 (11-15)

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

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it conlains a valid OMB 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

Authorization or Opt-Out of Authorization to Permit Access:

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

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

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

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

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQ), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the Warld 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 biblicgraphic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)
(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h}(2).

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

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

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign |IP office access to the instant
[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

EFS Web 2.2.12

IPR2024-00951
Petitioners’ Exhibit 1008
Page 000008



PTO/AIAM4 (11-15)

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

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it conlains a valid OMB 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

Applicant Information:

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

Applicant |1

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

identified in this section.

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

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

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

1

Name of the Deceased or Legally Incapacitated Inventor: l

If the Applicant is an Organization check here. ]

Prefix Given Name Middle Name Family Name Suffix

] | I -

Mailing Address Information For Applicant:

Address 1

Address 2

City State/Province
Countr)) l l Postal Code
Phone Number Fax Number
Email Address

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

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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Approved for use through 04/30/2017. OMB 0651-0032

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it conlains a valid OMB 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

Assignee h

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

If the Assignee or Non-Applicant Assignee is an Organization check here. O
Prefix Given Name Middle Name Family Name Suffix

1 I | ]

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City I l State/Province
Countryi | l Postal Code
Phone Number Fax Number
Email Address

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

Signature:

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

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

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

Signature |[/Andrew S. Park/ Date (YYYY-MM-DD)| R017-05-03
First Name }L\ndrew Last Name ‘ Fark Registration Number 7841
Additional Signature may be generated within this form by selecting the Add button.
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Approved for use through 04/30/2017. OMB 0651-0032
U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it conlains a valid OMB 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

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

The Privacy Act of 1974 {P.L. 63-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: {1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the US.
Patent and Trademark Office may not be able to precess and/or examine your submission, which may result in termination of proceedings or abandenment of
the application or expiration of the patent.

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

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

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

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

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuantto 5 U.S.C.
552a{m).

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

6. Arecord in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 US.C. 218{q)).

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

8.  Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the pubilic if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9.  Arecord from this system of records may be disclosed, as a routine use, te a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential viclation of law or regulation.

EFS Web 2.2.12

IPR2024-00951
Petitioners’ Exhibit 1008
Page 000012



PROVISIONAL APPLICATION FOR UNITED STATES PATENT
IN THE NAMES OF

Suckchel YANG, Joonkui AHN, Hanjun PARK, Seonwook KIM,
Changhwan PARK, Seunggye HWANG and Kijun KIM

for

METHOD OF DATA SCHEDULING AND HARQ OPERATION FOR
NEW RADIO SYSTEM

Customer Number: 67487

Attorney Docket Number: UT17-0756-US

Total Number of pages: 88 (including cover)

IPR2024-00951

Petitioners’ Exhibit 1008

Page 000013



Attorney Docket No. UT17-0756-US
Section 1

INVENTION DESCRIPTION DOCUMENT |

CTO) Mobile communication lab. ACS team rDate: 2017.04.30 ! TEL : 82-31-450-4074
Inventor UAME obFJ| gistE ZMs, slEbEl Z2SA, 2o=E

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

Specification Groups 3GPP TSG RAN1

Related Technology field

Related Specification LTE-Advanced

1. Purpose of Invention

= gtdd oAM= Code Block (CB) EE= CB group (CBG) Z|ti2| data A7 &8 g2 2 HARQ S+ gh4{of
i 5to] A etstct.

2. Prior Arts in the same field of the invention

Techniques, apparatus and systems described herein can be used in various wireless access technologies
such as code division multiple access (CDMA), frequency division multiple access (FDMA), time division multiple
access (TDMA), orthogonal frequency division multiple access (OFDMA), single carrier frequency division multiple
access (SC-FDMA), etc. The CDMA may be implemented with a radio technology such as Universal Terrestrial
Radio Access (UTRA) or CDMA2000. The TDMA may be implemented with a radio technology such as Global
System for Mobile communications (GSM)/ General Packet Radio Service (GPRS)/ Enhanced Data Rates for GSM
Evolution (EDGE). The OFDMA may be implemented with a radio technology such as institute of electrical and
electronics engineers (IEEE) 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), |IEEE 802-20, evolved-UTRA (E-UTRA) etc.
The UTRA is a part of a universal mobile telecommunication system (UMTS). 3rd generation partnership project
(3GPP) long term evolution (LTE) is a part of an evolved-UMTS (E-UMTS) using the E-UTRA. The 3GPP LTE
employs the OFDMA in downlink and employs the SC-FDMA in uplink [1]]2][3]. LTE-advanced (LTE-A) is an
evolution of the 3GPP LTE. For clarity, this application focuses on the 3GPP LTE/LTE-A. However, technical

features of the present invention are not limited thereto.

2-1. LTE system architecture

IPR2024-00951
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Radio Frame
Slot
#0 | #1 | #2 ~ | #m8 | #19
Subframe

Figure 1. Structure of a radio frame of 3GPP LTE

In Figure 1, a radio frame includes 10 subframes. A subframe includes two slots in time domain. A time for
transmitting one subframe is defined as a transmission time interval (TTi). For example, one subframe may have a
length of 1 millisecond (ms), and one slot may have a length of 0.5 ms. One slot includes a plurality of orthogonal
frequency division multiplexing (OFDM) symbols in time domain. Since the 3GPP LTE uses the OFDMA in the
downlink, the OFDM symbol is for representing one symbol period. The OFDM symbol may also be referred to as
an SC-FDMA symbol or a symbol period. A resource block (RB) is a resource allocation unit, and includes a
plurality of contiguous subcarriers in one slot. The structure of the radio frame is shown for exemplary purposes
only. Thus, the number of subframes included in the radio frame or the number of slots included in the subframe or

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

One downlink slot

s/ \
7/ N,

-/ \A
7 OFDM symbols

T 1T
[ .

Resource block

/ 12x7 resource elements

Resource element

~

N™ x 12 subcarriers

|~

12 subcarriers

EEREREN
TP T 11
Figure 2. Resource grid for one downlink slot

In Figure 2, a downlink slot includes a plurality of OFDM symbols in time domain. It is described herein that one
downlink slot includes 7 OFDM symbols, and one resource block (RB) includes 12 subcarriers in frequency domain
as an example. However, the present invention is not limited thereto. Each element on the resource grid is referred
to as a resource element (RE). One RB includes 12x7 REs. The number N°" of RBs included in the downlink slot

3
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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.

Control region Data region
| — ] {
! 1st slot ' 2nd slot

Freq. E— |

Subframe
Time

Figure 3. Structure of downlink subframe

In Figure 3, a maximum of three OFDM symbols located in a front portion of a first slot within a subframe
correspond to a control region to be assigned with a control channel. The remaining OFDM symbols correspond to
a data region to be assigned with a physical downlink shared chancel (PDSCH). Examples of downlink control
channels used in the 3GPP LTE includes a physical control format indicator channel (PCFICH), a physical downlink
control channel (PDCCH), a physical hybrid ARQ indicator channel (PHICH), etc. The PCFICH is transmitted at a
first OFDM symbol of a subframe and carries information regarding the number of OFDM symbols used for
transmission of control channels within the subframe. The PHICH is a response of uplink transmission and carries
an HARQ acknowledgment (ACK)/not-acknowledgment (NACK) signal. Control information transmitted through the
PDCCH is referred to as downlink control information (DCI). The DCI includes uplink or downlink scheduling

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

The PDCCH may carry a transport format and a resource allocation of a downlink shared channel (DL-SCH),
resource allocation information of an uplink shared channel (UL-SCH), paging information on a paging channel
(PCH), system information on the DL-SCH, a resource allocation of an upper-layer control message such as a
random access response transmitted on the PDSCH, a set of Tx power control commands on individual UEs within
an arbitrary UE group, a Tx power control command, activation of a voice over IP (VolP), etc. A plurality of PDCCHs
can be transmitted within a control region. The UE can monitor the plurality of PDCCHs. The PDCCH is transmitted
on an aggregation of one or several consecutive control channel elements (CCEs). The CCE is a logical allocation
unit used to provide the PDCCH with a coding rate based on a state of a radio channel. The CCE corresponds to a
plurality of resource element groups (REGs). A format of the PDCCH and the number of bits of the available
PDCCH are determined according to a correlation between the number of CCEs and the coding rate provided by
the CCEs. The BS determines a PDCCH format according to a DCI to be transmitted to the UE, and attaches a
cyclic redundancy check (CRC) to control information. The CRC is masked with a unique identifier (referred to as a
radio network temporary identifier (RNTI)) according to an owner or usage of the PDCCH. If the PDCCH is for a
specific UE, a unique identifier (e.g., cell-RNTI (C-RNTI)) of the UE may be masked to the CRC. Alternatively, if the

4
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PDCCH is for a paging message, a paging indicator identifier (e.g., paging-RNTI (P-RNTI)) may be masked to the

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

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

indicate a random access response 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
»
N
Data .
Region RB\pair
One slot One slot
Freq. _____Subframe N

Time

Figure 4. Structure of uplink subframe

In Figure 4, an uplink subframe can be divided in a frequency domain into a control region and a data region.
The control region is allocated with a physical uplink control channel (PUCCH) for carrying uplink control information.
The data region is allocated with a physical uplink shared channel (PUSCH) for carrying user data. To maintain a
single carrier property, one UE does not simultaneously transmit the PUCCH and the PUSCH. The PUCCH for one
UE is allocated to an RB pair in a subframe. RBs belonging to the RB pair occupy different subcarriers in respective
two slots. This is called that the RB pair allocated to the PUCCH is frequency-hopped in a slot boundary.

BS (base station) (10) UE (user equipment) (20)
PROCESSOR RF UNIT PROCESSOR RF UNIT
an (13) 2n 23)
>
MEMORY MEMORY
(12) 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

5
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part of the UE 20, and a receiver may be a part of the BS 10. A BS 10 may include a processor 11, a memory 12,
and a radio frequency (RF) unit 13. The processor 11 may be configured to implement proposed procedures and/or
methods described in this application. The memory 12 is coupled with the processor 11 and stores a variety of
information to operate the processor 11. The RF unit 13 is coupled with the processor 11 and transmits and/or
receives a radio signal. A UE 20 may include a processor 21, a memory 22, and a RF unit 23. The processor 21
may be configured to implement proposed procedures and/or methods described in this application. The memory
22 is coupled with the processor 21 and stores a variety of information to operate the processor 21. The RF unit 23
is coupled with the processor 21 and transmits and/or receives a radio signal. The BS 10 and/or the UE 20 may
have single antenna and multiple antennas. When at least one of the BS 10 and the UE 20 has muitiple antennas,

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

2-2. Frame structure in LTE
Throughout LTE specification, unless otherwise noted, the size of various fields in the time domain is expressed

as a number of time units 7, = 1/(15000 x 2048) seconds.
Downlink and uplink transmissions are organized into radio frames with 7, =307200x 7, =10 ms duration.

Two radio frame structures are supported:
- Type 1, applicable to FDD,
- Type 2, applicable to TDD.

(1). Frame structure type 1

Frame structure type 1 is applicable to both full duplex and half duplex FDD. Each radio frame is
7; =307200-7, =10ms long and consists of 20 slots of length 7, =15360-T, = 0.5ms . numbered from 0 to 19. A
subframe is defined as two consecutive slots where subframe ; consists of slots 2; and 2i+1.

For FDD, 10 subframes are available for downlink transmission and 10 subframes are available for uplink
transmissions in each 10 ms interval. Uplink and downlink transmissions are separated in the frequency 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 FDD.

) One radio frame, 7;= 3072007;= 10 ms
{ One slot, Tue= 153607:= 0.5 ms
-—

#0 #1 | #2 #3 | #18 | #19

One subframe

Figure 6: Frame structure type 1.

(2). Frame structure type 2
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Frame structure type 2 is applicable to TDD. Each radio frame of length 7; =307200-7, =10ms consists of two
half-frames of length 153600.-7, =5ms each. Each half-frame consists of five subframes of length
30720-7, =1ms . 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 DwWPTS, 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 t030720-7, =1ms . Each subframe ;is defined as two slots, 2;and2i+1 oflength 7, =15360-7, =0.5ms

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 0 and 5 and DwWPTS are always reserved for downlink transmission. UpPTS and the

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

One radio frame, 7;= 3072007, = 10 ms

One hali-frame, 1536007, =5 ms
!

One slot, T T e e

Tue=153607, 307207, T e L e
T I ] T T T = T T 7 T T 7
Subfm‘me #0 ! ; Subframe #2 | Subframe #3 Subframe #4 Subframe #5 H #7 #8 Subframe #9
o H H H | 1 1 e i 1 |
subframe, | f T \ / ‘
-—367205—»
S / \
owPTs  Gp PPl owpTs  GP PFT

Figure 7: Frame structure type 2 (for 5 ms switch-point periodicity).
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Table 1: Configuration of special subframe (lengths of DwPTS/GP/UpPTS).
Special subframe Normal cyclic prefix in downiink Extended cyclic prefix in downlink
configuration
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 -7,
1 197607, 20480 -7,
2192-7, 2560-7,
2 21952-7, 2192-7, 2560-7, | 23040-7,
3 24144-7, 25600-T;
4 26336-T, 76807, i
5 6592-T, 20480-T, 4384.7, 5120-7,
6 197607, 23040-7,
4384 -7, 5120-7,
7 21952-T, - R N
8 ) 24144-7, - _ -

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

4] 5 ms DjsS|U|U|lU|D ] S|U|JU|U
1 5ms D{s|Ulu|D|{D|S|UjU|D
2 5ms D|S|U|D|D}|D|S|U|D|D
3 10 ms Dis|ujuju|D|D|D|D|D
4 10 ms bDisjuiu,D|D|{D|D{D|D
5 10ms pis|u|lpD|D|D|D|D|D|D
6 5 ms DI|sS|U|lUjuU|D|S|UjU|(D

2-3. PUSCH related procedures in LTE

For FDD, there shall be 8 HARQ processes in the uplink for non-subframe bundling operation, i.e. normal
HARQ operation, and 4 HARQ 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
8
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both FDD and TDD.

For FDD and normal HARQ operation, the UE shall upon detection of a PDCCH with DCI format 0 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 FDD and subframe bundling operation, the UE shall upon detection of a PDCCH with DCI format 0 in
subframe n intended for the UE, and/or a PHICH transmission 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 FDD and TDD, the NDI as signalled on PDCCH, the RV, and the TBS shall be delivered to higher layers.
For TDD, the number of HARQ processes shall be determined by the DL/UL configuration, as indicated in Table 3.

Table 3: Number of synchronous UL HARQ processes for TDD

TDD UL/DL Number of HARQ processes for | Number of HARQ processes for
configuration normal HARQ operation subframe bundling operation

0 7
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 HARQ operation, the UE shall upon detection of a PDCCH with
DCI format 0 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 0 and normal HARQ 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 DC! format 0 is set to 1 or PHICH is received in
subframe n=0 or 5 in the resource corresponding to /emich =0, with k given in Table 4. If, for TDD UL/DL
configuration 0 and normal HARQ operation, the LSB of the UL index in the DCI format 0 is set to 1 in subframe n
or a PHICH is received in subframe n=0 or 5 in the resource corresponding to /pycy =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 format 0O in subframe n intended for the UE, and/or a PHICH transmission intended for the UE in
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subframe n-/ 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 UL/DL configuration 0 and subframe bundling operation, the UE shall upon detection of a PDCCH with
DCI format 0 in subframe n intended for the UE, and/or a PHICH transmission intended for the UE in subframe n-/
with / given in Table 5, adjust the corresponding first PUSCH transmission in the bundie in subframe n+k, if the
MSB of the UL index in the DCI format O is set to 1 or if lemicy =0, with k given in Table 4, according to the PDCCH
and PHICH information. If, for TDD UL/DL configuration 0 and subframe bundling operation, the LSB of the UL
index in the DCI format O is set to 1 in subframe n or if /pycy =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

TDD UL/DL DL subframe number n
Configuratio
0|1|2({3|4|5|6|7|8]|9
n
o] 4|6 4|6
1 6 4 6 4
2 4 4
3 4 4 |4
4 4| 4
5 4
6 717 717 5

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

TDD UL/DL DL subframe number n
Configuratio
0|1]|2|3|4|5|6{7|8|9
n
0 916 916
1 2 3 2 3
6 515 6|6 8

10
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2-4. UE ACK/NACK procedure in LTE

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 UL/DL configuration 1-6, an ACK/NACK received on the PHICH assigned to a UE in
subframe / is associated with the PUSCH transmission in the subframe j-k as indicated by the following Table 6. For
Frame Structure type 2 UL/DL configuration 0, an ACK/NACK received on the PHICH in the resource corresponding
to Ipric = 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 UL/DL configuration 0, an ACK/NACK received on
the PHICH in the resource corresponding to /eyicy = 1, assigned to a UE in subframe /i is associated with the

PUSCH transmission in the subframe /-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
o 714 74
1 4 6 4 6
2 6 6
3 6 6|6
4 6|6
5 6
6 6|4 74 6

The physical layer in the UE shall deliver indications to the higher layers as follows:
For downlink subframe j, if a transport block was transmitted in the associated PUSCH subframe then:
@  if ACK is decoded on the PHICH in subframe i, ACK shall be delivered to the higher layers;

®@® else NACK shall be delivered to the higher layers.

11
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2-5. PHICH assignment procedure

For PUSCH transmissions scheduled from serving cell ¢ in subframe n, a UE shall determine the corresponding
PHICH resource of serving cell ¢ in subframe ;+ kpprcy - Where kp,... 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: %,,,.,, for TDD

TDD UL/DL subframe index n
Configuratio (012 |3 |4|5/6|7|8|9
n
[*] 4 6 6
1 4
2 6
3 6 6
4 6
5 6
6 4|16 |6 4|7

The PHICH resource is identified by the index pair (n§[,, .nydc) Where p&2% is the PHICH group number and

npen is the orthogonal sequence index within the group as defined by:
group __ group group
e =Uprp  ra +PoMrs)MOAN B 06 + I pion N Bt

seq _ group PHICH
npriicH = ({! prB_RA'NBHICH J*’ nppps)mod 2N gy

where
*  nprs is mapped from the cyclic shift for DMRS field (according to Table 8) in the most recent

PDCCH with uplink DCI format [2] for the transport block(s) associated with the corresponding
PUSCH transmission. np,.zs 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 .

«  NiHICH s the spreading factor size used for PHICH modulation as described in [1].

12

IPR2024-00951
Petitioners’ Exhibit 1008
Page 000024



Attorney Docket No. UT17-0756-US
Section 1
for the first TB of a PUSCH with associated PDCCH or for the case of
no associated PDCCH when the number of negatively acknowledged
[lowest_index TBs is not equal to the number of TBs indicated in the most recent

7 _j'PrB_R4
PRB_RA PDCCH associated with the corresponding PUSCH

I ;ﬁ’,}“}fs ’ﬁg"{e" +1 forasecond TB of a PUSCH with associated PDCCH

where [l98estzindex s the lowest PRB index in the first siot of the corresponding PUSCH

transmission

. Nimdy is the number of PHICH groups configured by higher layers as described in [1],

1 for TDD UL/DL configuration 0 with PUSCH transmission in subframe #» =4 or 9

. 7 =
PHICH {O otherwise

Table 8: Mapping between 7, ,; and the cyclic shift for DMRS field in PDCCH with uplink DCI format [2]

Cyclic Shift for DMRS Field in PDCCH
with uplink DCI format in [2]
000
001
010
011
100
101
110
111

N prrs

N[N D[WIN -

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

For FDD, when both ACK/INACK 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 UE shail upon detection of a PDSCH transmission or a PDCCH indicating downlink SPS release
within subframe(s) »-4, where ftcK and Kk is defined in Table 11 intended for the UE and for which

13
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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%,
detected by the UE according to Table 9 in subframe 5 — k', where k' is defined in Table 10, represents the
total number of subframes with PDSCH transmissions and with PDCCH indicating downlink SPS release to the
corresponding UE within all the subframe(s) »— %, where f € K . The value VDLjﬁz includes all PDSCH transmission
with and without corresponding PDCCH within all the subframe(s) »— % . In case neither PDSCH transmission, nor
PDCCH indicating the downlink SPS resource release is intended to the UE, the UE can expect that the value of

the DAl in DCI format 0, V,J%; , if transmitted, is set to 4.

For TDD UL-DL configurations 1-6, the value of the DAI in DCI format 1/1A/1B/1D/2/2A denotes the
accumulative number of PDCCH(s) with assigned PDSCH transmission(s) and PDCCH indicating downlink SPS

release up to the present subframe within subframe(s) »- 4, where k< K, and shall be updated from subframe to
subframe. Denote VD”ALI as the value of the DAI in PDCCH with DCI format 1/1A/1B/1D/2/2A detected by the UE

according to Table 9 in subframe»n — &k, , where k, is the smallest value in the set X (defined in Table 11) such
that the UE detects a DCI format 1/1A/1B/1D/2/2A. Denotel/, ,, as the total number of PDCCH(s) with assigned
PDSCH transmission(s) and PDCCH indicating downlink SPS release detected by the UE within the subframe(s)

n—k, where e K .Denote N, , which can be zero or one, as the number of PDSCH transmissions without a

corresponding PDCCH within the subframe(s) »—-k,where (cX.

Table 9: Value of Downlink Assignment Index

DAI UL op VDL Number of subframes with PDSCH
MSB, LSB bat DAl transmission

0,0 1 1or5or9

0,1 2 20r6

1,0 3 3or7

1,1 4 Oor4d4or8

Table 10: Uplink association index k’ for TDD
TDD UL/DL DL subframe number n

Configuration

01|23 ]4|5]6] 7 |89

1 6 | 4 6 |4

2 4 4
14
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3 4 4] 4
4 4 | 4
5 4
6 7 7 5 7 7

2-7. UE procedure for determining PUCCH assignment in LTE
Uplink control information (UCl) in subframe ; 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 » 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 UCI is not transmitted

Throughout this section, subframes are numbered in monotonically increasing order; if the last subframe of a radio
frame is denoted f, the first subframe of the next radio frame is denoted £ +1.

The following combinations of uplink control information on PUCCH are supported:
-  HARQ-ACK using PUCCH format 1a or 1b

- HARQ-ACK using PUCCH format 1b with channel selection
- Scheduling request (SR) using PUCCH format 1
- HARQ-ACK and SR using PUCCH format 1a or 1b
- CAQl using PUCCH format 2
- CQl and HARQ-ACK using PUCCH format
- 2a or 2b for normal cyclic prefix

- 2 for extended cyclic prefix

The scrambiling initialization of PUCCH format 2, 2a and 2b is by C-RNTI.
The parameter Simuitaneous-AN-and-CQl provided by higher layers determine if a UE can transmit a combination
of CQl and HARQ-ACK on PUCCH in the same subframe.

For TDD, two ACK/NACK feedback modes are supported by higher layer configuration.
- ACK/NACK bundling and

- ACK/NACK muitiplexing

For TDD UL-DL configuration 5, only ACK/NACK bundling is supported.
TDD ACK/NACK bundling is performed per codeword across jps multiple DL subframes associated with a single
UL subframe n, where )7 is the number of elements in the set x defined in Table 11, by a logical AND operation
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of all the individual PDSCH 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 ps > 1, where jps is the number of elements in the
set x 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 1b with
channel selection is used. For TDD ACK/NACK multiplexing and a subframe n with A7 =1, 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 : {k;.k,,---k;,_;} for TDD

UL-DL Subframe n
Configuration | 0 [ 1 T2 3 4 [5]6 7 89
0 -1 - 6 - 4 | -1- 6 -4
1 I 7.6 4 - -1 - 7.6 4 |-
2 - - 8,7,4,6 - - - -187.46-]|-
R R 7,6, 11 6,5 54| -1- - 1=
4 - - 12,8,7, 11 6.5, 4,7 - - - -
5 - [ -] 13,12,9,8,7,5,4,11,6 - - B . -1 -
6 - - 7 7 5 |- |- 7 7] -
2-8. Carrier aggregation in LTE-A
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r Y

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

As the increased demands for the high data rate transmission, the mobile communication systemm composed of
aggregated multiple CCs (component carriers) is now being researched. For example, Figure 8 (b) illustrates the
DL/UL subframe structure considered in 3GPP LTE-A (LTE-Advanced) system where multiple CCs are aggregated
(in this example, 3 carriers exist), while Figure 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 M<N so that
the UE’s monitoring of the DL signal/data is limited to those M DL CCs. In addition, the network may configure L DL
CCs as the main DL CCs from which the UE should monitor/receive DL signal/data with a priority, either UE-
specifically or cell-specifically, where L<M<N.

Moreover, for cross-CC scheduling of LTE-A UEs, the introduction of carrier indicator field (CIF) has been
considered. The baseline of PDCCH transmission for LTE-A is summarized as below, and configuration for the
presence or absence of the CIF within PDCCH is semi-statically and UE-specifically enabled by higher layer

signaling.

B CIF disabled: PDCCH on a DL CC assigns PDSCH resources on the same DL CC and PUSCH resources
on a single linked UL CC
e No CIF
e Same as Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) and DCI formats

B CIF enabled: PDCCH on a DL CC can assign PDSCH or PUSCH resources in one of multiple aggregated
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DL/UL CCs using the CIF
e Rel-8 DCI formats extended with the CIF
- CIF (if configured) is a fixed 3-bit field
- CIF (if configured) location is fixed irrespective of DCI 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 compiexity 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 other words, to schedule
PDSCH/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 LTE-A UE for which 3 DL CCs are aggregated, and DL CC A is configured as the
PDCCH monitoring DL CC. If the CIF is disabled, each DL CC can transmit only the PDCCH scheduling it own
PDSCH without the CIF, 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 PDCCHs scheduling not only it own PDSCH but also
PDSCHs of the other CCs, by using the CIF. Note that no PDCCH is transmitted on DL CC B and C which are not
configured as the PDCCH meonitoring DL CC.

Monitoring CC for a UE

} DL Compongent Carrier A DL Component Carrier B DL Component Carrier &
N

C i

subframe—-]
aL:DCCH
PDSCH

Figure 9 : Subframe structure of LTE-A system with CIF for cross-CC scheduling

2-9. PDCCH assignment procedure in LTE-A
The control region of each serving cell (i.e. CC) consists of a set of CCEs, numbered from 0 to Neegy —1s
where N, is the total number of CCEs in the control region of subframe k. The UE shall monitor a set of
PDCCH candidates on one or more activated serving cells as configured by higher 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 of search spaces, where a search space s,ﬁ“ at
aggregation level L e {1,2,4,8} is defined by a set of PDCCH candidates. For each serving ceil on which PDCCH is
monitored, the CCEs corresponding to PDCCH candidate m of the search space s}{“ are given by
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L {(¥ +mHmod [ Necp g /L) }+i
where v, is defined below, ;=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 with
carrier indicator field then m’'=m+ ML) .n., where 5., is the carrier indicator field value, else if the monitoring
UE is not configured with carrier indicator field then p’=m, where p=0,---, ") —1. M¥ 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. A UE 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 field associated with monitoring PDCCH on serving cell ¢ shall
monitor PDCCH configured with carrier indicator field and with CRC scrambled by C-RNTI in the UE specific search
space of serving cell c. A UE configured with the carrier indicator field associated with monitoring PDCCH on the
primary cell shall monitor PDCCH configured with carrier indicator field and with CRC scrambled by SPS C-RNT! in
the UE specific search space of the primary cell.

The UE shall monitor the common search space for PDCCH without carrier indicator field. For the serving cell
on which PDCCH is monitored, if the UE is not configured with 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 with 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.

A UE 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 5. inthe

- 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 given serving cell with a given DCI format size with 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 O for the two aggregation levels 7 =4 and 1 = 8. For the UE-
specific search space s ataggregation level 7, the variable y, is defined by
Y, =(4-Y, ,)mod D
where vy —p.q =0, 4=39827, D=65537 and kans/ZJ' n, is the slot number within a radio frame. The

RNTI value used for 5, is defined in [3] as a kind of UE's ID.

Table 12: PDCCH candidates monitored by a UE

Search space S0 Number of PDCCH

Type Aggregation level L Size [in CCEs] candidates A7
1 =] 6
UE- 2 12 153
specific 4 8 2
7777777 1 8 16 2
Common 4 18 4
8 §i3 2

2-10. ACK/NACK multiplexing in LTE

Under the situation that a UE should simultaneously transmit multiple ACK/NACKs corresponding to muiltiple
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 muitiplexing, contents of the ACK/NACK responses for muitiple 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 HARQ 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) O B(0),5(1)
ACK, ACK, ACK, ACK Micens 1,1
ACK, ACK, ACK, NACK/DTX - 1,0
NACK/DTX,NACK/DTX,NACK,DTX AW ccna 1,1
ACK, ACK, NACK/DTX, ACK niocei 1,0
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NACK, DTX, DTX, DTX Mpdccivo 1,0
ACK, ACK, NACK/DTX, NACK/DTX ncena 1.0
ACK, NACK/DTX, ACK, ACK nRccia 0,1
i NACK/DTX, NACK/DTX, NACK/DTX, NACK MEocers 1,1
ACK, NACK/DTX, ACK, NACK/DTX Mdccuz 0,1
ACK, NACK/DTX, NACK/DTX, ACK ndcco 0,1
ACK, NACK/DTX, NACK/DTX, NACK/DTX noccio 1,1
NACK/DTX, ACK, ACK, ACK Pidccis 0,1
NACK/DTX, NACK, DTX, DTX Midccin 0.0
NACK/DTX, ACK, ACK, NACK/DTX noccns 1,0
NACK/DTX, ACK, NACK/DTX, ACK nSocens 1,0
NACK/DTX, ACK, NACK/DTX, NACK/DTX A i 0, 1
NACK/DTX, NACK/DTX, ACK, ACK nidccis 0,1
NACK/DTX, NACK/DTX, ACK, NACK/DTX npdccina 0,0
NACK/DTX, NACK/DTX, NACK/DTX, ACK Mpdccis 0,0
DTX, DTX, DTX, DTX N/A N/A

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](’)L}CCHX indicates the PUCCH resource which should be used in actual ACK/NACK transmission, where
there are 4 PUCCH resources, "lggcca,o , n{,’JCCHJ , nf)‘[;ccﬂl, and n{,‘gCCH‘B in maximum. 5(0), (1) indicates two

bits carried by the selected PUCCH resource. Modulation symbol which is transmitted through PUCCH resource is
decided according to the bits. 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 z{)qy,- For another example, if the RX node
receives 4 data units, fails in decoding (or misses) the first 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 ”Igl}ccm . By linking the actual ACK/NACK
contents with the combination of PUCCH resource selection and the actual bit contents in the transmitted PUCCH
resource in this 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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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 cnly one of HARQ-ACK(i)s is NACK decoupied with DTX. In this case,

PUCCH resource linked to the data unit corresponding to single definite NACK can be also reserved to transmit the
signal of multiple ACK/NACKSs.

2-11. ACK/NACK transmission for LTE-A

LTE-A AlAEoM= S52| DL CCE &8l ™&E S92 PDSCHoll tist E52 ACK/NACK EESE
E& ULCCE &3 ™M&st=s HE 13 2UCt ol E sl 7| & Rel-8 LTEOHA{2] PUCCH format 1a/1b& O]
3Tt ACK/INACK T &3te= 22|, 5592 ACK/INACK HEE MY =Y (e.g. Reed-Muller code, Tail-biting
convolutional code, etc.)8F & PUCCH format 2, ZE+ of2i2t ZH2 Biock-spreading 7| gte| HE & &Eelfe| M=
& PUCCH format (i.e. E-PUCCH format)2 O|&3t0i 552 ACK/INACK HE/MSE ®&Est=s dE e =

o

o

ch.

e Block-spreading
Block-spreading 7|®2 Aof HE/AMS (e.g. ACK/NACK, etc.) &S 7IE LTEOIAM 2] PUCCH format 1 =&
2 AlZ 2= ct27) SC-FDMA Al S 0| 83l0 BHi=3l= Weolch o] raloff A= Figure 100llAM2F ZH0] Al

£ sequence?} OCC (Orthogonal Cover Code)oll 2|5l time-domain spreading=|01 ¥ & =l= &Eefjolo{, OCCE
0] &3ty &st RBoll o] UEE<SQ| Ao AlEEE8 multiplexingMZ == Ut 2FA{2] PUCCH format 20iA =

Stte} M E sequenceZt AlZF Aol 2X HSES=T CAZAC sequence| cyclic shift (.e. CCS)E 0I-83101 UE
multiplexing=S 8 St= 9HH, Block-spreading 7|%t2| E-PUCCH formate| &S siuie|] AlE sequence?| Fuf
£ godofl 22X ME =12 OCC 7|¢he| time-domain spreadingS 0| &30§ UE multiplexings =%l gtct. st-fe}

ol 2 Figure 10T} Zto] 3Si-te] A8 sequences& lengh-5 (SF = 5)2| OCCE 0[&310f 5712l SC-FDMA AlE2
MMAIF MESts 2HE LEICE a8 e] oidoM= 1 slot S & 2702 RS AE8 AFZSIX|CL, 3719
RS Al2& ALE35t2 SF =42 OCCE O|&stz 24 S Chst 88 e &= AUCch 047|AM, RS ME= &
& cyclic shift® 2= CAZAC sequenceZ2HE MAME = oo, A|ZI dHe| 54 RS ME0 54 OCCr}

HBE (ZohAl) Helz MaE 5 Ack

| Symbol seqguence ={d1,d2,..} _‘J

Block—spreading
code (OCC) \

FFT | E3i
|

l Data !' Data Il Data

1 Slot >
Figure 10. Block-spreading 7| ¢t2| E-PUCCH format oflA| (i.e. PUCCH format 3)

22

IPR2024-00951
Petitioners’ Exhibit 1008
Page 000034



Attorney Docket No. UT17-0756-US
Section 1

AMde] HeolE 2|5, PUCCH format 2 S£= E-PUCCH format2 A}23st= o[ MY =g 7|gle] =24
ACK/NACK & 2HA| 2 “multi-bit ACK/NACK coding” & gyolet Fsich o] gie =2 DL CC2 PDSCH

of of$ht ACK/INACK &= DTX &= (PDCCHE Q/AESHK] 2EE 2ohES MY IYHSH MM
ACK/NACK coded block2 & &shs gh#H S Liepdch O#IE ctato] o{® DL CCoOliAl SU-MIMO modeZ =
ztslo] 2702] codeword (CW)E <$AIBICHH 3 CColl CHSH CW 82 ACK/ACK, ACK/NACK, NACK/ACK,

NACK/NACK?2| & 47H2| feedback stateE ™ &StHLE, DTXZIX| Z&510d =t 5702l feedback stateE 72A!
== Uch =St gkek oi2to] single CW =24l BtCtE ACK, NACK, DTX®2l =ti 37i stateE 7I= = Uch (g
2k NACKEZ DTX2t S35tH HMelstctH ACK, NACK/IDTXS| £ 27l stateE 7I& = Ach). waks] gt ch
o] zt§ 5742 DL CCES aggregationst == CCOIA SU-MIMO mode® SXtstcid =of 55749 Mz 7hs
&t feedback state& 712 = UL O|E ZEESI7| 2I8F ACK/INACK payioad AlO|== & 12 bits?} ElC} (Tr2k
DTXZ NACKZI S5t XMalgtctsd feedback state = 4°7H7} =3 of& ZEHSHY| 28+ ACK/NACK
& 10 bitsZF =)

i_

)J,?

payload AlCI==

Ir

71ZE Rel-8 TDD A~ A E5&= 242 ACK/NACK multiplexing (i.e. ACK/NACK selection) 2H ol A
ZIBx =22 2t UES| PUCCH At2 =EE 28 sie UESl 2t PDSCHE 27|E3st= PDCCHol thi&
(i.e. lowest CCE ¥~ e} 23 =0 =) implicit PUCCH A2 AI835I= implicit ACK/NACK selection g2
az{sta Uch sHE, LTE-A FDD A|AHOfM = ZIEXM S 2 UE-specificdtAl 8% 5= stLie] &5 UL CCE
5t0f 52| DL CCE Ssll T&& 52| PDSCHol tHEh S5 ACK/INACK &2 st e, ols
£ E& 2= DL CCE 27 EH3s= PDCCHol @3 =0] U= (ie. lowest CCE 215lA~ nCCE
CE2} nCCE+10 ¥ A= U=) implicit PUCCH Xt =2 sl & implicit PUCCH X}
i 2t UEolZl o[2] ofefEl explicit PUCCH Atale] =8& ALE3sh= “ACK/NACK

selection” A2 dE{stl Uct

L

ifz OHn mo rr T

ol

n
o} RRC signalingS 5

1.

EHHd, LTE-A TDD A|ABEIOIAME 252 CCIt aggregation (CA)E AMgElES Te{g = JA<2r, olof ujfzt &
Z=2| DL subframeX} =2 CCE S35l NM&E S%2 PDSCHo St 5% ACK/NACK HE/AMTE, die =
<= DL subframe©l| CHE=[= UL subframeoiiA] & CC (i.e. AIN CC)E B3l FH&sE HE st yUch o
ZIME @AM LTE-A FDDOIAM o= 22|, UBEdIA EYE ZE CCE &3 MasE 5+ Uxs =l cw o tiS=

=4 ACK/INACKE, 5% DL subframe (i.e. SF) 250l tisto] H&St= 2! (i.e. full ACK/NACK)E {5t
L}, EE= CW and/or CC and/or SF domaindl sl ACK/NACK bundlingE = &3t0{ & && ACK/INACK
E0{A| H&Sh= g2kl (i.e. bundled ACK/NACK)S 1&g 5= Uch (0714, Ccw bundling—O—l a4 Zt DL SFoi
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A

coding” &2 “ACK/NACK selection” 7|2t2] ACK/NACK X1& 7% 2 configurabledti] Mg = Uch

2-12. Random access procedure in LTE

An LTE UE can only be scheduled for UL transmission if its UL transmission timing is synchronized. The LTE
random access channel (RACH) therefore plays a key role as an interface between non-synchronized UEs and the
orthogonal transmission scheme of the LTE UL radio access [3]. LTE uses the RACH for initial network access, but
in LTE the RACH cannot carry any user data. Instead, the LTE RACH is used to achieve UL time synchronization
for a UE which either has not yet acquired, or has lost, its UL synchronization. Once UL synchronization is achieved

for a UE, the eNB can schedule orthogonal UL transmission resources for it.

The LTE random access procedure comes in two forms, allowing access to be either contention-based
(implying an inherent risk of collision) or contention-free. A UE initiates a contention-based random access
procedure for all use-cases including the initial access. In this procedure, a RACH preamble signature is randomly
chosen by the UE, with the result that it is possible for more than one UE simultaneously to transmit the same
signature, leading to a need for a subsequent contention resolution process. For the use-cases such as handover,
the eNB has the option of preventing contention occurring by allocating a dedicated signature to a UE, resulting in
contention-free access (namely, dedicated random access). This is faster than contention-based access - a factor
which is particularly important for the case of handover, which is time-critical. These two procedures are outlined in

Figure 11.

UE eNB

@ Random Access Preamble——» UE eNB

——Random Access Response———] @ l€«————RA Preamble assignment———

Random Access Preamble——p| @

@ |———-—Scheduled Transmission————

l«——Contention Resolution———— @ @ | €«———Random Access Response———

(a) Contention-based random access (b) Dedicated random access
Figure 11. Random access procedures of 3GPP LTE Release-8 system

The four steps of the contention-based random access procedure are provided as below:
- Step 1: RACH preambie transmission (from UE to eNB in UL)
- Step 2: Random access response (from eNB to UE in DL)
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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)

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 DL)

The Random Access Response (RAR) is sent by the eNodeB on the Physical Downlink Shared CHannel
(PDSCH), and addressed with 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 ldentifier (C-RNTI} (which may

or may not be made permanent as a result 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 167,. 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, T,, indicates Ny, values by index values of
T4=0,1,2, ..., 1282, where an amount of the time alignment is given by Nrs = T4 x16. N4 is defined in [1].

In other cases, 6-bit timing advance command, 7,, indicates adjustment of the current Ny, value, Nza o, to the new
Nr4 value, Nranew, by index values of T, =0, 1, 2,..., 63, where Nranew = N7aow + (Ta —31)x16. Here, adjustment of
N7 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 N+ accordingly.
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(2) Random Access Response Grant

The higher layers indicate the 20-bit UL Grant to the physical layer. This is referred to the Random Access
Response Grant in the physical layer. The content of these 20 bits starting with the MSB and ending with the LSB

are as follows:

- Hopping flag — 1 bit

- Fixed size resource block assignment — 10 bits

- Truncated modulation and coding scheme — 4 bits
- TPC command for scheduled PUSCH — 3 bits

- UL delay — 1 bit

- CSl 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 N <44
Truncate the fixed size resource block assignment to its b least significant bits, where
b =i’log2 (NE}; -(NI‘Q,’; +1)/ 2)-} , and interpret the truncated resource block assignment according to the rules for a

regular DCI format O

else
Insert b most significant bits with value set to ‘0’ after the Ny,_n,p hopping bits in the fixed size resource block
assignment, where the number of hopping bits Nu._nop is zero when the hopping flag bit is not set to 1 when the
hopping flag bit is set to 1, and b=((log2(Nl¥é‘ (NRL% +1),/ 2)-] _10), and interpret the expanded resource block

assignment according to the rules for a reguiar DCI format 0

end if

The truncated modulation and coding scheme field is interpreted such that the modulation and coding scheme
corresponding to the Random Access Response grant is determined from MCS indices 0 through 15 defined for
PUSCH transmission in [3]. The TPC command § 52 shall be used for setting the power of the PUSCH, and is

ne

interpreted according to Table 14.
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Table 14: TPC Command J,,,,., for Scheduled PUSCH

TPC Command Value (in dB)
0 -6
1 -4
2 -2
3 4]
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 CQl, PMI, and RI report is included in the corresponding PUSCH transmission. In contention based

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

field can be set to 0 or 1 to indicate whether the delay of PUSCH is introduced.

(3) DCI format 1A

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

ure initiated by a PDCCH order. The following information is transmitted by means of the DCI format 1A:

- Carrier indicator — 0 or 3 bits. This field is present according to the definitions in [3].
- Flag for format0/1A differentiation — 1 bit, where value 0 indicates format 0 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 fieids are set as follows:

- Localized/Distributed VRB assignment flag — 1 bit is set to ‘0’

- Resource block assignment — l—logz(NE;I;(N%; + 1)/2)-| bits, 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 PDSCH codeword are set to

zero

Otherwise,

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

- Resource block assignment — f-logZ(N,?}ﬁ (NRE + 1)/2)_1 bits as defined in [3]:

- For localized VRB:

|.log2 (N (NJE +1)/ 2)-1 bits provide the resource allocation

- For distributed VRB:

-If NZ5 <50 orif the format 1A CRC is scrambled by RA-RNTI, P-RNTI, or SI-RNTI

- |-log2(N,§’E'; (NEY +1)/ 2)_) bits provide the resource allocation

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

indicates N,,, =N,

- (I_Iog2 (Nes (Niw + 1)/2)_} —1) bits provide the resource allocation,
where N,,, is defined in[1].

- Modulation and coding scheme — 5bits as defined in [3]
- HARQ process number — 3 bits (FDD) , 4 bits (TDD)
- New data indicator — 1 bit
- If the format 1A CRC is scrambled by RA-RNTI, P-RNTI, or SI-RNTI:
- If ]\J[]{’BL > 50 and Localized/Distributed VRB assignment flag is set to 1

- the new data indicator bit indicates the gap value, where value 0 indicates N,,, = Ng,; and

value 1indicates N, = Nyyps -

- Else the new data indicator bit 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 N4, of the TBS table defined of [3].

- If least significant bit is 0 then Njiz =2 else Nigy = 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 FDD) — 2 bits

- SRS request — 0 or 1 bit. This field can only be present in DCI formats scheduling PDSCH which are mapped
onto the UE specific search space given by the C-RNT! 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 O 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 to format 1A
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Table 15: Ambiguous Sizes of Information Bits.

[ {12, 14, 16 ,20, 24, 26, 32, 40, 44, 56} ]

When the format 1A CRC is scrambled with a RA-RNTI, P-RNTI, or SI-RNTI then the following fields among the

fields above are reserved:

- HARQ process number
- Downlink Assignment Index (used for TDD only and is not present in FDD)

2-13. PHICH resource configuration in LTE

The PHICH carries the hybrid-ARQ ACK/NACK. Multiple PHICHs mapped to the same set of resource elements

constitute a PHICH group, where PHICHSs within the same PHICH group are separated through different orthogonal

sequences. A PHICH resource is identified by the index pair (ng‘;l'g’]{,n;‘;ﬂﬁm), where p§o%, is the PHICH group

number and i, is the orthogonal sequence index within the group.

For frame structure type 1, the number of PHICH groups ~NE0& . is constant in all subframes and given by

NEow !ﬁN < (N o/ 8)—| for normal cyclic prefix
e 2- I—N & (N }?};‘ / 8)—] for extended cyclic prefix

where N, e {1/6,1/2,1,2} is provided by higher layers. The index »53®, ranges from ¢ to ~N5®. —1.

For frame structure type 2, the number of PHICH groups may vary between downlink subframes and is given by

m,- NEn&; Wwhere g, is given by Table 6.9-1 and ~NEO¥%, by the expression above. The index pgyE, in a

downlink subframe with non-zero PHICH resources ranges from 0 to m,-NEo&, 1.

Table 6.9-1: The factor m, for frame structure type 2

o B &
0 2|1 -1-]-1T271]-]-71-
1 o1 -1-11]o]1]-7-1n1
2 olo|-{1]lofloflo|-T11]o
3 1lo|-|-|-Jololo|1]1
4 0ojlo|-|-lojojojo]1]n
5 o|lo|-jolofjojojol1]o
6 11l - -]-11]l1]-1-1n1

2-14. HARQ timing for CA between TDD and FDD

TDD PCellBt FDD SCellOl CA (carrier aggregation)= [0l FDD cellS o &% %= PDSCHOl CHat0d UL
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2 &&= ACKINACK EHOIZIOH 212 FDD cellOll 22/= PDCCH/PDSCH-to-ACK/NACK EHOIZ! (e.g. 4 ms)S
JE HE3IH ACK/INACKZ TDD PCell2] UL NEZYIYE Soll 850 P, ACKINACK &5 EHOIZ0
A TDD PCellO] DL AE X222 2D US ZESR ACK/INACKE HESE =+ g9 &0 WatA, FDD cell
A O =22 DL AEZgidol Oidt ACK/NACK &2 XIE3121 250 JIE FDD cell0fl E2lg PDCCH/
PDSCH-to-ACK/NACK EtO]20l Ot AH22 DL HARQ ElOIZ2iZ2 A& = UCH O&DJIXIZ UL HARQ E}O
Y= MZE HARQ EIOIZES HZE £ ACH Oteiol S LTE AMABHA =2 =2 Jtss HARQ EHOIY

EE ZFelstth

1) DL HARQ timing (PDSCH to HARQ-ACK timing) for TDD SCell in case of FDD PCell
A. Self-scheduling case: follow DL HARQ timing of FDD PCell
B. Cross-carrier scheduling case: follow DL HARQ timing of FDD PCell
2) UL HARQ timing (UL grant DCI to PUSCH, PUSCH to PHICH) for TDD SCell in case of FDD PCell
A. Self-scheduling case: follow UL HARQ timing of TDD scheduled cell timing
B. Cross-carrier scheduling case
i. Option UL-AL:
1. For FDD scheduling cell case, follow TDD scheduled cell timing
2. For TDD scheduling cell case, reference U/D configuration for UL timing is derived by
scheduling and scheduled cells U/D configuration following Rel-11 LTE rule.
i.  Option UL-B1 '
1. For FDD scheduling cell case, 4ms for UL grant to PUSCH, éms for PUSCH to PHICH
2. For TDD scheduling cell case, reference U/D configuration for UL timing is derived by
scheduling and scheduled cells U/D configuration following Rel-11 LTE rule.
3) DL HARQ timing (PDSCH to HARQ-ACK timing) for FDD SCeli in case of TDD PCell
A. Self-scheduling case
i. Option 1: for each TDD PCell U/D configuration, follow TDD PCell timing + additional new
timings for the DL subframes for which DL HARQ timing is not defined in TDD PCell timing (or
new timings for each TDD PCell U/D configuration to address more DL subframes than
defined in TDD PCell)
ii. Option 2: Follow reference U/D configuration defined (or configured) for the FDD SCell.
(Configurable) reference U/D configuration depends on the TDD PCeil's U/D configuration.
(new timing can be added to the reference U/D configuration to support more DL subframes
with HARQ-ACK feedback)
B. Cross-carrier scheduling case: same options (option 1 and option 2) as in self-scheduling case, or
else, only follow TDD PCell timing
4) UL HARQ timing (UL grant DCI to PUSCH, PUSCH to PHICH) for FDD SCell in case of TDD PCell
A. Self-scheduling case: follow FDD scheduled cell timing

B. Cross-carrier scheduling case
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i Option UL-A2:

1.

For TDD scheduling cell case, follow scheduling cell timing

2. For FDD scheduling cell case, follow FDD timing

ii. Option UL-B2:
1. For TDD scheduling cell case, 4ms for UL grant to PUSCH, éms for PUSCH to PHICH
2. For FDD scheduling cell case, follow FDD timing

421 DL HARQ timing option 10lAl & Jt=8 HARQ timing (e.g. DL association set index)2| Ol= CHS
Table A2 2tCt. OtcH EIOIZ0IM UL-DL conf.e= TDD PCell@ U/D configuration, HARQ timing2 g TDD

PCell U/D
2tel 1=

configuration0ll CH3t0d option 122 P24 5= HARQ timing2l E&F/219' A DL association set index
ol TDD PCell U/D configuration0fl CHal0d MZ M4 %= DL association set indexE 2/0|&Ct. 12l

1, 4271 DL HARQ option 20lA FDD SCelltil =& Jl'= 8§t reference U/D configuration2] 0 E Otci Table B-1,

B-2, B-30ll HIAI&tCtH.

Table A.

Subframe n

UL-DL | HARQ
Conf. timing
[¢] DA
0o oB
1 1
1 1*

2 2
3 3
3 3a
4 4
4 4a
5 5
6 6
6 6*

0 {0, 1,2, 3,4,5, 6}

1 {1, 2, 4, 5}
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{2, 5}
{3, 4, 5}
{4, 5}
{5}
{1.2, 3,4, 5, 6}

D (G |A W N

Table B-2.

{2, 4, 5}
{2, 4, 5}
{2, 5}
{4, 5}
{4, 5}
{5}
{2, 4, 5}

O (o bW [N = O

Table B-3.
Y] 5 2
1 5 2
2 5 2
3 5 4
4 5 4
5 5 Not applicable
[S] 5 2

2-15. FDD HARQ-ACK feedback procedures

For FDD and for a UE transmitting HARQ-ACK using PUCCH format 1b with channel selection or PUCCH format 3,
the UE shall determine the number of HARQ-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 HARQ-ACK bits for a
serving cell configured with a downlink transmission mode that support up to two transport blocks; and one HARQ-
ACK bit otherwise.
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A UE that supports aggregating at most 2 serving cells with frame structure type 1 shall use PUCCH format 1b with
channel selection for transmission of HARQ-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 HARQ-ACK when
configured with more than one serving cell with frame structure type 1.
The FDD HARQ-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

HARQ-ACK transmission on two antenna ports (p e[p,, p1]) s supported for PUCCH format 1a/1b.
For FDD and one configured serving cell, the UE shall use PUCCH resource n{i2)  for transmission of HARQ-

ACK in subframe » for 7 mapped to antenna port p for PUCCH format 1a/1b [3], where

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

’719{1%6)1—1 = A + N, &}CCH for antenna port p,, where #nccp is the number of the first CCE (i.e. lowest CCE

index used to construct the PDCCH) used for transmission of the corresponding DCI assignment and Nicoy is
configured by higher layers. For two antenna port transmission the PUCCH resource for antenna port p; is given by

L7 _ (43]
Paiicen = Pecs 1+ Npyeen -

- for a PDSCH transmission on the primary cell where there is not a corresponding PDCCH detected in subframe
n—4, the value of "x(’lfjlé)cn is determined according to higher layer configuration and Table 9.2-2. For a UE
configured for two antenna port transmission, a PUCCH resource value in Table 9.2-2 maps to two PUCCH

resources with the first PUCCH resource n&’%’éﬁ for antenna port p and the second PUCCH resource nl(,luié‘éﬂ

for antenna port p;, otherwise, the PUCCH resource value maps to a single PUCCH resource n}fﬁ%’c)ﬂ for antenna

port pg.

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

The FDD HARQ-ACK feedback procedures for more than one configured serving cell are either based on a PUCCH
format 1b with channel selection HARQ-ACK procedure as described in section 10.1.2.2.1 or a PUCCH format 3

HARQ-ACK procedure as described in section 10.1.2.2.2.
HARQ-ACK transmission on two antenna ports (p e[p,,p]) is supported for PUCCH format 3.

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

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

so)py On PUCCH resource n{l .y Selected from 4 PUCCH resources, nI(}I.)ICCH,j where o< <41

and 4 < {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 , using
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PUCCH format 1b. HARQ-ACK()) denotes the ACK/NACK/DTX response for a transport block or SPS release
PDCCH associated with serving cell ., where the transport block and serving cell for HARQ-ACK(j) and 4

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, ¢, shall use

the same HARQ-ACK response for both the transport blocks in response to a PDSCH transmission with a single
transport block or a PDCCH indicating downlink SPS release associated with the serving cell ¢.

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

A HARQ-ACK(j)
HARQ-ACK(0) HARQ-ACK(1) HARQ-ACK(2) HARQ-ACK(3)

2 TB1 Primary cell TB1 Secondary cell NA NA

3 TB1 Serving cell1 TB2 Serving cell1 TB1 Serving cell2 NA

4 TB1 Primary cell TB2 Primary cell TB1 Secondary cell TB2 Secondary cell

The UE shall determine the 4 PUCCH resources, n

picen, associated with HARQ-ACK()) where g< j< 4-1 in

Table 10.1.2.2.1-1, according to

for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe »—4 on the primary
cell, or for a PDCCH indicating downlink SPS release (defined in section 9.2) in subframe »—4 on the primary

cell, the PUCCH resource is n&}CCI_L i =ncce + N, f)gcc;l , and for transmission mode that supports up to two
transport blocks, the PUCCH resource nl(,‘l)mCHy ;41 is given by n,(,BCCH’ o1 =Hecp H1+ NfYccn where neop is
the number of the first CCE used for transmission of the corresponding PDCCH and N, ,(,BCCH 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 nl(:L)ICCH, ; 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 "}(Jx}ccx{,, 741 1s given by
(1) = 5,
Fpuccn, j+1 = Mpicen,; +1

for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe »—4 on the
secondary cell, the value of n{,BCCH' ; » and the value of nl(,]L),CCH, j+1 for the transmission mode that supports up to

two transport blocks is determined according to higher layer configuration and Table 10.1.2.2.1-2. The TPC field in
the DCI format of the corresponding PDCCH shall be used to determine the PUCCH resource values from one of the
four resource values configured by higher layers, with the 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 (nl(:[)JCCH, o n](,’[}CCH j“) , otherwise, the PUCCH resource value maps to

a single PUCCH resource nl(,lL),CCH’ ;-
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Value of

‘TPC command for
PUCCH’

(1)
Mpyccn,; ©F

(0 (1)
(Mpycen, s> PpuccH, j+1)

The 1st PUCCH resource value

00 configured by the higher layers
©01° The 2™ PUCCH resource vaiue

configured by the higher layers
90 The 3™ PUCCH resource value

configured by the higher layers

“11°

The 4™ PUCCH resource value
configured by the higher layers

(1)

)

Note: (Mpuccy, ;s Peucch, 1) are determined from the first and second

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

Section 1

Table 10.1.2.2.1-3: Transmission of Format 1b HARQ-ACK channel selection for 4=2

HARQ-ACK(0) | HARQ-ACK(1) ncen bOMm
ACK ACK nidcen, 1.1
ACK NACK/DTX nccio 11

NACK/DTX ACK it 0.0
NACK NACK/DTX nSdcco 0.0
DTX NACK/DTX No Transmission

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

HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) nSccn b(0)b(1)
ACK ACK ACK nidccH 1.1
ACK NACK/DTX ACK nSccm 1,0

NACK/DTX ACK ACK e 0.1
NACK/DTX NACK/DTX ACK nRecu 1.1
ACK ACK NACK/DTX ndccio 1.1
ACK NACK/DTX NACK/DTX npiccHo 1.0
NACK/DTX ACK NACK/DTX o 0.1
NACK/DTX NACK/DTX NACK nedcche 0.0
NACK NACK/DTX DTX nS&CCH,o 0.0
NACK/DTX NACK DTX ndccmo 0.0
DTX DTX DTX No Transmission
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Table 10.1.2.2.1-5: Transmission of Format 1b HARQ-ACK channel selection for 4=4

HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) | HARQ-ACK(3) Qe b(0)b(1)
ACK ACK ACK ACK nhdce 1.1
ACK NACK/DTX ACK ACK ORI 0.1

NACK/DTX ACK ACK ACK nSccma 0,1
NACK/DTX NACK/DTX ACK ACK nSccms 1.1
ACK ACK ACK NACK/DTX nSYccH 1 1,0
ACK NACK/DTX ACK NACK/DTX nSccnz 0,0
NACK/DTX ACK ACK NACK/DTX ncena 0,0
NACK/DTX NACK/DTX ACK NACK/DTX nSdcciLs 1.0
ACK ACK NACK/DTX ACK nSccin 1,1
ACK NACK/DTX NACK/DTX ACK nSccn2 1.0
NACK/DTX ACK NACK/DTX ACK o 0,1
NACK/DTX NACK/DTX NACK/DTX ACK nSoc.3 0,0
ACK ACK NACK/DTX NACK/DTX nSdccHo 1,1
ACK NACK/DTX NACK/DTX NACK/DTX o 1,0
NACK/DTX ACK NACK/DTX NACK/DTX nScciLo 0,1
NACK/DTX NACK NACK/DTX NACK/DTX AP ccro 0.0
NACK NACK/DTX NACK/DTX NACK/DTX nSccmo 0,0
DTX DTX NACK/DTX NACK/DTX No Transmission

(2) PUCCH format 3 HARQ-ACK procedure

For FDD with PUCCH format 3, the UE shall use PUCCH resource »$7).  or np{-7)  for transmission of HARQ-

PUCCH PUCCH

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

for a PDSCH transmission only on the primary cell 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 »—4 onthe

primary cell, the UE shall use PUCCH format 1a/1b and PUCCH resource ’71(3(}?:)(:1! with

n}(,ll'%él_, = Aecr + N, ,E:}CCH for antenna port p,, , where nccp is the number of the first CCE (i.e. lowest CCE

index used to construct the PDCCH) used for transmission of the corresponding PDCCH and N{Jccy is configured
by higher layers. When two antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource

for antenna port p, is given by n}(,l{fé‘():ﬂ =Heeg +1+ N, :’Bccﬁ .

for a PDSCH transmission only on the primary cell where there is not a corresponding PDCCH detected in subframe
n—4 , the UE shall use PUCCH format 1a/1b and PUCCH resource nl(,ll}’(")(‘,_] where the value of né,l{,%)CH is

determined according to higher layer configuration and Table 9.2-2. For a UE configured for two antenna port
transmission for PUCCH format 1a/1b, a PUCCH resource value in Table 9.2-2 maps to two PUCCH resources with
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the first PUCCH resource n,(,ll}’z’éﬂ for antenna port p, and the second PUCCH resource n},UCéH for antenna
(1,50)

port p;, otherwise, the PUCCH resource value maps to a single PUCCH resource 7,50y for antenna port pg.

- for a PDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH in subframe

n—4, the UE shall use PUCCH format 3 and PUCCH resource ”1%’2:1—1 where the value of ”1(’3u€)cﬁ is determined

according to higher layer configuration and Table 10.1.2.2.2-1. The TPC field in the DCI format of the corresponding
PDCCH shall be used to determine the PUCCH resource values from one of the four resource values configured by
higher layers, with the mapping defined in Table 10.1.2.2.2-1. For a UE configured for two antenna port transmission
for PUCCH format 3, a PUCCH resource value in Table 10.1.2.2.2-1 maps to two PUCCH resources with the first

PUCCH resource ngjg"c)ﬂ for antenna port p, and the second PUCCH resource ”f%‘g'c)ﬁ for antenna port pj,

otherwise, the PUCCH resource value maps to a single PUCCH resource n%g"gﬁ for antenna port pg,. A UE shall

assume that the same HARQ-ACK PUCCH resource value is transmitted in each DCI format of the corresponding
secondary cell PDCCH 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 G.7)
PUCCH’ Mevicen

The 1st PUCCH resource value
configured by the higher layers
The 2™ PUCCH resource value
configured by the higher layers
The 3™ PUCCH resource value
configured by the higher layers
The 4™ PUCCH resource value
configured by the higher layers

00’

01’

10°

“11°

2-16. LTE in unlicensed band (LTE-U)

s B2 8¢l 7|7]80 08 2 84 82 @75t gl waiM X7 4 sS4 A|AHIofA]l A SHE
Fo oiode] 22X 282 % o 2% 277 =31 Uch LTE AT 22 A 82 S84 A|I2=”E 7|
ZE2°| WIiFi A|ABI0] ALZSH= 24GHz tiednl 22 unlicensed CHYEO|LE M2 F5 90 U= 5GHz oz 2+
2 unlicensed Y2 EaiE 2T 2do0| #sts 2el2 HE Solch 72522 unlicensed Y= 2t &
A = 7o) FME Bl M &FAIE sh= HAls JIEHSEIEE 4 84 =E=0F MEE MEsty| Mol

A X

channel sensing2 = CIE S =7t s JESE §HX| 238 &elg #deg 7stn Uch ol
CCA (clear channel assessment)2t £ 204, LTE A|AE S eNBL} UES unlicensed CH(H 2|4t LTE-U Y
oz AgHolAMel &S MES fIsiA= CCAE sdoliof & %= Actk ESH LTE AIARIS| eNBLt UEZE 415
g d&E mol WiFi § 2 84 T==E5X CCAE F8s5tol ZMdE8 A27|X| gfojof stoh olE& SoiA
WiFi E&(801.11ac)ollAl CCA threshold= non-WiFi 4150l Cf3t0{ -62dBm, WiFi 4l&0oll CH3t0] -82dBme =2
A& =0l A0, ol= STAOILE APE, olE S0{A, WIiFi ol2ie]l MEJ} -62dBm oOlAte] Fajez $AzH
M2 2doFX 2R AS ME s SHA RSS <lolsich. EAXM2 = WIiFi AlAHIo|A STALE AP= 4us 0l

4 &2t CCAthreshold O|&2 S E HESHK] A2t CCAE st 4s TES = 5+ JUch

02
o
2
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E35joiAM Z{&ste ZIXI32] ¥& 2 remote radio head(RRH), eNB, transmission point (TP), reception

point (RP), £H|7|(relay) S8 Z &st= T X0l 0|2 AL EICt o|sloAl= Mol HMolE 2|8 3GPP LTE
AlARIES TJidio 2 Miob wAl2 AMOsich SHX|BH A eF 2HAlo] EE == AlARS YWeRlE 3GPP LTE AI2H

2lof| clE A|AEl(eg., UTRA S)ez2x &= J1s35ich

=2 dHolM s EF AlAH e SEXel AMEo| EAMEX| gie 8| @3 HY(Unlicensed band)el &2t &

2 2oz EHE/FHEE cellcarrieroll Aol Xpal F7H AX gh A 5
Hi=l= UE S2&F2 Aotsict & o2 <E 1>2f 20| HEf th<(licensed band)2! LTE-A Band2} H| & O
(Unlicensed band; O|SlolAM = HHe|4Al “LTE-U Band’2 Zst7|2 dhe| dt&nl ZAM AHE StolAM eNBZF UEO

M

H A5 E SASHHLE UEZH eNBE A5 E S4lE = Ach olste] Moo= A gt ghalof cfst Made| Hof
£ @lsiiA, UEZE B thedzmt v] ®HE iy ztzbolAM & 7He] R4 ¢h& 1 (component carrier; CC)E &35H0q
24 SAME Y st=ES AMEE MEE JIMSIFCEL 0474, delE2 e oidel gtsnes FeA ghanl

(Primary CC; PCC &2 PCellZ 5 & + U3), vl Hs] digel etSuts 224 gh&aSecondary CC; SCC

E2 SCell2 25 = US)2 sliAdg 5 Uch SHX|gH 2 Lggo] Mok HAIS2 o 7ie] HE cign}t ol

7Hel H] HE i E0| gr& O M Jgoz o= = & &tab X go| Jhsstod, EsE U] W@ Y

gte 2 eNB2} UE Aloje] A A Jbsstch s B digio] xof waAls e
g

3GPP LTE Al T Of

w =
rTni
am
0z
1o
2z
[>
oz
0‘r-
2
x
H
J-v-
02
.LL

SCC (Unlicensed band) ™ N

LTE-U bandoll M Z[X|=2} ct2fo] S48 £ fsliaes, 4 sl 0] unlicensed spectrumo| 2=
LTESI F a3t ChE Sdl(e.g., WIiFi) A|AETte] HAE SdlM e cids S8 AlZE Zbset Hy/Ea2g
£ qofof ok (O[3FtoA = T2|ab LTE-U bandoA{ie] SEAl2 s HAR/EHEE AlZF F2H2 reserved
resource period (RRP) 7222 &l . o|2{st RRP #7t= 5t

Ch HEMSZ= WIiFi & CHE SA& AlAHE deviceEo| siE £41 x{'HO0| busysicin olalg = JAEE EF
reservation signal2 Z&stALl, RRP 77t ¢t 57 Ty ajd olate] Al57F BUROl Ma=EES RS ¥
HolEe| S8 X&EMoz2 MBsh= gHo| r7issich oleb 2ol 7|X|=0| LTE-U band& ™ R/st1Xt sh=

21 2= o3{7tx] ggol ExE = U
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CHAUSHE] O] E Dl2| disoza otz stodad sl Y indicated RRP
UESF & 5 Ach ctHol siE RRP AlZE 7#7F HEE Ui &

of U= £ ChE CC (e.g., 217 LTE-A band)E S3dliA S RRP A|
c} ’

S&st= o] ®e e S=ho| CIE 2 o2, eNBE= data 541 Fof,
M X carrier sensing (CS)E d & = Uch ScCelle| X ' AEfZ} busy?l Xl idleCl x| E = 35t idleol2}
I mchE|H eNBE PCellel (E)PDCCHE &3l (i.e., cross carrier scheduling (CCS)) &2 SCell2] PDCCHE
&5l scheduling grantg X&3t72, Hio[e] &4ls2 AlcE = Ach o] M, & o2 MIie| HSE subframe
(SF)Ie=2 FME RRP 7Zt2 AHXE £ Uch o47|M, Mgt & MIlel SF X E Aol eNBZF UES 7|
higher layer signaling (using PCeli)O| -} physical control/data channel 2 S35l &2{& %= UCLH RRP T7ke| Aj=}
A|E 2 higher layer signalingoll 2|3 FI7|M o2 (52 semi-static SHH) ™= JUS =& Ach === RRP
AlZF X|ES SF #n S 2 MHMF™ St X & mlf, SF #nollA &2 SF #(n-k)ollAl physical layer signalingE &3l

RRP 7Zte| AI%t A|Fo| AIMYE 4 Uch

ta

stE, ol2{st RRPE T ASI= subframel dAF <T 2>0(A{2F ZO| subframe boundary % subframe
number/index?t Pcelit AX|E HEj2 FA =7t (0l2{EF 2R E “aligned-RRP’E} &), 2 <k 3>0fA2}
Zto] subframe boundary SE= subframe number/index?}t PcellZt Y X|=|X| 2 EHEi7IX| X|d=ET=E FAE
= Act (olgigt R E “floating-RRP"2t & &), 2 oA cellZt subframe boundary?t LXEICt &2, M2
CHE 270 cell2| subframe boundaryZt ZH2i0] E& A|ZF (& =0| CP length, 52 X usec where X z 0) O[5t
71 B2 elolg £ gct =3 2 2o A Pcello]2) &, time (and/or frequency) synchronization Zt&ollA U-
band4t2| cell (i.e. Ucell)2| subframe (and/or symbol) boundarysS ZAst7| 25l &=st= 53 cell (GI& =9,

licensed band (i.e. L-band)&te| cell (i.e. Lcell) S)2 <jojg = Uch

Sﬁfgi':re | N1 N ] N+l | N2 N+3 | N+4 J

Pcell
(licensed)

Scell non-RRP
(unlicensed) (busy)
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Subtere [ N1 [N N+l | N2 N+3 N4 |

Pcell
(licensed)

"”}"}g"fg/ 7 szf;,

Scel non-RRP G5

{unlicensed) (busy) s .»")’:/5 e
[

2-17. New RAT for next generation system

HE e 54 7|70 s = 4 882 2757 "ol wat 7| =2 radio access technologyoll H|3H
gFatEl mobile broadband S2lof CHer 2 R2A40| thE=10 Jch E£EF ciol J17] Y AISEE AZESIH X
ofC{A{L} citst Mu|AE M S 3= massive MTC (Machine Type Communications) 4A| XA S4lofA 18
2 FR ol & stutolct gl o2} reliability 3 latencyoll RIZESE MBIA/UESE TSt S41 A|AH” C|X}
elo] =<l=l11 Uct 0|2} ZHo| enhanced mobile broadband communication, massive MTC, URLLC (Ultra-

Reliable and Low Latency Communication) S 12{st XIM|tH radio access technology2l Tglo} =29|=22 U

o, & YUHolAM= Held Y technologyE new RATO|2t1D HEC}

[Self-contained subframe structure]
TDD Ala®olAM diole| A& Iatency% = A351517] 2|5t 5AM|CH new RATOIA = I8 2-13F Z2 self-

/ l:' DL only or UL only

S : 07 DL Control
} % channel

. UL Control
channel

contained subframe structure® 11245t UC

RB index

1 2 3 4 5 6 7 8 9 10 1 12 13
Symbol Index

<

One TTI

O & A. Self-contained subframe structure
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O AolAM Blga H92 downlink control P& LIERA D, HAEAH 222 uplink control E & CiEHHCEH
EAZE e Y92 downlink data &S Qs AFSE T A7, uplink data BEE sl ALSE =% Uch
oligt =2 EF S st 712] subframe WolA DL &3 UL ®&e] X8 oz A E[0], subframe ol A
DL dataE EW11, UL ACK/NACKE 2 == ch Zito=2 fojle & ole! Aol olo|sf X SHEX]

del= AMZbS ol =od, o]l=2 glsh =HE d|ole| ME| latencyE = AEteEr 5= At

New RATE Zigte 2 ESZshz AlAagolA FA/AE Jhssh 47] self-contained subframe type2| &2z,
ol chE23n &2 471X subframe typeS =& = ct (ofzf= subframe {2} AlZF =A{ate] EFH ).

1) DL control 77} + DL data 7+2} + GP + UL control 2}

2) DL control #+Zt + DL data +7Z}

3) DL control 2} + GP + UL data 77t + UL control 77}

4) DL control 77} + GP + UL data 2+

o|2{8t self-contained subframe TFZOIA| Z7|X[Z2} UE7l &4l 2oofA] pAlzeEz Meh o™ == Al
oA SAREZ ME DM E 2| time gapOl E RSICE O[E 21510 subframe T ZEO|A DLOIA ULE
MetEl= Aldel 25 OFDM symbolO| guard period (GP)2 AAE 5 Yoo, 2 wdHoiaes Helah at7|ef

Zr2 subframe typeS self-contained SFo|2t 2EcC|.

{Analog beamforming]

Millimeter Wave (mmW)oilA = THE0| HotMA S fXol| che7iel oL %7 Jtssh &lch &
30GHz th<ollA] “l&z2 1cmEM 5 by 5 cme| paneldll 0.5 lambda(Zla) 7t 22 2-dimension ¥ HEl=
= 100702] ¢HH|L} element AX|7} Zlssich 2222 mmWOolA S Ci2ie] ML elementE A2 5H0]

beamforming(BF) 0|5 & 50| HB2|X|E ZIIAZ|HE, throughputS =0l2{11 Bio}

o] Aol ¢t} element 2 TE nhgl 2 & =HO| 7hsstES TXRU (transceiver unit)y& 7HX[H
Foate At 22 S2&Ql beamforming®l ZHsstoh (Lt 10009702 ¢tH| L}t element 250 TXRUE A x|
stzjoll= ZiZ&EdHolAM AFAMo] "HoiXje= BAHE ZH #Hoh o822 shube| TXRUO chErle] oLt

elementES mappingst analog phase shifter2 beam<2| &g =Hste= 2h4jo] 12i=11 Act 0|28t analog
beamforming 2fAI2 & ol UOIAM Shte] beam BHEICHE SHE 4= Y0 Fiubg MEHHX peamingsS SHE

nro

= gl g Hech

Digital BF2l analog BF2| &7} e 2 QIHe| ¢tE|L} element2rCh &2 JH4=2l B7H2] TXRUE ZH+ hybrid
BFE &g £ Ucth o Aol BZH2l TXRU2F Q7ie] gHE L element2] & Bhaloff WhEtA] Xpol= UX| 2,

SAlO] MEE 5 AUE beam| YEF2 BI olstE M Et=A =CH

2-18. Resource Allocation for PDCCH with uplink DCI Format

Two resource allocation schemes Type 0 and Type 1 are supported for PDCCH with uplink DCI format.
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If the resource allocation type bit is not present in the uplink DCI format, only resource allocation type 0 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 0 is indicated by 0 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 aillocation 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 s, - A resource allocation field in the scheduiing

grant consists of a resource indication value (R/V) corresponding to a starting resource block (RBg ) @nd a
length in terms of contiguously allocated resource blocks ( L, > 1). The resource indication value is defined by
if (Legps —1 < I_ng— /2_} then
RIV = NII{%(LCRBS — 1D+ RBgrart
else
RIV = Ngg (Nyp — Lerps + D+ (Vg — 1= RBspagt)

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 with each set including one or more consecutive resource biock groups of size P as given in table

UL
7.1.6.1-1 assuming NYL as the system bandwidth. A combinatorial index r consists of lrlogz ([I-NRB /P+I_D)—[
4

bits. The bits 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 7, in which case the bits in the resource allocation field in the scheduling grant
occupy the LSBs of r and the value of the remaining bits of » shall be assumed to be 0; or

- larger than required to fully represent , in which case » occupies the LSBs of the resource allocation field in the
scheduling grant.

The combinatorial index r corresponds to a starting and ending RBG index of resource block set 1, sjand 5 -1,

M-1 —_
and resource block set 2, s,and s; 1 respectively, where r is given by equation ’=Z<}L S:;> defined in
i=0 \H —1

section 7.2.1 with M=4 and N~ :]—N}{,% / P_l +1. Section 7.2.1 aiso defines ordering properties and range of values
that 5, (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 LTE

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 ¢{”, 4 and4{?, followed by the collection of bits and the generation of a circular

buffer as depicted in Figure 5.1.4-1. The output bits for each code block are transmitted as described in section
5.1.4.1.2.

diio) Sub-block Vl(co)
? interleaver P
virtual circular
buffer
4 Sub-block | Vi i w, i i o
: - ko Bit * Bit selection >
interleaver collection and pruning
2) (2)
dl& ) Sub-block Vi |
interleaver

Figure 5.1.4-1. Rate matching for turbo coded transport channels.

The bit stream 4{? is interleaved according to the sub-block interleaver defined in section 5.1.4.1.1 with an output

sequence defined as v(‘)o),vl(o),vf’,...,vg’; _,and where k', is defined in section 5.1.4.1.1.

The bit stream dl(rl) is interleaved according to the sub-block interleaver defined in section 5.1.4.1.1 with an output
1 1

sequence defined asv{" vV, v{ ’,...,vf& .

The bit stream 4(® is interleaved according to the sub-block interleaver defined in section 5.1.4.1.1 with an output
2) _(2) L, 2

sequence defined asy{» v y{ ,_'__v:(;_] :

The sequence of bits ¢, 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 df’,d?,d{",...d$),, where D is the number of bits. The

output bit sequence from the block interleaver is derived as follows:

(1) Assign  CG 4 =32 to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1,

2,...,CIG ek — 1 from left to right.

(2) Determine the number of rows of the matrix R’,,. ., , by finding minimum integer Rif’,;b,wk such that:
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7C 7c
D< (Rsubblock X Csubblack )
The rows of rectangular matrix are numbered 0, 1, 2,..., RIS, . —1from top to bottom.

G (R prock XC optoes )> P » then Ny = (RS 4100 xCLG p1ocx — D) dummy bits are padded such that y, = <NULL> for k =

5
0,1,...,Np-1. Then, yy, ;= d,ff’ ,k=0,1,..., D-1, and the bit sequence )4 is written into the (R;S,bkmk xCZ,S,b,DCk )

matrix row by row starting with bit y, in column 0 of row 0:

Yo 1 Y2 e VTG i1
Ye .mrtéblock ycgqunck +1 yCZE,Q/ock +2 X yzc?,}"z{bm -1
J - . e Y
Y R G btoek D% TGtk Y RlGottock 7L r0ek 1 > R ptock~D¥C TG ek +2 Y RZG 106k *C G bt0ck =D

For d{® andd{®:

(4) Perform the inter-column permutation for the matrix based on the pattern <P( j))jE {O.L...,Cif;bzwk-l
5.1.4-1, where P(j) is the original column position of the j-th permuted column. After permutation of the columns, the

inter-column permuted (Rf,f;;b,ock xC, znglock ) matrix is equal to

} that is shown in table

v ¥y
Ypo) Yprm Yp2) Y PTG prock -
Yp (0)+C L ibtock Yp (1)+C_‘s7u(1;biock Yp ( 2)“?551;10& A Ve (Climtock -1 W C G brock
Y PO+ B stock D tock Y PO+ R 100k D CEotoch Y PR G btock DL p10ck Y PCEitock 1+ R tock DC I b10ck

(5) The output of the block interleaver is the bit sequence read out column by column from the inter-column permuted

(R:T,ﬁ,,,,,,ck X Cﬁblmk )matrix. The bits after sub-block interleaving are denoted by v((,i) s Vl(i) ,vg ) ,...,vgi_[_l , where vg)

G - T
corresponds t0 ¥ 5o, 5 v]') to Y @+ e " and Ky = (Ra?utl;block X Clubblock )
For d,fz’ :

(4) The output of the sub-block interleaver is denoted b v(z), v® ) v . v@® _, » where vi® = Yoy and where
Y Ve >V1 5 V3 Kp-1 k (k)

Rsubblock

k
(k)= (P([TJJ + C;%block X (k mod R;C!;blnck )+ IJ mod Ky

The permutation function P is 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.gutl;hlnck < P(0)7 P(1)7"" P((’V.Zu(bblock - 1) >
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 k' =3k for the r~th coded block is generated as follows:
w, =v® fork=0,., K -1
Wi 2k =y fork=0,..., Ky-1

2 —
Wi\'n+2k+1=";(c) fork=0,.., Ky-1

Denote the soft buffer size for the transport block by Nr bits and the soft buffer size for the r-th code block by N,

bits. The size N, is obtained as follows, where C is the number of code blocks computed in section 5.1.2:

~N_ = min(LNCI'R J’Kw] for DL-SCH and PCH transport channels

- N,=K, for UL-SCH and MCH tranéport channels

where Nig is equal to:

itz
" K¢ - Kymvo - mln(M DL_HARQ > M i )
where:
If the UE signals ue-Category-v10xy, and is configured with transmission mode 9 for the DL cell, Neor is the
total number of soft channel bits [4] according to the UE category indicated by we-Category-v10xy [6]. Otherwis
e, Nsor is the total number of soft channel bits [4] according to the UE category indicated by we-Cafegory [6].
If Nsor = 35982720,
Kc= 5,
elseif Nsor = 3654144 and the UE is capable of supporting no more than a maximum of two spatial layers for the DL

cell,

Ke =2
else

Ke =1
End if.

Kummo is equal to 2 if the UE is configured to receive PDSCH transmissions based on transmission modes 3, 4, 8 or
g as defined in section 7.1 of [3], and is equal to 1 otherwise.

Mbe_nara is the maximum number of DL HARQ processes as defined in section 7 of [3].

Mimit is @ constant equal to 8.

Denoting by £ the rate matching output sequence length for the r-th coded block, and rvi, the redundancy version
number for this transmission (rvis« = 0, 1, 2 or 3), the rate matching output bit sequenceis ¢, , k=0,1,..., E-1.

Define by G the total number of bits available for the transmission of one transport block.
SetG’ =G/(N, -Q,,) Where Q, is equal to 2 for QPSK, 4 for 16QAM and 6 for 64QAM, and where
- For transmit diversity:

- N,isequal 02,

- Otherwise:
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- N; is equal to the number of layers a transport block is mapped onto
Sety = G’'mod C , where C is the number of code blocks computed in section 5.1.2.
if r<C-y-1
setE=nN, -0, |G'/C]
else
sete=nN, -0, [G'/C]
end if
Setkq = RiGpiock {2[ No

0 vy +2 |, where RIG,, . isthe number of rows defined in section 5.1.4.1.1.
sRsuhhlock

Setk=0andj=0
while { k< E}
it Wir ymodn,, #< NULL >
€k = Wikg+j)mod Ny,
k=k+1
end if
j=it

end while

5.1.4.2 Rate matching for convolutionally coded transport channeis and control information

The rate matching for convolutionally coded transport channels and control information consists of interleaving the
three bit streams, 4(¥, 4 and 4, 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 transmitted as described in section 5.1.4.2.2.

a” Sub-block Vi
interleaver
virtual circuiar
buffer
g Sub-block | Vi’ i v i i ek,
k Bit 3 Bit selection
interleaver collection and pruning
(2 J(2)
a o Subblock | Vi
interleaver

Figure 5.1.4-2. Rate matching for convolutionally coded transport channels and control information.

The bit stream d,ﬁ“ is interleaved according to the sub-block interleaver defined in section 5.1.4.2.1 with an cutput

sequence defined as »{? v v{? . v® = and where K is defined in section 5.1.4.2.1.
; -

1
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The bit stream gV is interleaved according to the sub-block interleaver defined in section 5.1.4.2.1 with an output
1) 1
sequence defined asy{?, v® ,,_.,v‘%_] .
The bit stream 4 is interleaved according to the sub-block interleaver defined in section 5.1.4.2.1 with an output
) »
sequence defined asv{?, v{ J,vf),_,_,v?r)ﬂ .

The sequence of bits ¢, 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 a{?, #{",4",...,d%), , where D is the number of bits. The output

bit sequence from the block interieaver is derived as follows:
(1) Assign C f,gb,ock = 32 to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1,
2,..., C5% 1o —1 from left to right.
(2) Determine the number of rows of the matrix Rf,gbgock , by finding minimum integer Rsc,g,,,ock such that:
D< ( RCC x CSC )
= subblock subblock
The rows of rectangular matrix are numbered 0, 1, 2,..., R s(;gb!ock —1 from top to bottom.

3 If (Rﬁ,i‘i;,g@ck % C e biock )> D, thenNp = (Rﬁ,’i,,;oc,( X C S8 ok — D) dummy bits are padded such that y, = <NULL> for k=
0,1,...,Np-1. Then, yy, ;= d,(ci) ,k=0,1,..., D-1, and the bit sequence ) is written into the (Rs(;gb,ock xcgﬁ,,,ock)

matrix row by row starting with bit y, in column 0 of row 0:

Yo » Y2 Yece
 subblock
Y cc Y cc ¥ oo Y,-cc
Cubbiock Coubpiock *1 Csubbtook *2 . 2C subblock ~1
Ywee, -nxcSS, . YR, <SS, +1 YRS, _1<cCC 2 YRES, o xCCC, 1)

(4) Perform the inter-column permutation for the matrix based on the pattern (P( j))lE b - } that is shown in table

CSSbbtock =1
5.1.4-2, where P(j) is the original column position of the j-th permuted column. After permutation of the columns, the
inter-column permuted (g;(,;’bgock X CES ok ) matrix is equal to

Yo Yp) Yp) - Y PG proe~1)
yP_(G)“‘?g"brbiock yP(l)*C_sCug;,zmk Y P CSEpt00k Vg block._‘)"'csq} bblock
Y 0y + (R G pt0ek ~1*CSS, Y P+ R G proex —1CEG, Y e @+ B ptock D Crtoes Y PCbi0ot D H RS pioek X CGptock

(5) The output of the block interleaver is the bit sequence read out column by column from the inter-column
permuted (I?E,gt,[ock xC o )matrix. The bits after sub-block interleaving are denoted by v§’,v{",v{" .., v}é; _;» Where

Ry ) _{ pCC cC
\«0) corresponds to Yp(gy, v 1o Y e and Kp = (Rmbb,ock szubb,Wk)
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Table 5.1.4-2 Inter-column permutation pattern for sub-block interleaver.

Number of columns Inter-column permutation pattern
Clupblock < P(0), P(1),..s P(C ptock — 1) >

<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 >

32

This block interleaver is also used in interleaving PDCCH modulation symbols. In that case, the input bit sequence

consists of PDCCH symbol quadruplets [2].

5.1.4.2.2 Bit collection, selection and transmission

The circular buffer of length k', =3k is generated as follows:
wy = V,‘("’ fork=0,.., Ky -1
Wiy ok =V fork=0,..., Kn-1

(2) fork=0,...

Wakpek = Vi , K —1

Denoting by E the rate matching output sequence length, the rate matching output bit sequence is ¢, , kK = 0,1,...,
E-1.
Setk=0andj=0
while{ k< E}
if W;moax, #<NULL>
€ =W modK,,
k=k+1
end if
J=i+1
end while

5.1.5 Code block concatenation
The input bit sequence for the code block concatenation block are the sequences ¢, , for »=0,.,C-1 and

k=0,.,E,—1. The output bit sequence from the code block concatenation block is the sequence f, 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 » <C
Set ;=0
while j<E,
Je =ey
k=k+1
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J=j+1
end while
r=r+1

end while

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. The following coding steps can be identified for each transport block of a DL cell:
— Add CRC to the transport block

— Code block segmentation and code block CRC attachment
— Channel coding

— Rate matching

— Code block concatenation

The coding steps for PCH and MCH transport channeis, 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.

49

IPR2024-00951
Petitioners’ Exhibit 1008
Page 000061



Attorney Docket No. UT17-0756-US

Section 1

Q> Apy--es A g l

Transport block
CRC attachment

bosBroe by, v

Code block segmentation
Code block CRC attachment

Crﬂ:cr]:“‘scr(Kr—l) E

Channel coding

AR |

Rate matching

€ros erl L] er(E,fl) L
Code block
concatenation
Jo> 15 S0 l

Figure 5.3.2-1: Transport block processing for DL-SCH, PCH and MCH.

5.3.2.1 Transport block CRC attachment

Error detection is provided on transport blocks through a Cyclic Redundancy Check (CRC).

The entire transport block is used to calculate the CRC parity bits. Denote the bits in a transport block delivered to
layer 1 by ay,a,,a,.a;.....a,_, @and the parity bits by p¢, p,, p,. p3,...., p;_, - A is the size of the transport block and L
is the number of parity bits. The lowest order information bit ag 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 gcrcz4a(D).

5.3.2.2 Code block segmentation and code block CRC attachment

The bits input to the code block segmentation are denoted by b,,5,,5,,b5,....5,_, Where B is the number of bits in
the transport block (including CRC).

Code block segmentation and code block CRC attachment are performed according to section 5.1.2.
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The bits after code block segmentation are denoted by CposCr1sCras Crasees Co(k, 1) * where r is the code block number

and K, is the number of bits for code block humber r.

5.3.2.3 Channel coding
Code blocks are delivered to the channel coding block. They are denoted by Cr0>Cr1s Cras Cra s Cr(,—1) + WHETE I iS

the code block number, and K, is the number of bits 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 g g® g©O 4@ '=d£?n iy with; = 0,1,and 2, and where p,_ is the number of

FO > rl 2 ¥ p2 23 00

bits on the /-th coded stream for code block number r,i.e. D, =K, +4.

5.3.2.4 Rate matching

dﬁaj, -1)’

with i = 0,1, and 2, and where r is the code block number, / is the coded stream index, and p, is the number of bits

Turbo coded blocks are delivered to the rate matching block. They are denoted by d), 4% d® a4®
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 €,05€115,€,2,€r35--, €r(E, 1) 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 concatenation
The bits input to the code block concatenation block are denoted by €,0:€11:€,25 €350, 8, (5, 1) TO7 #=0,..,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 £, £, f3, f..... fz_; » 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 FDD and TDD, if the UE is configured with more than one serving cell, then for each serving cell, for at
least ¢ -min(}lfm ARG M, ) transport blocks, upon decoding failure of a code block of a transport block, the UE

shall store received soft channel bits corresponding to arange of atleast w, w,_ ;,...,w__ (kgL N,y ) " where:

ng = min N, N ;
SB ch > "
C- Nc[g‘l; - Kymvo mln(AIDLiHARQ » M!:mﬂ)
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Wer C0 N+ Kymo -@nd M, aredefined in Section 5.1.4.1.2 of [4].

MbL_nara is the maximum number of DL HARQ processes.
NEL is the number of configured serving cells.
If the UE signals we-Category-v10xy, N, is the total number of soft channel bits [12] according to the UE

category indicated by we-Category-v10xy [11]. Otherwise, N, is the total number of soft channel bits [12] a

ccording to the UE category indicated by we-Caftegory{11].
In determining k, the UE should give priority to storing soft channel bits corresponding to lower values of k. w, sh

all correspond to a received soft channel bit. The range w, w,_,..... w, d(ksng—1.N.) TEY include subsets not contai

ning received soft channel bits.
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3. Composition of Invention

7|& LTE AlABIel 22 DLdata®l 37| (5, TB AlO|=)7} 24X 5= o|Ato| =M PDSCHE £s3i &A=
bit streame ===2| CB (Code Block)S 2 E&=1, z} CBHE Ay =T I CRCI} 7igx o= ¢Iivf

Z PDSCHE &5 &=+ gl8 HEst2 Uch UES sh-tel PDSCHoOl =&E =52 CBEE siHaElE
=41 (decoding)oll Alofisted s PDSCHoO 2 %= HARQ-ACK =2 NACKS2=Z eNBoll 2 stH =of,
ol &l eNBERE ZE CB7I MTB=EEF S=rstn Uch chAl 2sl, 7[E LTEOAI2l DL dataoll cfst
HARQ S22 eNB2EE{2| TB whele] A7HEY/AS X olof LiS=E= UEREES| TB ©Helel HARQ-ACK

slEw TNg JweR fusE RS Jhach

BHE new RAT AlxHloiAM =, Z|2X o=z LTEC Bisl = (wider) AAHE (carrier) BWE 713 5= %11, 0f
elsl (=th) TB Atol=7} 7| & LTEAMECH #HZE Jts4o] =204, olo w2l si-tel TBE F4st= CB
HAl LTEOHM ECH otE %= Aot matA, gkel o|2st MEoAM T Z7{&E2 ZHo| TB w2l HARQ-ACK
Eulfo] $YECHHE, 28 9] CBoll CHSHA{Et decoding error (i.e. NACK)7| A=l ol TB il X
& 2FAHIEE0| set=Elojof St2E2 X AR E840| X[stE £ JUch EFF new RAT Al2E st oM =,
time duration (TTI)Z Z}Xl= delay-insensitive$t data type 1 (e.g. eMBB) T &off &&= Xpale| a8 (AME)E
=3dll, =2 time duration (TTHE ZIX|= delay-sensitive®l data type 2 (e.g. URLLC)7} siE data type 12
puncturingste= EElZ Mas= S2Mo| X2 £ oo, o[ ZEs5led time-selectivest EA 2 JiXx[= ZHe
MZe Heke=z Qs data type 10 ChStod Shfe| TBE TAMshHz S5 CBEZE 53 < Foll 2t decoding error

(ie. NACK)Z7} EE == s4o] g g o ok

o B

Iz

= YHollAl= olal g new RAT AlxHE el S=tet S48 125101, CB == CB group (CBG) 22 (M
&) 27AIEYE TYst2 CB/ICBG th#lZ HARQ-ACK =g Fa/MEshs 22 Hotsch MEREHLZEE,
CBGE T4 st= 2, HARQ-ACK (i.e. A/N) ml=aig F45Hs 2, UES| $2l soft bufferE 2Fsl= 2,
a2l 5§38 mismatch Atgol s HER g S8 FAISCL st7]oA CBGe| E 2, (2t TBE F45ts)
2 E CB7} st CBGR MFEHU, &2 AdF 5= CB7} sitte| CBGE F4 =7, =8 sh-tel CB 2t
Zto| stite] CBGE TFAE £ UCE EESTE SHIJoA], floor(X)2l A< X olstel =t M8 LleEhl= WHE e

ceiling(X)2l Z$ X olate] x4 Mg vield= S22 E5E 22 2folsti, mod(A, B)Sl 9 AE BE

=
=,
= HHAIE 2ol Ech

3 9
w
]

(X) CBE T4ol=

1) & X-1: sttel CBE TAS5HE bit 5= Cnol FOX|Z 0| Z|gte2 Cm7lel CBE +4
o] gfgol AP, stLte] CBE FAM3FH= bit = CnOl TB AfO[=ol ZAIgio] SUSH slutel ez =
TB Alo|= HE ClE (TB Atol=of dH[a|Xel) gtE =2 AlXol He|=|AHLl, &2 semi-static (e.g. RRC) &
dynamic (e.g. DCI) A|l29 & &2 S5l UEOIA indicationE == A<=0o{, ool uj2l TBE FAMst= FA bit
7k Ck2l mf & Cm = floor(Ck / Cn) &2 Cm = ceiling(Ck / Cn)7i 2] CBI} A= % Ucl FXle] d=R S
L2} CBEF (Cn + hod(Ck, cn)7ii el bit2 FA =T LHHE (Cm —~ 1)7H CBE ZHzF cn7i el bit2 FAE

5 o rlo

o
ot

+
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ooy, ZXte] L siLte] CBRF mod(Ck, Cn)7Hel bit2 TAIET LIHX| (Cm — 1)70 CBS 22t Cn7l e
bit2 FAME £ Uch wEiA, TXle] 2 Cne Ft-tel CBE T4St= =& bit 8, X8 EF Cn2
St-tel CBE F4&st= ZOf bit =2 ZHzZh ojolg = Uch
&£ e WHoe=, CBY bit =& XA CBol 227 €Est= (nearequal) 24l MEE 4 Ao, 7
Moz Aol Cm = floor(Ck / Cn)7i CBZ} == E 0= mod(Ck, Cn)7Hef CBE (Cn + 1)7H bit=2

TAMHET LIHX| CB= Cn7ll bit2 FAE 5 A0, Cm = ceiling(Ck / Cn)7il CB7} #4 == & <ol= (Cn

— mod(Ck, Cn))7i2] CBE (Cn — 1)7 bit2 FA =T LHHX| CB= Cn7i bit2 7AE £ Uch ui2pM, & -

Xtel A Cn& 52| CBE FASHE = bit =8, FX2 H S Cn2 3t-iel CBE F4Msh= =l bit
Z

+E 24zt olojg 5 Uk

SHHE, A7 g2 HMESH =M MAH Cm7ie] CBES st olalte] EX (small) CBZt LHHA| CIE CBE
off Hlsl M2 $£of bitE2 PFAHE = U=, o|lFH EFSEH AlOI=E ZIX[= Cm7iel CBEE wilel &5
% CBGE = groupingst= 240} EHRe £ Uct A 2=, X CB= CmO| CBG + M2 #i7} &
= e O%ER e F2E FEE = Jdeod, Zhzio] s chS3k 22 CB grouping 2l TE £
Uch sh7|olM, CBG Alol=+&= CBGY CB £=& <ojg % Uctk shH, Cmol Mel eI} oid ZH<=ol=

CBGEHZE AIO|=7} CtE £ UL0{, CBGZIL| Alo|= Xjol= =i 17H2| CBE {8 = UACH

rol'

A) CmoO| M2 di¢l AP (ZE CBGZ7} & AIOI=E JI7)
A. Opt1-1:smallCBJ} Zist 2 E CBGEOC| 2458 74
B. Opt1-2: smallCBZF Folist M2 $9of AR CBGogt &ZexF 74
B) CmoO| Me| blis=7} opl B (CBGHEE AlO|=J} tiE = U
A. Opt2-1:smallCB7} =25 2 Aloj=2! CBGOl &5t S 74
B. Opt2-2;: smallCB7} ==& Zt2 Alo|=2| CBGAl #3=F T4
C. Opt2-3: 47| Opt1-1 E2 Opt1-28 H=2

elz| 2, Cm = 770 2| CB index 1/2/3/4/5/6/70| Z}2}t 5/5/5/5/5/5/2 bits2 TA &l t&oAM M = 3702l CBG T+
Mg g Hd, 27| Opt2-12 HEB3H7| =™ CBindex {1, 2}, {3, 4}, {5, 6, 7}0l ZIZ} CBG index 1/2/32
2 PMHE £ oo, A7) Opt 2-25 HESIH =™ CB index {1, 2, 3}, {4, 5}, {6, 7}0 ZtZ} CBG index
121322 7HE £ Jch ct2 =2, Cm = 7702] CB index 1/2/3/4/5/6/70| ZtZt 5/5/5/5/4/4/4 bits= T4
E AtglollM M =37l2] CBG 742 Te{et A, 47] Opt2-12 M ESIH =Y CB index {1, 2}, {3, 4}, {5,
6, 730}, &t7| Opt 228 X Zsl7 =™ CB index {1, 2, 3}, {4, 5}, {6, 7}0| Z}Z} CBG index 1/2/32 =2 TA&E
%= oo, B A7 Opt1-128 HM2E ZS CBindex {1, 2, 5}, {3, 6}, {4, 7}0|, 47| Opt 1282 M8 A=
CBindex {1, 2}, {3, 4}, {5, 6, 7}0| Z}Z} CBG index 1/2/322 FME = Ach

ok
rlo

FI7IH 22, decoding reliability7} W2 + Us 2 (& =0, CB APo|=J} doidez =L}
DMRSZRE AlZidez da] WoMUAHL E2 CSI Il=u AdozRE Hel Ho|XHUHLE =2 SRS
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(or PUCCH or PRACH)2l I sF AlE0l oiE == 45yl i S=l= CBG el CB =& =oist &A =3
MZoEH FMEHS HBO| £2 CBGS AOI=E JHsst 2 % ASw, 0|8 98 Ch2D e wao=

CBGE 74& 5 uch

a) %2 CB index®El X-bit &9 2 regular CBE 7483 7Ict7t, &3 CB index5E|= Y-bit Tt 2 small
CBE 74 (Y<X)

b) (&2 CBindex®2E TRXH2=2) U2 CBG indexFE M7i CB T2 2 F0{A regular CBGE A3l 7}
Ct7t, 25 CBG index®E{= K7§ CB £2|2 ROIA! small CBGE T4 (K<M)

=2 CBG indexFE| TXI& 22 frequency-first (or time-first) 2&lo2 AMSE ofy

0
o

bH, Cn > CkE & Z=<ol= TB2 2E bitvl & CB2 P4 == ®Eejo|od, watA] o] Z S CkIH bit

Z3tstE CB shpot 74 E 5 UCH

o

e

g X-2: ™A CB %= CmoO| FO{X|12 o[ 7|8t22 Cn7l bit T2 ZtzZte] CBE +4

o] ghol H, T CB = CmO| TB Alo|=of ZHAHIglo| S slule| gtez =2 TB Alol= "= cf
2 (TB Afol=of dlf&ol) GHEZ Al™ol HelsAHLl, E2 semi-static (e.g. RRC) =2 dynamic (e.g. DCI)
Ala'd3E S8 UEBO A indication® %= U<20d, olo] w2t TBE 74 SH= FAl bit =71 Cke mf & Cn
= floor(Ck/ Cm) &£ Cn = ceiling(Ck/Cm)7li2| bit Stel2 ztZie| CcBZ} A E £ Uct HXe 5 s}
2| CBEt (Cn + mod(Ck, Cn))7H2| bit2 T4 =1 HHHX| (Cm—1)7H CB= 22t Cn7i 9] bit2 7MHE = U
o, FXte| A siutel CBZF mod(Ck, Cn)Z7i2] bit2 TA=T LHHX| (Cm — 1)7H CB= ZtZ Cn7i 9]
bit2 F&E 5 Ach metd, MXte] AP Cn2 stutel CBE F4st= 24 bit =8, £Xlel 22 Cn2

stute| CBE 74 sts = bit =8 22t 2o|g =+ Uch

&L ot go 2 CBY bit =& Ml CBoll = &H3I=E (nearequal) 248 HEE £ A=o], 7
Moz A70Al Cn = floor(Ck / Cm)7ll bit ©te|2] CB FA el Ao+ mod(Ck, Cn)7ie] CBE (Cn + 1)7H
bit2 TA=2 LIHX] CBE Cn7ll bit2 M= £ _A204, Cn = ceiling(Ck / Cm)7ll bit TFele| CB F4 2l
A Sol= (Cn — mod(Ck, Cn))7k2] CB&= (Cn — 1)7} bit2 TA=E LHHX CBE Cn7i bit2 7A&8E = U
ch ulziM, ©Ate] 9 Cn2 52 CBE P4 SHE A2 bit =8, $Xiel F2 Cne shtel CBE 74

st =lof pit =8 2tz ololg 5= AJch

2 X-3: stte| CBE 74 8l= =4 bit = TmOl FO{X|31 OlE 7|¢H22 CBE +4
o] drHeol A, sitel TBE TF4sStE ZE CB ZiZiol Molx Tmoi olate| pit2 FHEZE HFHE

Apem, 2 TB AO[= (F, TBE P4 st= MA bit +)5 CkE 71EYE HF Ck/Cm=Tme ZHH|
£ 2=EAZ|E = Cmztel Cmmaxs &HESIO, siE TBE & Cmmax’liel CBEE &&si= 53
el i

HE = Uck

mo 12

3

i8] X-4:.CB =71 51 =& olalel A2 CB c=hle| A7&ET 2 =5 CBZ} grouping T
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of uio] H= sSt-te] CBE F4St= bit = CnO] (WE £01, Aol H2=XHLE 52 58 Alaggs
Ssll) Foi& aEfollA, sttel TBE F45t= T CB F= K7 Ts7i olatel A=sogt s TBoll st
CB = CBG thelel (T E) 2AHEY0| HMERES HF/™elE = U2, ™A CB == KII Tg7i oj&t

=== CBE0| grouping=l0] 3l-{2] CBGE TAMsIEE MF/Aeld £ dct (H7|M, Ts < Tg
)

(A) CBGE T7435I=

2 A-1: Sttel CBGE T43Shk= CB == NO| Fo{X|2 ol & Z|gte 2 M7iel CBGE +4

ol uhe| HS, sfLfe] CBGE TAISHE CB % NO| TB Alo|=o| m7glo] SYUst siLie] oz 2
TB AIO|= WZ ChE2 (TB AMO|=ofl BI2[E{Ql) ZHSE APl Hels/7{Ll, B2 semi-static (e.g. RRC) S

dynamic (e.g. DCI) A/ 832 S8 UEO A indicationZ = RJp_=0q, oo w2} TBE TFM5t= MA CB £

7t KY of & M = floor(K / N) 22 M = ceiling(K / N)7He| CBGZ} 7+ E == Uch XXl HAR 3lutg

CBG?ZF (N + mod(K, N))7H2] CBE FA &1 LIHX| (M- 1)7H CBGE ZtZt N7i2| CB2 TAE £ Yoo,

E=Xte| F9 dtete] CBGTE mod(K, Ny7iel CBE A5 LHHAl (M — 1)7H CBG= 22+ N7lle] CBEZ +

ME £ Ach BHH, UEE olaist waloz FAME ZF CBGHEE AN BHIEE T4 Mag 5 Aok o}

2iA], HXlel H$ N2 sttiel CBGE 74 steE = CB $£=8, £Ael S N2 35lLi°| CBGE 74 35t=
Z

= CB & 22t oojg 5= fUrckh

& CHE WHoe = CBGY CB £& TA CBGoll =23 #Est= (nearequal) €HAIS HEBE 5+ A2,
FHH oz 270 M = floor(K 7/ N)ZH CBG2?F P4 == ZFol= mod(K, N)7ie] CBGE= (N + 1)7H CB=Z
THEED LHHX| CBGE= N7l CBZ F4E £ 20|, M= ceiling(K/ N)7i CBGZI 4 == ASol= (N -
mod(K, N))7i2l CBG= (N — 1)7H CBZ F4={1 v}JHX| CBG= N7 CBER 7AE 4 Uch uaiMd, ®X}
o] B9 N2 shte| CBGE TFAste = CB £E, £Ate| 29 N2 3shtel CBGE F435t= =i CB

S8 247t oojg % Yok

gL, N > KE E3 8 EFols TBE F4st= ZE CBIt ot CBGoll &Hst2 == #eiolod, maiM of
< £ CBG 3t-t7} 74 E == UCH

gt A-2: ZIX CBG #= MO| FO{X|1 o|E Z[€l=2 2 N7 CB ttel2 ztZfe| CBGE +4

o] E<, ™ CBG == MO| TB AlO|=of &AH R0l LSt slLte] gle=2 E2 TB Alol= HB=E cf
2 (TB Alol=of v|aEl) gtE=Z AlNo| He|E|HL}, &2 semi-static (e.g. RRC) 2 dynamic (e.g. DCI)
AMad™¥ e S5l UEMA indication® <= U204, olof utzl TBE TFAMS= A CB 7t KY mf & N =
floor(K / M) &2 N = ceiling(K / M)7H2| CB tte|2 Zizlo| CBGIZ} TAE £ Ach MAte] A sito]
CBGZF (N + mod(K, N))7H2e] CB2 T4 E3 LHHXA (M- 170 CBGE= ZtZf N7lilel cBZ FAE = Rloni,
FAtel A stte] CBGEF mod(K, NyZHel cBE FA =T HHHA (M — 1)7H CBG= 22 N7 CB2 T4

2 5 2Ach ¥, UEs= ojdE gialoz FME ZF CBGHE AN HIEE FAsSto] M&E 5+ Uch wiat
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M, TXte] H< N2 sh-tel CBGE TF4st= =4 CB =8, A2l &S N2 3si-tef CBGE F4st=
2ch CB £8 2zt ojolg % Yok

HgHo = CBGY CB =& A cBGol =7 &Ystc (nearequal) T4 HEE = U0,
TFHHMo=z AV[0AM N=floor(K/MyZI CB ©H¢{e| CBG A2l &H=0l= mod(K, N)ZH2l CBG= (N + 1)7)
CBZ F4=12 HHX| CBG= N7H CBE F4E = /20, N = ceiling(K / M)?l CB tt®{2] CBG T4 ¢l
Z o= (N—mod(K, N)7H2l CBGE (N-1)7i CBE 7M 5T LHHX| CBGE N7 CBE TAE % ch
rhapaf, MXAEe] 2 N2 sttel CBGE F#AM st =4 CB =8, X2l Z$ N2 sttel CBGE F4st

£ Zth CB +& 242t elojg 5 2ok

&= ctE

H,M>Ks d3& doe cB Zzo] sitel eBGZl =0l & Ko CBGIF 74iE 5= A0, of H
= 1) ™A AN Zl=u2 M7 d[EE FAMEF dEjoliA AX CBGol HHE=EX e (M - K7 BIEES
NACK E+ DTXE HMalstHul &2 2) AN T =8 XA E A CBGol tiS=+& K elEZgE 745t

2hAl g peer 5 Ach

i

0

gt A-3: CBG 5= MI} CBG ARol= Noil o st tree (or nested) /= 7|¥F2] CBG M

o] wHel L, MA CBG 4+ M(e.g. M1, M2, ..)Z CBG 74l CB %, = CBG AHO|= N (e.g. N1, N2, ...)
of thslf tree 7T=E ZIXI=S CBG7I 7#AE £ UcCh o] ZF, stte] TB (Alol=)oil T35t S2] A=
CHE (M, N) gl Z|gtsl 552 M2 CtE CBG T40| AFE £ Uen, ME 2 (M, N) =&l of

sl (M1, N1)2! Z =2} (M2, N2)2l 292 CBG FAME 123slH M1 <M22 S N1 >N2=2 &FE =
ch =8 (M1, N2l <29 sttel CBG= (M2, N2)°l 22l Sttt ojate] CBGE =Z#st=Ss 748 +

Upheod, g2 (M2, N2)2! 22| stitel CBG= (M1, N1)el E e 53 shtel CBGoligt Zstes 74
= 5 Adch =3 M2E M19 Hi=2 MdEEAL O3/ E N12 N29l o2 MFE 5 oo, Me
29 5dMez 2" (m = o) EEiel gros dyE 5 ok 2, ¥47[ M EE N s (M, N) =&
of thst eldlA e ZE (M, N) =822 Ji58 CBG ¢lHA & 3SILt7F semi-static (e.g. RRC) &2
dynamic (e.g. DCI) A| 2232 &3l UECIH indicationE == U2of, UE= sHE ¢l Ao ciS=o F7HE
2} CBGEHEZ AN HEE TAMslol MEE 4 Uk E£3H A7 M 2 N 22 TB Alol=of aAigio]l =

ek Shte] g 2 Aldo] ™oj=HLE, E2 TB Alol= HE ClZ (TB AMol=of vla|FHel) ZEE A

of Melg % Uct

o] WHe| A=, TBE FHsH= A CB == = 1622 Ji™sta 222l CBE k = 0, 1, ..., 162
indexing®+ AMEOIAl, CBG 2 M={1,2, 4, 8, 16}2 ME5ID ZiZlof S == CBG AIO|=E N=K/M=
{16, 8,4, 2, 1} MHASl= ctS3} 22 94ag s 5= ot (“nested CBG example 17).

a) (M,N)=(1,16)2] Z<, 17} CBGT} A =T s CBGY} 16712 =& CBSS =&
b) (M, N) = (2, 8)2] &<, 27l CBG7} #AM =1 CBGEE M=z CIE 8702l C
CBGE ofzll (M, N) = (4, 4)9] Z<e| 274 CBGE =&
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c) (M, N) = (4, 4)2! 2%, 47 CBG7| T4 =1 CBGH=E M2 cl= 4702 CBE =Z & o] @ sttlal
CBGE= ofall (M,N)=(8,2)2! @2 27l CBGE =&
d) (M, N)=(8,2)2! &#%, 8/l CBG7I #A& =11 CBGEZ AME CtE 2719] CBE =&
e} (M,N)=(16, )2} &5, 1671 CBGZI #4A 5|1l CBGEHE AME clE 1702l CBEFE =&

-

7] ofollAi2t 20|, M2 £t2 549 (M, N) =& % olo mE CBG /A =7} Aldo| FA/XIHE A
EfOllAl EX M == N 2= (M, N) T8e| oA o= = (M, N) EEe2 7153 CBG ¢ldlA & 3§
LEZF UEOZll indication® == U<0] (&7] ololMe, 7I58F M SE£ N 2= (M, N) =80| 3 5JIX|8, =
(M, N) =8te =z 7158t CBG elHIA= (ZIsE MZIE {1, 2, 4, 8, 16}2] &8tol| slilEshs) & 171X =
HE deol siEdE), UEe 27AIE2 = DL data (e.g. TB or CBG)oll C§ 3109 indication® & M /==

= CBG T4A= 7IEEF ateliolA decoding & E=& AN T EHY PA/MESE 85

-

v
¥
2
i}
o
il
I

HE dutststod, M2 ClE (M, N) =&el (M1, N1)ZF (M2, N2)2l 22| CBG 4ol thall M1 < M2

ol A N1z N22 dE=E&s =722, stute] TB (Altol=)oll thst 52| CBG F#40| &FE =+ Ach
£ Tdst= A CB 8 K=62=2 7|dstn ztztel CBE k=10, 1, ..., 52 indexing® &EHoll

A, CBG =& M={1,2, 3,62 &%l Z{zlof TS == CBG AIOI=E N=K/M={6, 3,2 1}2 &F5}

= ChE3 &2 A8 2eE 5= ot (“nested CBG example 27).

0

a) (M,N)=(1,6)2! 2=, 170 CBG?} A =T 32 CBGY} 67ll2] == CBES =&

b) (M, N) = (2, 3)2l Z, 27} CBGZ} 74 =1 CBGHE ME CI2 3702 CBE =& of|& 5o, CB
index & & {0, 1, 2}2} {3, 4, 5}7} ztZt 3iLl2] CBGE +4.

c) (M, N) = (3, 2)2l 2%, 37i CBG?| TA =11 CBGH=Z A= Cl2 272 CBE =% oflE S0, CB
index & & {0, 1}=} {2, 3}2t {4, 5}7F ZtZt 5iute] CBGE +4.

dy (M,N)=(6, 1)2! &=, 670 CBGZ} A= CBGHE A& Ccl= 1742 cBEt2 =&

tE CHE 22, TBE TASHE MNal CB 2 K=92 7}85lT 2tzte] CBE k=0, 1, ..., 82 indexingst
AEfOlAl, CBG 8 M={1, 2,3, 6}2 M&5tT 2tztof S == CBG AOI=Z N ={9, (5 or4), 3, (2 or 1)}

2 MdYsl= chsa 22 ¢4als e 5= Aok ("nested CBG example 37).

a)y (M,N)=(1,9¢ &%, 170 CBGEF F4 =1 sie CBGZE 97He] =& CBEE2 =&,

b) (M, N) = (2, 5 or 42l #<, & 2742 CBGZI M5 stte] CBGE 570, ChE Skl CBGE= 470
CBE ztzt =3} o & 50, CBindex & T {0, 1, 2, 3, 4}2t {5, 6, 7, 8}0] Ztz} s}L}2| CBGE F4.

c) (M, N) = (3, 3)ad ZF, 37l CBGZI 451 CBGE= A2 CtE 3742l CBE =% ofE E0f, CB
index & & {0, 1, 2}2} {3, 4, 5} {6, 7, 8}0] Z}Z} Stle| CBGE T4

d) (M,N)=(6,20r )2l H2, & 672 CBGZI A =1 0o|F 3712 CBGE= 270 CBE, ol 372 CBG
= 170 CBE 2zt XL e o & 501, CBindex E & {0, 1}, {2, 3}, {4, 5}, {8}, {7}, {8}0] ZtZ} 3iLt=| CBG
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Section 1

E 74
w2k, et Zol 4r7ixX] M2 o2 (M, N) x=gol Z|ghstod) M= MR 12 (=1+2+3+6)7H2] CBGE
indexingstod, O] & 7[HIS 2 (eNBoOA) XS AHEZEE CBGI (DCI% =3l) indication=j A L} /==

(UEOIA) indication®! 3iE CBGo LSt A/N T =g FMst0] MEsI=E S=HE £ UCH

S

rol
rH

, ~7HIE8 th&t CBG indication® 2|8 DCI overhead /= OIS=E= AN Z =2 FMH2 2[SH UCI
overheadE 12{5l0d, &7[2f &2 nested MEHE A== A CBG ¢HA = LEI0] TBSHE &35t
H dE=EAHLEL, ZE2 TBSE 2 CBG indicationS 2|8 bit overhead?t SLSIES (& E01, ceiling(loga(L))
Ztol SYSIES) TBSH Lgiol AXE £ Ack

2 A4 EF o] AMlE ME (F ST 29| RB TEhHol £T CBES stL-Ie| CBGE 74

o| gtHol AP, TBII MEE= A2 P2 (F/E= Fos Ho9)g 559 Alg e (/E= =52 RB
Eehez 2t MejfolA, Zt ME E (F/=c Z RB dEHE Sl &is== CBEO] si-tel CBG=
FAE 2 Aot o] 9, 2t A= E T (ie. SG: Symbol Group) W Al2 = 22 ciel SG2 FASHE A
E % (/== Zt RB ¥ (ie. RBG) 4 RB = =2 ¢iel RBGE 7TAS= RB ) EE7} semi-static
(e.g. RRC) &2 dynamic (e.g. DCI) A|2d &2 &5 UEM A indication® = US0i, UE= ozt gao
2 FAME 2 CBGEE AN HIEE FM5IH AEE == Ach

tESE o] Aok Shte] SGE PMEE AME = ER TB M& AlzZE 32 f FME M SG 5= (/=
= slttel RBGE T4st= RB += 2 TB M5 T il &9 f 4 A RBG F)off sl &7 g
A-30lA{ 2 Z2 tree 7T E JIXI =S CBGE T4 sl WAlE Jissich 47| nested CBG example 1/2/3

2 7lgtez o € &, TBE F4st= A 42 (52 RB) =160r6 or 92 = JI& st Ziztol Al
£ (52 RB)E (&}7] Kgtoll mw2hk=0,1,...,15 == k=0, L= k=0, 1, ..., 82 indexingSt AMEf
oflA, 27| nested CBG example 1/2/30lA{2F FAISH SEfj= /\‘IE nested 7= HAHE 7IX|l= S5=F2| SG
(22 RBG)E TAE % Uch =3k 47| SG (L/EES RBG) AMO|= 2 £29| AL TB Ato|=of TAIgiol
SYUBF o] g2 AMNol MeE|HuLL, E2 TB AMo|= HE CfE (TB AO|=of H|s|XQl) FUEZ A}
Tolt HeolE = Uch

=
1]
o' Vo)

g, o] g2 S oo stutel CBIZF S92 SG (F/£= RBG) ZA tfE/HESE= BT e
= el X 8G (H/=Ee JHE &2 E2 J1E 52 RB

IXl= RBG)l &=+ CBGE TAELL, &2 Opt 2) sl2 CBS coded bitg 7t& 80| =

= Cle g oz, shbe| CBIF =B4°| SG (U/EE RBG)I ZA tHZ/MEsE HS eNBolMe (XD

2 EHE RIT CBG FA/XIAl EHEOME silE CBE sllY 55 SG (/RBG) iSEH= 54 CBG 25
of 8Hcz =TT SE HEstE, UEMAS] CBGE AN T=4 74 ZEM= slig C e 5
59
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SG (/RBG)ES =3 siutoll tis == CBGolTt ZEAIZI dEfjolA, ZF CBGEZ AN BIE
ste® SZHE = Uch o] E? SAEX2E UEE (AN T =M M Al S cBIF =
Cc

CBGE, 1) siY CBe| decoding Z 27} NACK2l Z<ols (27IE8 &HEA sig

55 CBGE) sie CBE H2si NACKS! CB7F =Z&=oiA= CBGZE EAstH O & (&7

ol Z7lgtsh sitz MEdStE, O8{dh CBGZH EAMSHA ged (27Ed 2HEoA s CBE ZEshs)
HE S5 CBGE (&7l Opt 1/2 Mol 7|gtsh stz MEsi=S S £+ 2o, 2) sie CcBe
decoding Z 27} ACKel Z=olx (2AHIEZ ZHEoIAM sl CBE EZEsts) 2E& 5% CBGE (47| Opt
12 ol 7|gteh stz MEistES S=g 5 Ucth s, S§ shtel CBE E#sl= 55 CBGY!
SAlol 27 ER-EE 25 ST CBe= shol ME=EEE S&ME = A20, olmol=z siEY 54 CBG ¢
Gl F (7] Opt 1/2 M0l 7|gtgh) EF sttoli2t Z3tE YEl2 MESE 5 Ach &7 was ddkst
stod, eNBe| AFHEZ S 9?18t CBG FA/X|A] THOIA SH-te| CB7F 542| CBGol S8Xo=2 EZEET
5 MESt, UEZE CBGE AN mE8ig FMstE ZiEHoA sy CBE Y S5 CBGE 5% strioligt
ZEAMZIEE SAE 5 AK0d, o] Fofl 7] gao] A EEH 5+ Uch

£ ol detez, siLte] CB7F 242 SG (/%= RBG) ZX ojlZ/ME=E+ e @XIsH7] 28 =2
2t CBGoll &3t= data bit =& CBGZHol Zoist S5 27| <6, ciSn 22 gHe I3Heg = U
Ct AHEZTE TBSE Abit22 71Ast s TBSo T E SG == RBG (2EHE5l0] CBG) =8 M2
2 7iF3EiH, 2M ZF CBGHE (A / M) 2 ceiling(A / M) &2 floor(A / M)?l data bit7} = 5= AC
chE, Zt CcBGE 2 Y& data bit T &7 2H X-1 £ X-2 = X-30AM2| TBSol sHEst=
CkZ CiAst MEjoilA], & X-1/2/358 =230 2t CBGoll &35H= S%2| CBE 74 & 5 Uch 3HE, Ab
7|ef Zrol A E £Hl CBGOl|l O $F coded bit2 §i-t2| SG T RBGO|DZF o T/M&E 5

,.

o
pl

eHH, st-tel SGE FMsteE AE TE data DSol &HE AME 5 22(3/%E= RB = (52 TBS)oll wh
2t HAsts g =B Jhssich o & £01, (CBG & 7123 25 2E7] 2I6H) data H&ol aEhE
HE It 255 SGH A= 7 3 FHE 5 A=0d, (CBG AOI=E 7t2% S5z 2he2] flsl)
data Zi&o EE RB = (B2 TBS)7I 255 SGY e = = 7= = Uchk FASH, sthe
RBGE T7435t= RB ==& data ®™&0| &YE RB &= O2l/F= ME £ (52 TBS)d ulet HFEsSHE
A} mEEE Z2HsS 3D o & £0], (CBG & 7125 S5t orE7| 2lsl) data Zi&o HHE RB =7t 2
5 RBGZ RB 7} 37 F4E 5 A20, (CBG AOI=& 7I=2% sSstH 2H=7| ?IsH) data ©&of
g=E pE 5 (B2 TBS)?H 245 RBGHE RB £t Z7| 748 £ UCh

g A5 MAH CBG = MI CBG AMO|= (CBGH CB ) N2 TB AIO[|= (TBS) €2 T4

e = 2halolod, o{7|A A7
E3 o4t CBG indication2 2|8t DCI bit = /== HEE= AN =8 PAHE 2|FF UCI payload Alo]
=9 A=<, TBSE =2 MM E MgIEST =lthgl Mmaxoll 7[g5t0] (0§ £01, M.max 55+ ceiling(M.max / K)
of K=2).

iy

ZE= ceiling(log:(M.max))7iel slE2) ZHE = UC (07]AM, KE 22 =, o2
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Section 1

EEEE FoA el g el stz M4 TBSHE HMEE (M, N) =g & E2 TBS-CBG tableZ & 35tH, ol
Bt TBS-CBG table == ZH& AlFol Hel/d™HslE=2 AEolM e == table= 3sI-}E semi-static (e.g.
RRC) 2 dynamic (e.g. DCl) A|2'22 2 &Ssl UEOIA indicationSiE 242 13E £+ USnd, o H=R
=2t TBSO HEE+= (M, N) =€t0| slilEh S TBS-CBG tableZtoll Ato|stH FaE = Uctk olol iz},
UEE indication® S E TBS-CBG tableg #t=3}0{ DL/UL scheduling DCIE &35l XA TBSO| HHS=E&=
(M N) =gts Zdd™staa, ZH-E g (M, N) =goll 7[2t5t0d DL/UL data &4 2 A/N T =8 ME3

o=

& CfE diHo=z [NMi| TBS &S =< TBS e (range)E L= AMeiollAM ZF TBS ranged 2 Ato|&H
CBG T4 wgs = gsts g4 e £ Uch L2, 54 TBSrange 1 HofAl= &7] gbH A1 £
£ TBSEHZ CBG = ME 410|837 ((E=, CBG AMOI= N& SdstAH) F4sis wHsS HEst= ¢hd, ot
£ TBS range 20 s = A7 &4 A2 =£= TBSEHZ CBG &= M2 S5HH 7Msle WHE M8

£ U=od, o] A DCI overhead /== UCI payloadE 112{5t01 TBS range 2= TBS range 10 =35t
TBSEEcCt 2 TBSEEZ TF4E £ UCH = clE YYo= 559 TBS range Zt2tol|l Cisl =T CBG
T4 22 X Z5tE TBS range?Ztoll= CBG $/AlO|= mZlzin|e] g8 AH0I5HH XM Zoh= & =5 s
stch 22, TBS range 1/2 Ztztoll oisi 4AH7] 9 A2 5= TBSEH=Z CBG = M= S2sHH TMst=
2 S X Z35tE TBS range 12} 27toll= 4tolgF MEtol A& E £+ denf, ol HS TBS range 22| MO|
TBS range 121 MEcCH 2 g2 AXE == Uch = chE L2, TBS range 1/2 ZfZfoll hsl ab7] 2y
A-1 L= TBSE = CBG AOI= (CBGZ CB %) N2 st Rast=s e =a25ts TBS range 134
27toll= dolsh Ngiol dFE %= U200, o A TBSrange 22| NO| TBS range 12| NECF 2 ez o

=
e + ok

g A-6: data-to-resource mapping O|& ol T st CBGoll %&F CBZHol interleavingE =&

of el H=, X (HlE £0], time-selective®l) B E 7IX|= interference (& S0, 47|t &=
URLLC puncturing S2t) @82 112{5t0] data-to-resource (RE) mapping (0 & S0], frequeny-first manner
off Z|gtst RE oli @) o|Xol], St stt2| CBGoll %8 E5 CB (coded bit)Z!tofl inter-CB interleaving=
M Zstz giaojch PRIFLeR2E 52U Stbel CBGoll %8 5% CB (coded bit)oll Cistod, 1) 2t CB Ui

oA 2| intra-CB interteaving% HA g5t AefolAM FIFZ inter-CB mterleavng HE3IHL, E2 2)

EHE, 27 2& Hieh WhEollAM M, N, Kgtel Z, MZE ClE TB Atol=o sl 2z} ST gte= 43/
M =AU, =2 A2 Cof2 TB Atol=of sl Ztzt &o[sh gtle 2 HME/X|AEAHLL, =2 TB Aloj=of o}
2t 2T (e.g. N)oll OisiAi= SUE Ue 2, HHHA (eg. M, K)ol tHsiAl= b2t at0l8 gte 2 HE/XIA|
2 % Aok E=FH SH-te| DL data 2HEZH/E S0l S59 slotoll 24 ¥ 5= walg iz 22, 7]
X oF ghHollAMe] shte] alE FE (SG)O| slot2 2 FA/MHE (0] EP, &7oA AE QYA E= slot QI

22 A5t Hg)yd 5 Uch
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(B) HARQ-ACK I =8{ it
QA Moz mE NACKO| ZEHE (FA) HRlE mdEeoz FH/XS

Al (6l E E0], CBG =/Alol=)0] Fo{xl 2fefollA] time-selective®t ZH ol
Bt Z & decoding error (i.e. NACK)2 T2{5t01, 1) UE7} (CBG QUM A Ato =) X
g NACKS! CBG ¢lElAe} olx|2) NACKZ! CBG SiEAE eNBol I[=eislALl, =2 2) A HH
NACKEZ! CBG ¢l=lA T2|12 & HM NACKZF OFX[2) NACKZ! distance& I EUisIE S ZEHE 4= Uch
o{Z[M 13t 2)e] A SFHFo=z, AH7] 2-1800A12] UL resource allocation type 00 X E=&= RIV
indication 2 == UL resource allocation type 10| X &X=|= combinatorial index 24l & ALE35H0{ A4

2igl = ct o] HF, CBG T4 dfal= A7 Aot whe A-1/2/3/45 = &rer 5= Urch

o~

£ 2, =52 CBG 74 4| (dlE 590, CBG T/AOIZ)E 3H-1E UEZH &Y Meista, M
el slE CBG FAS EOE, 1) 472 Z0] NACKOl ZEHE (F4) CBG #Hels ZX 50| slE NACK
CBG H2iet M= CBG 74 ™EE 7 eNBol T=8istAHLL F2 2) 2 CBGHE ZiEE 2 A/N H|
EE 7M510d (MEE CBG T4 HE2t &) eNBoll Tj=eist= &A= JH5stch o] Z ol X, CBG +#
A diAl o

A A2 A Ao Y A-1/2/3/4E EZEE 5 UCh

7Moo 2, eNBREE2 CBG 2IEolT 47| wHo| HBE + Y2, PAHH2Z 1) (W)HS
3 oleiael ()MSE M CBG £ LO|
£, UEE 1) & @Mt 0iX|2 CBG oIHAS

O
W
o
[
>

z'"s
of +ae N HMS nix|st CBG oI, 2 2) M W
|

Hxel L7f 2ol CiE== CBG T Eol, siE DCIE S 27 EF=AUCI 7HE/ZHFBE ElfollM (=

Ay Sxpar % ek

d4id B-2:tree X2 CBG TAOIAM ZE NACKO| =Z&E (=4 Alo|=2]) CBGE =4y
2 $t m52| CBG 74 (ol &0, (M, N)
Z=EhHol FTo{Al &efollA], UEZL Stte] 55 CBG 748 s MEHE siE CBG A& Eilz BE
NACKE2 =Z 5l CBG QIHAE ZESEI0, siE NACK CBG 2idlAel ME=E CBG 74 HEE
Edstiz 2 S=ter 5= Uch 6{7|AM NACK CBGS| A, ZE NACKS Z &stHAM =4 Alo|=8
JiXlE stt2] CBGZ MEiE&= Zol viztalgr &= Qoo oles ClA] sl UEE HA tree 7ZE JHK|E
=249 CBG 7AE & tiel CBGZ} Z & Alo|=2 ZE NACKE2 ZTSSIEE st £3 CBG A2

=
EiSt MEHEl T CBG M2 EOZ ZE NACKE Zesls siule] CBG oldlAsE AHAFSHN, o2
(=g

>

B

3

ESE of2f FANSHA, A7) wHH AqollM el 22 SG (H/EE= RBG) 7l tree FEE JIXlE (ME CiE
SG(/RBG) AlO|=/& ZI|BIS 2 sl=) 552 CBG 740 Fo{zl tEioliA, UEZl EF SG(/RBG)E 7Igt
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2 3t stetel CBG FA S MEst MEE SiE CBG FA S EOl2 EE NACKS = Est= CBG ¢
A8 ZF5l0d, sHE NACK CBG 2/ A2f MEHEl CBG T4 (& olofl iS=& SBURBG) 74) M2

=7 eNBOll u=tist= gz Jhssioh

o

g

F7MH 22 eNBEFE|2] CBG £7EToT &7 2hgHo| HEBEH + ULH, P2z 7] & A3 EE
= A40M2t Z2 tree TZE 7HX= S22/ CBG 74 (& S0, M /== N (&) £&= SG(RBG)
Atol=/)0| FO{Zl &tEfOlA, St-tel §& CBG 74&of Z|ghet stute] CBG A= AT}
DCIE &3l indication® = Uch ol Z%, UE= sliid CBG 2= Aol %3 CBG &0l sy DCIE &3l

2AIESEEUYCID JHEZEF B HEjollA (=4) S=EE + ch

2 B-3: Sh-te| HARQ process ¢ CBG 74 2 OS5l AN 7482 S5t /%

ol gHeo| A =X CBG2l AN error2 2lst EE 25t RLC 3|He| DL data AT S S wUX|5H7] <504
sH-+2] HARQ process?t == Iet (5, SFE O7Ix]) (eNBollA el XEE (CBG) AHEE
(indication)E ®/EhH CBG T4 U sli=l CBG T4l HHE=E+= AN T EHY FMH2 SdsiH |RIEg = AU
o, PHM2Z= £F HARQ process IDE J}X|+= DL data 2HE /M S0 == HE/XA|= CBG 7A
2 lEe=ls AN T=8 M2 5|2 process S 27X (GIE €0, sl< DL data®] TBE FAISs ZE
CBol| ciislf decodingoll A= g mi7ixl, 2 =28t HARQ process IDE (NDI7} toggleE) M Z2 DL data
27 E- 0| AMALE[Y] FAtx]) SUSHA FXISIES SEE = ACh MV[0A, == M E/X|A|=E= CBG &
AN T4 HE = semi-static (e.g. RRC) &2 dynamic (e.g. DCI) A[1E3 (ol S0, (initial) DL data

scheduling DCI)S &35 UECIH indication® = UCH

BtHE, 0] 9 UE= ZF CBGHEZ A/N HIEE FAMSIe nl=usts, ztZzte] CBGOY CHsH0o! decodingol] A
357 ®X] GlY cBGel AAHEE 7ol 2tAIglol) slE CBGol s NACK=2 =z mlzusiz§ Z=h
g £ A2n, decodingoll 3Tt AIMFEE GIE CBG2l AHEZ |Fo HAIglol, a2l de=s

HARQ process S 27X} sl CBGoll CHsi ACKL = H=uiste s S2He 5= Uch

gtg] B4: A7 ETYE CB/CBG ol uigl thSs= AN 2 timing delayE ct=7 A

o| ghfe] A, ZYUSH Stte] TB (Atol=)oll CH3I0d SAloll AHEHE CB 5= == CBG %ol w2} o
SEl= AN & timing delay (5, DL data =22} CHSEl= AN T = HE2F A2 ZH2)E Crt=2H 43
She 7S g £ 2o, PTHEHSRE AHEYE CB == CBG =7 H25 S5 = AN delay
JF = HAEE F= Ach 23z, TB TA, & 2E CBJl AHE™YE Aol H|5] €8 CB == CBG7}
~AIEEE ZRol HSEE AN delayZt O] =H MEE £ U3, 5USH CBG Alol= (F, CBG 74 CB
)8 7HIEY S ool of 2 $2| CBGY} 2#HEZYHE ZF ol S=E= AN delay7l O 2 d™=E = )
oo, AHEZYE CBG F7F SUIMES AT CBG Alo|=7| o ZH 7ME Aol tHS=l= AN delay}

o = MEE 4+ Uck

OII

b B-5: DL data A~7[E2 3t AN m=Hizto] CBG T4 (CBG T/Alo|=)Z Cl=2# HFH
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Section 1

o gtdio] AL, DL data 2#HEH/X S0l M-E == (¢l& £0{, DL data scheduling DCIE S35l indication=

) CBG 74 (ol & £0f, CBG /AI0|=)Z} &lE DL data =2lo i E== AN IZ=8o] HE=& CBG

THE oI5 MdEstes WS D = UM, FHE2E+E DL data 2HEEH (DCIE S§} indication)

£ fsF M, N) =83} AN Zj=uf M2 23t (M, N) =&o| Cl2 gtE=2 843 E = Uct ==, DL

data 2#HZYol= (M1, N1) =80|, A/N T E=Egiol= (M2, N2) =go| 22t MXE %= A2, ofol] wa}
M1>M2 (2 N1<N2)Z HAE case 12 M1 <M2 (2 N1 >N2)E HAHE case 28

DCI HIE = Z7tst= Y M S DL data A ! A/N d =8 HIE 5 228 5 220, case 2=

-

== 5 = e
DCI B|E = Zl43l= vhH XA & DLdata AHH 2 A/N T =9 B|E =5 FILE

d

Bl E A case 12
o

gt B-6: AHERE == CBGoll sl 2 CBGE Z AN ™ & timing delayE =27 A4 H

O] Y] HL, SAlof A7IERE S=2| CBGOI 5t Zf CBGHE A/N ™ZE timing delayE CH27

MEBH= (=, CBGE ANE TDMAIA Masts) He DaE 4 Yo, THEozE O e s (£=
slot) 21 AE Ssf M= CBGOl CHSS= AN delayZb Of ZH (MM o = o WE AlS (££ siof)

timing2 S W EWNETES) 482 £ AUch

=125
=l =4

7: (M7l CBG=Z TFAMEH)TB =2le (A)E S A7 EYo diE=l= AN TH=s 724

of A<, TB i AN HIE T4 3 CBG tHle] AN BIE M & ol Moo= AN F=ug
3l &x[of c3lo{ semi-static (e.g. RRC) £ dynamic (e.g. DCI) A|2E3d (0 & &, (initial) DL data
scheduling DCI)& &3l UEC|A indication® =+ UL0{, CBG tieI2| AN BIE F4¢ Fols HS=E=
A/N payload AMO|= (X s|& A/N T& S <8t PUCCH format)?} semi-static (e.g. RRC) Al2E 32 E35i
AEE £ Jch ol A, Fol& (LT E) AN payload ALOI= (ol & £0{, M7l BIE)ol ut2l TBE FASt
= X CBG F7} (& E0f, TAl AN HIE 2 st M) ZFEE F UL, ojo ma2t ME 2
TB Alol=oll tisiM= TB T4 CBG = (M)= SLSHH MEE £ U2m™, ul2iM TB Alol=of wz} st
Lte] CBGE T4stz= CB =7} k=7 (ofl& &0, TB Ato|=of H(a|xel gto=) MFHE £ UCH BHH,
TBE F45t= ™Al CB s=7F F0|Zl A/N payload AlO[=2} ELsIAHL 2t =2 A2, CBol sl
grouping®{0l 2t CBHZ A/N H|EE &Hsi= gA{e2 FMA AN mE=Euo] 48 = UA2nd, T CB
%= NO| FTo{Zl A/N payload AlO]= M (H|E)RC} =2 HP 1) CBH A/NO| EEHE|X| 22 LIHX| (M- N)
7 HIE= NACKR2E XH2|stHLt &2 2) AN payload ALO|= XiAE FA CB 2 SstAl N (BHIE)2=2

HASEE SAE + Uch

B-
o] &Y

tH, TB Alol= HE el TBE F4st= CB 3= ¥ olo] 7[gtEr CBG 74 (¢f& S0, TBE +4d3i=
A CBG = M % ciad CBGE F4&shk= CB % N)o| olz2] Mzl R mezl Z2EE = A=2n, Fof
I TBoll & E CBG =0l Z|dtstoi A/N payload Alol= F O S== PUCCH formato] &&= % UCh
£ £0{, TB Atol= (0lof w2 FA| CBG #+= M)EZ CBG tt?l A/N T &0 ALEE[= PUCCH format
% FE PUCCH resource MEZI SEXo=2 (dtolstiy dFE = ok =3 Mgt 2/=s HEE=E=
PUCCH formatO] semi-static (e.g. RRC) &2 dynamic (e.g. DCI) A|2223 (0 & £0{, DL data scheduling
DCIHE &3l UESH indication® == U220, =2 MZI2 PUCCH format (2 £X PUCCH resource All

2o

pal

r

2
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Section 1

Eyo] =3 54 7IE Aldol XAslE2 AEoA DCIE Sdll 5™ shtel =¢Ho] indication= 7L (o &

£0, Mgtol XAl=lE sl & Mgloll AME XA El PUCCH format (2 £% PUCCH resource AE)0| XI5 &

M E|HLl, = PUCCH formato] X|A|=lH siE PUCCH formatoll A XX E MzZko] Xt dFEE 5+ @
=), 2 RRC /=== DCIE &3 Mz!iZl PUCCH formato| Ztzt S E 22 indication® = RUCH

E chE WHOo 2, Ngt 2/=£= th 8= = PUCCH formatO| semi-static (e.g. RRC) &2 dynamic (e.g. DCI)

Ala-d@ (& =0, DL data scheduling DCI)E S35l UEO[ 7 indication® = A0, HE F2 Ngtzat

ojoll = ==2| (M, PUCCH format (¥ ¥EX PUCCH resource M E)) =&l AlTol X[Hsl=& AEfoA]

DCIE &3 53 3stt2] =%0| indication=7t} (0lE £01, NZol XIAI=H ojof w2 Mgl X&E

PUCCH format (2! &2 PUCCH resource M E)o| Xt& ZHEHL}, EE= PUCCH formato] X|A{=lm ofof

b2 A/N payload AOI= (o8& Sof, M7 B E)E 7|&=22 Mi| CBG & % CBGH CB #7t A5 Z#H
F

2 = UZ), E2 RRC Z/=E+= DCIE E3l NZtZF PUCCH formatol 22t SE NS 2 indication® == UrC|

gt B-8: (TBE F4Ist= M7 CBGE) 25 CBG X&sof tHE=l= AN T =8 74

of &tHel AP, TBE TF45t= ®A MI| CBGE L7 (L < M) olstel CBGoll thist MEE 2FHET Al
Opt 1) (&7] 2y B-7ollAleb 22) TB =2l (M)X &0 tHS=le= AN I E=He| H el 5245t A/N payload
Atol= (ol & =0, M7} "|E)7} HE=|H} (olof whel ol B0 X AN L7 8| Eofigt ojE =T v}
HX| (M - L7 HE= NACKES =2 Xelg = UAS), &2 Opt 2) TB &t ()T &ofl HE=l= A/N Z/=ui
o A2 cl2 (W& £9, O =) AN payload ACO|= (2 PUCCH format)?t &8 5 AS0{, 47|
Opt 22| & A/N payload A[O|= (2 PUCCH format)2 AHIEZE CBG = Lgtol iz} HE (W& &
L7H "H[Egtez pA)E = glct o] % L2, semi-static (e.g. RRC) Ald&EHE& &3l sl-lo] glez E2
dynamic (e.g. DCI) A|Z2'22] (0 & =0{, DL data scheduling DCI)2 &3l SXo= HAR= {22 UEY
Al indication® £ RJU20{, TAte| A CBG tiflel AHEE DCIE S A M2 CBGE 2o LA7tx|
o CBGoll Cist AHEEO0| 7155 E 2=+ CBG indication A|2E 30| PAE = Urch E£ESE FIHA
o=z, TBE FAM5= ™Al M7l CBGS L7H (L <M) olste| CBGoll tisiM el (eNBR2FEC]) ML AHET
2ol sHiEIES HYHE £ Ao, o] A el AAHEZ et CBG =7 LIHE =35tH TB e &

=
HAEY (DClI ME)g FHst=s S2E 5= ULk

o
Il
0
N
0

pt 12} Opt 22| A 7|80z TB AAHEY/A SOl =HE ME/XAIEH CBG 74 (0lE &9,
TBE TASh= Tal CBG = M 2 i CBGE 745t CB == N)Ol HARQ process ¢t =57 &
xElg JIdsto] MEBE F den, FIIMo=Z Opt 12 S AN payload AlO|=£ TB o9l ()X & S
ZlZ=ez (|8 &0, MVl B|E=R) dHSIE A AHESE CBGol oisiAiot AN T=ulg FA5]17|
3tod, ~HEZE L7l CBG (ZZto| N7lle| CBR T4) Fxlof &8t CBESZ CHA| (NELCH 22 £9] CB=Z
FalEl)y M7 CBGZ | 7445104 0|8 7|&=22 T CBG th2lel AN HIE Stttof = N AN Iz =60]
TAE = Aok sHHE, A7) Opt2oise] AN Z =uhof i S=E= CBG MIE A7HET DCI=l 3%, 1) AN
payload Alol= #HZHo| EAHglol MH CBG = Mg ZIE2& 3 XMTS CBG indication, 2 2) UEJ}
NACKEe 2 I =slist (M7H olstel) CBG R &2 HMA CBG Aoz JIEst &eljofA 2l CBG indication &
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B2 sS=ls Aladaol 748 & Uch

B £ e 2, CBG (MAS) 27 EZol oistod £17] Opt 1042t Zol A7 E2E CBG ==off 2tAgiol

(X E) Sst AN payload AMOl= (% PUCCH format)& X E&tXx|, ol{™ At7] Opt 204A{=} &0}
HEZE CBG =0 tl2} A/N payload AIO|= (2 PUCCH format)g (SX S =2) ¥id HZex(ol oistod,
semi-static (e.g. RRC) &£ dynamic (e.g. DCI) A4 3 (0ll& &9, DL data scheduling DCI)2 &35 UES

A indicationslf = gtalT Jls3Sich

9) HHH B9 (TBE 7435 MY CBGE) Y&7 NACKS! & <oilgt CBG THeiel A/N I =4y

ol A TBE TAsHE FaA| MY CBGE NACK?! CBG %7t L7H (L < M) o[5tel Z<ol2t CBG
Eh2le] AN T =wf8 FA/MSE £ o (ofE S0, Zt CBGHEE ZHEEl AN H[EE ), NACK
2l CBG 7| LHE =2t5 2ol TB ©2lel AN Tl=us FH/HESSIIESE S5 &= AUch o &
<, L7} olst2| NACKol CHsiA{2t CBG ©Hel AN T=wg2 FASIY| m2ol, CBG el (MEE) 2=
DCIE S3t AMT™ S CBG (20H ) indication SA[ 1) XA MZHE L7H ol3tel CBGoll ol & indication &Ej O]
Hul, =2 2)UE7F NACKS 2 mj=uish (L7 olshel) CBG RS XA CBG A o= ZiEsh AMejolA 2]
CBG indication Helj2 IS £ Al2@Qo] A £ Yok =3 ol A2, ME™Me=Z j={1, ..., L} o
2 igtol Chstod ™A M7 CBGE 7l CBGE 8st= ZE =82 AU dsto], UES siE 2dAE
= SIE NACK?! CBG T &2 = eNBollAl mE=wist= ghals s 5= Aok

i
o o oy

10) 9 B-10: =t CBG F7F MIHZ HSt=l= dellel CBG AMTS AHEZY 2 AN T =
of gHol A, eNB AHEZ ZFoAM M CBG F4E2 M7H o|5te] M7l CBGE F4stZ 1 FolA
L7 (L < Mr=M)2| CBGoll st xX &2 UEC]A indicationst= 2 S=HE = Jq<eoq, oluf M2 Hojx 3t
tiel TB M& £ sil2] HARQ process SoF DA E 2 ZHXle BHH Mr (2 LIS (JTE) 2HEE

=3 gt
Algoiet HigE = Uch

o] @9, UE= A/N I|=H{ 2iEo|A] Opt 1) 7ksEF =t CBG = ME 7|El2 & AN =g 74 (WE
E0{, A A/N payload AIOI=E M7 HIE2 M3t AxM AHEI =X 2 CBGOl HEE= M- L)
7 uj=of hsiAlE NACK = DTXE HMal)stHLl, =2 Opt 2) 27E Al&olAe MM CBG 3= Mr
£ Jlgtez AN m=ulig A (ol& E0{, ™A AN payload AIO|=E Mr7il HIEZ2 FTASIE &H 27
EY X 22 CBGOl HEEE (Mr — L)y7H 8] Eof| OisiAM = NACK === DTXZ AalystHLE E8 Opt 3)
AHEZE CBG F L2 7iHtez AN Tm=wg 74 (o2 50{, ®xl AN payload AIO|=E LI B|ERZ
T4t AHEZE CBGEE AN HIEE iE/HE)SI=ES S2Hg 4= Uch A7) Opt 2/38f AP, Mrgt
=2 Latoll w2t AN payload APOI=TF HZEE = U2m, oo wlgt (ME ofE Mrgt 22 M2 Ch2 Lt
off 7jgtsh A/N Tl =8 X0 Al2E+E= PUCCH format (2! &5 PUCCH resource ME) YAl HE (5, Mr
%t &2 Lol mheb &bolsi MEH)yE 5 Uch

IR
rok

b o] %, eNBollA2] MxlEs AAERZES 21T A Mrolel CBG 42, TBE T4&sts TiAl CB &

66

IPR2024-00951
Petitioners’ Exhibit 1008
Page 000078



Attorney Docket No. UT17-0756-US

Section 1

ol thstod T =AHLE (B, A CBG REol TB HAet SY), &2 TA CBE =31 LFof =Zss5Hd]

Tod £ Act (F, BAM CcBG T E0| TBe Lol s, MAe] HP, SiLte] TB M& =2 shulel

HARQ processoll CHSH0d & A2 A[ZolAM el Mret2 Old AAHIEZ AlEoiA 2l Mrat=Ech g4 =

Hut S8t 2o 20 MY =EE R AHeE 5 Uch FAe] 2 siE S LR CBe, 1) Ol A2HEY

AlEHoIAM 27IEZE L7 CBGOll &8 CB HEt2= IEE7Hu, 52 2) AAHETIE LI CBGE UERE
B NACKS Z n=ui= CBGol %%t CB Agez g 5= Uch

o

g B-11: A/N TS M oMol ®MME AHZSEE (subsequent) CBGOll 3t xial
£X& TB (Ol & “original TB"2 &) $Alof| LHES5= AN T =8 (O|E “first AN'SZE A& & O™ A
Mg 58 ¢ TBol gt CBG AT 0| 2HEYE SEolAM (O] “subsequent CBG"= & E), sl

subsequent CBGOll CH&F =41 combiningZtXl Bt & A/N T =82 217 first AN AIE 2 S8l d&ste &
Z=to[, subsequent CBGOll T §F decoding 2 AlEOC] HE Soi&o w2l £7ls8t 2971 288 = 2Uch

07| A 2] £=4! combining=, OlTo| HE AMS7F HEE HEE Hl2 (flusheh) ¥ subsequent CBGE A

Al

Zet= S22 9oy £ Uch o] AR UEE, 1) 4 original TBolf CH 3l A 2t decoding Z2foll w2 A/N
T =H 2 first AIN AIEHE 8ol &5t subsequent CBGOll CHSA{= (O[F A|HojA{2] A/N T EEHIE 2|
sy =41 combiningS FH;SIHL}, E2 2) subsequent CBGS] #=4I combiningZ7iX| 24 st decoding Z I}
o hE A/N TIEHZ first AN AMEECH 5 delayft2 £2 A2 S8 MEsSIES S3gE = U0,

%
olmi first AIN AlZollAM el AIN &2 MEf (drop)El7{Lt EE& original TBol CHEH A/NBF M E 5= Ach

BHHE, UL data 27HEY MEOAE A7[2 FASHA 53 (original) TB A& 0| AjEE 83l ¢ TBoll
CH st (subsequent) CBG A ™ &0| 2HEZYE = U220, 0J7|A original TB T& A& (0l E “TX timing 1”
o2 AEHZT subsequent CBG T & AIE (0]E “TX timing 22 & EHE A2 ct=2HA| TX timing 27F TX
timing 12CH =2 AHSo 2 X[Al" £ Uch o] AL UEE TX timing 12 Sl = 2AHEZE original TB
4= SollM subsequent CBGoOll sliEst= CBGE A2 (& &9, sieh CBGYF oiE & RE/RB/A =0 O
sl puncturing)&t LHHX| ME2hE MESIES SEE £ J2mM, TX timing 28 SsiA= MBS 2HEY

&l subsequent CBGE HE ®&E = Uch

FESH DL data®l|l CHSh cross-slot 2HEZ AEOIM T A7l FASIH 53 (original) TB =41 O|F A[HEZ
=l =2 TBoll CHSF (subsequent) CBG ZE&0] AHEYE + U220, 0I7|A original TB =41 AlF (0]
E “TX timing 1"2 2 & &3} subsequent CBG =41 A& (0]F “TX timing 2°2 FEH2 A2 Cl=23HAM TX
timing 27+ TX timing 12Ct =21 A|E =22 X|AIE £ 2Uch 0] A9 UEE TX timing 18 &3l e 2AHEE-
=l original TB 4l &olM subsequent CBGoll sl Esl= CBGE A<= (W& &0, sie CBG7I ofEE
RE/RB/AIE0l CHsHl puncturing)st LIHA] A SobE At s S2He = 2020f, TX timing 28 S&liA=

M-S AHEEE subsequent CBGE 2 H4lgh 5= ch

I
4

(C) Soft buffer 2 gy
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gk C-1: NACKS! CBGoll &£TF CB 2| S22 7|&22 CBYE #|4 buffer Aloj|=8 HH
o] g ol AR, 5lLlel HARQ process =2 shute| TBoll &2hEl TBE (F4) buffer A0l = (Btyoll 35104,
UEZ} (eNBoOll) NACKES 2 I Euist CBG(E)0| & CB £2 HE (Cn)RE ti= buffer AlOI= (Be)E,

UE 41 ZHEolAM e CBE A4 buffer AlO]= (& S0{, &7 TB & &0l oisto] zt CcBYE=Z UET}
bufferoll X &siol SH= =2 (soft channel) HIE )2 ZAY35Hs walg =g = oo (o 50, Bc=
Bt / Cn), olofl et FxAel iz 47| 2190 el ofel|l T4loiA CE Cn2=2 CiAsio] HES= U2

g 5 Ach

. Nl
ng =min N, oA
C-N o - Ko - mm(M L taRG > M fimic

ol A, TB theiel AN TEH g Z|gte R st 7|E 24 vluglls M (W& &0, C > Cnd! ZAHER)
CBY =4 buffer AIO[=E EI7HAZE £ AUe EE0| U2nd, olmi st-t2] HARQ process &2 5t-te] TB
Mo ME=E+= cnel ZS, 1) CBG Thelz TAEl =% AN T =8 (0[E NACKS! CBG)RIE 7Ixe=
ZH (5, oldA Z™HE= Cn2 HARQ process SEVIX| SL5HH & E)SHAHLE &2 2) AIN ™& Aldoict
Zi AlEoMe] AN T =8 (0[F NACKe! CBG)E 7iZ=o=z= ZAHE (F, Cn2 of AAHIEH /A== A|FEOAM
o] NACK CBGoil umtzf Z2Fslod H8)st=s S&gE = Ut

™

0>1:

gt C-2: AT S CBG 4l &0l CHEF eNBollA{2] (limited/circular buffer) rate-matching ==

O] ghHo] A<, eNB ZHEOIAM (UEERRE) NACKS =R I =wlE =2 XE&ol st FMA CBGE 7|82
Z (limited/circular buffer) rate-matching=2 =3 & lol], A/N error2 2l eNB ZEoIA{2] NACK CBG2}
UEZ} T =943t NACK CBGZI S X|7} & =0, olg{gt SUXE 8ioiZ] 215t 1) eNBE= (UE

T M
EE2E) NACK2E T EHE (52, ACK TEgg $AlIstX] REH BE CBGoll Cis &4 SARoll/SAlol
MEES AAHETE FHUSITE S (UEE OlE ZHa/Udsgr dEfollM SEHSIHLE (5, 27 NACK CBG
off thslMet TS AHEY S &8 sB5HK] %3), H2 2) (eNBollA 2] T NACK CBGE 2 Foi
tHaiMet MBS 2AHEYS= S=S 5 Sct=E) eNB EHE0IA NACKS=E TEE E2 XMAES0 st
E£2, ACK m=gg (35X 23hH MA CBG HE (¢l& =0, NACK CBG F/2lEA)E DL data
scheduling DCIS S8 UECA indicationst= S&2 g = Uct

o] d=olx, st-t2l HARQ process &2 3SiLte] TBoll &= TBE (=A) buffer AFOI= (Bt)oll tf5hod,
eNB ZtEHoA NACKSZ Im=HigE E2 xFMLE0| H2sh (E2, ACK I =g =AI5IX| £3H CBG(E)o
%5t CB =2 &% (Cn)22 L= buffer AlO|= (Bc)E, eNB & ZtEoliA{el CBYE =4 buffer AIO|=Z
ZH™Ests ¢alg aHE = Yoo (& S0, Bc = Bt/ Cn), Oloff cist Al ez Al7| 2-190(A 2]
otzff F=AlollA CE Cn22 dixlslod ®Est= #dE =g 5 Uch

. N
N = mma CI‘R J, KW)
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olufoll =, TB ©he| XTSZLHE EHIshe 7|E 243t d|uE mf (& 50, C>Cnel ZAHE)CBYE =%

>

=

buffer AIO|=E ZIHAMZE £ A= ZF0| Y20, stte]l TB T &0 HEETE Cnel 49, 1) =EZE ¢
El CBG el MES AMT™EE Z7IE22 HHE (5, olgH ZFE Cne HARQ process S27HX| S5
HE)stHLl &2 2) CBG E ol 28 (5, 4 AEE8 7IE22 NACK=2Z ucHE 52

M S0 HRE (52, ACK HEWE £ASIX| KFH CBG =0l utzi ZF)sI=S S=E = UCh

i C-3: CBG thelel A7 &30 wE A/N ¥ =2 PUCCH A &0l 2| power offset &

o| giHol AL CBG 22 FAME AN I=Eeg L2 PUCCH F&o 5I70E == power offset=,
Opt 1) (ACK/INACKZH #+&2 RIO|) A/N BIEJ} &ZE t= AN m=u tfalo] == &NAH CBG =, 52 Opt
2) eNBE2REH AHEYE CBG 5=, =2 Opt 3) 27| &E C-20iA{2] eNBESE] indicationE (eNBollA2])
NACK CBG ==, 2 Opt 4) UEollA{2] NACK CBG =5, &2 Opt 5) 47| 28 B-30iA{2F 22 A/N T/ =4
A gialg esiod 47| Opt 20iA12] CBG 2, AAIES =X RUX|TE ACKLE T =85t CBG =9
8, =2 Opt 6) 27| Opt 30fA{2] CBG 2, AHEHEX AUXT ACKSEZE H|=Hi5F CBG 2| &
st =2 Opt7) 53 timingS S8 A/N PUCCH H 30l BI7yE Z25= power offsetE slE timing OIF Al
ol olo] ACK=2 =2 I EMNFYIAUE CBGE ATt LHHAl CBG ==, Soll slaAel gtez AESIE (&
of, &t7| Opt 1/2/3/4/5/6/701 A 2] CBG 7} 255 siY poweroffsets & L2 FIVEHISIZSF) 5=

I

(D) Mismatch BIS3Y &t

gt D-1: UEZF m =88t CBGEH A/N HE2f eNBERE TS AHEZE CBGY 22X
o| gtel ZP, UEZF T =W S CBGYE AN HE 2t olof CHSE 0] eNBERE XMAS A7 EETE CBG
HiAZboff (A/N errorofl Z|elsh ELX[7} WME 5= A=, ol& EH eNBEFE AFHEZE CBG H
o UEZ} NACK=2 =z mEeust CBG Y7 ZEEIUX] AL J2|/=E= ojn] ACK2E m =ty
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DESCRIPTION OF THE RELATED ART

[o001] Universal mobile telecommunications system (UMTS) is a 3rd Generation (3G)
asynchronous mobile communication system operating in wideband code division multiple access
(WCDMA) based on European systems, global system for mobile communications (GSM) and general
packet radic services (GPRS). The long-term evolution (LTE) of UMTS is under discussion by the 3rd
generation partnership project (3GPP) that standardized UMTS.

[0002] The 3GPP LTE is a technology for enabling high-speed packet communications. Many
schemes have been proposed for the LTE objective including those that aim to reduce user and provider
costs, improve service quality, and expand and improve coverage and system capacity. The 3G LTE
requires reduced cost per bit, increased service availability, flexible use of a frequency band, a simple

structure, an open interface, and adequate power consumption of a terminal as an upper-level requirement.

[0003] FIG. 1 is a block diagram illustrating network structure of an evolved universal mobile
telecommunication system (E-UMTS). The E-UMTS may be also referred to as an LTE 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 includes 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.

[0005] 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 station (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 mobility 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 signalling to eNodeBs 20, NAS
signalling security, AS Security control, Inter CN node signalling for mobility between 3GPP access
networks, Idle mode UE Reachability (including control and execution of paging retransmission), Tracking
Area list management (for UE in idle and active mode), PDN GW and Serving GW selection, MME

72

IPR2024-00951
Petitioners’ Exhibit 1008
Page 000084



Attorney Docket No. UT17-0756-US
Section 2

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 ocn APN-
AMBRFor clarity MME/SAE gateway 30 will be referred to herein simply as a “gateway,” but itis
understood that this entity includes both an MME and an SAE gateway.

{ooo9] 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 via 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 10 in both uplink and downlink, configuration and provisioning of eNodeB measurements, radio bearer
control, radio admission control (RAC), and connection mobility control in LTE_ACTIVE state. In the EPC,
and as noted above, gateway 30 may perform functions of paging origination, LTE-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
(L1), 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 (L1), 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 link 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 IPv4 or IPv6, can be efficiently sent over a radio (wireless) interface that has a relatively

smail bandwidth.
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[0014] 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 (ARQ), and Hybrid
Automatic Repeat Request (HARQ). The PDCP layer (terminated in eNodeB 20 on the network side) may
perform the user plane functions such as header compression, integrity protection, and ciphering.

[o016] As illustrated in FIG. 3(b), the RLC and MAC layers (terminated in an eNodeB 20 on the
network side) perform the same functions for the control plane. As illustrated, the RRC layer (terminated in
an eNodeB 20 on the network 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, LTE_IDLE mobility handling, paging
origination in LTE_IDLE, and security control for the signaling between the gateway and UE 10.

[ooo01] The RRC state may be divided into two different states such as a RRC_IDLE and a
RRC_CONNECTED. in RRC_IDLE state, the UE 10 may receive broadcasts of system information and
paging information while the UE specifies a Discontinuous Reception (DRX) 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 10 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 neighboring cell.

[0004] In RRC_IDLE mode, the UE 10 specifies the paging DRX (Discontinuous Reception) cycle.
Specifically, the UE 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
10 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 tracking area update

message to the network to update its location.
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[o007] A physical channel transfers signaling and data between layer L1 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 L1 and MAC layers. A
physical channel is mapped to a transport channel.

[0010] 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 HARQ, 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 controi
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 Channe! (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 fransfers 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 with 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 only. The traffic
channels provided by MAC include a Dedicated Traffic Channel (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 different cause values may be mapped on the signature sequence used to
send messages between a UE and eNB and that either Channel Quality Indicator (CQI) 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.

[oo18] 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 alsc be determined by identifying all optional information and
different alternative 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 caiculated according to the
following formula:

[0023] Transmit power = TransmitPilot - RxPilot + ULInterference + Offset + SNRRequired.
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[0024] Therefore, any combination of SNRRequired, ULInterference, 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 LTE will mainly be neighboring cell interference that is
probably more constant than in UMTS.

[0025] The UE determines the initial uplink transmit power for the transmission of the preamble as
explained above. The receiver in the eNB is able to estimate the absclute received power as well 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 interference 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 different uplink frequency in order to increase the probability of detection.
Therefore, the actual transmit power of the preamble that will be detected does not necessarily correspond
to the initial transmit power of the preambie as initially 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 SNR 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 anq 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 transmit 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 has been proposed to code the path loss or CQI

estimation of the downlink and the message size or the cause value in the uplink in the sighature.

[0031]
[0032]
[0033]
[0034]

Brief Description of the Drawings
FIG. 1 illustrates a block diagram illustrating network structure of an evolved universal

mobile telecommunication system (E-UMTS).

[0035]
EPC.

[0036]

[0037]

[0038]

[0039]

[0040]

FIG. 2 illustrates a biock diagram depicting architecture of a typical E-UTRAN and a typical

FIG. 3(a) illustrates the user-plane protocol for the E-UMTS.

FIG. 3(b) illustrates the control-plane protocol stack for the E-UMTS

FIG. 4 illustrates a Structure of the physical channel.

FIG. 5 illustrates a Random Access procedure for E-UTRAN initial access.

FIG. 6 illustrates a block diagram of a mobile station (MS) or access terminal (AT)

according to the present invention.
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Fig. 3(a)

81

Attorney Docket No. UT17-0756-US

IPR2024-00951
Petitioners’ Exhibit 1008
Page 000093



-

Attorney Docket No. UT17-0756-US
30

20

Fig. 3(b)

10

| “
_ _
| v !
<
aWIE: !
I, |
|2 |
ql'l"ll"l"'|_
_ |
| o.
ullgl o] |Q >
Y - < I
% (a4 m 4 = o _
| o |
13 _
LN N N ] -— - -— - '_
_ _
_ _
/—/ ally Gllollel =]
<
ik Y222 |&])
_ _
w

IPR2024-00951
Page 000094

Petitioners’ Exhibit 1008

82



Attorney Docket No. UT17-0756-US

Fig. 4
Structure of the physical channel
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Fig. 5

Random Access procedure for E-UTRAN initial access
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Fig. 6
MOBILE STATION/ACCESS TERMINAL
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