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China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office 
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application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h) 
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B. Search Results from U.S. Application to EPO - Unless box Bin subsection 2 (opt-out of authorization) is checked, 
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

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

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

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

any documents and information identified in subsection 1A above. 

8. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO .viii not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is othel'\vise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 
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If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1 -45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 {assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

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

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

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

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

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

Address 1 

Address 2 

City State/Province 

Countn} 11 Postal Code 

Phone Number Fax Number 

Email Address 

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

Assignee Information including Non-Applicant Assignee Information: 

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

:cFS Web 2.2.12 



PTO/AIN14 (11-15) 
Approved for use through 04f30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

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

Application Number 

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

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

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

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

Address 1 

Address 2 

City I I State/Province 

Countryi 11 Postal Code 

Phone Number Fax Number 

Email Address 

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

Signature: Remove 

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

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/AIN81) on behalf of all joint inventor-applicants. 

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

Signature VAndrew S. Park/ Date (YYYY-MM-0D) 2017-05-03 

First Name ~ndrew I Last Name I fark Registration Number 47841 

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

:cFS Web 2.2.12 



PTO/AIN14 (11-15) 
Approved for use through 04f30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

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

Application Number 

Title of Invention I 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 prooess) 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. 

:cFS Web 2.2.12 



Privacy Act Statement 

The Privacy Act of 1974 (P.l. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent 
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information 
is 35 U.S.C. 2(bl(2); (2) furnishing of the information soliclted 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 arid Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of 
the application or expiration of the patent. 

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

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

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

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

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

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

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

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

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C. 
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Section 1 

INVENTION DESCRIPTION DOCUMENT 

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

Inventor ~~~. ~~71' ~~~J ?d {:! ~' s!..1-~~- ~ ;;;;-711. ~7f-fr-

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

Specification Groups 3GPP TSG RAN1 I i 

Related Technology field 

Related Specification L TE-Advanced 

1. Purpose of Invention 

~ ~~OJ!Ai:::: Code Block (CB) -'=E:::: CB group (CBG) 7jt._f-g_l data -A7JI~~ 

r.H o~Oi Xii '2}~c~. 

2. Prior Arts in the same field of the invention 

~ HARQ -§-~ ~""'{ oJI 

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

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

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

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

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

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

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

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

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

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

employs the OFDMA in downlink and employs the SC-FDMA in uplink (11(2][3]. L TE-advanced (L TE-A) is an 

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

features of the present invention are not limited thereto. 

2-1. L TE system architecture 
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Figure 1. Structure of a radio frame of 3GPP L TE 

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

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

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

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

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

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

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

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

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

One downlink slot 

J:=t 
// -\~'-

1 OFDM symbo'is 

' 
Resource block 

v 
/., ..... 12 x7 resource elements 

~ 
a, 
·c 

X 

~ 
V 
.0 

~ )-.,,. N 
.-1 

/ Resource element 

~ 

I 

Figure 2. Resource grid for one downlink slot 

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

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

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

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

Control region Data region 

Freq. 

j_Time 
Subframe 

Figure 3. Structure of downlink subframe 

In Figure 3, a maximum of three OFDM symbols located in a front portion of a first 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 (POSCH). Examples of downlink control 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

specific UE, a unique identifier (e.g., cell-RNTI (C-RNTI)) of the UE may be masked to the CRC. Alternatively, if the 
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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 

Data 
Region 

' 

I\ 
RB pair 

I 

\ 
\ 

One slot OnP slot 

Subframe 
~---- --- -~ 

Figure 4. Structure of uplink subframe 

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

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

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

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

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

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

BS (base station) (10) 

PROCESSOR 
(II) 

MEMORY 
(12) 

UE (user equipment) (20) 

PROCESSOR 
(21) 

MEMORY 
(22) 

Figure 5. System for implementing present invention 

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

transmitter may be a part of the BS 10, and a receiver may be a part of the UE 20. In uplink, a transmitter may be a 
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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 multiple antennas, 

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

2-2. Frame structure in L TE 

Throughout L TE specification, unless otherwise noted, the size of various fields in the time domain is expressed 

as a number of time units I:, = 1/(15000 x 2048) seconds. 

Downlink and uplink transmissions are organized into radio frames with I;- = 307200 x I;, = 1 Oms 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 

7t = 307200-T, =IO ms long and consists of 20 slots of length 1_;;101 = 15360 · Ts = 0.5 ms , numbered from O to 19. A 

subframe is defined as two consecutive slots where subframe ; consists of slots 2i 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. Tr= 307200T,= 10 ms 

One slot, T,1m = l 5360'I's = 0.5 ms 

r #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 Tr = 307200. r, = 1 oms consists of two 

half-frames of length 153600. r,, = 5 ms each. Each half-frame consists of f i v e subframes o f I en g th 

30720. T,, = 1 ms . The supported uplink-downlink configurations are listed in Table 2 where, for each subframe in a 

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

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

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

equal to 30720. T, = I ms . Each subframe i is defined as two slots, 2i and 2i + l of length T,iot = 15360. T, = 0.5 ms 

in each subframe. 

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

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

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

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

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

One rc:tdio frame, 7j = 307200 T,, = 10 ms 

----------------~ 
Cm: half-f1 ame, 153600 7; = 5 ms 

On.eslot. 
: 7;1o1:= 15360 7;; 30720Ts 

subframe. 
◄ 30720?: ... 

DwPTS GP 

Subframe#2 

UpPT 
s 

I 
Subframe#3 Suhfram~ #4 Subframe#S 

I 
DwPTS GP 

\ 
\ 

UpPT 
s 

Subframe #8 

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 downlink 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-Ts 7680·T5 

-
1 19760 · T,, 20480-T, 

2192.Y, 2560-T,; 
2 21952-T5 2192· Ts 2560-Ts 23040- T, 

I 3 24144-T, 25600-7;, 

-

4 26336-T, 7680· T,; 

5 6592-7;, 20480-T,_ 4384 · I',; 5120-7;; 

6 19760·7;; 23040· T,; 
. 4384-7;; 5120-7: 

7 21952-T, - - -
--- ·- -

8 24144-T,, - - -
i 

Table 2: Uplink-downlink configurations. 

Uplink- Downlink-to-Uplink Subframe number 
downlink -

Switch-point 10 1 2 3 4J5 6 718 9 
configuration periodicity ' uj 0 5ms D s u u D s u u u 

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

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

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

4 10 ms □- -s u u D D D D D D 
---

5 10 ms D s u D D D D D D D, 
i 

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

2-3. PUSCH related procedures in L TE 

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

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

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

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

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

n+4 according to the PDCCH and PHICH information. 

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

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

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

information. 

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

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

Table 3: Number of synchronous UL HARQ processes for TDD 

TDD UUDL ; Number of HARQ processes for Number of HARQ processes for 
configuration I normal HARQ ooeration subframe bundling operation 

0 I 7 3 
1 i 4 2 --
2 I 2 NIA 

~ --
3 I 3 NIA 

-----

4 ' 2 NIA 
5 I 1 NIA 
6 I 6 3 

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

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

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

For TDD UL/DL configuration O and normal 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 DCI format O is set to 1 or PHICH is received in 

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

configuration O and normal HARQ operation, the LSB of the UL index in the DC! format O is set to 1 in subframe n 

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

subframe n=1 or 6, the UE shall adjust the corresponding PUSCH transmission in subframe n+l. 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 UUDL configurations 1 and 6 and subframe bundling operation, the UE shall upon detection of a 

PDCCH with DCI format O in subframe n intended for the UE, and/or a PHICH transmission intended for the UE in 
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subframe n-1 with I 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 O and subframe bundling operation, the UE shall upon detection of a PDCCH with 

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

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

MSB of the UL index in the DCI format O is set to 1 or if IPHICH ::;Q, with k given in Table 4, according to the PDCCH 

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

index in the DCI format O is set to 1 in subframe nor if IPHtCH ::;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 tor TDD configurations 0-6 

TDD UUDL I DL subframe number n 

Configuratio 
0 1 2 3 4 5 6 7 8 9 

n 

0 4 6 4 6 
~-

1 6 4 6 4 

--~-

2 4 4 

3 4 4 4 

4 4 4 

5 4 

6 7 7 7 7 5 

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

TDD UUDL I DL subframe number n 

Configuratio 
0 1 2 3 4 5 6 7 8 9 

n 

0 9 6 9 6 

1 2 3 2 3 

6 5 5 6 6 8 

10 
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For Frame Structure type 1, an ACK/NACK received on the PHICH assigned to a UE in subframe i is associated 

with the PUSCH transmission in subframe i-4. 

For Frame Structure type 2 UL/DL configuration 1-6, an ACK/NACK received on the PHICH 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. For 

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

to IPH1cH = 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 IPHICH = 1, assigned to a UE in subframe i is associated with the 

PUSCH transmission in the subframe i-6. 

Table 6: k for TDD configurations 0-6 

TDD UL/DL DL subframe number i 

Configuratio 

617 0 1 2 3 4 5 8 9 
n 

-

0 7 4 7 4 

' 1 4 6 4 6 

2 6 6 

' 
3 6 6 6 

4 6 6 

' -

5 6 

6 6 4 7 4 6 

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

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

CD 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. 
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2-5. PHICH assignment procedure 

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

PHICH resource of serving cell c in subframe n + krmcn , where krmcu 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: kmicH for TDD 

TDD UUDL subframe index n 

Configuratio 0 1 2 3 4 5 6 7 8 9 

n 
f---"" -

0 4 7 6 4 7 6 
"-" "-~""" - ~ 

1 4 6 4 6 

2 6 6 

3 6 6 6 

4 6 6 

5 :r. 6 6 4 7 

The PHICH resource is identified by the index pair (nf,';;;;r:H ,n'J','J1cH) where nf,;;:rH is the PHICH group number and 

n;7I1<H is the orthogonal sequence index within the group as defined by: 

where 

group _ ( I ) d N group I N group 
nPHICH - " PRB_RA +nDMRS mo ~ PH/CH+ PHICH- PH/CH 

seq (l/ '!\'group J ) d 2 NPHICH 
nl'lllCJl= PRB_RA 1 "PHICII + 11DMRS mo . SF 

nDMRS 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" nnuRS 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 . 

NfJf1cH is the spreading factor size used for PHICH modulation as described in [1]. 
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for the first TB of a PUSCH with associated PDCCH or for the case of 

no associated PDCCH when the number of negatively acknowledged 

TBs is not equal to the number of TBs indicated in the most recent 

PDCCH associated with the conesponding PUSCH 

for a second TB of a PUS Cl l with associated PDCCH 

where 1 10weSl_i,,Je.x is the lowest PRB index in the first slot of the corresponding PUSCH PRH_RA 

transmission 

1vt1:r?'t~ is the number of PHICH groups configured by higher layers as described in [11, 

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

J PHK'H ~ . 
- 0 otherwise 

Table 8: Mapping between nm.ms and the cyclic shift for DMRS field in PDCCH with uplink DCI format [2] 

Cyclic Shift for DMRS Field in PDCCH 
11DMRS with uplink DCI format ill (2] 

000 0 
001 l 

010 2 

011 3 
100 4 

101 5 
110 6 

111 7 

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

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

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

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

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

by higher layer configuration. 

ACK/NACK bundling, and 

ACK/NACK multiplexing 

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

For TDD, the UE shall upon detection of a POSCH transmission or a PDCCH indicating downlink SPS release 

within subframe(s) n-k, where k EK and K is defined in Table 11 intended for the UE and for which 
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ACK/NACK response shall be provided, transmit the ACK/NACK response in UL subframe n. 

For TDD UL-DL configurations 1-6, the value of the Downlink Assignment Index (DAI) in DCI format 0, V}i~-1 , 

detected by the UE according to Table 9 in subframe n - k', where k' is defined in Table 10, represents the 

total number of subframes with POSCH transmissions and with PDCCH indicating downlink SPS release to the 

corresponding UE within all the subframe(s) n - k , where k EK . The value V/)~1 includes all POSCH transmission 

with and without corresponding PDCCH within all the subframe(s) n-k. In case neither POSCH transmission, nor 

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

the DAI in DCI format 0, V~'t, if transmitted, is set to 4. 

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

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

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

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

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

that the UE detects a DCI format 1/1A/1B/1D/2/2A. DenoteUnAr as the total number of PDCCH(s) with assigned 

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

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

Table 9: Value of Downlink Assignment Index 

DAI VUL v~~~ I 
Number of subframes with POSCH 

MSB, LSB D.41 or transmission 
~-

0,0 1 1 or 5 or 9 

0,1 2 2 or6 

1,0 3 3 or 7 

1,1 4 ' 0 or 4 or 8 
i ---

Table 10: Uplink association index k" for TDD 

TDDUUDL DL subframe number n 
Configuration 

0 1 2 3 4 5 6 7 8 9 

1 6 4 6 4 

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

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

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

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

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

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

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

HARO-ACK using PUCCH format 1 a or 1 b 

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 

CQI using PUCCH format 2 

COi and HARO-ACK using PUCCH format 

- 2a or 2b for normal cyclic prefix 

- 2 for extended cyclic prefix 

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

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

of COi and HARO-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 multiplexing 

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

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

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

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

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

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

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

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

channel selection is used. For TDD ACK/NACK multiplexing and a subframe n with M ~ 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: {k0 ,k1,---kM-I} for TDD 

UL-DL Subframe n 

Configuration 0 1 2 3 4 5 6 7 8 9 

0 - - 6 - 4 - - 6 - 4 
---~ 

1 - - 7,6 4 - - - 7,6 4 -

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

----

3 ' - - 7, 6, 11 6, 5 5,4 - - - - -
, I 

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

-----· --

5 
! 

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

-- -

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

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

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

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

OUUL subframe structure considered in 3GPP L TE-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 OL signal/data from multiple OL CCs at the same time. 

However, even if a cell is managing N OL CCs, the network may configure a UE with M OL CCs where M:c::N so that 

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

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

specifically or cell-specifically, where L~M:sN. 

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

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

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

signaling. 

■ CIF disabled: POCCH on a OL CC assigns POSCH resources on the same OL CC and PUSCH resources 

on a single linked UL CC 

• No CIF 

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

■ CIF enabled: POCCH on a OL CC can assign POSCH or PUSCH resources in one of multiple aggregated 

17 



Attorney Docket No. UT17-0756-US 

Section 1 

OL/UL CCs using the CIF 

• Rel-8 OCI formats extended with the CIF 

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

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

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

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

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

only performs detection/decoding of POCCHs scheduled for it on this set. In other words, to schedule 

POSCH/PUSCH for a UE, the eNB transmits POCCHs only through the POCCH monitoring OL CC set. The 

POCCH monitoring OL CC set may be set UE-specific or UE-group-specific or cell-specific. For example, Figure 9 

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

POCCH monitoring OL CC. If the CIF is disabled, each DL CC can transmit only the POCCH scheduling it own 

POSCH 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 POSCH but also 

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

configured as the PDCCH monitoring DL CC. 

Monitoring CC for a UE 

DL Component Carrier 8 DL Component Carrier C 

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

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

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

where N ccr,k is the total number of CCEs in the control region of subframe k . The UE shall monitor a set of 

POCCH 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 siL) at 

aggregation level LE {I,2,4,8} is defined by a set of POCCH candidates. For each serving cell on which PDCCH is 

monitored, the CCEs corresponding to POCCH candidate m of the search space sf/) are given by 
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where yk is defined below, i = o, ... , L - l . 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 + M(L > . nCI where nCI is the carrier indicator field value, else if the monitoring 

UE is not configured with carrier indicator field then m' = m , where m = o,- .. , Mu.) -1 . M(L) is the number of 

PDCCH candidates to monitor in the given search space. 

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

(i.e. PCC). AUE 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 LIE configured with a carrier indicator field shall 

monitor one or more LIE-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 LIE-specific search spaces on the 

primary cell may overlap. 

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

monitor PDCCH configured with carrier indicator field and with CRC scrambled by C-RNTI in the LIE specific search 

space of serving cell c. AUE 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-RNTI in 

the LIE specific search space of the primary cell. 

The LIE 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 LIE is configured with a carrier indicator field it 

shall monitor the LIE specific search space for PDCCH with carrier indicator field. 

A LIE 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 LIE shall monitor PDCCH candidates at least for the same serving cell. 

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

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

- common search space 

- LIE specific search space 

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

A LIE 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 DC! 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, 1~ is set to O for the two aggregation levels L = 4 and L = 8. For the UE­

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

i~ =(A·Yk_1 )modD 

where y_1 = nRNTJ * o, A= 39827, D = 65537 and k = Lns/2 J, n, is the slot number within a radio frame. The 

RNTI value used for 1111.Nn is defined in [3) as a kind of UE's ID. 

Table 12: PDCCH candidates monitored by a UE 

Type 

UE­
spec,f!c 

Commo n 
·-

Search space 

Aclaregation level L 
1 
2 
4 
8 

--

4 
8 

2-10. ACK/NACK multiplexing in L TE 

sf-i ' Number of POCCH 

Size [In CCEs] 
: candidates 11::Ii.;__J 

6 6 
-

12 6 
8 2 

16 ! 2 
16 ' 4 

~-

16 2 

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

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

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

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

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

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

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

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

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

HARQ-ACK(O), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3) (1) 
npucCH b(O),b(l) 

ACK, ACK, ACK, ACK (1) 
IZplJC'C'H,l 1, 1 

ACK, ACK, ACK, NACK/DTX (!) 
nPUCCH,l 1, 0 

NACK/DTX,NACK/DTX, NACK,DTX (1) 
nPUC'CH.2 1, 1 

ACK, ACK, NACK/DTX, ACK (I) 
IZpUC'CH,l 1, 0 
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NACK,DTX,DTX,DTX 

ACK, ACK NACK/DTX, NACK/DTX 

ACK, NACK/DTX, ACK, ACK 
-

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

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

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

' : NACK/DTX, ACK, ACK, ACK 

NACK/DTX, NACK, DTX, DTX 

NACK/DTX, ACK, ACK, NACK/DTX 

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

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

NACK/DTX, NACK/DTX, ACK, ACK 

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

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

DTX,DTX,DTX.DTX 
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n, 

nPUCCH,O 1, 0 

(]) 

nPUCCH,1 1, 0 

(l) 
}1Pllf'CH,, 0, 1 

(I) 
11PGCCH,3 1, 1 

(] l 

11rucc11,2 0, 1 

(li 
}1Pl,'C,'H 0 0, 1 

(lJ 
11PUCCH,O 1, 1 

(1) 
nPUCCII,3 0, 1 

( l\ 
11rtxcH.1 0,0 

(1 l 
11P!JCCH,2 1, 0 

(1) 
11P1fccl!,3 1, 0 

,,, 
11PU'CH,1 0, 1 

(I) 
11PUCCH,3 0, 1 

(1' 
l1p{1cc11.2 0,0 

(I\ 
11PL'CCH,3 0,0 

' NIA : 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). ni~ccn,x indicates the PUCCH resource which should be used in actual ACK/NACK transmission, where 

th 4 PUCCH (I) \I) (I) d (]) ' . ' d" t tw ere are resources, nPuccH.o , nPuccH,l , npuccH_2 , an nPuccH3 m maximum. b(O), b(l) 1n ,ca es o 

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 n~~ccH.J. 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 n~~ccn,J. By linking the actual ACK/NACK 

contents with the combination of PUc;;CH 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 only one of HARQ-ACK(i)s is NACK decoupled 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/NACKs. 

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

LTE-A .Aj.A.~OJIA-J:::: ~?.2.I DL cc~ .goH B@EJ ~--;--2.j PDSCHOll CflB ~?£1 ACK/NACK ~E2J~.2~ 

=;~ ULCC~ {5oH B~oH::: ?,;!~ .:i::!.2~ol-.:i::!. 5?JCL 01:;;; ¥1t-H 7I~ Rel-8LTEOJIA-J.2.J PUCCHformat1a/1b:;;; OI 

.gB ACK/NACK B~:2.1-:::: 'g-2.I, ~?2-I ACK/NACK ~_::2.:;;; ;,;H~ ..I!'a (e.g. Reed-Muller code, Tail-biting 

convolutional code, etc.)21- ~ PUCCH format 2, .'E;::: of-c.fl2.I- ~:::' Block-spreading 7I~9.I \cl'l~~ ~EH.2.I J..H£ 

~ PUCCH format (i.e. E-PUCCH format)~ Oj -s"6't0~ :::; ?9.I ACK/NACK ~ .::2./,'J -2. ~ 8 ~ ol;::: ?.! -~ :.-i 2,j 3£ ? 

)?}cf-. 

• Block-spreading 

Block-spreading 7j tg;j :::' Ail oj ~ .::2./~ -2. (e.g. ACK/NACK, etc.) ~ ~ ~ 71-E L TEOll A-! .2.I PUCCH format 1 cE 

:::: 2 7-Jl's!.Ill-:::: r::.f- 2 7il SC-FDMA ~6-J ~ Ol%of-O~ \cl'l~of-:::: tgig;Jojc!-. ol lgJ-6-JoJIA-!;::: Figure 10oJIA-!£1- ~oj ~ 

* sequence71- OCC (Orthogonal Cover Code)Oll 2.1 oij time-domain spreading<r! 0-j ~-§-£1:::: "8 EH 01 □i, OCC ~ 

ol.gof-0:j ~'ilJe.!- RBoJI op-j UE~c,I AilOi -t.)-2,::::;_~ multiplexingAI~? ~cf-. ~Ai.9.I PUCCH format 20jlA-J;::: 

oj-q2I ~* sequence7f- Alli ~'2:/011 ~J:,j ~~£1.::i::!. CAZ.AC sequence.<c>.I cyclic shift (i.e. CCS)~ Ol%ofOi UE 

multiplexing~ ?~o/-:::: \:.!-'cl, Block-spreading 71~-"'I E-PUCCH format£!~¥ ofq.2.1 ~"§" sequence7I .2jS-11f 

? 'E!~Ojl ~;j;~ B;';.5:.J.:i::!. OCC 71~£1 time-domain spreading~ Ol.go/-O~ UE multiplexing~ "r~BCI-. o/-L/-£I 

OJI£ Figure 10:2.t ~OI oft--f.£I ~~ sequence~ lengh-5 (SF= 5)9.I OCC~ Ol~o/-0:f 57H2-I SC-FDMA ~~-~ 

{!j~.Al;l:j ~~of:::: ~ig;J ~ Lf-EtldiCI- .:::i'El.9.J O~IJ:ilOIIA-J:::: 1 slot ~21- ~ 27H£1 RS~~~ Af.goj-~:Xll2J-. 37H.9.I 

RS~*~ Af%o/-.:i::!. SF=4£I occ~ Ol%o/-:::: 'gJ-6-j ~ Cl-YE! :';%.5=. .::2.2~~ T 'tlC/-. OPIA-J,RS ~"§":=' =: 
~ cyclic shift~ ~:::: CAZAC sequence£¥E-J -;J!{g~ ? 'V 0 □t Al0 'a'2cl2-I ~? RS ~"BOll =;~ OCC7I-

Rlock--spreading 
code (OCC) 

Symbol sequence ={d1 ,d2, .. } 

-------------1 Slot--------------

Figure 10. Block-spreading 71 ~.2.I E-PUCCH format O=IIAI (i.e. PUCCH format 3) 
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{g~.9..I ~£1 ~ .!r-loH, PUCCH format 2 EE:::: E-PUCCH format~ Al-%ol-:::: o[ 2-j B xH ~ .:ii'E] 71 ~.2.1 ~? 

ACK/NACK B % '61-~ ~ "multi-bit ACK/NACK coding" B-;;; '61-tg;l 01 2.1- ~ BC!-. o I '61-tg;l := ~? DL CCQf POSCH 

OIi CUB ACK/NACK EE:::: DTX ~~ (PDCCH~ ?~/-f:l~oP,I ¥gr~ £1 □ 1}~ ~ xH~ .:ii'aol-0:I {!I{,;!§ 

ACK/NACKcodedblock~ B§-ol-:::: '61-'E;J~ L!-El-i.:!Jcl-. Oil~ ~Oi 8~ol Gitt! DLCCOflAi SU-MIMOmode£ % 

<S.tol-0:I 27H£1 codeword (CW)~ =r{:!Bcj-'2:! .::1 CCOfl CHoH CW ~£ ACK/ACK, ACK/NACK, NACK/ACK, 

NACK/NACK£! 8 47H£1 feedback state~ B-;;;ol-7-f LI-, DTXlJI-XI ~gj-oj-0:j ~Jeff 57H£1 feedback state~ 71-~ 

? 'x)cl-. EEB '2.!-Qf 8~01 single CW ?{:! ~ BC!-'2:! ACK, NACK, DTX2.I ~ICU 37H state~ 71-~ ? 'x}c!- ('2! 

Qf, NACK~ DTX2-t %~ otJ-ll x-l 2.I Bcl-'2:1 ACK, NACK/DTX.9.I 8 27H state~ 71-~ ? 'xJ Ci-). rrj-21-A-f '2.!-Qf 8~ 

o I i,.[ CH 5.7H 2.1 DL CC~ aggregation cl- -=:i1. .2.::: CCOfl Ai SU-MIMO mode£ %<S.tBc!-'2:! i,.j cH 557H 2.I B-;;; 7 I-~ 

B feedback state~ 71-~ ? 'x}-=:il o[ ~ .±E~ol-71 .!r-lB ACK/NACK payload Al-ol=:::: 8 12 bits71- §Cl- ('21-Qf, 

DTX~ NACK.TI!- %<g,lol-7-fl x-J2.IBcl-'2:! feedback state =r:::: 4 5.7H71- £1-=:i:!. 0I ~ .±E~ol-71 .!r-lB ACK/NACK 

payload Al-01=:::: 8 10 bits7l- §Cl-). 

712 Rel-8 TDD Al-"--l@Ofl -!S:j%£J:::: ~Ai.9..I ACK/NACK multiplexing (i.e. ACK/NACK selection) '61-'tlOflA-f::::, 

7l.g.-!S:j 0 £ -Z.J- UE£1 PUCCH .,q%J ~~~ .!r-loH oH'Et UE£1 -Z.J- PDSCH~ -"--'1Jl~'E]ol-:::: PDCCHOII CH~£J:::: 

(i.e. lowest CCE '2..! laJ -"--2.I- 'E] .3.5:.j Oi 'xJ::::) implicit PUCCH XI-%!~ Al-%%1-:::: implicit ACK/NACK selection '61-~ ~ 

-=:i:!.2:jol--=:i:!. 'x)cl-. B~, LTE-A FDD Al-"--'E!JOIIA-f:::: 7l.g.6:J 0 £ UE-specificol-7·11 {g~£J:::: ol-L!-£I =;~ ULCC~ ~ 

%j-0:j ~?2.I DLCC~ ~oH B-;;;§ ~?2.J PDSCHOII cfi°B~?ACK/NACKB~~ .:::il2:jol--=:i:!. <xJ 0 □i, 01~ Sil-I 

oH =; ~ ~ := <g,! ¥ ~ := .2.::: DL CC~ -"-- :rll ~'a %I-:::: PDCCHOfl 'el .3.£1 Oi 'xJ:::: (i.e. lowest CCE '21 la!-"-- nCCE 

OIi 'a .3.£1 Oi 'xJ::::, ~ := nCCE2.I- nCCE+1 OIi 'a .3.£1 Oi 9J.:::::) implicit PUCCH XI-%! ~ := oH 'Et implicit PUCCH .XI-%! 

.TI!- RRC signaling~ ~oH -Z.J- UEOll7il □ [2.I ~IQ}§ explicit PUCCH .Xl-%1£1 ±g!-~ Al-%ol-:::: "ACK/NACK 

selection" '61-~ ~ ..::i.12=!%1-..::i.l 'x)cf-. 

B~. LTE-A TDD Al--"--'E!JOIIA-1£ ~?£1 CC71- aggregation (CA)§ {J-~~ ..::i.12=1-W? 'x) 0 ~, 0IOII rr1-2.1- ~ 

?£1 DL subframeJll- ~?£1 CC~ ~oH B-;;;§ ~?.2.I PDSCHOII CHB ~?ACK/NACK~~/~£~, oH~ ~ 

? DL subframeo-fl CH ~ £1 :::: UL subframeOII A-f =; ~ CC (i.e. A/N CC)~ ~oH B-;;; ol-:::: ~ ~ -=:i1. 2:j ol-..::i.l 'xJ ct. o:j 

7IA-f:::: ~Ai LTE-AFDDOIIA-f2.1-:::: ig-2.1, UEoJl.7-ll w'EJ"-8 2.::: cc~ ~oH B-;;;~ =r <xJ:::: i,.lcH cw =roJI cH~£J 

:::: ~? ACK/NACK~, ~? DL subframe (i.e. SF} 2..¥0!1 CH ol-0:I B-;;; ol-:::: '61-~ (i.e. full ACK/NACK)~ ..::i.12:j of-

7-f LI-, EE:::: CW and/or CC and/or SF domain OIi cH oH ACK/NACK bundling~ 6:J % ol-0=! B x-ll B % ACK/NACK ? 

~ ~o:jA-f B~ol-:::: '61-~ (i.e. bundled ACK/NACK)~ ..::i.12=!-W? 'x]c!- (0PIA-f, CW bundling£! ~£j2- -Z.J- DL SFOfl 

CffoH CC~£ CWOfl CHE!- ACK/NACK bundling~ 6:J%al-:::: ~ ~ 2.l □ lol--=:i:!., CC bundling2.J ~£j2- .:z.t- DL SFOfl CH 

oH 2..::: ~ := ~ ¥ CCOfl CHE!- ACK/NACK bundling~ <S:l %%1-:::: ~ ~ £1 □ I al- □=!, SF bundling£[ :ef £j2- -Z.J- CCOfl 

CH oH .2.::: ~ := ~ ¥ DL SFOfl Cff ~ ACK/NACK bundling~ -!S:j % o~:::: ~ ~ £1 □ I E!-ct. =; ~ <S:j O £ SF bundling 

'61-'E;l O £»--i, CC .:z.t-.:z.t-Ofl cH off ?{:! § 2..::: POSCH or DL grant PDCCHOfl CH o~o:j CC~ ~ ACK 7H 9- ( ~ :=, ~ 
¥ ACK 7H4)~ W2f~:::: "ACK-counter" ~-6..l ~ -=:i:!.2~fil- 4 'x)cl-). 0lrrff, UE~ ACK/NACK payload, ~ .:z.t- UE 

~ £ {g ~ § full or bundled ACK/NACK B-;;; ~ ~I B ACK/NACK payload£! A~0J =Of! rc~2.I- "multi-bit ACK/NACK 
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"ACK/NACK selection" 71 ~~I ACK/NACK t:i ~ 71 'E:;l ~ configurableo~Jil 

2-12. Random access procedure in L TE 

An L TE UE can only be scheduled for UL transmission if its UL transmission timing is synchronized. The L TE 

random access channel (RACH) therefore plays a key role as an interface between non-synchronized UEs and the 

orthogonal transmission scheme of the L TE UL radio access [3]. L TE uses the RACH for initial network access, but 

in L TE the RACH cannot carry any user data. Instead, the L TE 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 L TE 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 Respons.,____---1 CD ----RA Preamble assignmenl-----t 

1----Scheduled Transmission1---+1 t----Random Access Preamblcc-----JJl,►1 t1J ,_. 

... ~--~-::,,ontent1on Resolutio-n-----1 ----Random Access Response----1 

(a) Contention-based random access (b) Dedicated random access 

Figure 11. Random access procedures of 3GPP L TE Release-8 system 

The four steps of the contention-based random access procedure are provided as below: 

- Step 1: RACH preamble 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 I Layer 3 message (from UE to eNB in UL) 

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

(POSCH), 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 Identifier (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 16 T, . The start timing of the random access preamble is 

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

In case of random access response, 11-bit timing advance command, TA, indicates NTA values by index values of 

TA= 0, 1, 2, ... , 1282, where an amount of the time alignment is given by NTA = TA x16. NTA is defined in [1]. 

In other cases, 6-bit timing advance command, TA, indicates adjustment of the current NTA value, NTA,oJd, to the new 

NTA value, NTA,new, by index values of TA= 0, 1, 2, ... , 63, where NTA,new = NTA,old + (TA -31)x16. Here, adjustment of 

NTA 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 NTA accordingly. 

25 



Attorney Docket No. UT17-0756-US 

Section 1 

(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 - 1 O bits 

- Truncated modulation and coding scheme - 4 bits 

- TPC command for scheduled PUSCH - 3 bits 

- UL delay- 1 bit 

- CSI request - 1 bit 

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

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

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

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

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

indicated via the fixed size resource block assignment detailed below. 

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

if Ni!]; s 44 

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

h =flog 2 {NMi -(Niik + 1)12)1 , 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 'O' after the NuL_hop hopping bits in the fixed size resource block 

assignment, where the number of hopping bits NuL_hop is zero when the hopping flag bit is not set to 1 when the 

hopping flag bit is set to 1, and b = (itog 2 (N ~ . (N :!]; + 1)12 )l -1 o), and interpret the expanded resource block 

assignment according to the rules for a regular DCI format 0 

end if 

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

corresponding to the Random Access Response grant is determined from MCS indices O through 15 defined for 
PUSCH transmission in [3]. The TPC command omsg2 shall be used for setting the power of the PUSCH, and is 

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

TPC Command Value (in dB) 
0 -6 

----- -

1 -4 
2 -2 
3 0 
4 I 2 
5 4 
6 6 
7 __ J_ 8 

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

aperiodic CQI, PMI, and RI report is included in the corresponding PUSCH 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 O or 1 to indicate whether the delay of PUSCH is introduced. 

(3) DCI format lA 

DCI format 1A is used for the compact scheduling of one POSCH 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 - O or 3 bits. This field is present according to the definitions in [3]. 

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

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

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

- Resource block assignment- jlog2 (Nf}(NR~ + 1)/2)1 bits, where a!I bits shall be set to 1 

- Preamble Index - 6 bits 

- PRACH Mask Index - 4 bits 

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

zero 

Otherwise, 

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

- Resource block assignment- !Iog2 (N~~(N~ + 1)/2)1 bits as defined in [3]: 

- For localized VRB: 

llog2 (N::f; (N::f; + 1)/2) l bits provide the resource allocation 

- For distributed VRB: 

- If N~ < 50 or if the format 1A CRC is scrambled by RA-RNTI, P-RNTI, or SI-RNTI 

- llog2 (N~(N~ + 1)/2) l bits provide the resource allocation 

- Else 

27 



Attorney Docket No. UT17-0756-US 

Section 1 
- 1 bit, the MSB indicates the gap value, where value O indicates N gap = N gap,I and value 1 

indicates N gap = N gap,2 

- {llog 2 (N~ (N~; + 1) / 2) l -1) bits provide the resource allocation, 

where Ngap is defined in [1]. 

- Modulation and coding scheme - 5bits as defined in [3] 

- HARO 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 Ni! 2:: 50 and Localized/Distributed VRB assignment flag is set to 1 

- the new data indicator bit indicates the gap value, where value O indicates N gap = N gap,J and 

value 1 indicates N gap = N gap,2 . 

- 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 N}~ of the TBS table defined of [3]. 

- If least significant bit is O then N}~ = 2 else N}~ = 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 POSCH which are mapped 
onto the UE specific search space given by the C-RNTI 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 S1-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 FOO) 

2-13. PHICH resource configuration in L TE 

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

constitute a PHICH group, where PHICHs within the same PH!CH group are separated through different orthogonal 

sequences. A PHICH resource is identified by the index pair (nf~ltH,nt~irn ), where n~Itrr is the PHICH group 

number and n~':i,cH is the orthogonal sequence index within the group. 

For frame structure type 1, the number of PHICH groups Nfi'fitH is constant in all subframes and given by 

group jlNg{N~/8)1 
N PHJCII = I ( )l 

2 ·IN g N]i/; /8 ! I for extended cyclic prefix 

for normal cyclic prefix 

where Ng E {1/6,1/2,1,2} is provided by higher layers. The index nt~tH ranges from O to Nt~1•61 - I. 

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

m,. "PHICH where m, is given by Table 6.9-1 and Nlftfi';1:H by the expression above. The index nf~lH in a 

downlink subframe with non-zero PHICH resources ranges from o to m, -Nf~':i!H J. 

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

upilnk~dOmttfhJ<: .. c:.. I ••..• ·• ' ' ''·" • Sutitiam~rttttr1tief:J .• ·.:: • .. · 
.~nfigufati(.!l'l L ,,. , () 'F 2 3 T 4.'. 5 6 LT 8 9 

0 2 1 2 1 

0 1 0 1 1 

2 0 0 1 0 0 0 1 0 

3 1 0 0 0 0 1 

4 0 0 0 0 0 0 1 1 
--~-C-

5 0 0 0 0 0 0 0 1 0 

6 1 1 1 1 1 

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

TDDPCell::ill- FDOSCell0I CA{carrieraggregation)§fil ITIIOII FDDcell~ ~oH ~;:;;£1:::: PDSCHOll Qlo~O=l UL 
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~ ~;:;;£I= ACK/NACK El-0I2-!0H JI~ FDD cellOII ~£1§ PDCCH/PDSCH-to-ACK/NACK E~0l2-l (e.g. 4 ms)~ 

.=J.OI ~ ~golO=I ACK/NACK~ TDD PCe11£I UL A-I 1:::1 :u ell 'E:J ~ ~oH ~ ;:;;oLJll £1 e:!, ACK/NACK ~ ~ El-0I2-l OIi 

A-I TDD PCell0I DL A-J~ilcll2-l 0 ~ ~£I£1()-J 21~ ~~ ACK/NACK~ ~;:;;~ * ~J-ll §CL ITl-2JA-I, FDD cell 

Oll}d [-I 8,t~ DL J..-Jt:::1IIc!I2-lOll Olo~O=I ACK/NACK~;:;;~ X~l~oDI -'i<lo~O=I JI~ FDD cellOll ~£18 PDCCH/ 

POSCH-to-ACK/NACK El-0I2-101 OH:::! AH~-§: DL HARQ E~0l2-l ~ ~g~ * 210. □~BJ~:XI~ UL HARO El-0I 

2-15= AH~g HARQ El-0I2-l~ ~§~ * 210. m2HOII e!JJJ LTE Al-"--§OIIA--l i=:£1 32_! J~~~ HARO 80I2-l 

1) DL HARQ timing (POSCH 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 FOO 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. 

ii. Option UL-Bl 

1. For FDD scheduling cell case, 4ms for UL grant to PUSCH, 6ms 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 (POSCH to HARQ-ACK timing) for FDD SCell in case of TDD PCell 

A Self-scheduling case 

i. Option 1: for each TDD PCell U/0 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/0 configuration depends on the TDD PCell'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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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, 6ms for PUSCH to PHICH 

2. For FDD scheduling cell case, follow FDD timing 

2J-JI DL HARQ timing option 1011/d ~~ Jt~el- HARQ timing (e.g. DL association set index)£! OIi:::: 0~ 

Table A2.t ~Ct. 0f2.H Ell0l~Oll/--1 UL-DL conf.~ TDD PCe11£l U/D configuration, HARQ timing:= oil~ TDD 

PCell U/D configuration OJI OI of ():j option 1 ° ~ -,J-{s:j S::.I:::: HARQ timing~! ~ I%/-/2J ~A, DL association set index 

c.l ~~ [ 1:::: oH ~ TDD PCell U/D configuration OJI CH ofO-l J.,H ~ ~{s:j £1 ::=: DL association set index~ £l DI el-D. :=J 2.I 

.::i}, ,;'.:,J-:JI DL HARQ option 20llf---l FDD SCellOII ~~ Jf~el- reference U/O configuration~1 OIi~ Of2ij Table B-1, 

B-2, B-30!1 J.:-llAle.fO. 

Table A. 

UL-DL HARQ Subframe n 
Conf. timing a 1 

0 DA 
a OB 

1 1 
1 1* 

2 2 

3 3 

3 3a 

4 4 

4 4a 

5 5 

6 6 

6 6* 

Table B-1. 

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

1 {1, 2, 4, 5} 
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1 

2 

3 

4 

5 

6 

2 

3 

4 

5 

6 

{2, 5} 

{3, 4, 5} 

{4, 5} 

{5} 

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

Table B-2. 
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~;:::·:TOOP.:CeJi •---- !::;:"'· --~~'.:'.':_·_- "••:·· --- -,~:~J.. '"'·· -- , .. ., 
-: ~E;·:·::olttL: ~ _ -; • ;ff:.t\11Pijfi,f~fere~;~P"'f!dvmfio~f<i,:F0J;f ~~en 
~c<!c)nfl_gurtitlbj'F; ~;::. ·;.,;,~ ··:•'._,~~ _ ;::~;~~- -_ - - ·::~:;~ 

0 {2, 4, 5} 

1 {2, 4, 5} 

2 {2, 5} 

3 {4, 5} 

4 {4, 5} 

5 {5} 

6 {2, 4, 5} 

Table B-3. 

5 2 

5 2 

5 4 

5 4 

5 Not applicable 

5 2 

2-15. FDD HARQ-ACK feedback procedures 

For FDD and for a UE transmitting HARQ-ACK using PUCCH format 1 b 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 1 b with 

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

structure type 1. 

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

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

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

The FDD HARO-ACK feedback procedure for one configured serving cell is given in section 10. 1.2.1 and 

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

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

HARO-ACK transmission on two antenna ports (p e [p0 ,p1]} is supported for PUCCH format 1a/1b. 

For FDD and one configured serving cell, the UE shall use PUCCH resource nitfc!cH for transmission of HARQ­

ACK in subframe n for p mapped to antenna portp for PUCCH format 1a/1b [3], where 

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

ni~~JH = nccE + N~2ccH for antenna port Po, where nccE 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 NiUccH is 

configured by higher layers. For two antenna port transmission the PUCCH resource for antenna port p 1 is given by 

ni~~H = ncCE + I + NiUcrn · 

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

n - 4, the value of n~tfc!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 PUCCI-I 

resources with the f"rrst PUCCH resource nittc;'JH for antenna port Po and the second PUCCH resource ni~& 
for antenna port p 1 , otherwise, the PUCCH resource value maps to a single PUCCH resource niV'~H for antenna 

port Po. 

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 1 b 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. 

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

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

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

PUCCH (I) I t d f PUCCH (I) h b(O)b(I) on resource nPuccH se ec e ram A resources, nPucctt,J w ere o:,;; J:,;; A -1 

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

PDCCH associated with serving cell c , where the transport block and serving cell for HARO-ACK(/) and A 

PUCCH resources are given by Table 10. 1 .2.2. 1-1. 

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

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

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

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

A HARQ-ACK(j) 

HARQ-ACK(O) HARQ-ACK(1) HARQ-ACK(2) HARQ-ACK(3) 
2 TB 1 Primary cell TB 1 Secondary cell NA NA 
3 TB1 Servino cell1 TB2 Servino cell1 TB 1 Servino cell2 NA 
4 TB1 Primarv cell TB2 Primary cell TB1 Secondary cell TB2 Secondary cell 

(1) The UE shall determine the A PUCCH resources, nruccH,i associated with HARO-ACK(/) where o -s:: J < A -1 in 

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

cell, the PUCCH resource is nt~ccILi = nccE + N~Uccn, and for transmission mode that supports up to two 

th (I) . . (1) 1 ;\T(l) h 
transport blocks, e PUCCH resource nPUCCII,J+l 1s given by npuccH,;+l = nccE + + lvpuccH w ere nccE is 

the number of the first CCE used for lransrnission of the corresponding PDCCH and N~iiccH is configured by 

higher layers. 

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

n - 4, the value of n~0ccH.J is determined according to higher layer configuration and Table 9.2-2. For 

(Ii 
transmission rno<le that supports up to two transport blocks, the PUCCH resource 11puccn.J+l is given by 

np(;J,C'CH. !+l = n(J) · + 1 ~ .• PUCCH.J 

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

secondary cell, the value of n~~CCII,J, and the value of 11~0ccH,/+I for the transmission mode that supports up lo 

two transport blocks is determined according to higher layer configuration and Table l O.l.22.1-2. 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.J .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 

( , I) (1) ) . · I l 0.1.2.2.1-2 maps to two PUCCH resources nPUCCH.;, nPUCCIL;+l , otherwise, the PUCCH resource va ue maps to 

(I) 
a single PUCCH resource nPUCCH,j • 
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Table 10.1.2.2.1-2: PUCCH Resource Value for HARQ-ACK Resource for PUCCH 

(1) 

Value of 'TPC command for 11PUCCH, I or 

PUCCH' ( (I) (I) ) 
nPUCLH._j > 11PUCCK.1+I 

'00' 
The 1st PUC CH resource value 
configured by the higher !avers 

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

'IO' 
The 3'u PUCCH resource value 
configured by the higher layers 

'11' 
The 4" PUCCH resource value 
confioured by the hioher layers 

Note: ( (I) (I) ) 
11PULLH,J' 11PLJLLH,_j+I are determined from the first and second 

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

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

HARQ-ACK(0) HARQ-ACK(1) (l) 
11PUCCH 

b(O)b(I) 

ACK ACK (I) 
nPUCCH,1 1,1 

ACK NACK/DTX 
(l) 

11PUCCH,O 1.1 

NACK/DTX ACK (1) 
11PUCCH,1 o.o 

NACK NACK/DTX (!) 
11PuccH,o 0,0 

DTX NACK/DTX No Transmission 

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

HARQ-ACK(0) HARQ-ACK(1) HARQ-ACK(2) (J' 
11PtJccH 

b(O)b(l) 

ACK ACK ACK (1) 
nPUCCH, 1 1,1 

ACK NACK/DTX ACK (1) 
11Pucn-1,1 1,0 

NACK/DTX ACK ACK (1) 
17 PlfCCH,I 0,1 

NACK/DTX NACK/OTX ACK 11()) 
PUCCH,2 1,1 

ACK ACK NACK/DTX 
(]) 

17PLTCCILO 1,1 

ACK NACK/DTX NACK/DTX en 
11PUCCH,O 1,0 

NACK/DTX ACK NACK/DTX (1) 
11PUCCH,O 0,1 

NACK/DTX NACK/DTX NACK 
( ]) 

npuccH,2 0,0 

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

NACK/DTX NACK DTX (1) 
npuccH,o 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 A= 4 

HARQ-ACK(O) HARQ-ACK(1) HARQ-ACK(2) HARQ-ACK(J) 
( Ii 

11Puccu b(O)b(l) 

ACK ACK ACK ACK 
(l) 

nPUCC1l,l 1,1 

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

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

NACK/DTX NACK/DTX ACK ACK 
(I) 

11PuccII.3 1,1 

ACK ACK ACK NACK/DTX 
(I) 

11PUCCH.l 1,0 

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

NACK/DTX ACK ACK NACK/DTX 
(I) 

11PTJCCH.l 0,0 

NACK/DTX NACK/DTX ACK NACK/DTX (I) 
npucciu 1.0 

ACK ACK NACK/DTX ACK (1) 
11PuccH,2 1,1 

ACK NACK/DTX NACK/DTX ACK ( I) 
11PUCCH.2 1,0 

NACK/DTX ACK NACK/DTX ACK ( I) 
11PuccII.3 0,1 

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

11PUCCH.3 0,0 

ACK ACK NACK/DTX NACK/DTX (l) 
11PuccH.o 1,1 

ACK NACK/DTX NACK/DTX NACK/DTX (l) 
11PUCCH.O 1,0 

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

NACK/DTX NACK NACK/DTX NACK/DTX (1) 
npuccH.o 0,0 

NACK NACK/DTX NACK/DTX NACK/DTX 
(1) 

11PuccH,o 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 n~0~bH or n~~;~~II for transmission of HARQ­

ACK in subframe 11 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 n 4 on the 

( l. ··, • 
primary cell, the UE shall use PUCCH format la/lb and PUCCH resource nrifccn with 

n~1l\{2JH = ncTF + j\T~;JccH for antenna port p 0 , where nccE is the number of the .first CCE (i.e. lowest CCE 

index used to construct the PDCCH) used for transmission of the corresponding PDCCH and NiUccH is configured 
by higher layers. When two antenna port transmission is configured for PUCCH format la/lb, the PUCCH resource 
,:; .. b (l,A) +l+N(l) ,or antenna port Pi IS given y nPUCCH = nCCE PUCCH • 

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 la/lb and PUCCH resource ni&ctt where the value of n~~ctt is 

determined according to higher layer configuration and Table 9.2-2. For a UE configured for two antenna port 
transmission for PUCCH format I a/I b, a PUCCH resource value in Table 9.2-2 maps to two PUCCH resources with 
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the first PUCCH resource n~;{;2jH for antenna port Po and the second PUCCH resource nt~i~!LH for antenna 

port p 1 , otherwise, the PUCCH resource value maps to a single PUCCH resource nt1t'.~-"JH for antenna port Po. 

for a POSCH transmission on the secondary cell indicated by the detection ofa corresponding PDCCH in subframe 

n - 4, the UE shall use PUCCI-I format 3 and PUCCH resource n~~·,~~H where the value of n~~1f{H is determined 

according to highe1· layer configuration and Table l 0.1.2.2.2-1. The TPC field in the DCJ fonnat of the corresponding 
PDCCH shall be used to detem1ine 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 n~t;f'c1H for antenna port Po and the second PUCCH resource n~~;~1JH for antenna port p 1 , 
otherwise, the PUCCH resource value maps to a single PUCCH resource n~t~~11 for antenna port Po . A UE shall 

assume that the same HARQ-ACK PUCCH resource value is transmitted in each DCl fomiat of the corresponding 
secondary cell PDCCII assignments in a given subframe. 

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

Value of 'TPC command for (3.J> j 
PUCCH' nPliCCH 

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

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

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

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

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

c-1~ st:= {§-1'-I 7171~01 c--1~ -2- l5-U ;g~~ .rr-=rol-7il ~Oil cci21-Ai 5:PI .!¥-~ ~-t:1 ,..__,_,___~oJIA-1 J:ilB-8 

-";"-lil"i" c11~2.1 1t~~ ~.g.:= ~~ c--1 ~.£El- 2-=r'-71- £1.::il 5'}q_ LTE AI.A.'E!J.ill- g::=" ~~21- ~H Al~'E!l-':c 71 

~9..I WiFi Al A~ OI Al-~of ~ 2.4GHz cH ~.ill- g := unlicensed Cf! ~OI L..J- AH£ -'?--& rg,f-_:;:7_ 5'.1 ~ 5GHz Qj ~::i!.I- g 

:= unlicensed ell~~ E2.IJ:gJ .2_:rr£1a0jl ~.g.of~ 'iY-£.!~ ~_£ ~OIC-1-. 71~6=! 0 £ unlicensed cH~:=' :z.j--@­

H ..1::r::_c 02..1 ?3~~ ~oH .!¥-1':1 -§-"T"{'I~ al-::: ';;Y-61~ 71-~ol- 0 ~ :z.J- ~H '-r:<=71- H.2.~ ~-;;ol-71 ~Oji 

channel sensing~ "T"~ol-O~ cf:= -e-U ..1::r::.=71- -U.2. ~-;;~ ol-XI Pl~~ ~£.!~ ~;;; 2-=r'-ol-.::2 5'}cl-. ol~ 

CCA (clear channel assessment)21-.::il ¥ 2 □t LTE AI.A..~9..J eNBL..J- UE.'i:. unlicensed cH~(El2.J~ LTE-U CH~ 
0 £ ~g)O!IA-J2.J -U.2. ~-;;~ 4'-laHA--1~ CCA~ "'r~oHOF ~ "'r S:Jcl-. .si=:.E!- LTE AI.A.~2-I eNBt+ UE71- H..2. 

~ ~~~ rrttou WiFi ~ cl-::: ~ti .'.:I:.c~.5:. CCA~ =r~ol-Oi n~~ ~ 0 7IAI P.;ofOF DC!-. OCII~ ~o-JA-j 

WiFi .±E-e-(801.11 ac)OII A-j CCA threshold::: non-WiFi ~ ..2.0II QI "is'~O:f -62dBm, WiFi ~ .2.0II CH "is'~O:f -82dBm.££ 

n~5:.lo-J 5'J..£o,J, 01::: STAOjq AP:::, 0:11:; ~OiA--1, WiFi Ol.2.J.2.I -U.2.7~ -62dBm Ol~.2.I B~ 0 £ =rH£f12:! 

-l!{;:I ~ ~ o;,pq P.;5=.~ ~.2. B~ ~ oPq ~~ ~ .2.1 □ 1£!-c~. ~~6=1.££ WiFi AI.A.leJOJIAi STAq AP::: 4us OI 

{J- -§- 21- CCA threshold o I {J-£1 ~ .2. ~ 7cl ~ 5p::1 P..t- 0 '2'l CCA ~ =?- '® o~ .:il ~ Q a-§- ~ "'r "® ~ "'r 5'.1. cJ. 
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.g ~alOJIA-f 71~ 0 1-::: 7I:,q~.sil 123:tJ ::'. remote radio head(RRH), eNB, transmission point (TP), reception 

point (RP). %7'll7l(relay) ~ ~ ..::2:.~o/-::::C ~~~'21 %0-1£ A/-%-§!cf-. Olal-OJIA-J::: {g~9.I BQI ~ ~li>H 3GPP LTE 

Al--"--~~ 71\:!1- 0 £ Xil'2.I- 'bl-6.J~ {g~Bcf-. i5"fXl12J, X-1I'2.I- 'i!)-6.JOI ~%£1:::: AI.A~Q.j '23-'i'-I::: 3GPP LTE Al~~ 

.2.1011 c)-::: .A.J.A~(e.g., UTRA ~) 0 £5= .gj-~ 7}-~olC/-

.g ~~oJIAi::: ~~ Al--"--'E'J9.I ~~~'21 N%OI £~.5=.IAI PJ:::: !:!I ';:!o-l Cfl'2cl(Unlicensed band)2.I ~¥2} ~ 

01 71-% ;;;:}-~ -=?-llol !::!l-?-7I~ ~::=:: ~'2:l:::;~ 0 £ ~!:i=!./-=?-{:1£1:::: cell/carrierOllA-f9.I x}-~J -=?--ll 1,;!~ '2,1-igj ~-? 

'2J-5::I::: UE -§-~~ Xil'2,I-Bcf-. \11 011£ <.5=. 1>.:il}- ~o! ';:!o-j CH'2cl(licensed band)'2.! LTE-A Band2.}- 1:11 '2:lo-l qj~ 

(Unlicensed band; Olol-Ol!A-f::: -8£1{:r "LTE-U Band"£ .:go}-7I£ N)()_I '2__f-~:u:}- ~~ {:J-~ o!-oJIAi eNB7!- UEOJI 

7-!I -tJ.2.~ -;;-{:Jo/-7-Jq UE7/- eNB£ -tJ.2.~ §-{:_!~-? 5:l.c}-_ Olo/-9.I {g~OJIA-1:::: Xil'2.I- 'bl"""'-!Oll cHB ~~2-1 -\!1.2.I 

~ -9-loHA-J, UE7/- '2:!o-J Cfl~JI/- !jl '2:lo-J cH~ .:z.t-:z.J-OjlA-f ¥ 7Hs>.I R::c ~-;;,:u}- (component carrier; CC);';; -ao/-0:l 

-'f'-{j ~{:_I~ -?~ a}-5:.~ {g~.§ {:J-§~ 7/-~oj-5:;l_cl-. 0~7jA-f, ~2,fj~ ';:!o-j cij~!?.I ~§-li/-:::: -?R::c \:!.]-~li}­

(Primary CC; PCC ~::: PCell~ ·'T ~ ? 5.'.1-g ), !:! I '2:l al CH~ £1 \:!1--;;- 11.f::: ¥R::c \:!1---;;- IIl-(Secondary CC; sec 
~~ SCell£ ¥~ -? 5'J~)£ oH~-'1@ -? S:l.cf-. o)-XJ12J, .g ~~s>I Xil'2.I- '2J-"'-l ~ ::=:: cj-9 7HQI '2:lol CHQ,jllj- c)-9 

7H£1 1:11 '2:lo-J ctt~~ol '2.f-~II/- ~~ 7!igj 0 £ Ol%.5=.l:::: {:J-~OJIAiS:. .gJ-~ ~.g.01 7/-~"6"/- □4, EEE/- 1:11 '2:lcS'f CH'2cl 

\JJ- 0 £ eNB.2./- UE AIOl.£I -tl.2. --;;,9{:Joj 0l~Oi;;;:I::: 7c:'!¥0Jl5:. ~% 7)-::;c,l-cf- . .':E.2-~, -l'2- ~~Q.j X-1I'2.I- ~~~:::'. 

3GPP LTE -"-I.A~~'2l orL-12r cf-e- =;~QI Al--"--~ {J-oJIAi.S: .gJ-g ~~01 7r60Ic1. 

eNB 

PCC (Licensed band) 

\ 

LTE-UbandoJIAi 7IXl~j}l- 'cl-WO!~--:':.!~ "r~or71 9-luHA-f::::, -9-{::! fiH~ Cfl'2c!OI unlicensedspectrumOl 0 £ 

L TE.2./- ¥-E:f-"t!- cl-:: ~H (e.g., WiFi) AJ .A 'Ell JJ./-2.I ~ ~ ~ ~oH A-j oH ~ C/l '2cl ~ !:"; ~ AJ ll -=rz.~~ '2} .g Tr/~.!i!. ~ 

"r xJ.Oi0F £I-cl- (Olol-OjlA-J.;.,,.. 8£10, LTE-U bandOf!Ai.S>.I ~H~ .!?-loH ~Tr/sEr.!i!.B AJ-lJ- -=?-ll~ reserved 

resource period (RRP) -=rz.ll 0 £ ~B). 0121"8 RRP -=?-ll~ ~_l:,:l_o}-71 -9-loHA-l:::: 0~2-j7)-.:.:I '2,1-igjol -e-AHfil 9- ';U 

Cl-. CHl:t.~ 0 £~ WiFi ~ c)-::: -§-{J Aj.A.~ device~OI oH'2f -"f-{::! :xij'g!Oj busy?S"f-c::f-_::;i '2.)""'-Jg/- 9- S:1.5=.~ =;~ 

reservation signal~ ~--;;-af,7-JLL RRP -'?-TI -§-'2.!- ':;~ ~~ 2.-Jltgj 01~2.1 H.2_71- ~~'EJ.iOI ~§-5=.l.5::.~ RS ';lJ 

r,JI 01 E'-j {:_I.£~ .:.:1 ~~ 0 ~ ~ §o/-::: '2J-igj 01 7 ft; o! Li. 01 .2.f ~OJ ./j XI ~0j L TE-U band~ ~ Trol-.:iJ.Xj- 01-:::: 
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RRP Aj -l..1- TD~ □ I 2-1 ~ ~ ol-':a q121, 8~21EII 0j:;; □ I 21 ~2i 3 £.£),kj 8~ £ ol-Oi i:} oil g indicated RRP -'r 

~o~;:: ~71 'i'._f--;:c:;:u:~ ~{,:! §EH£ '2:!~5:.jo-j '.?1:= !:E cf-.g CC(e.g., ~71 LTE-Aband)~ ~oHA-1 "6'H~ RRP Al 

-ll -=r-ll ~ ~ ~ -B SJ-oH -? ::- '61-~ o I 7 I-~ of- cl-

'2:IX-f carrier sensing (CS)~ ?~~ "r '.?,Lcf-. SCell.2.I ~XH xH\eie! ~EH7f- busy'2Jx[ idle'2Jxl ~ x1I3°f-.:i:2 idleDl2!­

.:i:2 ~\::J ti '21, eNB := PCell21 (E)PDCCH ~ ~oH (i.e., cross carrier scheduling (CCS)) ~ ::'. SCell.2.I PDCCH ~ 

..g.BH scheduling grant~ E-;:;;-O1-_:;:i, c.-jjo[c.-f -;:;;-9-;'.:l~ A[.5:.~ '7" '.?,Lcf-. OJ rrH. ~ 0~1~ M7H.2.I 'c!~-Ei subframe 

(SF) 0 £ -'r~§ RRP --r-ll~ ~~~ "r '.?,Lcf-. 0:j7[.A.-!, Mi;'.): ~ M7H2.I SF %5:.~ Af-EoJI eNBJf- UEoJl7il 

higher layer signaling (using PCell)OI Lf- physical control/data channel ~ ~oH Wr'i % "r 9) cf-. RRP -=r-02.I Al~ 

Al~ g higher layer signalingOJI ci_l "6'H ?71 "~ 0 £ ( ~ := semi-static oP-ll) ~ ~ £1 o-J x1 ~ 9 5:. x1 cf-. 5E := RRP 

Al~ XI~~ SF #n ° ~ ~ ~ .:i:2 ol- .. ::i:u::f- ~ [[H, SF #no!I .A.-! ~ := SF #(n-k)oJI Ai physical layer signaling~ {§-oH 

RRP -=jl.l..)-2.j Al~ A[~0I XI~~ "r xJcL 

Ef-{71, 012~ 21 RRP ~ 7 {;:! ol- := subframe.2.I B-"¥ <..5=. 2>011 A-J .2.1- gOI subframe boundary ';;J subframe 

number/indexn Pcell.Jlf- 'i?e! *I~ '§EH£ -=jl~ 5:.17-j q (0I 2-f 21 ~-"¥ ~ "aligned-RRP"21 ~ gj-), ~ := <S::. 3>0Jikl .2.l­

~0I subframe boundary 5E := subframe number/index7 I- Pcelli!.t '§I *I .s=.[ ;:i;:1 21 := '§ EHJJf-XI XI %15:.l 5:. ~ -=jl{;:! ~ 

"r 5:)cl (0[2IE/- ~-"¥~ "floating-RRP"2.f- ~gj)_ .g ~~oJIA-f cell?~ subframe boundary7f ~,;;;l§cf gt;::, A-j.£ 

cf-~ 27H cell.2.I subframe boundary-l..1- :U'.ZJ0I '=;~ Al.lJ- (O~I ~ ~ol CP length, "'; := X usec where X;:: 0) 0[ol-

71- ~ ~ .<2.iul gJ- "r 5'Jcf-. !:EB .g ~'aOilA-J Pcell0l2f- gJ-;:, time (and/or frequency) synchronization -t!-~oJIA-J U­

band{-J-C>j cell (i.e. Ucell)2.I subframe (and/or symbol) boundary~ ?,l~aPI .!r-li5H {i]-c'E 0 f-:::: '=;~ cell (O~I ~ ~~. 

licensed band (i.e. L-band)~£1 cell (i.e. Lcell) ~)~ Qjoj~ 9 xJcf-. 

Subframe 
number 

Pcell 
(licensed) 

Seel! 
(unlicensed} 

N-1 

non-RRP 
{busy) 

N N+l N+2 N+3 N+4 
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Subframe 
N-1 N number 

Pcell 

I 
(licensed) 

Scell non-RRP 
(unlicensed) (busy) 

2-17. New RAT for next generation system 

N+l N+2 
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N+3 N+4 

c-j ~ ™'g ~ -U .7 I .7 I ~ o I Ci~ -e- ~~ ~'a~ ..'.2.-'r-uPII @ Oll rcj-2/- 71 2 2.1 radio access technologyoll t:J I "6"U 

§{:]-~ mobile broadband ~~OIi Cllfil- ~..'.2.~0I Cll~.£1.::il S?Jc!- . .':'Efil- cj--9-2.I .71.71 ~ At~~~ '2:!?,lo/-0:j 'i'jXil 

o-fC.!AiLI- C/-<;sl'fil- Ait:JI--"- ~ Xil~ol-t= massive MTC (Machine Type Communications) '2:JAI j;/-AilCll .g.{-loJIAi .::il24 

~ 2?-2 Ol4f ~ o/-LI-Olct. ~'2_1 oj-1.....J2!- reliability ~ latencyOll '2_1~p~ A-jt:Jl--"-/UE~ .::il21B ~~ Al--"-'E!l c.pq 

'2JOI -E-2-l£1.::i2 S?Jcl-. Ol.2.f- goj enhanced mobile broadband communication, massive MTC, URLLC (Ultra­

Reliable and Low Latency Communication) ~ ~ .::i2 2:j B j;f-A1I CH radio access technologys:>.I 5=. 12-J 01 -E-2-1.£1.::il 5') 0 

□'1, -2 ~~oJIAi:::: B2-l{:J- oH~ technology;;; newRATOl2/-.::i2 .!f!-:::cl-. 

[Self-contained subframe structure] 

TDD Al--"-~OllAi c-jjOIE-! ~~ latency~ ~l~.£/-aPI -'f-!o/-O:J 5A-i!CH new RATOilAi:::: .:::I'S 2-1.:i7/- g~ self­

contained subframe structure~ .::il21"B't.::il ~cl-. 

DL only or UL only 

I: 
g 3 'i/'l 
~ k~.,...." ----+--<----+--+---+--+----+---+--~-+---

!~ 2 ~//j 
I 1, ~-1 ---+--+-----i---+---+--+---i---+----+-----,-----

·- 0 ~ 
:E "'-' -"'-"'-'---'----'----+---+---'----'---'----'---'----'---'---

■ 

0 2 3 4 5 6 7 B 9 10 11 12 13 
Symbol Index 

OneTTI 

=i. is A. Self-contained subframe structure 
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-=i~ AOllAi ':!-!i?:t! ~~ ~ downlink control ~~ ~ qEj-LH2, -?::!~~ ¥~~ uplink control ~~ ~ Lf-EPdfcL 

.RAl71- ru.:::: ~~~ downlink data~-;;-~ .!?-loH Aj-.g-~ -?5=. 5?)2, uplink data~-;;-~ .!?-loH Aj-.g-~ -?5=. S?)cj-_ 

OI 2HJ- -=?-±QI =; ~ ~ E- 7H .Q.j subframe LH Oll Ai DL ~-;;';; 1!1- UL ~ ~.2.1 ~5;:j--<S:J O £ .:S ~ 5=.f o-j, subframe Lff Oll Ai 

DL data~ ~Lll2, UL ACK/NACK.5=. \!!"~ T ~cf-_ ~Jll--<S:j 0 £ CilOIE-l ~-;;- 0112-J ~{!!AloJI CilOIE-J XH~-;;-m:::q 

&12.1:::: Aln~ ~017-JI £1o=f, 01£ <2.loH ~,~ C-JIOIEi ~~QI latency~ ~l:::::::£ffil-? ~cl-. 

New RAT~ 71~ 0 £ %~cl-::: AI.A.i:!JoJIAi -=?-{1/~~ 71-~e:!- {:.1-71 self-contained subframe type.QI ~2=11£, 

-<S:lo-J.5=. cf-~1!1- ~::: 471-XI subframe type~ 22=1~ -? '.Uc!- (Of-2.H:::: subframe LH.Q.I Aln ~A-j{:.1-.Q.I .R~'E:l). 

1) DL control .:;in + DL data -=rn + GP + UL control -=?-ll 

2) DL control -=?-:V + DL data -=?-:V 

3) DL control .:;in + GP + UL data .:;in + UL control -=?-:z.! 

4) DL control -=?-ll + GP+ UL data -=?-ll 

0121£1 self-contained subframe -=?-±oJIAi 7IXl~:ill- UE71- -;;-~ .2.~oJIAi -?~£~£ ~@- :ill-~ EE::: -?~ 

.2.=oJIAi -;;';;~£=£ ~~ :ill-~~ -i2-IE1 time gapol ~2ol-cf-_ 01 ~ -i2-lol-O:f subframe -=?-±oJIAi DLoJIAi UL£ 

~~£1:::: Al~.2.I ~¥ OFDM symbolOI guard period (GP)£~~~-? ~ 0 □~. ~ ~~oJIAi:::: :it!2-l{:J- {:.1-712.I­

~::: subframe type~ self-contained SFOl 2.l-2 ¥~cf-_ 

[Analog beamforming] 

Millimeter Wave (mmW)oJIAi:::: .u.1-~01 :gj-of-X~Ai %~ 'i:!-<S:1011 Cf--?7.H.Q.1 £1-E-JILf- ~~Pl- 71-~oH ~cl-. ~ 

30GHz cH~oJJAi .u.j-~~ 1cm£.Mf 5 by 5 cm2.I paneloJI 0.5 lambda(III-~) nZJ 0 £ 2-dimension 1:1H~ ~EH£ 

~ 1007H.Q.1 ~E-JILf- element 1:;!~171- 71-~ol-cl-. -=z.21°£ mmWOllA-l:::: cJ--=r7H.Q.I 0Elit-1- element~ Af-.g-01-0~ 

beamforming(BF) 01 ~ ~ ~O:f 7-j1::1-J2.1x1 ~ 87!-Al7'17iLf-. throughput~ ~012~2 E}cj-_ 

OI ~Sj2.oJJ 0Ef1Lf- element '§1£ ~--;;- III-¥~ ~ .!?-I{:!- ±~Of 71-~ol-5=.~ TXRU (transceiver unit)~ 71-Xf 12:! 

?IT!--? ~q~ '§1£ ~~-<S:j~ beamformingOI 71-~ol-Cf- . .::12-JLf- 1000:f7H.2.I 0E·l1Lf- element £¥011 TXRU~ ~~I 

ol-71011:::: 7l-2ci ~12'JoJJAi ~.:a.~01 ~o-JXI:::: {EA-JI~ 5J7-JI ,8c!-. -=z.2-J 0 £ ol-Lf-.Q.I TXRUOll cl--=r7H.2.I ~EflLf­

element~ mappingal-2 analog phase shifter£ beam2.I ~g,ic~ ±~al-::: ~-6,JOI 22~£(2 S?Jcl-. Ol2-JB analog 

beamforming ,g,J--6,J::: ~ cH~oJI S?Jo-JAi oj-Lf-.Q.I beam ~g,t,'2}~ '21-~ -? S?Jo-j ?III--? {j~-<S:J beaming~ oH~ 

Digital BF2.I- analog BF.QI %:V ~EH£ Q7H.Q.[ 0E-JILI- element~cj- -<S:l ~ 7H-?<i:1 87H2.I TXRU~ 5J:::: hybrid 

BF~ 22~~ 4' S?Jc!-. OI ~Sj2.oJI 87H.Q.I TXRU2.I- Q7H2.I 0E-11Lf- element.QI '21~ ~-6,JoJI ITl-21-Ai 5;:~ol:::: S?J:X:112.f-, 

%AloJI ~-;;-~-? S?J:::: beam.QI ~g,t,::: 87H Of □~£ X-JIEJ.5=.f7il .gc~. 

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

Two resource allocation schemes Type O and Type 1 are supported for PDCCH with uplink DCI format. 
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If the resource allocation type bit is not present in the uplink DCI format, only resource allocation type O is supported. 

If the resource allocation type bit is present in the uplink DCI format, the selected resource allocation type for a 

decoded PDCCH is indicated by a resource allocation type bit where type O is indicated by O value and type 1 is 

indicated otherwise. The UE shall interpret the resource allocation field depending on the resource allocation type 

bit in the uplink PDCCH DCI format detected. 

8.1.1 Uplink Resource allocation type 0 

The resource allocation information for uplink resource allocation type O indicates to a scheduled UE a set of 

contiguously allocated virtual resource block indices denoted by nVRB. A resource allocation field in the scheduling 

grant consists of a resource indication value (RIV) corresponding to a starting resource block ( RBsTART ) and a 

length in terms of contiguously allocated resource blocks ( LcRBs ~ 1 ). The resource indication value is defined by 

if (LcRBs -1)::s;~~ 12J then 

RIV= N~(LcRBs -l)+RBsTART 

else 

RIV= N;{f; (N~ -LcRBs +I)+ (N;{J; -1- RBsTART) 

8.1.2 Uplink Resource allocation type 1 

The resource allocation information for uplink resource allocation type 1 indicates to a scheduled UE two sets of 

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

7. 1. 6. 1-1 assuming N /!J; as the system bandwidth. A combinatorial index r consists of r log,((' Ni/;; ~ p + I~) 1 
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 r, 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 r shall be assumed to be O; or 

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

The combinatorial index r corresponds to a starting and ending RBG index of resource block set 1, so and s1 -1 , 

and resource block set 2, s2 and s3 - I respectively, where r is given by equation r = ~ ( :-..:;) defined in 

section 7.2.1 with M=4 and N = I Nk1k /pl + 1. Section 7.2.1 also defines ordering properties and range of values 

that s; (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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5.1.4 Rate matching 

5.1.4.1 Rate matching for turbo coded transport channels 
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The rate matching for turbo coded transport channels is defined per coded block and consists of interleaving the 

three information bit streams d?), dfl and d[21 , 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. 

d (0) 
Sub-block 

V(O) 

~ k 

interleaver r 

virtual circular 
buffer 

d (]) 
Sub-block 

vfl) 
Wk 

Ck 

~ K ~ Bit Bit selection 
~ 

interleaver r collection and pruning r 

d {2) (2) 

I~ Sub-block Vk ~ 
interleaver r 

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

The bit stream d1°l is interleaved according to the sub-block interleaver defined in section 5.1.4.1.1 with an output 

sequence defined as vA0 ), v[0 ), v;0 ) , ••. , vr~ -1 and where Kn is defined in section 5.1.4.1.1. 

The bit stream d}1l is interleaved according to the sub-block interleaver defined in section 5.1.4.1.1 with an output 

sequence defined as ,,(I) .,(I) vl1J ,/1l . 
,..0 ,.,.1 ' 2 -,~•·,"K 11 I 

The bit stream df> is interleaved according to the sub-block interleaver defined in section 5.1.4.1 1 with an output 

sequence defined as v·(Z) v(2 l .,(2 l _ _ v•( 2l 
0 "I ""2 " •.. ,, Kn-1 

The sequence of bits ek for transmission is generated according to section 5.1 4.1.2. 

5.1.4.1.1 Sub-block interleaver 

The bits input to the block interleaver are denoted by d~1 l, d['), di'', . . , Jt~1 • where D is the number of bits. The 

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

(I) Assign C;;i,block = 32 to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1, 
TC • 2, ... , C subblock -1 from left to nght. 

TC TC (2) Determine the number of rows of the matrix Rsubblock , by finding minimwn integer Rsubblock such that: 
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The rows of rectangular matrix are numbered 0, I, 2, ... , R_[,'.bbiuck - l from top to bottom. 

(3) rr(RI,'.1btock xct,;j,block )> D, then ND = (Rliiblock X c;,;;b/ock - D) dummy bits are padded such that .Yk = <NULL> fork= 

0, I, ... , ND - I. Then, YA'n, k = df , k = 0, 1, ... , D-1, and the bit sequence Yk is w1·itten into the ( R;ibbtock x c_;i;blxk ) 
matrix row by row starting with bit_v0 in column O ofro,v 0: 

I Yo 

:i •c !,~hi-,/,?{ k 

J'(R;,;hh/ock-1 )•C;,;;,hlmk 

y< ·['['iblu(.,k -I j 
V 
.,. 2C[:,bhlotk-] 

) .(R;~;,hlnckxr;,;;'1ock ·l) 

(4) Perfonn the inter-column permutation for the matrix based on the pattern ( P(i )) tE~.L ... c;,);hlock-l} that is sho,vn in table 

5.1.4-1, where P(i) is the original column position ofthej-th permuted column. After permutation ofthe columns, the 

inter-column permuted ( R;,;;b!uck x c;~;block) matrix is equal to 

l _v !'(OJ 

YI'(O), L ;,\~hlock 

YI'(O)+(R'{;,;hln..+ l)xC_://hhlnck 

Yr(I) 

J'I'(l)TC~\;h/ock 

YP(2) 

V lC 
. I'(2)+C.mhhlock 

_v f'(CIS,blo.k -) ) j 
Yw~.,--'l" !••=•,,. 

Yr(ct\i.hlnck-1) f ( H{,~~h/nck l)xC..,,hh/r~k 

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

(J?!.C C'TC ) · tr· Th b"t ft b bl k . t l ,· o- d t db Ul ,Ul ,u) .Ul ·h U) suhh/nck X suhh/ack. ma lX. C I Sa er SU - OC Ill er ea\ 111,-, are eno e y v 0 , 1 1 , l, 2 , .... ,Kn-I,~ ere v 0 

corresponds to YP,o), v~r) , ( TC ,JC ) 
to Yp O)+C1c . • · · and K JI = .~ubblock X C .mhhlock · 

( .Hthhlocl. 

For d}2J : 

( 4) The output of the sub-block interleaver is denoted by v621 , v/ 2 ). vf J , •••• v;;1; _ 1 , where v?) = _v,,(k) and where 

;r(k)-( P(l r/ IJ+ C°[,~b/ock x(kmodR_~~hlock )+ l)modKn l l.. R.whblock _ 

The permutation function Pis defined in Table 5.1.4-1. 

Table 5.1.4-1 Inter-column permutation pattern for sub-block interleaver. 

Number of columns Inter-column permutation pattern 

C;;;j,block < P(O), P(l), ... , P(C;;;j,block -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 Kw= 3Kn for the r-th coded block is generated as follows: 

wk = v_f) fork= 0, ... , Kn -1 

(1) 
WKn+2k =Vk 

- (2) 
WKn+2k+l - vk 

fork= 0, ... , Kn -1 

fork=0, ... , Kn-I 

Denote the soft buffer size for the transport block by NiR bits and the soft buffer size for the r-th code block by Neb 

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

- N cb = min(l ~R J Kw) for DL-SCH and PCH transport channels 

for UL-SCH and MCH transport channels 

where NiR is equal to: 

l Nsoft j 
NIR = Kr · KMIMo · min(M DL_HARQ, Mtimit} 

where: 

If the UE signals ue-Category-v10xy, and is configured with transmission mode 9 for the DL cell, Nsoft is the 

total number of soft channel bits [4] according to the UE category indicated by ue-Category-v10xy [6J. Otherwis 

e, Nsott is the total number of soft channel bits [4] according to the UE category indicated by ue-Category [6]. 

If Nsott = 35982720, 

Kc= 5, 

elseif Nsott = 3654144 and the UE is capable of supporting no more than a maximum of two spatial layers for the DL 

cell, 

Kc =2 

else 

Kc = 1 

End if. 

KMiMo is equal to 2 if the UE is configured to receive POSCH transmissions based on transmission modes 3, 4, 8 or 

9 as defined in section 7.1 of [3], and is equal to 1 otherwise. 

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

M1;m;t is a constant equal to 8. 

Denoting by E the rate matching output sequence length for the r-th coded block, and rv;ctx the redundancy version 

number for this transmission (rv;ctx = 0, 1, 2 or 3), the rate matching output bit sequence is ek, k = 0, 1, ... , E - I. 

Define by G the total number of bits available for the transmission of one transport block. 

SetG' = G/(NL ·Qm) where Om is equal to 2 for QPSK, 4 for 16QAM and 6 for 64QAM, and where 

- For transmit diversity: 

- N, is equal to 2, 

- Otherwise: 
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- NL is equal to the number of layers a transport block is mapped onto 

Set y ~ G' mod c, where C is the number of code blocks computed in section 5. 1.2. 

if r :c; C-y-1 

set£= NL ·Qm ·LG' !CJ 

else 

end if 

Setk0 = R;;,:hlock -(2 J ;/' l · rvu1, + 21j, where R1;;;hlock is the number of rows defined in section 5.1.4.1.1. I 8 R n1hhfo,:_•k 

Set k = 0 and j = 0 

while{k<E} 

jf 11\ko+J)modNcb ?'<NULL> 

j= j +1 

end while 

end if 

k = k+1 

5.1.4.2 Rate matching for convolutionally coded transport channels and control information 

The rate matching for convolutional!y coded transport channels and control information consists of interleaving the 

three bit streams, d?), dfi and dl2 ), 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. 

d (0) 1,.(0) 

~ Sub-block k -interleaver -
virtual circular 

buffer 

d ( lj vf' - w,. ek 

~ Sub-block Bit Bit selection -interleaver collection and pruning -

d (2) 
Sub-block 

v(2) 

~ k 

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

The bit stream d}°) is interleaved according to the sub-block interleaver defined in section 5.1.4.2.1 with an output 

sequence defined as va0), v}0), v~0> , ... , v;_?~-1 and where Kn is defined in section 5.1.4.2.1. 
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The bit stream d2) is interleaved according to the sub-block interleaver defined in section 5.1.4.2.1 with an output 

sequence defined as v~1
), v}1), v~1

) , ••• , vf~_
1

• 

The bit stream df2) is interleaved according to the sub-block interleaver defined in section 5.1.4.2.1 with an output 

sequence defined asv(2 ) vC2) vc2> v(2 ) 
0 ' 1 " 2 , ... , Kn-I 

The sequence of bits ek 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 d&'), d;'), di'l , ... , dg~1 , where D is the number of bits. The output 

bit sequence from the block interleaver is derived as follows: 

( 1) Assign C;;,1btock = 32 to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1, 

2, ... , C;..1btock -1 from left to right. 

(2) Determine the number of rows of the matrix R;;,1btock, by finding minimum integer R;;,1btock such that: 

< ( cc CCC ) D - Rsubblock x subblock 

The rows of rectangular matrix are numbered 0, I, 2, ... , R;.,;,block - 1 from top to bottom. 

(3) If(R;;,1block x C;;,7,btock ) > D , then ND = (R_;;,7,block x C;,,_7,hlnck - D) dummy bits are padded such that Yt = <NULL> for k = 

0, 1, ... , ND- l. Then, YNn+k = dii), k = 0, 1, . .. , D-1, and the bit sequenceyk is written into the (1(;.1block X c.~1h!ock) 
matrix row by row starting with bit y 0 in column O of row 0: 

[ 

Yo 

y C;;,J,block 

y(R;,J,block -I)xC;.;~7,b/ock 

YI 

y cc .cc 
(Rsubblock -l)xC subblock +I 

Y c;;,;,block - I I 
y cc 

ZC sub.block - I 

y ( R;:5,block x C ;,I,block - I) 

( 4) Perform the inter-column permutation for the matrix based on the pattern (P(j )) Jep,1. _ ,c.£5:btocrl} that is shown in table 

5 .1.4-2, where P(i) is the original column position of the j-th permuted column. After permutation of the columns, the 

inter-column permuted (1{':Zbtock x C;,,'j;block) matrix is equal to 

[ 

YP(O) 

y P(O)+C!;,<iblock 

y P(O)+(R;;,S:btocrI)xC~,'i',bluLk 

y P(l)+C£7ihlock 

y cc cc 
P(I )+( R511bblock-1 )xC subblock 

YP(2) 

y P(2)+c£Sibtock 

y P(C:i,1blocr1) l 
y I'( cf;_S:block-1 )+Cf;,Ciblock 

y P ( c£);h/ock -1 )+( R_£5;block -l )xc:;:,<;;block 

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

d( dX ere ) . Th b' ft bbl k" 1 . d db (,) (I) (i) (i) h permute flsubblock x subbtock matrix. e its a er su - oc mter eavmg are enote y v 0 , v 1 , v 2 , .•• , v Kn _ 1 , w ere 

v~i) corresponds to YP(O), v{') to YP(O)+(.cr ••• and Kn = (R;,,~block x c;,,1hlock) 
subblock 
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Table 5.1.4-2 Inter-column permutation pattern for sub-block interleaver. 

Number of columns Inter-column permutation pattern 

c;;,;,hlnck < P(O), P(l), ... , P(C;,,~hlock -1) > 

32 
<1, 17, 9,25,5,21, 13,29,3, 19, 11, 27, 7,23, 15,31, 
~ 16,8,24,4,20, 12, 28, 2, 18, 10,26,6,22, 14,30> 

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 n is generated as follows: 

wk=vi0) fork=O, ... , K 11 -l 

( 11 
wK,1+k =Vk 

Wu:rr+k = vfl 
fork=O, ... , Kn-1 

fork=O, ... , Kli-1 

Denoting by Ethe rate matching output sequence length, the rate matching output bit sequence is e1 , k = 0, 1, ... , 

E-1-

Set k = D and j = 0 

while { k < E} 

if WjmodK" at'< NULL> 

j=j+1 

end while 

end if 

k= k +1 

5.1.5 Code block concatenation 
The input bit sequence for the code block concatenation block are the sequences e,.k, for r = o, ... , c -1 and 

k = o, ... , Er -1 . The output bit sequence from the code block concatenation block is the sequence fk for 

k = O, ... ,G-1. 

The code block concatenation consists of sequentially concatenating the rate matching outputs for the different 

code blocks. Therefore 

Set k = O and r = O 

while r<C 

Set j=O 

while j <Er 

fk = e,j 

k =k+l 
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end while 

end while 

r =r+l 

j=j+1 
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5.3.2 Downlink shared channel, Paging channel and Multicast channel 

Figure 5.3.2-1 shows the processing structure for each transport block for the DL-SCH, PCH and MCH transport 

channels. Data arrives to the coding unit in the form of a maximum of two transport blocks every transmission time 

interval (TTI) per DL cell. 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 channels, and for one transport block of DL-SCH are shown in the 

figure below. The same processing applies for each transport block on each DL cell. 
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d (i) d(i) d(i) ,l 
rO • rl •···• r(n,-1) 

Rate matching 

e ro,C,-1,·•• .. er(_ii-r-J) l 
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Figure 5.3.2-1: Transport block processing for CL-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 a 0 , a1 • a 2 • a 3 •... , a_11 , and the parity bits by Po, p 1 , p 2 • p 3 , ... , p L-I. A is the size of the transport block and L 

is the number of parity bits. The lowest order information bit a0 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 9cRc24A(D). 

5.3.2.2 Code block segmentation and code block CRC attachment 

The bits input to the code block segmentation are denoted by b0 ,b1 ,b2 ,b3 , ... ,b8 _1 where Bis 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 cro, cr1, cr2 , cr3 , •.• , cr(K,-J), where r is the code block number 

and Kr is the number of bits for code block number r. 

5.3.2.3 Channel coding 

Code blocks are delivered to the channel coding block. They are denoted bycro,cr1,cr2 ,cr3 , ... ,c
7
(Kr-I) , where r is 

the code block number, and Kr 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 d;~, d;i), d;~, d;~ , ... , d;(n,-i), with t = O,I, and 2 , and where Dr is the number of 

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

5.3.2.4 Rate matching 

Turbo coded blocks are delivered to the rate matching block. They are denoted by d(1> den dU) du) d(i) 
rO, rl ' r2, r3 r~-, r(Dr~I), 

with i = O,I, and 2 , and where r is the code block number, i is the coded stream index, and Dr is the number of bits 

in each coded stream of code block number r. The total number of code blocks is denoted by C and each coded 

block is individually rate matched according to section 5.1.4. 1. 
After rate matching, the bits are denoted by ero, er1, er2 , er3 , ... , er(E,-I), where r is the coded block number, and where 

Er 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 ero, er1, er2 , er3 , ... , er(E,-I) for r = 0, ... , C ~ 1 and 

where Er is the number of rate matched bits for the r-th code block. 

Code block concatenation is performed according to section 5.1.5. 

The bits after code block concatenation are denoted by fo, Ji, h., _h, ... , fG-I, 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 5.3.3.1.58, 

depending on the DCI Format 

7 .1.8 Storing soft channel bits 

Both for FOO and TDD, if the UE is configured with more than one serving cell, then for each serving cell, for at 
least K . min(Af M . . ) transport blocks, upon decoding failure of a code block of a transport block, the UE 

YIIMO DL_HARQ' hmli 

shall store received soft channel bits corresponding to a range of at least wk wk+i •···, wmod(k+ns,,-l,Ncd, where: 

• N soft ( l N' j) n SB = ffilfl ch ' DL • ' 
C. Ncells • KMIMO • min(M DL_HARQ, Mhmrt) 

51 



wk , C , Neb , K MIMO, ,and Mlimit are defined in Section 5.1.4.1.2 of [4). 

MoL_HARa is the maximum number of DL HARO processes. 

N{:t, is the number of configured serving cells. 
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If the UE signals ue-Category-v10xy, N;ofi is the total number of soft channel bits [12] according to the UE 

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

ccording to the UE category indicated by ue-Category[11]. 
In determining k, the UE should give priority to storing soft channel bits corresponding to lower values of k. wk sh 

all correspond to a received soft channel bit. The range wk wk+I, ... , wmod(k+nss-I.Nc.) may include subsets not contai 

ning received soft channel bits. 
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3. Composition of Invention 

71-e- LTE AI..A..'el9.I ~¥, DL data2.1 371 (~, TB AJ-ol =)71- ~~ ?{E Ol{:!-0I £1'21 POSCH~ %"5ff ~~%! 

bit stream::: ~?£1 CB (Code Block)~£ .g.~£1.:::il, 2..f- CB~£ j:Hig;! 5r'a ~ CRC7l- 7H~-6:J 0 £ '2.!71-.§ ~EH 

£ POSCH~ %"5H ~~.s:.1::: ~6-1~ -6:J~ol-.:::il ~cl-. UE::: ol-Lf-£1 PDSCHoJI ~fil.§ ~?£1 CB~% af-t-+2.l-5:. 

?~ (decoding)oJI 1el:uflol-'21, "5ff@ PDSCHoJI CH~-'i.1::: HARQ-ACK :u:1c::!;:!!J~ NACK 0 £ eNBoJI !i!..:::ilal-7-il -'i.l □:j, 

01 ~ %"5H eNB£¥E-i .2.~ CB7l- :AH~§--"95:.~ ~6.J-ol-2 ~cl-. cf-Al ~oH, 71;:::: LTEoJIA-i.£1 DL dataoJI cHEf­

HARO ~6.J-::: eNB£¥E-i£[ TB 8~1£1 ..A..7'fl~~/~~ ~ 0loJI CH ~.5:.I::: UE£¥E-i2-I TB 84'!-1£1 HARO-ACK 

B.Jt'! new RAT Al--"- 'el oJI A-i ::: , 7 I g-6:j O £ L TEoJI tt I oH -e- (wider) Al --"- 'el ( carrier) BW ~ 71-~ ? ~ .:::il, o I 

£ '2.!oH (~ICH) TB .Aj-01=71- 7[;:'::: LTEoJ[A7!i!_cJ- 7'7-§1 7J-~{,;!0I ~ 0 □=1, OloJI [[f-2.I- ol-Ll-2.1 TB~ -=?-{;!of-::: CB 

? Q:JAI LTEoJIAi!i!.cj- 'c,;toj-~ ? ~cf-. [[!-2.f-Ai, '21-Q.f 0I 2-Je!- {,J--!1-oJIAi.5:. 71-e-Jl!- ~0I TB 84'!-1£1 HARQ-ACK 

RI c::!;:!_!Jol ?~.§cl-'21, ~¥ ::t:?£1 CBoJI CHoHAil2..!- decoding error (i.e. NACK)71- '§!-~.§ ~¥0!15:. TB 8-~12.I Xff 

~~ --"-7'fl~~ol ?~-"90,0I= al- 0 £ XI-~ Aj-.g. .:a~{,;!0I Xia!-%! ? ~cf-_ ~B new RAT AI..A..'el ~~oJIAi :::, 

-e- time duration (TTI)~ 71-XI::: delay-insensitiveB data type 1 (e.g. eMBB) ~ ~oJI ~@.§ Xf-~£I ~¥ (1=Jg}~ 

~oH, ~::: time duration (TTI)~ 7j-7q::: delay-sensitiveE!- data type 2 {e.g. URLLC)7l- oH@ data type 1 ~ 

puncturing0 I-::: ~EH£ ~~£1::: -§-~0I XI~%!? ~ 0 □t 0I~ ~filol-0:l time-selectiveB =;{,;!~ 71-XI::: -l..!-t":1 

~.2.2.I ~gJc 0 £ '2.!oH data type 10!1 C!la!-0:l o}Lf-£I TB~ -=?-{;-j □I-::: ~? CB~% =;~ ~¥0!1'2.!- decoding error 

(i.e. NACK)71- ~%£1 ::::= ~~ol ~~~ ? ~Cl-. 

g '§1-~oJIAi::: 012-JB new RAT Al--"-'el.£1 -§-~{:!- =;~ ~ .:::il2:jaf-O:j, CB~::::= CB group (CBG) 8~£ (7'H~ 

~) --"-7'11~~~ ?~ol-.:::il CB/CBG 84'!-1£ HARO-ACK n:.lc::!;:!_!J~ -=?-{,;!/~~ □!-::: ~ig:j~ Xil~EJ-cj-_ A11¥-6:J 0 £:::, 

CBG~ -=?-{;-jal-::: ~\:!:J, HARO-ACK (i.e. A/N) :rr[c::~~ -=r-{;-j 0 l-::: ~\:!:J, UE£1 ?~ soft buffer~ ..g~al::: ~\:!:J, 

.:::1.2.1 .:::il =; ?g mismatch {,J-~oJI CH B ~ ~ ~ ~\:!:J ~ ~ x-t[AI Bct. al-7loJIAi CBG£1 ~ ¥, (8~ TB~ -=?-{:i al-:::) 

.2. ~ CB7 I- ol-Lf-£I CBG£ 1ail ?g .5:.[ 7i LI-, ~::: ~ ¥ ~? CB7 I- of-Lj-2.[ CBG£ -=?-{;-j -"9 7i LI-, ~::: of-Lj-5!.f CB 2..f-

2..f-0[ al-Lf-£1 CBG£ -=?-{;!%! ? ~cl-. ~B al-7I011Ai, floor(X)£I ~¥ X 0fal-£I ~ICH ~?~ Lj-Ef-LH::: Lffgfil? 

~. ceiling(X)£1 ~¥ X 0l{,J-2.I ~,:::::. ~?~ Lf-Ef-LH::: ~ggJ-9-~ 2..f-2..f- 2.l □ lal-□t mod(A, B)£1 ~¥ A~ 8£ Lf­

-1:E- Lj-D--JXI ~ 2.l □ IBct. 

1} ~\:!:J X-1: al-Lf-£I CB~ -=?-{;!al-::: bit? Cn0I 9-o,x12 01 ~ 71~ 0 £ Cm7H2.I CB~ -=r-{;-j 

0I ~\:!:J2.I ~¥, ol-Ll-£1 CB~ -=?-{;!al-::: bit? CnOI TB Aj-ol=oJI -E:!-7-llfil0I %'§!B al-Lf-£1 61°£ ~::: 

TB Af-OI= ~£ cj-:= (TB AJ-ol=oJI ttl2il-6:J'2.!) Bl~~ Al-~OII ?g£1£17-ILI-, ~::: semi-static (e.g. RRC) ~::: 

dynamic (e.g. DCI) Al=r'@~~ ~oH UEoJl7il indication%!? ~ 0 □:j, oloJI EEj-2} TB~ -=?-{;-jaf-::: ~xii bit? 

71- Ck~ ITH ~ Cm = floor(Ck I Cn) ~::: Cm = ceiling(Ck / Cn)7H 2-I CB7 I- -=?-~ ~ ? S?l cj-_ ~ Xj-£1 ~ ~ al­

Li-2.1 CB~ (Cn + mod(Ck, Cn))7H £1 bit£ -=?-{;-j -'i.l .:::il Li-D--f XI (Cm - 1 )7H CB::: 2..f-2..f- Cn7H £1 bit£ -=?-{;-j %! ? 
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~ 0 □'I, ~xf-2..I ?3 ¥ of-LJ-.9.I CB'2..!- mod(Ck, CnpH 2.1 bit.£ -=?-~ .£J 2 LI-Di Al (Cm - 1 )7H CB::::: :z.t:z.t Cn7H 2.1 

bit£ -=?-~ ~ ? ~ cf-. ccf-2.f-A-l, ~ Xf-2.I ?3 ¥ Cn ~ ol-Ll-£I CB~ -=?-~of-::::: 3'.I:::;:: bit ? ~, ~Xf-Qj ?3 ¥ Cn ~ 

of-Lf-Qj CB~ -=ri-~ ol-::::: 3'.I Cfl bit ? ~ :z.t-2.f- 2.1 □ I~ -"r' ~ cf-. 

EE cf-::: ~lg;j O £, CB@ bit ? ~ ~x-1[ CBOJI 2 2 7-il ~@ol-::::: (near-equal) ig}.t,,J ~ 6:J % ~ ? ~ 0 □'I, -=?-x-1I 

6:J O £ ~ 7 I OIi A-j Cm = floor(Ck I Cn )7H CB7 I- -=r1-~ £I ::::: ?3 ¥OJI ::::: mod(Ck, Cn pH 2.1 CB::::: (Cn + 1 PH bit£ 

-=r1-~ .£J 2 Lf-Di :;q CB::::: Cn7H bit£ -=r1-~ ~ ? ~ 0 □'I, Cm = ceiling(Ck / CnpH CB7 I- -=?-~ £1 ::::: ?3 ¥OIi ::::: (Cn 

- mod(Ck, Cn)PH 2.1 CB::::: (Cn - 1 )7H bit£ -=?-~ £1 .2 LI-Di Al CB::::: Cn7H bit£ -=?-~ ~ ? ~ Cl-. ccf-2.f-A-l, ~ 

Xf-.9.I ?3 ¥ Cn ~ ol-Ll-2.I CB~ T~ of-::::: ~,:::;:: bit ? ~, ~Xf-Qj ?3 "92- Cn ~ of-LJ-.9.I CB~ -=r-~ ol-::::: ~I Cfj bit 

~El, ~71 ~ig;j ~ 6:J%of-7-ll .£J~ ~x-1[ Cm7HQI CB~% ol-Lf- 01~2.1 =;~ (small) CB71- qo;:;q cf-::: CB~ 

OIi t:1l"5"H ~~ 4'2.[ bit£-=?-~~? ~:::::c-{I, 0l~7-ll ~n~~ Af-ol=~ 7f-x[::::: Cm7HQI CB~~ M7H£I ~ 

? CBG~.£ groupingof-::::: ~~ol ~R~ =r ~Cl-. -=?-x-1I6:J O £, ~x-1I CB? Cm0I CBG ? M2.I 1::1H4'7f- .£J 

::::: ?3¥.2.f- -=i%l:;,q at~ ?3¥£ -=j1~~? ~ 0 □t :z.t:z.t-OJI CHoH cj-~.::i!f- ~~ CB grouping ~-6.1~ 22'1~ =r 
~cl-. of-7IOilAi, CBG Nol=::::: CBG@ CB "r ~ £1 □ 1~ =r ~cl-. ~El. Cm0I MQI 1::1H?71- oH::! ?3¥0il::::: 

CBG~.£ Af-0l=7f- q~ -"r' ~ 0 □t CBGn2.1 Af-ol= 5':f-ol::::: ~ICIJ 17H2.I CB£ 22'1~ "r ~q-

A) Cm0I M2.I 1::1H=r'.:..! ?3¥ (.2.~ CBG71- "5"'§!El- Af-0l.:'.S..~ 71-.g} 

A. Opt 1-1: small CB71- ~ICH~ .2..~ CBG~OII ~-05=.j.5::.~ -=?-~ 

B. Opt 1-2: small CB7 I- ~I CH~ ~ ~ -"r'2.I '§I¥ CBGOil 12..!- -:; of-x ~ -=?-~ 

B) CmOI M2.I l:lH?71- oH:::! =el¥ (CBG~.£ Af-ol=7!- cf-~ =r ~~) 
A. Opt2-1: small CB7f- £15=..~ -e- Af-0l=2.I CBGOII -:;ol-5=..~ -=?-~ 

B. Opt 2-2: small CB71- £15=..~ ~~ Af-0I~2.I CBGOII -:;ol-5=..~ -=r1-~ 

C. Opt2-3: ~71 Opt1-1 ~~ Opt1-2~ ~% 

~2"1£, Cm= 77H2.I CB index 1/2/3/4/5/6/701 :z.t:z.t 5/5/5/5/5/5/2 bits£ -=r1-~-§ ~~OIIA-l M = 37H2.I CBG -=r1-

~ ~ 22'1~ =el¥, {:}-71 Opt2-1~ ~sof-7-ll .£J~ CBindex{1,2},{3,4},{5,6, 7}01 :z.t:z.t CBGindex1/2/3° 

£ -=r1-~~ =r '.?1° □t {:}-71 Opt 2-2~ <S:1%ol-.7-ll £1~ CB index {1, 2, 3}, {4, 5}, {6, 7}01 :z.tzt CBG index 

1/2/3°£ -=r1-~~ =r ~cl-. cf-::: '§12'!1£, Cm= 77H2.I CB index 1/2/3/4/5/61701 2.f-2.f- 5/5/5/5/4/4/4 bits£ -=r1-~ 

-§ ~~Oil A-J M = 37H 2.1 CBG -=?-~ ~ 2 2cj ~ =el¥, ~ 7 I Opt 2-1 ~ ~ % al-.7-1I £1 ~ CB index {1, 2}, {3, 4}, {5, 

6, 7}01, {:}-71 Opt 2-2~ ~%ol-.7-ll £[~ CB index {1, 2, 3}, {4, 5}, {6, 7}01 :z.t-:z.t CBG index 1/2/3°£ -=r1-~~ 

=r ~ 0 □'1, \=!1-~ ~71 Opt1-1~ <S:1%~ =el¥ CBindex{1,2,5},{3,6},{4,7}0I. {:J-71 Opt1-2~ ~%~ =el¥ 

CB index {1, 2}, {3, 4}, {5, 6, 7}01 :z.t:z.t CBG index 1/2/3 ° £ -=r-~ ~ ? ~ cl-. 

~71-~ 0 £, decoding reliability7f- ~~ ? ~::::: ¥.g (0:1[~ ~Oi. CB Af-ol=7/- {:J-Cfl<S:J 0 £ ~7-ILf- ~~ 

DMRS£¥Ei .Al.:cJ-~ 0 .£ ~2.I ~OiX~~7-ILf- ~~ CSI liI='21J .A[~ 0 £¥E-J ~2.1 ~OiX~~7-JLt ~~ SRS 
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(or PUCCH or PRACH)2f- '2.!~B ~"§OIi □H~£I::: {:1.2.)0II c.H ~£1::: CBG Lfl.9.I CB?~ ~le.He ~7-fl ~gt 

Al~ 0 £.M.i :,;.:ff-B~ ~~OI ~:=: CBG.9.] Af-01=~ 71-~E!- ~~? :U 0 □=!, 01~ ~loH cf-~.:il.f- ~:=: '2:1-~ 0 £ 

CBG~ -=?-~fil ? ;Ucf-. 

a} ~::' CB index¥E-l X-bit 8~1£ regular CB~ -=r1-~off7f-cl-71-, ~~ CB index¥-E-l::: Y-bit 8~1£ small 

CB~ -=t-{1 (Y < X) 

b) (~::' CB index¥-EJ 'ii:-J;:f-~ 0 £) ~:::'. CBG index-!:¥-EJ M7H CB 8~1£ ~OiA.i regular CBG~ -=?-{1off71-

c!-7L ~~ CBGindex-!:¥-E-J::: K7H CB 8~1£ ~ojA.i smallCBG~ -=?-~ (K<M) 

c) ~ ::' CBG index-!:¥-El 'ii:-J;:1-~ 0 £ frequency-first (or time-first) '2:1-~ 0 £ {:! .2. ~ □H ~ 

2) ~ig;J X-2: ~x-11 CB? CmOI -?-OiXJ.:::i:l 01~ 7l't.!- 0 iE. Cn7H bit 8~1£ 2_/-2-/".9.I CB~ -=t-{1 

01 ~ig;J 2.1 :el¥, -Bj:-fl CB ? CmOI TB Af-ol =011 .:gj-Jil'i?iOI -§-~ El- ol-q.Q.J 6.t 0 £ ~::: TB Af-ol = ~ £ q 

:"'_ (TB Af-ol~OII ~12'11~'2.!) 6.t~£ Af-~OII ~.£].5:.j7-jq, ~::' semi-static(e.g. RRC) ~::' dynamic(e.g.DCI} 

A[-=i'§!~~ ~oH UEOlf7·H indication~? :U 0 □=!, OIOII Lcf-21- TB~ -=,i~ol-::: ~x-11 bit ?71- Ck~ [[fJ 8 Cn 

= floor(Ck I Cm) ~ ::' Cn = ceiling(Ck / Cm)7H £1 bit 8~1 £ 2_/-2_/-£1 CB7 I- -=t-{1 ~ ? :U cL -B Xf-£1 :el¥ ol-q 

£1 CB'2..!- (Cn + mod(Ck, Cn))7H £1 bit£ -=t-{1 £J 2 LI-Dix[ (Cm - 1 )7H CB::: 2_/-2_/- Cn7H £1 bit£ -=?-~ ~ -? :U 
0 □=I, '.$-XI-.Q.J :el¥ ol-L!-£1 CB'21- mod(Ck, Cn)7H £1 bit£ -=t-~ £J .:::i:!. qD--j Al (Cm - 1 pH CB::: Z.:-2-/" Cn7H £1 

bit£ -=t-~ ~ -? :U cf-. ccf-21-Ai, ~ Xf-.9.I :el¥ Cn ::' of-q2.I CB~ -=t-{,j ol-::: ~I:::::: bit ? ~, '.$-Xf-2.[ :el¥ Cn ::' 

ol-LJ-2.[ CB~ -=?-{1 ol-::: ~I CU bit ? ~ 2-/"2_/- £1 □ I w ? :U cf-_ 

-=E. cl-::: ~ig;J O £, CB@ bit ? ~ -B x-11 CBOII 2 2 7-JI ~@ol-::: (near-equal} '2:1-~ ~ ~ % ~ ? ~ 0 □=I, -=t-j:-JI 

~ 0 £ {}-71 OIi A.-j Cn = floor(Ck / Cm)7H bit 8~1 £[ CB -=t-~ '21 :el ¥OIi ::: mod(Ck, Cn)7H £1 CB::: (Cn + 1 )7H 

bit£ -=t-~ £1.:::i:!. Lf-D--j XI CB::: Cn7H bit£ -=t-{,j ~ ? :U O □=I, Cn = ceiling(Ck / Cm)7H bit 8~I2-I CB -=?-~ '2.! 

:el ¥OIi ::: (Cn - mod(Ck, Cn))7H 2.1 CB::: (Cn - 1 )7H bit£ -=t-~ £1 .:::i:!. Lf-D--j XI CB::: Cn7H bit£ -=?-{1 ~ ? ~ 

cf-. ccf-2.f-A.i, -B Xl-£I :el¥ Cn ::' 0 1-Lf-2-I CB~ -=t-~ c,f-::: ~I:::::: bit -? ~, '.$-Xf-2-I :el¥ Cn ::' of-Lf-.Q.J CB~ -=?-~ 

c,f- ::: ~I c.H bit ? ~ 2_/-:z..f- £1 □ I ~ ? :U cl-. 

3) ~ig;J X-3: c,f-LJ-2.I CB~ -=?-{1 c,f-::: ~I:::::: bit ? TmOI -2?-0i Al .:::i:l 01 ~ 71 tt.!- 0 £ CB~ -=t-{1 

ol ~'E;l £1 :el -"f-, c,f-Lf-£I TB~ -=t-~ al-::: 2. ~ CB 2_/-2_/-o] ~ Oi .:c. Tm7H ol {}£I bit£ -=t-{1 £1.:c. ~ ~ ~ ~ ? 

:U O □=I, ~2:!I £ TB .. qoI = (~, TB~ -=t-{1 al-::: ~x-11 bit -?) ~ Ck£ 71-~~ ~ :el¥ Ck/ Cm 2 Tm2-I -E!-7-11~ 

~ '21-~Al;,I::: ~p::.ff Cm6.t'2.! Cm.max~ {:.[-~c,f-O=f, "8-H@ TB~ 8 Cm.max7H.9.I CB~£ iE-filol-::: -§-~~ 

22::f fil ? ;Ucf-. 
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01 'bf-lg;J.2.I BT, O1-q.2.I CB~ -=r~ol-::: bit ? Cn0I (0=II ~ ~01. A!-aOJI ~2.j.sp-(q ~::: ~~ Al.::J.lg;!'e:l ~ 

~ oH) ?Oi :S {}EH OJI A-f, ol-Ll-2-I TB~ -=r{g ol-::: a x-1I CB ? K7 I- Ts7H o I {}'2J B TOii '21- oH ~ TBOII cf! E.!­

CB !:E::: CBG 8.5f-l2.I (AH a~) A.;;>-Jf~'a0I ~%£!£~ ~~/~2.I~ ? 51 ° □t ax-JI CB ? K71- Tg7H Of{} 

'2J BTOII::: q? CB~0I grouping£I0i ol-Ll-£I CBG~ -=r{gol-..5:.~ ~~/~2.I~ ? 51cl- (0=J7IA-f, Ts< Tg 

1) 'bf-lgj A-1: O1-q2.I CBG~ -=r~ol-::: CB 9 NOi ?OiXl2 0I~ 7lte..l- 0 £ M7H2.I CBG~ -=r~ 

01 'bf-lgj.2.I BT, oP--l-2.f CBG~ -=r~ol-::: CB ? NOi TB At-0I=01I -E:!-7:ll'iU0I ~~E!- O1-q.2.I '&} 0 £ ~::: 

TB At-0I= ~£ ct-::: (TB Af-oj=OJi 1::Jlc~l~'2J) '&}~£ Al-aOJI ~2.l.5:.I7-fq, ~::'. semi-static (e.g. RRC) ~::'. 

dynamic (e.g. DCI) Al.::J.~'a ~ ~oH UEOll.7-fl indication~ ? S:l 0 □cJ, OIO!I rrt-21- TB~ -=r{gol-::: a;t-JI CB? 

71- K~ IIfl 8 M = floor(K / N) ~ ::'. M = ceiling(K / N)7H 2.1 CBG7 I- T{g ~ ? 51 cl-. a Xl-2.1 BT ol-Ll-2.1 

CBG'2..!- (N + mod(K, N))7H £1 CB£ T{g £12 qa, XI (M - 1 pH CBG::: ::z.t::z.t N7H .2.f CB£ T~ ~ ? 5:-l O □:j, 

~xt-.2.J BT ol-Ll-2.I CBG'2..!- mod(K, N)7H £1 CB£ -=r~ £12 Ll-a-J XI (M - 1 )7H CBG::: ::z.t::z.t N7H 2.1 CB.£ T 

~~ T S:,tct-. E.!-~. UE::: 0I2-IE.!- ~6.J 0 £ -=r~-8 ::z.t CBG~£ AfN !:!IE~ -=r~al-~ a~w T S:,tcl-. [[j-

21-A-f. a Xl-2.1 ~ T N::: O1-q2.I CBG ~ T{g ol-::: ~, ~ CB T ~' ~Al-£I ~ T N::: oj-q.2.I CBG ~ T~ ol-::: 

~I CH CB 9 ~ ::z.t::z.t .9.I □ I W ? S:,tcl-. 

-=r;t-JI~ 0 £ ~PIO!IA-f M = floor(K I N)7H CBG71- -=r{g£J::: BTOII::: mod(K, N)7H.9.I CBG::: (N + 1)7H CB£ 

-=r~ £12 '--+D-l ,q CBG::: N.7H CB£ T~ ~ ? 51 ° □:j, M = ceiling(K / N)7H CBG7 I- T~ £1 ::: ~ TOIi ::: (N -

mod(K, N))7H2.I CBG::: (N - 1)7H CB£ -=r-~£12 Ll-a-JXI CBG::: N7H CB£ T~~ ? 51cf-. rrt-21-A-f, a.xt-

2.I ~ T N ::'. ol-Ll-£I CBG ~ T~ ol-::: ~I~ CB ? ~, ~Xl-.9.I ~ T N ::'. ol-Ll-.9.I CBG ~ T~ al-::: ~I cH CB 

E.!-~, N > K£ ~ ~ .§1 ?3 TOll ::: TB~ T~ ol-::: .2. :'= CB7 I- 8'§1 CBGOII ~ ol-7-ll £1 ::: ~ EH 0 I □:j, [[l-21-A-f 0 I 

~ T K7H CB~ R=_ ~ol-::: CBG aj-1....p I- -=r~ ~ ? 5:-l cj-. 

2) ~tgj A-2: ax-II CBG 9 MO! ?OiXf2 O! ~ 7lte..l- 0 £ N7H CB 8.5f-I£ ::z.t::z.t2.f CBG~ -7-~ 

of 'bf-ig;l£I BT, ax-II CBG? MOI TB Aj-of=OJI -E:!-7:ll'iU0I ~~E.!- ol-Lf-2.I "&J- 0 £ ~::'. TB Al-of=~£ ct­

::: (TB At-0I=01I tif2:ll~'i:.!) '&}~£ Al-aOJI ~2.f£j7-fL-I-, ~::: semi-static(e.g. RRC) ~::: dynamic(e.g. DCI) 

Al.::J.'§i)s ~ ~1'\"H UEOIP-1I indication~ ? 5:-l 0 □:J, 01011 rrt-21- TB~ -=r{gol-::: a;t-JI CB ?71- K~ IIfl 8 N = 
floor(K / M) ~::'. N = ceiling(K / M)7H.2.I CB 8.5f-I£ ::z.t::z.t.2.I CBG71- T~~ ? 51ct-. a.xt-.2.f BT ol-Lf-2.1 

CBG'2..!- (N + mod(K, N))7H £1 CB£ T{g £12 LI-D-J XI (M - 1 )7H CBG::: ::z.t::z.t N7H £1 CB£ T~ ~ 9 51 ° □:j, 

~Xl-£I ~ T ol-Ll-£I CBG'2..!- mod(K, N)7H £1 CB£ -=r~ £1 ::i:!_ Ll-a-J XI (M - 1 )7H CBG::: ::z.t::z.t N7H CB£ T~ 

~ ? S:,tcl-. E!-~. UE::: oj 2-J 21- 'bf--6j O £ T~ -8 2._f- CBG~ £ AfN 1::JI E ~ -=r{gol-~ a'§-~ 9 51cl-. rrj-2j-
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~;q.2.I :eJ ¥ N ~ ol-L.f-2.I CBG ~ -=j1{g ol-::: 

-=?-x-1I~ 0 £ {:!--7loJIA-I N = floor(K / M)7H CB 8~1£1 CBG -=j1{:g 'ZJ :eJ ToJI::: mod(K, N)7H2.I CBG::: (N + 1)7H 

CB£ -=jl-{g .£J .::::il L-f-D-1 xj CBG::: N7H CB£ -=jl-{g ~ 9 S?1 ° □~, N = ceiling(K I M)7H CB 8~( 2.I CBG -=j1{:g 'ZJ 

:eJ TDll ::: (N - mod{K, N))7H £1 CBG::: (N - 1 )7H CB£ -=j1{g .£J .::::il L-f-D-1 X( CBG::: N7H CB£ -=jl-{:g ~ 9 S?1 cl-. 

[[!-2.f-A-I, ~ Xj-£I :eJ T N ~ ol-L-f-£I CBG ~ -=jl-{g ol-::: ~, ~ CB 9 ~, ~Xl-£I ~ ¥ N ~ ol-LJ-2.I CBG ~ -=j1{g ol­

::: ~I Cll CB 9 ~ z-t::z.i- 2.1 □ I w 9 S?1 cL 

B-l:"I, M > K£ ~~.§ ~¥Oil::: CB z-tz-tol ol-L.f-£I CBG.71- £I0-l 8 K7H2.I CBG71- -=jl-{:g~ 9 S?1 ° □t o( ~ 

¥ 1) ~ Xii NN RI = l;!!J ~ M7H ti I E £ -=jl-{:g B {:J-EH Oll A-I ~ Xii CBGOfl Cff ~ .s:.pq P..t::: (M - K)7H t:1 I E ::: 

NACK EE::: DTX£ j:12.(ol-7--ILI-, ~~ 2) NN Rl=!;!!J Xl-x-1I~ ~x,I CBGoJI CH~.£J::: K7H t1(E£'2J- -=jl-{gol-::: 

3) ~igj A-3: CBG 9 M.:ill- CBG AI-0I = NoJI CH B tree (or nested) -=?-± 7( ~£1 CBG -=jl-{g 

OI ~igj£I ~¥, ~x-1I CBG 9 M (e.g. M1, M2, ... ).:ill- CBG -=jl-{g CB 9, ~ CBG Aj-o( = N (e.g. N1, N2, ... ) 

Ofl cHoH tree -=jl-±~ 7I-Xl5=.~ CBG71- -=j1-{g~ 9 5?Jcl-. o( ~T, ol-L-f-£1 TB (AI-0l=)oJI CHol-0~ ~92.1 A--1£ 

cj-;:: (M, N) ±~oJI 7(~E!- ~92.( A--1£ cJ-~ CBG -=r1-{:g0( ~~~ 9 S?1 °~, A--1£ cf-::: (M, N) ±~oJI c/l 

oH (M1, N1)'Zl ~¥.2.I- (M2, N2)'ZJ ~¥2.( CBG -=jl-{g ~ .::::il2~ol-~ M1 < M2'ZJ ~¥ N1 > N2£ ~~~ 9 S?1 

cl-. EEB, {M1, N1)'ZJ ~¥9..1 ol-L-f-£I CBG::: (M2, N2)'ZJ ~¥£1 ol-L-f- 0j{,J-£I CBG~ .£g/-ol-5=.~ -=jl-{g~ 9 

s.>1° □~. ~c/1£ (M2, N2)'Zl ~¥2.J ol-Ll-2.( CBG::: (M1, N1)'ZJ ~¥£1 =';~ oP-+.£1 CBGOJl'2.!- ~<'>l-5=.~ -=jl-{g 

~ 9 5?Jq_ EEB, M2::: M19..I ttH-?£ ~~£I7--ILI- .:::12.(.::::il/EE::: N1~ N2£I ttH-?£ ~~~ 9 s.>1° □t M£I 

~¥ =';~~ 0 £ 2m(m=0, 1, ... ) "§EH£! 6): 0 £ 1;;!~~ 9 S?lcf-. B~. {,J-7( MEE::: NEE::: (M, N) ±~ 

Of( CH B '2.! ,;/j .A. EE::: £::: (M, N) ±gr 0 £ 71-~ El- CBG '2.! ~ .A. -g ol-Lf-71- semi-static {e.g. RRC) ~ ~ 

dynamic ( e.g. DCI) A( .:::i ~ ~ ~ ~ oH U EOfl 7-fl indication~ 9 S?1 ° □t U E::: oH 'et '21 ~ .A. Of[ Cll ~ .£J o-j -=?-{g .§ 

z-t CBG~£ NN t::1( E ~ -=j1{gol-0~ ~-;;;--w 9 5?Jcl-. EEB, {:/-71 M ~ N9..I :eJ¥ TB AI-0l~Ofl -e!-7-l(filo( % 

'§IE!- ol-L!-£I 6): 0 £ Aj-~Ofl ~£I£I7-!Lf-, ~~ TB Al-o(= ~£ cl-::: (TB Aj-0(=01I t:1I2c!l~'2.!) 61:~£ Al-~ 

Oil ~2.1~ 9 5?Jcl-. 

0( ~lgj£I '§1~1 £, TB~ -=?-1:Slol-::: ~x-1I CB T ~ K = 16° £ 71-~ ol-.::::il ::z./-::z./-2.I CB~ k = 0, 1, ... , 15£ 

indexingB {J-EHOl(A--1, CBG -"?- ~ M = {1, 2, 4, 8, 16}£ ~~ol-.::::il z-t:z.toJI cH ~ £1::: CBG AI-0I = ~ N = K / M = 
{16, 8, 4, 2, 1}£ ~~ol-::: cl-~.:ill- ~~ ~-6./ ~ .::::il2~-W 9 5?Jcl- ("nested CBG example 1"). 

a) {M,N)=(1,16)'2.! ~¥,17H CBG'2.!- -=jl-{g.£1.::::il oH's CBG7l-167H2.I _2_::: CB~~ .£gl-_ 

b) (M, N) = (2, 8)'.:.! ~¥. 27H CBG71- -=jl-{g5:.l.::::il CBG~£ Ai£ cl-~ 87H2.I CB~ .£gr_ 0( ~¥ ol-Ll-9..1 

CBG::: oj-2.H (M, N) = (4, 4)'ZJ ~ ¥2.( 27H CBG ~ .£ gt_ 
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c) (M, N) = (4, 4)'2..! ~¥. 47H CBG71- .=rz-~.s:.l.::il CBG~£ Ai£ cf-:= 47H2.I CB~ .£gr_ OI ~¥ ol-L/-2.I 

CBG ~ oj-2.IJ (M, N) = (8, 2)'2..! ~ ,?-2.I 27H CBG ~ .£ ~-

d) (M, N) = (8, 2)'2..! ~¥, 87H CBG71- .=rz-~.5:.l.::il CBG~£ Ai£ cf-:= 27H2.I CB~ .£gr. 

e) (M, N) = {16, 1)'2..! 7c3¥, 167H CBG71- .=rz-~£-1.::il CBG~£ Ai£ cl-:= 17H£.I CB\::r~ .£gr. 

{:,1-71 OilOl[Ai.2.I- ~01, Ai£ cl-:= ~92.1 (M, N) 3'::.g/- ~ OIOII [cl-:= CBG =,'=/Af-01=71- Al-~OII .=rz-~/X[~-E:! {:,1-

EHOIIAi .=;~ M 5£~ N 5£~ (M, N) 3'::.g/-2.I '2J9l.A.. 5£~ £!:: (M, N) 3'::.g/- 0 £ 71-~E!- CBG 'c.!91.,..._ -g- ol­

L/-71- UEOIP-ll indication~ 9 5;1° □=1 ({:,1-71 O:llOIIAi~. 71-~E!- M 5£~ N 5£~ (M, N) 3'::.g/-OI ~ 57I-XI£, £ 

!:: (M, N) 3'::.g/- 0 £ 71-~E!- CBG 'c!'aJ.A.~ (71-~E!- M~~ {1, 2, 4, 8, 16}2.I ~g/-OI[ oH@ol-~) -&- 3171-7'1£ 

~~-§! 7c3¥0II oH@-zl), UE~ .A..r!f~'E!§ DLdata(e.g.TBorCBG)OII Cflol-O:J indication§ oHE!"M ~/5£~ 

N 'c! i;!j .,,._ OIi CH ~ 5:.1 ~ CBG .=rz-<,g ~ 71-~ 2!- {:,I-EH OIi Ai decoding ~ Cfl ~ .s:.1 ~ A/N :u:[ i:::: i;!!f .=rz-<,g /~ ~ ~ =r ~ of-

OI ~tg::I~ ~~.zl-ol-Ol Ai£ cf-:= (M,N) 3'::.g/-'2J (M1,N1):i!I- (M2,N2}'2..! 7c3¥2.I CBG .=rz-~OII CfloH M1<M2 

'21 ~¥ N1:.:: N2£ ~~£1 ~ 3'::.:z:!l2...l- 0 £, c,/-L/-2.I TB (Al-ol=)OII Cfle!- ~92.I CBG .=rz-~ol ~~~ 9 5;).cl-. 

~2:11£, TB~ .=rz-<,gof-~ ~x-ll CB 9~ K=6°£ 71-~ol-.::il :Z.fZ{-2.I CB~ k=O, 1, ... , 5£ indexingE!- {,,1-EHOII 

Ai, CBG 9~ M = {1, 2, 3, 6}£ 1ee!~ol-.::il z.tz.tOII CH ~.5:.1 ~ CBG AI-0I~~ N = K/ M = {6, 3, 2, 1}£ 1eel~ol­

~ cf-~:i!-I- ~~ ~~ ~ .::il2:j"fil 9 5;).cf- ("nested CBG example 2"}. 

a) (M, N) = (1, 6}'2..! ~ ¥, 17H CBG'21- .=rz-<,g 5:.1.::il oH@ CBG7 I- 67H 2.I £ !:: CB~ ~ .£ gt_ 

b) (M, N) = (2, 3)'2..! 7c3¥, 27H CBG71- .=rz-~£-1.::il CBG~£ Ai£ cf-:= 37H2.I CB~ .£gr. O:ll ~ ~Oi, CB 

index ~ gJ- {O, 1, 2}2.I- {3, 4, 5}7 I- z.tz.t ol-L/-2.I CBG ~ .=rz-<,g. 

c) (M, N) = (3, 2)'2..! ~¥. 37H CBG71- -=j1~£j.::il CBG'§!£ Ai£ cl-:= 27H2.I CB~ .£gr_ O:ll ~ ~Oi, CB 

index ~ gJ- {O, 1}2.I- {2, 3}2.f- {4, 5}71- z.tz.t ol-L/-2.I CBG ~ .=rz-<,g. 

d) (M, N} = (6, 1)'2..! 7c3¥, 67H CBG71- .=rz-~.5:.1.::il CBG~£ Ai£ cf-:= 17H2.I CBt!..!-~ .£gr. 

5£ cl-:= ~2:11£, TB~ .=rz-~ol-~ ~x-l[ CB 9~ K = 9£ 71-~ol-.::il z.tz.t-2.1 CB~ k = 0, 1, ... , 8£ indexingE!­

{:J-EHOIIAi, CBG 9~ M={1,2,3,6}£ 1eel~ol-.::il z.tz.tOII cH~.5:.1~ CBG Ai-Ol=~ N={9,(5or4),3,(2or1)} 

£ ~~ol-~ cf-~:i!I- ~::: ~61 ~ .::il2~~ 9 '.?Jcf- ("nested CBG example 3"). 

a) (M, N) = (1, 9)'c.! 7c3 ¥, 17H CBG'21- .=rz-<,g 5:.1 .::il oH@ CBG7 I- 97H Q.f £ !:: CB~ ~ .£ gt_ 

b) (M, N) = (2, 5 or 4)'2..! 7c3 ¥, ~ 27H 2.1 CBG7 I- -=r~ .5:.1.::il ol-Li-£1 CBG ~ 57H, cj- := ol-L/-£.1 CBG ~ 47H 

CB~ z.tz.t .£ gr_ O:ll ~ ~ Oi, CB index ~ gt {O, 1, 2, 3, 4}2.I- {5, 6, 7, 8}01 z.tz.t ol-Ll-2.I CBG ~ .=rz-~. 

c) (M, N) = (3, 3)~ 7c3 ¥, 37H CBG7 I- .=rz-~ £1 .::il CBG~ £ Ai£ cf-:= 37H 2.1 CB~ .£ gr_ O:ll ~ ~ Oi, CB 

index ~ gJ- {O, 1, 2}2.I- {3, 4, 5}2.I- {6, 7, 8}01 z.tz.t c,f-Lj-2.I CBG ~ -=r~. 
d) (M, N) = (6, 2 or 1)~ 7c3¥, ~ 67H£1 CBG71- .=rz-{9.5:.l.::il o[-g- 37H2.I CBG~ 27H CB~, cf-:= 37H2.I CBG 

~ 17H CB~ z.tz.t .£ gt_ 011 ~ ~ Oi, CB index ~ gJ- {O, 1 }, {2, 3}, {4, 5}, {6}, {7}, {8}0 I z.tz.t of-Ll-2.I CBG 

58 



Attorney Docket No. UT17-0756-US 

Section 1 

ccl-2.I-Ai, ~12.1- gol (471-XI Ai-so!. cl-::: (M, N) 3":gl-Oll 7l~ol-O:I) T{g§ ~x-1I 12 (=1+2+3+6)7H2.I CBG~ 

indexing0 I-0:1, ol~ 71~ 0 £ (eNBOJIA-1) :XH~~ .A.31-jl~~£1::::: CBG71- (DCI~ ~oH) indication£17iLt ~,~::::: 

(UEoJIA-1) indication§ oHg CBGOJI cHB A/N TI.I c:::r:ill ~ T{gol-O~ ~~ol-.5=.~ %~~ <r ~JC!-. 

Bt!, .A.31-i!~~ CH1=J- CBG indication~ ~IE!- DCI overhead ~,~::::: CH ~£1::::: A/N .rrl c:::r:ill T{g ~ ~IE!- UCI 

overhead~ .::i:12~ol-O:I, 1=J-7l2.I- ~::: nested "§EH£ -=;z.{g£I::::: ~x-ll CBG '2..!i;:;\J.A. <r LYOI TBS~£ -z~ol-

71I {el~ £17-I Lt, ~::: TBS~£ CBG indication~ ~I B bit overhead7 I- ~~ ol-.5=. ~ (°'11 ~ ~ o-i, ceiling(log2(L)) 

Yol -z~ol-.5=.~)TBS~ LYOI {;!~%! <r 9JC!-. 

4) ~'E;J A-4: ~ ~ <r2.I ~ * ~ gt (~ ~ ~ <r.2.1 RB ~ gl-)Dll -::::;-B CB~ ~ 0 1-LJ-2.I CBG£ T{g 

OI ~'E;J.2.1 ~£j2-, TB7l- ~~£1::::: Af-l..!- Tli (~/EE::::: -?Til-<r ~Q:f)~ ~<r.2.1 ~* ~gt (~IEE::::: ~92.f RB 

~gt) 0 £ ~~B 1=J-EHOflAi, .:z..J- ~* ~g1- (~tEE::::: z.i- RB ~gl-)~ ~t;-H ~~£1::::: CB~OI al-LJ-2.f CBG£ 

T{g %! ? 51 cr. o I ~ £j2-, .:z..J- ~ * ~ gl- (i.e. SG: Symbol Group) LH ~ * -4=' ~ ::: 8~ SG ~ T{g al-::::: ~ 

* "r (~JEE::::: 2-r RB ~gt (i.e. RBG) LH RB ? ~::: 8~ RBG~ T~ol-::::: RB ?) ~5:!.71- semi-static 

(e.g. RRC) ~ ::'. dynamic (e.g. DCI) Al =z. 'ai;l ~ ~ ~f.H UEOJI 711 indication~ ? 9.1 ° □4, UE::::: OI 2-j B ~61 ° 

£ T{g§ .:z..J- CBG~£ A/N 1::11 E ~ T{gcl-0:I ~-§-~ ? 9Jcl-. 

EEE!-, of ~£j2-Dll.5=. ol-Ll-2-I SG~ T~ol-::::: ~* ? ~::: TB ~'§- Alli Tll LH T~§ ~x-ll SG ? {~/EE 

::::: cl-Ll-2.I RBG ~ T{g al-::::: RB ? ~::: TB ~ ~ ?lit? ~ <2:l LH T~ § ~ x-!f RBG ? )Dll CH "5H {:}7 I ~'E;J 

A-30flAi.2.I- g::'. tree T.3":~ 71-Xl_!:c_~ CBG~ T~ol-::::: ~~5:. 71-:::;ol-cl-. -1?:l-7I nested CBG example 1/2/3 

~ 71~ 0 £ °'11~ ~Ill.TB~ T{gol-::::: ~x-ll ~*(~::'.RB)?~ K=16or6or9°£ 71-~ol-Jl ::z..tz.i-2.I ~ 

~ (~ ::'. RB)~ (1=J-7l KYOJI [[!-2.I-) k = 0, 1, ... , 15 EE::::: k = 0, 1, ... , 5 EE::::: k = 0, 1, ... , 8£ indexingB 1=J-EH 

Dl!A-J, 1=J-71 nested CBG example 1/2/30JIA-J2.I- i'r-N~ §EH£ Ai£ nested T.3": tf"7ll~ 7P,I::::: ~92.1 SG 

(~::'. RBG)~ T{g~? S:icl-. ~El-, 1=J-7l SG (~/EE::::: RBG) A!-OI= ~ <r2.I ~£j2-TB Af-ol=oJi tr7-ll'iiiOI 

%'§!B <5"f-Lf-2.f Y 0 £ Al-~Oll ~£I£I7-ILI-, ~::: TB AJ-Oi= ~£ cl-::: (TB Aj-oi=Ofi 1::Jl2'll-6:J'2..!) Y~£ Af­

~oJI ~2.1~ 4 S:icl-. 

Bt!, 01 ~ig:j~ -6:J%~~ [[HoJI al-Lf.2.f CB71- ~?2..I SG (~IEE::::: RBG)Oll ~X4 □H~,~~£1::::: ~£j2- oH@ 

CB:::::, Opt 1) 71-~ ~::'. ~::'. 71-~ ~::'. ~* '2..!i;:;\J..A.~ 71-XI::::: SG (~/EE::: 71-~ ~::: ~::'. 71-~ ~::: RB 

'2..! i;:;\J .A.~ 71-XI ::::: RBG)Ofl Cff ~ £1 :::: CBG£ T~ £17-I Lt, ~ ::'. Opt 2) t;-ff@ CB2.I coded bit~ 71-~ 'illOI .£ 

gf-ol-:::: SG(~tEE::::: RBG)Oll CH~£!::::: CBG£ T~~? 9Jcf-. 

~ cl-::: ~ig:j 0 £, ol-LJ-.2.I CB71- ~92.I SG(~IEE:::: RBG)Oll ~~ □H~/~-§-£I:::: ~¥.eNBO!IA-J.2.I (};:H~~) 

.A.31-jl~'E!~ ~IB CBG T{g/XfAI tf"~oJIA-1::::: oH@ CB~ oHg ~? SG (/RBG)Oll CH~£!:::::~? CBG .2.¥ 

oJI 3~-6:J 0 £ .£gf-£1_1:c_~ {e!~ol-£1, UEOJIA-1£I CBG~ A/N TI!c:::r:ill T{g tf"~OJIA-1:::: oHg CB~ oH@ ~? 
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SG (/RBG)-% !=; ~ 01-q01I Cll ~ £1 ::: CBGOll l2l- .£ gt-Al z..! {:}EH Oll A-J, :z...t CBG~ £ A/N t:1I E ~ -=r-1:1 ol-0:J ~ ~ 

al-..5:.~ -z-~"W "r- 'xlct. OI ~¥ !=;~~ 0 £, UE::: (A/N .rqc::11!j -=jl-{g Al) oH@ CB7l- .£gr.£!::: !=;~ oj-q2.I 

CBG ~ , 1) oH @ CB£I decoding ~ .:i!I-7 I- NACK~ ~ ¥011 ::: ( ....._ 7'-11 ~ 'a t!}:g Oll A-J oH @ CB ~ .£go!-::: 2. :'= 

~-? CBG-%) off@ CB~ Xil.2.loH..5:. NACK<c! CB7l- ~gJ-5:.lo,'xl::: CBG7t ;".:AHoH:! .=J. % ({:1-71 Opt 1/2 ~ 

%011 7l'i='l~) ol-q£ {:!~ol-2, .=i.2-J~ CBG71- 2:-:Hol-XI at- 0 ~ ( ....... =1il~'a t!:!-~OllA-J f5H@ CB~ .£go!-:::) 

2:'= ~9 CBG-g- ({:1-71 Opt 1/2 ~%011 7l'r'l-B) o!-q£ {:!~ol-..5:.~ -z-~~ 9 'x1° □t 2) oH@ CB£! 

decoding ~Jll-71- ACK~ ~¥0115=. (.A.7'-fl~'a t!:!-~OllAi off@ CB~ .£gal-:::) 2:'= ~'r CBG-g- ({:1-71 Opt 

1/2 ~%011 7l'r'l-B) al-Lt£ {:!~al-5=.~ -z-~w "r- ~ct. El-~. -z-'§!E!- af-q.2.I CB~ .£gf-ol-::: ~'r CBG71-

-z-AloJI .A.7il~'a£I::: ~¥ oH@ cs::: E!-~12} ~~£15=.~ -z-~~ 'r 'x1° □t OlfI.1101I5=. ;s-H@ ~'r CBG ~ 

'21 ....... % (~J-7 I Opt 1/2 ~ %011 7I 'r'l-E!-) !=; ~ ol-Ll-01I '2..!- .£ gt§ g;j EH£ ~ ~~ "r- 'x1 cl-. ~Pl ~61 ~ ~ 'i='l-£-1-

al-Ot eNB.2.I .A.:rJl~-a ~ ¥1 El- CBG -=jl-~/:AIAI -E!-~OllA-j ol-Ll-£I CB7l- ~"r-2.I CBGOll 6~~ 0 £ .£ g/-£1..5:. 

~ ~ ~ ol-2, UE7l- CBG~ A/N lil c:: l1!j ~ T~ al-::: -E!-~oJIA-J oH@ CB~ f5H@ ~'r CBG-% !=; ~ 01-q01I12} 

.£g,f-Al7'l..5:.~ -z-~w 'r 'x1° □~, 01 ~¥011 {:1-71 ~-6.101 ~%¥! 'r 'x]cL 

EE cl-::: ~'2.!- 0 £, a1-q2.I CB7l- ~"r-£I SG (~IEE::: RBG)Oll ~:x~ □H~/~-§-£I::: ~~ ~Alol-7I ¥laH ~ ~ 

Zr CBGOll ~ol-::: data bit "r-~ CBG=l.1-01I ~ICHE!- -z-~ol-7-fl §!J-~7I ¥loH, cj-~:D.1- Y~ ~~ ~ 22~-w "r- 'x1 

cl-. .A.7'-fl~'a§ TBS~ A bit 0 £ 71-~al-.:il ;s-ff@ TBSOll w@§ SG EE::: RBG (~'i='1-1al-ol-O~ CBG) "r-~ M 0 

£ 71-~oH:!, -9-{1 Zr CBG~£ (A/ M) ~~ ceiling(A / M) ~~ floor(A / M)7H data bit7l- w@¥! "r- 'xlct. 

cl-~, Zr CBG~£ ~@§ data bit 9~ ~Pl ~~ X-1 EE::: X-2 EE::: X-301IA-J.2.I TBS01I oH@ol-::: bit "r­

Ck£ CIJxilE!- <=rEHoJIA-J, ~~ X-1/2/3~ ~%ol-O~ zt CBGOll ~ol-::: ~"r-2.I CB~ -=jl-{g~ 9 'xlC!-. Bt'.!, <=r 

712-1- Yo! -=?-~§ 8~ CBGOll Clle!- coded bit~ ol-Ll-£I SG EE::: RBGOlll2l- □H~/~~~ "r- 'x}cl-. 

E!-t'.!, ol-Ll-£I SG ~ -=jl-{g al-::: ~ * "r- ~ data ~ ~Oll w@§ ~ * -? .=J.21 .:il/EE::: RB "r- (~ ~ TBS)01I [[f-

21- t:l~al-::: ~61 EEE!- 71-~al-cl-. 011 ~ ~Ol. (CBG "'r~ 71-i;-~ -z-'g,!al-7-fl 12}~71 ¥loH) data ~~Oll ~@§ 

~* =r71- ~=r~ SG@ ~* =r71- .::i7-JI -=jl-{g¥! =r 'x1 ° □t (CBG Nol=~ 71-i;-~ ~'g,!aj-7-JI 12}~71 !j-joH) 

data ~ ~ Oll ~@§ RB "r- ( ~ ~ TBS)7 I- ~=r~ SG@ ~ * =r::: ~7-Jl -=?-~ ~ =r 'x1 cl-. *Af-ol-7-ll, oj-q2.I 

RBG~ -=jl-{go!-::: RB =r~ data ~-§-Oil ~@§ RB 9 .=J.2I.:il/EE::: ~* =r (~~ TBS)Oll IT!-21- t:!~E!-::: 

~61 EEE!- 71-~ol-C!-. ~,~ ~o-J. (CBG =r~ 71-~~ -§-~ol-7-JI 12}~71 ¥If5H) data ~-§-011 w@§ RB =r71- ~ 

=r~ RBG@ RB "r-71- . .::V-fl -=jl-{g¥! 'r 'x1° □t (CBG Aj-ol=~ 71-i;-<S:l ~'g,!o!-7-ll 12}~71 ¥loH) data ~~Oll 

~@§ ~* 9 (~~ TBS)7!- ~=r~ RBG@RB =r::: ~7-fl -=jl-{g~ 9 'xlct. 

5) ~~ A-5: ~x-H CBG =r MI'.I- CBG A/-ol= (CBGLH CB "r-) N~ TB AJ-0I= (TBS)~£ -=jl-{g 

01 ~~£1 ~--92-, CBG -=jl-{g ~ ¥IE!- (M, N) ~gt~ :z...t TBS~£ (~Olol-7-ll) ~~ol-::: ~~Ol □t OPIA-J .A.rJI 

~'a Cll ~ CBG indication~ ¥1 E1 DCI bit "r- ';JJ/EE::: Cll ~ £1::: A/N :rrj c:: l1!f -=jl{g ~ ¥1 Et UGI payload A!-OI 

=2.1 ~¥,TBS~£~~§ MAf~-% ~ICIJAf M.max01I 7l'i='lol-Oi (~I~ ~Ol. M.max EE::: ceiling(M.max/K) 

EE::: ceiling(log2(M.max))7H 2.1 t1 I E £) ~ ~ ~ "r- 'x1 c~ {0:J 7 I Ai, K::: '2,i'QI ~ "r-, ~I ~ ~ o-j K = 2). 
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=EB ~71-~ '2.! Wtg;j 2.1 al-LL£, -¥-{:! TBS~£ ~ %~ (M, N) ±.gr.2.I :g gr~ TBS-CBG table£ ~ol-12:!, OI 2-l 

B TBS-CBG table ~? 7H ~ Al-~Ofl ~2.l/~~oH~:::: {J-EHoJIAi oH 'a "9"'T" tableg- ol-LI-~ semi-static (e.g. 

RRC) ~:::: dynamic (e.g. DCI) Al-=i~'E! ~ ~oH UEO!llil indicational-::: W-6.J ~ .::::i:12~~ ? 5:.l 0 □~, OI ?3-¥­

%'i§!B TBSOfl cH ~£1::: (M, N) ±grOI oH@ ~? TBS-CBG tablelloJI ~oloP·H -=rz.-1:g~ ? 5:,lcl-. OIO!I [[j-21-, 

UE::: indication@ oH 'a TBS-CBG table~ :g±:ol-O~ DUUL scheduling DCI ~ ~oH XIAI@ TBSOII CH ~£1::: 

(M, N) ±gr~ ~~al-.::::i:l, ~ ~@ oH 'a (M, N) ±. groJI 7 I ~ol-O~ DUUL data -§-?~ ~ A/N lil c: l.!!f ~ ~ ~ 

"f"~ol-..5:..~ %~~ 9 ~cl-. 

.':E cf-::: Wtg;f 0 £, ~x-1I TBS :gg1-~ "9"?2.I TBS ~-5?1 (range)£ LI-~ ~EHOIIAi :z.t TBS range~£ {J-olB 

CBG -=rz-{g Wtg;j ~ ~%ol-::: w~ ~ .::::i:12~~ T ~cf-. 'i§!2:1I£, ~~ TBS range 1 LffoJIAi::: ~71 Wtg;f A-1 .':E 

::: TBS~£ CBG TM~ ~Olol-lil (=E:::, CBG Aj-OI= N~ %'i§!ol-7il) -=rz.{gol-::: Wtg;j ~ ~%cl-::: ~'21, q 

::: TBS range 20!1 cfloHAi::: {J-7I ~tg;j A-2 =E::: TBS~£ CBG? M~ %'i§!ol-7-fl -=rz.-1:gol-::: Wtg;j ~ <S:1%~ 

? ~ 0 □t o I ?3-¥- DCI overhead ~ /.':E::: UCI payload~ .::::i2 2~ ol-O~ TBS range 2::: TBS range 1 OIi :;- B 

TBS~~cf- -ec TBS~£ -=rz.-1:g~ ? ~cl-. .':E cj-:::: ~tg;j 0 £, "9"?2.I TBS range :z.t:z.toJI CHoH %'i§!B CBG 

-=rz.-1:g Wtg;j~ <S:1%al-£1 TBS rangelloJI::: CBG 9/Al-0I= TI.f-21-□ IEi "61-~ ~Olol-7-ll ~%al-::: W-6.J .':E.°2171-~ 

oj-cj-_ 'i§!~~I£, TBS range 1/2 :z.t:z.toJI cfloH ~71 Wig;J A-2 =E::: TBS~£ CBG ? M~ %'i§!ol-7il -=,i{gof-::: 

~tg;j ~ ~%al-£! TBS range 1:ill- 2lloJI::: ~OIB M-6l"OI ~~-g)_ ? 5:.l 0 □t OI ?3-¥- TBS range 22.l MOI 

TBS range 12.l M~cl- -ec "61- 0 £ ~~-g)_ ? ~cl-. .':E cf-::: 'i§!2=1I£, TBS range 1/2 :z.t:z.toJI cHt;ff ~71 Wtg;j 

A-1 =E::: TBS~£ CBG Aj-ol= (CBG~ CB?) N~ %'i§!al-7il -=rz.{:ial-::: ~tg;j~ ~%01-£1 TBS range 1.TIJ 

2lloJI::: {J-Ol2J N~OI ~~-g)_? 5:.l 0 □t 01 ~-¥-TBSrange22.l NOi TBSrange12.I N~cf- -ec "61- 0 £ ~ 

6) ~tg;j A-6: data-to-resource mapping o I~ Ofl -§-'i§! B CBGOII :;- B CBlloJI interleaving ~ <S:l % 

OI Wtg;f.2.I ?3-¥-, ~~ (O:fl ~ ~o;. time-selectiveB) ITl!E! ~ 71-XI::: interference (OIi ~ ~o;, {J-7I£1- "€f:::: 

URLLC puncturing %~) ~ fil' ~ .::::i2 2fol-~ data-to-resource (RE) mapping (Oil ~ ~ o;, frequeny-first manner 

OIi 7l~B RE □H~) Ol~O!I, %'i§!E!- 0 [-LJ-2.I CBGOII :;-21 ~? CB (coded bit)llOfl inter-CB interleaving~ 

~%ol-::: ~-6.Jolcl-. -=rx·ll~ 0 £::: %~B ol-Ll-2.l CBGOII :;-£!- "9"9 CB (coded bit)OII cflol-Ot 1) :z.t CB LH 

oJIAi.£I intra-CB interleaving~ ~xi ~%B ~EHOflAi -?-71-£ inter-CB interleaving~ ~%ol-7iL!-, ~:=: 2) 

(CBG 71 ~2.1 HARO %~01 ~ ~@ ?3-¥-0!1:::) intra-CB interleaving~ {:!I ~B ~EHOflAi inter-CB interleaving 

El-~. ~71 2.~ Ail£!- ~tg;joJIAi M, N, KY.£I ?3-¥-, Ai£ c!--e- TB A!-0I=01I cfloH 44 -§-'i§!B "61- 0 £ ~~! 

XIAl£17iq, ~::: Ai£ Cl-:::: TB Af-0I=01I CHoH 44 {>}OIB Y 0 £ ~~P::IAl£17iL!-, ~:::: TB Aj-Ol=oJI [[!-

21- 'i§!¥- (e.g. N)OII cfloHAi::: -§-'i§!B Y 0 £, Lj-lJiXI (e.g. M, K)OII cflf>HAi::: 44 {>J-OIB 1'i'l 0 £ ~~/XIAI 

-g)_ ? 5:,lcj-_ =EB, ol-Ll-2.I DL data .A.7Jl~'El/~~ol "9"?2.I slotoJI ~x~ ?~£1::: W6l ~ 22~~ ?3-¥-, {J-7I 

Ail£!- ~'E;IOflAi.£1 ol-L!-2.l ~~ ~gr (SG)OI slot 0 £ -=,i{g/~~ (OI ?3-¥-, {>J-7I0!I.Ai ~~ '2.!~.,,._::: slot '2..!~ 

.,,._ £ cfl x·H al-~ ~ %)-g/ ? 5:,l cf-_ 
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1) ~tg;J 8-1:CBG '2.!I;:!/-"- {:1- 0 £ 2.::: NACKOI .£gr§ (~I:::::::) '23-'?l~ n:j[=l::!.!! 0 £ .:i1~/~~ 

01 ~igj£1 ~T, CBG .:ii~ ~~ (Oll~ ~o--l, CBG =r-/Af-ol=)OI -9-o-J~ {:1-EHOffAi time-selectiveE!- L!-~oH 

£IE!- '2:1-::::;§ CBG '2.11;:!/-"-0fl ~~ decoding error (i.e. NACK)~ .22~ol-Oi, 1) UE71- (CBG '2.11;:!/-"- {:1- 0 £) ~ 

I:!:! Jlff NACK'2.1 CBG '2.1 I;:!/-"- 2-/- □ !-XI 9.-1" NACK'2.1 CBG '2.1 I;:!/-"-~ eNBOfl lil c !Hf oPi q, ~ ::::'. 2) ~ I:!:! JlJI 

NACK'2.1 CBG '2_11;:!/-"- .:J.2-(.::il ~ \:!:!Jlfl NACK:i!f- □ J-Xf9.f NACKll distance~ lilC!Hfol-.5=.~ ~4~ =r- ~Cl-. 

OPIAi 1).:i!I- 2)£1 ~-!¥- !::;~~ 0 £, {:1-71 2-180f(A-1£1 UL resource allocation type OOfl ~%£1::::: RIV 

indication ~~ .=E::::: UL resource allocation type 1 OJI ~ %£1 ::::: combinatorial index ~~ ~ Af-% ol-O~ Al .::i 'g! 

'a~ =r- ~cf-. oj ~T, CBG T~ ~~ ::::'. {:1-71 Xii '2.)- ~igj A-1/2/3/4~ .£gr~ "r ~cf-. 

9-71-~'2_1 '2:!-ltJ££, ~=r-£1 CBG .:i1~ ~~ (Oll~ ~O!. CBG =r-/Af-o[=)-g- ol-q~ UE71- -6.J~ {:::!§!ol-.:::il, {:::! 

§18 oH@ CBG .:i1~ ~ £cJ1£, 1) {:1-712-/- Yol NACKOI .£gr§ (~I:::::::) CBG ~-'?I~ ~~ol-Oi oH9 NACK 

CBG '23-'?121- {:!§I§ CBG .:i1~ ~~~ gj-7JII eNBOll :u:1c!Hfol-7-Jq, ~::::'. 2) z.t CBG~£ 7H~~'2.! A/N l::lf 

E~ .:i=1-~ol-~ ({::1§18 CBG .:i1~ ~~2.I- gt1Jfl) eNBOII :u:11:::l::!.!lol-::::: ~~.5=. 71-~ol-cf-. OI ~TOll.5=., CBG .:i1 

~ ~~ ::::'. {:1-71 Xil'2.!- ~tg;j A-1/2/3/4~ .£gr~ =r- ~cf-. 

=EE!- 9-71-~ 0 £, eN8£¥E-J2.I CBG ~rll~"aOll.5=. {:J-71 ~ig:jOI ~%~? ~ 0 □1, .:iix-11~ 0 £ 1) (XH)~~ 

ol ?~~ ~ \:!:!Jlfl2.f- □ J-Xll:!.f CBG '2_11;:!/-"-, ~::::'. 2) ~ \:!:!i.xfJ CBG '2.11;:!/-"-2.f- p.:H)~~~ ?jxi[ CBG? LOI 

DL data scheduling DCI ~ ~ oH indication~ ? ~ c(-. o I ~-!¥-, UE::::: 1) ~ I:!:! JlJI 2.f- □ f-XI C!.f CBG '2J la.j-"- ~ 

.£g/-of-~ .:J. NOIOfl ~::::: '2_11;:!/-"-0ll cJ1~£1::::: CBG ~gt,~::::'. 2) ~ \:!:!Jlfl CBG '2.11;:!/-"-~ .£g/-0 f-oi OI~ '2:! 

~~ '2.1 L7H '2.11;:!/ -"-OIi cH ~ £1::::: CBG :g gJ-ol, oH 9- DCI ~ ~oH -"-7'-11~~£1 ~c.f-.:::il 71-~lll-?E!- {}EH OIi Ai (? 

2) '2,1-igj B-2:tree .:ii:1:.2.I CBG .:i=1-~0f1Ai 2.::: NACKO[ ~gt§ (~I::::::: AJ-O1=2.()CBG~ :u:11:::'211 

o[ ~tg;f.2.( ~-!¥-. {:1-7[ ~igj A-30l(Ai2.I- ~::::'. tree .:i1±~ 7[~ 0 £ E!- ~?£1 CBG T~ (Oil~ ~o-J. (M, N) 

.:1:gr)OI -9-o-J~ {:1-EHOIIAi, UE71- of-q2.1 !::;~ CBG T~~ {:::!§!ol-.::il {:!§I§ oH9 CBG .:ii~~ £CH£ 2.::: 
NACK~ .£ gl-of-::::: CBG '2J ~ ..A. ~ ~ ~ ol-~' oH 9- NACK CBG '2J ~ -"-2.f- {:::!§I§ CBG T~ ~ ~ ~ gj-7}JI 

eNBOll :u:1c:::'2!lol-.5=.~ ~4~? ~CL ~71Ai NACKCBG2.] ~T, 2.::: NACK~ .£g/-oJ-'2:!Ai ~,::::::: ... qo1=~ 

71-xl::::: of-q.2.1 CBG£ {:::!~£1::::: ?,;:IOI l::lJ-ieJ--6.J~ =r- ~ 0 □1, 01::::: cf-Al ~oH UE::: ~x-J tree .:i1±~ 71-XI::: 

~?S!.I CBG T~~ -g- 8'§1 CBG71- ~,::::::: Af-O1=£ 2.::: NACK~ .£gj-of-.5:.~ ol-::::: !::;~ CBG T~~ {:::! 

§lol-.:::il, {:!§I§ oH@ CBG -=?-~~ £cJI£ 2.::: NACK~ .£g/-of-::::: of-q.2.1 CBG '2_1~-"-~ ~~of-~. OI~ 

({:::!~§ CBG .:i1~ ~~2-/- gt-1J!I) eNBOll :u:1 r:::'2ljof-.5=.~ ~4~ ? ~cf-. 

.=E"E!- 0(2.J- %Atol-7-ll, {:1-71 ~'g;J A-40l(A-j2.f- y:::_ SG (~t.=E.::::: RBG) 71~£( tree T±~ 71-XI::: (Ai£ cf-::: 

SG(/RBG) Af-Oj=/=r-~ 71~ 0 £ of-:::::) ~?£1 CBG .:i=1-~OI -9-o-j~ {,J-EHOIIAi, UE71- =';~ SG(/RBG)~ 7(~ 

62 



Attorney Docket No. UT17-0756-US 

Section 1 

O .£ B t5J-Lj-.2.I CBG T{g ~ {::I~ ol-.::i:!. {::I~§ oH 'a CBG T~ ~ £,CH.£ £ :'=. NACK~ ~ gl-ol-:::: CBG 'cl 

i;;q .A.~ ~ .g of-0l oH 'a NACK CBG 'cl i;q .A.2.f- {::I~ 8 CBG T~ (~:::: 01011 CH:; £1:::: SB(/RBG) T{g) .g ~ 

~ gt-,J-1I eNB011 :.u:1 = '=!!I al-:::: W-6.J 5=. 71-~ ol-cf-. 

?71-~ 0 £,eNB£l¥,E-j.£I CBG .A.::7il~'a0115=. -~Pl ~'g;j0I ~%~ 9 91°□t -=rj;-Jl~ 0 £ ~Pl Wtg;:! A-3 ~ 

:::: A-4011A-J.2.I- ~::: tree T~~ 71-XI:::: ~9.2.I CBG T~ (O:ll ~ ~0-J, M ~JI~:::: N (~fil) ~:::: SG(/RBG) 

AI-0l""'/9)01 -?-0-J~ {:,I-EH011Ai, al-Ll-.2.I =;.g CBG -=r-~011 7lt:/-B of-Ll-£1 CBG 'c.!i;;q.A.71- Dldatascheduling 

DCI~ §-a-H indication~ 9 'x]cl-. OI 7c:J¥, UE:::: oH"a CBG 'c.!i;;q.A.01[ ~Pl- CBG ~gtol oH'a DCI~ §oH 

.A.;lil%~.£,~Cf-.::i:!_ 71-.g/.:U-?-E!- {:,I-EH01IAi ("r'H) %~~ -? '.?Jcf-. 

3) Wtg;:1 B-3: ol-Lf-.2.I HARQ process %'21- CBG -=r~ ~ cH :;.5:.1:::: A/N -=r~ ~ %'§!aP-fl %XI 

01 Wtg;:1.2.I ~¥. =;.g CBG.2.I A/N error-£ 'c.!E!- ~~2E!- RLC 2.-JJ'i!:!l.2.I DL data xua-;; ~ Wxlof-7I ¥-lal-0=I 

oi-LJ-.2.I HARQ process71- -?~£1:::: %'21- (~. ~li~ a:Jl7Jf-Xl) (eNB01IA-J.2.I xHa-;; (CBG) .A.;li[%'a 

{indication)~ ¥-IE!-) CBG -=r~ ~ oH 'a CBG -=r{g 011 CH :; .£l :::: A/N TII = '=!!I -=r~ ~ %'§! oP-11 %XI~ -? '.?J 0 

□=I, -=rx-11~ 0 £:::: =;.g HARO process ID~ 71-XI:::: DL data .A.::7➔1%~:Ua-;;011 :El~ ~%/XIA!.§ CBG T~ 

~ CH :; £1 :::: A/N TII = '=!!I -=r~ ~ oH 'a process ~ li7Jf-XI (Oil ~ ~ 0-j, -a-H 'a DL data.2.I TB~ -=r~ of-:::: £ :'=. 

CB01I CHoH decoding011 ~5~ a:Jf7Jf-XI, ~::: %'§IE!- HARO process ID-£ (NDl71- toggle.§) AH£~ DL data 

.A.51-il%~0J Al~.£171 aJJf-XI) %'§!ol-7il frXlol-5=.~ %~~ -? '.?}cl-. {:,l-7loJIAi, ~,~ ~%/XIAl.£I:::: CBG ~ 

A/N -=r-1:1 ~ ~:::: semi-static (e.g. RRC) ~::: dynamic (e.g. DCI) Al ::J. ~ 'a (O'fl ~ ~ 0-j, (initial) DL data 

scheduling DCI)~ §oH UE01I7il indication~ 9 '.?}cl-. 

E!--E:1, 01 7c:J¥ UE:::: Zr CBG~£ A/N t:il E ~ -=r~al-0=I .rrJ ='=!!!al-.£1, :z.t:z.t.2.1 CBG011 cHol-0:f decodingoJI ~ 

501-71 a7J/-XJ (oH'a CBG.2.I .A.::l-fl%'a %¥011 -E!-7-llfilOI) -a-H@ CBG011 cH-a-H NACK 0 £ .rrI='=!!1ol-5=.~ %~ 

~ 9 '.?J 0 □=1, decoding011 ~5eJ- Al~--"f'--E-j:::: (oH'a CBG.2.I .A.7'JJ~~ %¥011 -E!-7-l['ict0[, -=:i2.l.::i:!. cH :;.5:.1:::: 
HARQ process ~ li7JI-XI) oH 'a CBGO!I CH oH ACK O £ liJ = '=!!I 0 1-5=. ~ %~~ ? '.?J cf-. 

4) Wtg;:1 B-4: .A.7'il%'a8 CB/CBG ?DJ[ [Cf-2.I- CH :;.5:.1:::: A/N a-;; timing delay~ cf- 2 7i[ ~.g 

o[ Wtgj.2.f 7c:J¥, %'§IE!- c5f-LJ-.2.I TB (Af-0i""')Oll CHol-O=I %A[oJI .A.51-il~'a§ CB?~:::: CBG 9011 [[f-2.I- CH 

:; £1 :::: A/N a§- timing delay ( ~, DL data -"?={:! J].j- CH :; £1 :::: A/N TI! = '=!!I a-;; .:U Al .:U ll2i) ~ c/- 2 7il {el .g 

ol-:::: -3:! ~ .::i:!.2:f ~ ? 91 ° □=!, -=rx-JJ~ 0 £:::: .A.51-il~~§ CB ~:::: CBG ?71- ~ ~?~ CH :;.5:.1:::: A/N delay 

71- ~7il ~.g~ ? '.?}cl-. '§12.cfl-£, TB ax-ll, ~ £:'=. CB71- .A.51-il%~8 7c:J¥011 t:iloH '§I¥ CB .':E.:::: CBG71-

.A.::7➔1%'a8 ~¥011 cH :;.5:.1:::: A/N delay71- Ci ~7il {e!.g~ ? 'x.J.::i:!., %'§IE!- CBG Aj-o!= (~. CBG T~ CB 

?)~ 71-.g'fil! ~ a:.11011 Ci ~::: ?.2.I CBG71- .A.7'il%'a8 ~~011 cH :;.5:.1:::: A/N delay71- Ci ~7-fl ~.g~ -? '.?J 
0 □=1, .A.::7➔1%'a8 CBG -?71- %'§!%!~ 7c:J¥ CBG Al-0I""'71- Ci ~7il -=r~§ 7c:J¥011 cH:;£I:::: A/N delay71-

C-j ~Pil {el~~ T '.?Jc/-. 
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o[ igJ-ig;J2.[ ~¥, DL data .A.;1-Jf~'a/~~oJI ~%.s:.[::::: (041~ ~G-1, DL data scheduling DCI~ ~oH indication.5:.I 

:::::) CBG -=?-~ (041~ ~D-1. CBG ?/AJ-oi=p1J- oH@ DL data ?~Oil C1Jg.s:.1::::: A/N iilc:l::!.!!Oll ~%£1::::: CBG 

-=?-~~ {:}olol-7il 1ee!~ol-::::: ~~ .::i12f~t? 5'1° □1, -,:Z-x-11~ 0 £::::: DL data .A.7Jl~'a (DCI~ ~fl indication) 

~ ~IE!- {M, N) Igj-Jlj- A/N iilc:!::!11 -,1-~~ ~IE.I- (M, N) Igj-O[ cf-::: Y~£ 1ee!~~? S',lcl-. '§!2i[£, DL 

data .A. 7JI ~'a Oil::::: (M1, N1) .± gJ-ol, A/N Iii c: tl..!j Oil ::::: {M2, N2) I gJ-o[ 21-2-t 1ee! ~ ~ ? S'1 ° ~, ol OIi ccf-2.I­

M1 > M2 (~ N1 < N2)£ 1ee! ~ 8 case 1 Jll- M1 < M2 (~ N1 > N2)£ 1ee! ~ 8 case 2 ~ t:Jf .:ii1 ~ ~ ¥, case 1 :::: 

DCI ti[E ?::::: 871-ol-::::: ~'2:! XH~~ DL data xi-~~ A/N n[~!::!11 ti[E ?::::: g~~? 5'1° □1, case 2::::: 

DCI t:JI E ?::::: g~<5J-::::: ~'2:! Xff~'§- DL data XI-~ ~ A/N nJ~!::!11 ti! E ?::::: 871-~? '.;i'lcl-. 

6) igJ-ig;J B-6: .A.7Jl~'a8 ~? CBGOII ClloH 2-t CBG~£ A/N ~'§- timing delay~ cJ- 2 .7-11 1ee!~ 

OI ~ig;j2.I ~~. *AloJI .A.7Jl~'a8 ~?2-I CBGOII Cllal-0:I 2-t CBG~£ A/N ~~ timing delay~ cJ- 2 .7-11 
L--~= = L-. 

slot) ~ i;-!J .A.~ ~oH ~ '§-8 CBGOll Cl! g 5:.[::::: A/N delay7l- c; ~.7-11 ({:}Cl!~ 0 £ Ci tltlJ-::: 1=J ~ (EE::::: slot) 

timing~ ~off iii c:l::!.!l.s:.15=.~) 1ee!~~ ? S',lcl-. 

7) ~ig;J B-7: (M7H CBG£ -=?-~ ~) TB 8-~l 2.I (Xff )~ ~ .A. 7JI ~ 'a Oil Cl! g £1 ::::: A/N .iii c: !::!.!I -=?-~ 

01 ~ig;JQ[ ~¥. TB 8~12.I A/N tlf E -,1-~Jll- CBG 8-~12.1 A/N t:JI E T~ % D-1 L ~~ 0 £ A/N iii C:l::!.!j ~ 

?'® w:.::[ OIi Cl! ol-0:I semi-static (e.g. RRC) ~:::: dynamic (e.g. DCI) Al -=i. ~ -a (041 ~ ~ D-1, {initial) DL data 

scheduling DCI)~ ~oH UEOll7il indication-g!_? 5'1° 0 1, CBG 8~1£1 A/N ti1E -=?-~~ ~¥OIi::::: C1Jg.s:.1::::: 

A/N payload AJ-oi= (~ oH@ A/N ~~~ ~IE!- PUCCH format)71- semi-static (e.g. RRC) Al.=1.~'a~ ~oH 

1ee!~~? S'lC!-. 01 ~¥. -?-G-1~ (.::il~§) A/N payload AJ-01= (Oil~ ~D-1. M7H tilE)oJI [[t2.I- TB~ ..::;:i{1ol­

::::: ~x-11 CBG ?71- (041~ ~D-1. ~x-11 A/N t:1iE ?.2.I- *~El- M 0 £) ~~~? S'l.:::il, 01011 c[j-2.J- Ai£ ct::: 

TB Nol =011 cH oH Ai 5=. TB -=ii~ CBG ? (M)::::: *'§! otJil 1ee! ~ ~ ? S'1 ° □1, rrf-2.I-Ai TB AI-OI =oi1 c[J-2.I- ol­

q.2.1 CBG~ -,1-~ol-::::: CB ?71- cJ- 2 .7-11 (Oil~ ~D-1. TB AJ-ol=oJI til2il~~ Y 0 £) 1ee!~~? S',lcl-. Er~. 

TB~ ..::;:i{1ol-::::: ~x-11 CB ?71- -?-D-1~ A/N payload AJ-01=2-1- *~oj-7iq -=i.~cJ- ~:'.::: ~~. CBOII CIIE!­

grouping'idOI 2-t CB~£ A/N tifE~ filEfal-::::: ~~ 0 £ ~x-11 A/N Jili::::tJ..!jol -=r~~? S'1° □1, ~x-11 CB 

? NOi -?-G-1~ A/Npayload AJ-o[= M(l::l[E)~cl-~:'.::: ~¥, 1)CB~ A/NoJI ~@5:.IXI ft:'.::: qo;x1 (M-N) 

7H t:1[!=.::::: NACK 0 £ .x12-lol-7iq ~:::: 2)A/Npayload AI-OI~ Xl-x-11~ ~x-11 CB ?.2.I- *'§!oPil N(t:JIE) 0 £ 

E!-38' TB AI-OI = ~ £ oH ~ TB~ -=j2{1 al-::::: CB T ~ 01 OJI 71 ~El- CBG -=j2{1 (Oil~ ~ Oi' TB~ T~ "5t::::: 

~x-11 CBG ? M ~ 8'§1 CBG~ ..::;:i{1al-::::: CB -? N)OI □ 12-I ~oH~ -i=t~oJI rrl-2.I- ~~~ ? S'1 ° □:J, -?-G-1 

~ TBOJI 1ee!~8 CBG ?Oil 7J~al-01 A/N payload No[=~ CIJg.5:.1::::: PUCCH formatol 1ei!~-g!_? S'lct. 

Oil~ ~Oi, TB Af-OI = (OloJI eel-::: ~x-11 CBG ? M)~£ CBG 8~1 A/N ~'§-Oil Al-%£1::::: PUCCH format 

PUCCH formatol semi-static (e.g. RRC) ~ :'.::: dynamic (e.g. DCI) Al-=i. ~ 'a (Oil~ ~ G-1, DL data scheduling 

DCI) ~ ~oH UEoJI .7-11 indication~ ? S'1 ° □1, '§I 2il £ M~lJll- PUCCH format (~ ~~ PUCCH resource Ail 
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E )2-1 3" g/- ~T 7H ~ AH~:! oJI x1 ~ 5H *::: ~EH OIi Ai DCI ~ ~oH =; ~ ol-Ll-£I ± gtol indication£-l7-l LI- (OIi ~ 

~ 0-1, Mfut0I Al Al £112:! off~ MfutOll AI-B XI~§ PUCCH format (~ q..!i!. PUCCH resource A-JI E )OI XI-~ ~ 

~£I7-Jq, EE::: PUCCH formato! AIAl£I12:! off@ PUCCH formatoJI AI-B Al~§ Mfut0I XI-~~~~ 

~ ), ~::: RRC ~/££::: DCI ~ %oH MfutJ1I- PUCCH format0I :z.t:z.t ~'El~ 0 £ indication-gl_ T ~ cl-. 

_,._ ol 
.-- AA 

££ cj-~ ~ig;i O £, NY ';J.J/!:£.::: Cl!~£[::::= PUCCH format0I semi-static (e.g. RRC) ~::: dynamic (e.g. DCI) 

A[ :i lg 'a (OIi ~ ~ 0-1, DL data scheduling DCI) ~ ~off UEoJI 7-JI indication-gl_ T ~ 0 □=I, ~ 2:fl £ ~T.9.I Nfutjll­

o[ OIi [[I-~ ~T.9.I (M, PUCCH format(~ -¥-.!i!. PUCCH resource >-11 E)) 3" gj ~ AI-B Oil XI~ oH *::: ~EH oJI Ai 

DCI~ ~oH =;~ ol-q£I 3"g/-0I indication.£17-jq (Oil~ ~D-1. Ni:U0I XIAl.£I12:! 0loJI [q-e Mi:UOII x[~E 

PUCCH format (';l.J q..!i!. PUCCH resource A-JIE)OI XI-~ ~~.£17-JLI-, .!:£.::::= PUCCH formatol XIAl.£112:! 0IOII 

[[!-~ A/N payload AI-0I= (OIi~ ~D-1. M7H t::1[ E)~ 71~ 0 £ Bx-JI CBG T ';J.J CBG@ CB T71- XI-~~~ 

~ T ~ ~), ~::: RRC ~/.!:£.:::: DCI ~ ~off NfutJ1I- PUCCH formatol :z.t:z.t ~'El~ 0 £ indication~ T ~cl-. 

8) tgtg;i B-8: (TB~ -,1-{:j ol-:::: M7H CBG%) ~ 1¥1- CBG :,;q B ~ OIi Qj ~ £I :::: A/N .iii c ~ -,1-{:j 

01 tglg;j.£I :e!'i2-, TB~ -,1-{:jol-::: Bx-fl M7H CBG-g- L7H (L < M) 0lol-£I CBGOII CUE!- AHB~ .A.7'-il~'a Al, 

Opt 1) ( ~ 71 ~ig;i B-70il Ai .2.1- ~:::) TB 8¥-1 (AH )B ~ Oil Ql ~ £1 ::: A/N .:u:I c ~ £1 :el 'i2-2.I- ~ ~ E!- A/N payload 

Al-oi= (O~I~ ~D-1, M7H ti[E)71- ~~£I7-JLI- (0IOII [c:l-2.L OIi~ ~D-1 ~:x:,I A/N::: L7H t::1IEoJll21- □ H~.£I.:.;:i LI­

D-JAi (M - L)7H !:!IE::: NACK 0 £ x-12..I~ T ~~).~:::Opt 2) TB 8¥-1 (AH)B~OII Cff~.£I:::: A/N .:u:Ic~ 

£1 :e/'i2-2.I- cj-~ (OIi ~ ~D-1. Ci 4:::) A/N payload Aj-O[~ (';l.J PUCCH format)71- ~%~ ? ~ 0 □t ~71 

Opt 2£1 :e!'i2- A/N payload Aj-O[~ (~ PUCCH format)::: .A.7'-fl~-a§ CBG T LfutOII Eq2.I- rt!:e! (OIi ~ ~0-J, 

L7H t::1[E'2J- 0 £ -,1-~)~? ~Cl-. 01 :el'i2- L:::, semi-static (e.g. RRC) Al:itg-a~ ~oH ol-Ll-2-1 Y 0 £ ~~ 

dynamic (e.g. DCI) Al :i ig 'a (O~I ~ ~ 0-J, DL data scheduling DCI) ~ %off ~~ 0 £ ~ :el £1::: fut O £ UEOII 

7-11 indication~ T ~ 0 □t ffA:1-£I :e!'i2- CBG 8¥-1£1 .A.5'-JJ~'a DCI~ ~oH Bx-fl M7H CBG-g- ~lcH L7HmxI 

£1 CBGOII Cff E!- .A.7'-fl~'a 0I 71-:.:; ol-.5=.~ Cl!~ £I:::: CBG indication Al :itg 'a oj y{:j -gl_ "r ~cl-. .!::EE!- ~71-~ 

0 £,TB~ -,1-~ol-:::: Bx-II M7H CBG% L7H (L<M) 0[ol-£I CBGOil Cff5ffAi'2.!-(eNB£.!¥-E-J.9.I) AHB§- ..A..7'-fl~ 

'e!OI ?~£1.5=.~ ~~~ "r ~ 0 □=1, 01 ~T '2.!-'2..\' ..A..;rJl~'a Cl!~ CBG 971- L7H ~ ~J1l-ol-12:! TB 8¥-1£1 .A. 

7'-fl~'a (DCI -B~)~ ?~ol-.5=.~ ~4~? ~cl-. 

E!-:e:!, ~71 Opt 1J11- Opt2.9.[ ~'i2- 71~~ 0 £ TB .A.7'-il~'a/B~Oil ~I~ ~%/XIA!§ CBG -=rz-~ (Ofl~ ~D-1. 

TB~ -,1-~ol-:::: Bx-JI CBG ? M ~ 8~ CBG~ -,1-{:jol-:::: CB 9 N)OI HARO process ~'2.!- ~~ol-7-1I -rr 
x[ ~ ~ 7 I-~ ol-0=f ~ ~~ ? ~ 0 □=I, ~7 I-~~£ Opt 12.I :el 'i2- A/N payload AI-0 I = ::::= TB 8¥-1 (XH )-B §- ~ 

71~ 0 £ (O~I ~ ~0-J. M7H t::1I.!=.£) ~~ol-£I {.,!Xii A-;rJl~-aE CBGOII QloHAi'2.!- A/N .:u:I c~ ~ -=r-~ol-7I ¥-1 

ol-0~, .A.;rJl~'aE L7H CBG (:z.t:z.tol N7H£I CB£ -=r1-~) Bx-llOII ::'.:;-E!- CB~~ cl-AJ (N~CI- 4::: 9£.I CB£ 

-,1-~§) M7H CBG£ :,;H-=rz-~ol-0::f 01 ~ 7[~ 0 £ E.!- CBG 8¥-I.2.I A/N t::1I E fil~Ofl [Cl-~ Bx-fl A/N .:u:I c~ol 

-=rz-~~ T ~cl-. B:e:!, ~71 Opt2oJIAi£.I A/N :i:qct:!!jOll Qj~.£1::::= CBG :XHB~ ........_Til~'a DCl.9.I :el'i2-,1)A/N 

payload AI-0I = ~:e!OII -E:1-~lfilol Bx-ll CBG 9 M ~ 71~ 0 £ E!- :,;ffB§- CBG indication, ~::: 2) UE71-

NACK O £ :i:q c t:!!J E.!- (M7H o I ol-£I) CBG ~gt-~ B x-ll CBG -=rz-~ 0 £ 71-~ B ~EH Ofl Ai £1 CBG indication gcJ 
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.:EE!- -==?-71-~ 0 £, CBG (XH~~) ..A..rff~~Oll Cflol-0:f ~71 Opt 10llAi2l ~of ..A..rfl~~~ C8G 90fl tl-.71I'5i0I 

gr{:!- (.::il~.§1) ~~Er NN payload Af-0[= (~ PUCCH format)~ ~%~XI, OtL--I'2:J ~71 Opt 20fIAi2.f- ~01 

.A.rf[~~.§1 C8G 90II ccf-2.f- NN payload Af-o[ = (~ PUCCH format)~ (~~ 0 £) 'r.:1?3 ~%~X[Ofl Cflol-0:f, 

semi-static (e.g. RRC) ~ :::'. dynamic (e.g. DCI) Al .::::I~ 'el (~I ~ ~ o-t, DL data scheduling DCI) ~ ~oH UEOII 

7-11 indicationaH-?-::: ~615=. 71-~of-cf-. 

9) ~\;;I 8-9: (TB~ .:,:Z.{2 ol-::: M7H CBG%) ~ ¥7 I- NACK'2..! ?3 ¥-OIi '2! C8G 8¥1 £.I NN li[ c:: lclfj 

0 I ~\;;I £1 ?3 T' TB~ T{2 of-::: ~ xii M7H CBG% NACK'2..! CBG 9 7 I- L7H (L < M) 0 I ol-'2..! ?3 -5F-Ofl '2! CBG 

8¥1£1 NN :u:Ic::lclfj~ -=r{2/~~~ 9 ~ 0 □~ (~I~ ~o-t. :z.t CBG~£ 7H~~'2..! NN 1::JI~~ ~@), NACK 

'2..! CBG 971- L7H ~ ~::ilf-0 1-::: ?3¥-0II::: TB 8¥1£.1 NN iii C::lclfj ~ T{2/~~ol-5=.~ ~-6.f~ 9 ~q- 01 ?3 

¥-, L7H Ol<5f-2.I NACKOfl CfloHAi'2! CBG 8¥1 NN .rr[c::lclfj~ .:,:Z.{2ot7I rrH~OII, CBG 8¥1 (XH~~) ..A..:J-11~~ 

DCI~ ~E!- AH~~ CBG ('2..!ial..A..) indication Q:jA[ 1) ~xii M7H% L7H Dlol-.Q.f C8GOfl CflE!- indication ~E/10I 

7iLf-, ~:::: 2)UE71- NACK 0 £ lilC::llijE_f- (L7H 0[ol-9.l)CBG ~gr~ ~xii CBG .:,:Z.{2°£ 71-~E!- ~E/IOl[Ai£I 

C8G indication ~ EH£ Cfl ~ £1::: Al .::i~ ~ 01 .:,:Z.{:1~ -"r ~q . .:EE!- of ?3¥-, A-J[-!:j:!-~ 0 £ i = {1, ... , L}~ rrH 

£ :':= ilU"Oll Cf! ol-0:f ~ xii M7H CBG% PH CBG ~ ~~al-::: £ :':= .:'E gr~ '2..! lal ~ of-0~, UE::: oH@ '2..! lal ..A.~ 

g- ol-Lf-~ NACK'2..! CBG ~g!- 0 £ eN80ll7il li[ c::lclfjol-::: !Af61 ~ .::il2=j~ 9 ~cf-. 

10) ~ig;j 8-10: ~ICH CBG 971- M7H£ XilE!-£1::: ~EH2.I CBG AH~~ ..A..r([~~ ~ NN iif C::lclfj 

0I ~ig;l.9.I ?3¥-, eNB ..A..rfl~~ t!-~oJIAi ~xii CBG T{2 ~ M7H 0lof-2.I Mr7H CBG£ -=r~al-.::il .::i %OIi Ai 

L7H (L:;; Mr:;; M)2.I CBGOll CHE!- AH~-%~ UEOll7il indicational-5=.~ ~~~ 9 ~ 0 □~, o[rrH M:::'. ~o-t.5::. a!­

L--f-£I TB B~ ~:::'. ol-L--f-2.I HARQprocess ~'2.!- .::il~.§1 lll~ 71-XI::: ~'2:! Mr(~ L)-iU:::'. (AH~~) ..A..:lfl~~ 

Al~ □ l-c/- 'r.:1?3~ 9 ~cf-. 

of ?3-5F-, UE::: NN lifc::l;:!!j t!-~OIIAi Opt 1) 71-~E!- ~lefl CBG 9 M~ 71~ 0 £ NN li[c::l;:!_!j~ .:,:Z.~ (~I~ 

~o-t, ~xii NN payload Af-ol = ~ M7H l:::ll E £ .:,:Z.{2 ol-£1 {e,!x-JI ..A..:lfl~~ £!XI pJ :::'. CBGOll CH~ £1::: (M - L) 

7H l:::ll~Oll CHoHAi::: NACK .:E::: DTX£ j:-J2.l)ol-7iLf-, ~:::: Opt 2) ..A..;rJI~~ A[~oJIA-J2.I ~xii C8G 9 Mr 

~ 7[~ 0 £ NN iilc::fa!!~ -=r~ (~I~ ~o-t, ~xii A/N payload Af-of=~ Mr7H 1::JI.!=.£ -=r~af-£1 {.,!Xii ..A..rfl 

~~£Ix[ S;:::'. CBGOII Cfl~.£I::: (Mr-L)7H 1:ilEOll CfloHA-J::: NACK.:£::: DTX£ .xi2.l)ol-7iL-f-, ~:::'. Opt3) 

.A.7JI~~~ CBG 9 L~ 71~ 0 £ NN iil.!:::.lclfj~ -=r{2 (Oil~ ~o-t. ~x-1I A/N payload AJ-0I=~ L7H 1::JIE£ 

-=r{2ol-0~ ..A..rfl~~.g CBG~£ NN 1:::11 E ~ □H~/B ~)ol-5=.~ ~~~ 9 ~cf-. {:!-71 Opt 2/32.I ~¥-, Mrlll 

~:::'. LlU-Oll ccj-2.f- NN payload Af-of=7!- 'r.:1?3~ 9 ~ 0 ~, OloJI [[f-21- (Ai£ cf-~ Mr-iU ~:::'. Ai£ cf-~ Llll 

OIi 7l~B)NN iilc::l;:!!j ~~Oil Af-%£I::: PUCCHformat(~ ~5:!. PUCCHresource A-JIE) Q;jAI 'r.:I~ (~,Mr 

-iU ~:::'. LlUOII [[l-2.I- ~olal-7-il ~~)~? ~cf-. 
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gt-OIi Cflii~O:j .:,1{:1£j7-{q (~. ~x-1I CBG ~gj-OI TB ~x-112.l *~), ~::: ~x-11 CB% '=;~ ~¥OIi -=i;-£1-al-0~ 

.:,1{:1~ =r 'x]cl- (~. ~x-11 CBG ~gJ-ol TBs:>.I ~¥OIi <5H@). ~.,q2.1 ~¥-. aj-qs:>.J TB ~~ ~::'. aj-q£1 

HARO processOII Cflal-0:J '=;~ .A.Tfl~ia Al~OIIAi£1 MrY::'. OI-B .A.Tfl~ia Al~OIIAi£1 MrY~cl- gt-~ ~ 

7iLf- *~El- Y 0 £12..!- ~~.£1..5=.~ J:ilE.!-~ =r 'x]cl-. -¥-Xl-£1 ~¥- oH@ '=;~ ~¥ CB:::, 1) 0I~ .A.Tfl~ia 

Al~OIIAi .A.Tfl~ia§ L7H CBGOII ~El- CB ~gJ- 0 £ .=i12~£17iLf-, ~::'. 2) .A.Tfl~~§ L7H CBG% UE£¥ 

E-1 NACK 0 £ .iii c::1:!!f§ CBGOII ~El- CB ~gj- 0 £ .=:iJ.~~ =r 'x]cl-. 

11) ~tg:j B-11:A/N .rrjc::1:!!f ~§- 0I-BOII Xff~§- .A.Tfl~~§ (subsequent}CBGOII CHB- .x-j2.I 

'=; ~ TB (OI ~ "original TB"£ ~ gl-) =r{:) OIi CH~ £1 ::: A/N :u::1 c:: l:!!f (OI ~ "first A/N" 0 £ ~ gl-) ~ §- 01 ~ Al 

~~ ~<5H *~ TBOII CflB CBG J:ff-B§-0i .A.Tfl~~§ ~-%f-OIIAi (0I~ "subsequent CBG"£ ~gt), off@ 

subsequent CBGoJI Cfl B =r{:) combining7Jj-:;q ~~ B A/N .rr1 c:: l:!!f ~ ~ 71 first A/N Al~ ~ ~ oH -B §-al-::: * 
~ol, subsequentCBGOII CHE./- decoding ~li Al~0I Li-"¥- ~0-j~oJI ccj-2.j- ~71-.'.;;B ~¥71- ~~~ =r 'xlct. 

op I Ai £1 =r{:) combining:=, o I~ OIi =r{:) § {:) .sU I- JC-j ~§ l::l-f .IT-J ~ l:::l I~ (flush El-) -¥- subsequent CBG ~ Xi 

~al-::: *-Q-~ £1 □ 1~ =r 'x]cj-_ 0I ~¥ UE:::, 1) ¥-~ original TBOll cHoHAil2..!- decoding ~Jll-Oll eel-::: A/N 

.rr1 c::l:!!f ~ first A/N Al~~ ~oH -B§-al-2 subsequent CBGOll CfloHAi::: (OI-¥- Al~oJIAis:>.I A/N .rr1 c::l:!!f ~ ¥-1 

oH) =r{:) combining~ =r~ 0 1-7iq, ~:= 2) subsequent CBG£1 =r{:) combininglJI-XI ~~B decoding ~Jll­

Oll ffj-::: A/N :u::1 c:: l:!!f ~ first A/N Al g ~ ct '=; ~ delay12..!--g- ~ := Al g ~ § off -B ~ al-.5=. ~ *~~ =r 'xi O □1, 

0I [[H first A/N Al .goJI Ai £1 A/N ~ ~ ::'. ~ ~ (drop)£!7i L-1- EE::: original TBOll Cfl El- A/Nl2..!- ~ §-~ =r 'xi cL 

e!-38, UL data .A.Tfl~ia ~~OIIAi.5=. ~712.I- %Al-al-7il '=;~ (original) TB~~ 0I~ Al~~ §oH *~ TBOll 

CflB (subsequent)CBG XH~~0I .A.Tfl~'El~ =r 'x1° □t 0PIAi original TB -B~ Ajg (0I~ "TX timing 1" 
0 £ :g gl-)Jll- subsequent CBG -B ~ Al_g (0I ~ "TX timing 2"£ ~ gl-) ::'. Ai£ Cl- 2 '2:!Ai TX timing 271- TX 

timing 15=!..CI- Lt! Alg 0 £ XIAI~ =r 'x]cl-. OI ~¥- UE::: TX timing 1~ ~oHAi:::: .A.Tfl~ia§ original TB 

-t:! .2. %011 Ai subsequent CBGoJI oH @al-:::: CBG ~ Xii 2.j (OIi ~ ~ 0-j, off @ CBG7 I- □ H ~ § RE/RB/~ "§"Oil CH 

oH puncturing)£!- L.j-0-p;:1 {:).2.12..!-~ -B~al-.5=.~ *~~ =r 'x.1° □~, TX timing 2~ §oH-"-i::: Xff-B§- .A.Tfl~'El 

§ subsequentCBG~ .:::z.cH£ -B§-~ =r 'x]cl-. 

EEB, DL dataOII CHE!- cross-slot .A.Tfl~'El ~-%f-Oll-"-i.5=. ~712.1- %Al-al-7il '=;~ (original) TB =r{:) 01-B Af.g ~ 

~oH *~ TBOll CflB {subsequent) CBG XH-B~ol ..A..Tfl~ia~ =r 'xi 0 09, op[A-j original TB =r{:) Ajg (0I 

~ "TX timing 1" 0 £ ~gf-)Jll- subsequent CBG =r{:) A[~ (0I ~ "TX timing 2"£ ~g/-)::'. Ai£ Cl- 2 'i:!Ai TX 

timing 271- TX timing 1~cl- Lt! Al_g O £ XIAI~ =r 'x]cl-. 01 ~¥ UE:::: TX timing 1 ~ ~oHAi::: .A.Tfl~ia 

§ original TB {:) .2. -g-Oll-"-i subsequent CBGOll oH @al-::: CBG ~ Xii .2.I (OIi ~ ~ 0-j, oH@ CBG7 I- □H ~ § 

RE/RB/{:l"§"Oll CfloH puncturing)E.!- Lf-lJ-JXI {:).2.12..!-~ =r{:)al-.5=.~ *~~ =r ~.1.£ □9, TX timing 2~ ~oHAi::: 

AH-B~ .A.Tfl~'EJ§ subsequent CBG~ .:::z.cH£ =r{:)fil =r 'x]cl-. 

(C) Soft buffer ~~ tglgj 
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1) ~ig;j C-1: NACK'2..! CBGOil ~Et CB "r.2.I 8g/-~ 7l-fE 0 £ CB9 ~I~ buffer Aj-oi=~ ~~ 

01 ~ig;j 2.1 ~ ¥-, oj-Lj-£1 HARO process ~::: ol-Li-£1 TBOil w9§ TB@ (~I~) buffer Aj-0I = (Bt)Oil Cfl al-01, 

UE7/- (eNBOll} NACK 0 £ n:1cl;!JfE!- CBG(~)Oil ~Et CB "r2-l -§-g/- (Cn) 0 £ Lf--l!:- buffer AJ-01= (Be)~, 

UE "r~ -EFe:lOJIAi£1 CB@ ~I~ buffer Aj-oi= (Oil~ ~Oi, ~71 TB ~;;OJI cHal-0=I :z..J- CB~£ UE71-

buffer0ll xi;goHo~ al-:::~,~ (soft channel) t:JI.!:::. "r)£ ~~al-:::~~~ ..::il21~ "r <JJ. 0 □=1 (OIi~ ~D-1. Be= 

Bt/Cn), 01011 cH£!--=?-x-ll~'2..! ~2=11£ {:J-71 2-190llAi£1 o!-2.ll "r~OllAi c~ Cn°£ Cflx-llol-01 ~%0 1-::: =3d~ 

.:i121 ~ "r 'JJ. cl-. 

•{N l N :oft J) nSB = fill ch' DL • 
C. N cells • K MIMO . m1n(M DL_HARQ, Mliinit ) 

01 ~¥-, TB 8~1£1 NN n:1cl;!Jf~ 71~ 0 £ ol-::: 7j';'.':' ~~ill- t:Jliil~~ [[Jj (OIi~ ~Oi. C > Cn'2..! -E:!-7-11£) 

CB@ ~I~ buffer Aj-0I = ~ ~71-AI ~ "r 'JJ.::: ;g~ OI 'Jl O □=I, 0I IIll ol-Lf-£1 HARO process ~::: ol-Lf-2.I TB 

~;;OJI ~%£1::: Cn£1 ~.!¥-, 1) CBG 8~1£ -=?-~§ ~,~ NN n:1cl;!Jf (01% NACK'2..! CBG)'2..l-~ 7lfr 0 £ 

~~ (~, ol~7il ~~§ Cn~ HARO process ~lilJi-XI -§-~"6"!-7-JI ~%)oPiL!-, ~::: 2) AfN ~% Al~ □ l-cl­

:z..J- Al~OilAi£1 NN n:1 cl.!!! (01% NACK'2..! CBG)~ 7lfr 0 £ ~~ (~. Cn~ □ H --A.7'-Jl~~/.Ii:lcl;!Jf Al~OJIAi 

£1 NACKCBGOJI [[j-2.j- ~~al-0=! ~%)ol-5::.~ %~~ "r <JJ.c!-. 

2) ~ig;i C-2: AH~;; CBG ~-2.0ll cH E!- eNBOJI Ai £I (limited/circular buffer) rate-matching %~ 

01 ~ig;J.£1 ~~. eNB -2:!-~0JIAi (UE£¥E-f) NACK 0 £ n:J cl;!Jj.g ~::: AH~-§-0I ~£.~ ~x-ll CBG~ 7lfr 0 

£ (limited/circular buffer) rate-matching~ "r ~ w ITII OJI, NN error£ '2..! oH eNB -2:!-~ OJI Ai 2.1 NACK CBG2.f­

UE7 I- n:lc!;!JfE!- NACK CBG:V ~~;j:171- ~~%t "r 'Jl:::C:fl, 012-1£1- ~~~,~ ~0H71 ~lal-01 1) eNB::: (UE 

£¥E-I) NACK 0 £ n:1 c '2!J .§ (~:::. ACK n:1 c l;!Jf ~ 9~01-:x1 ~£!-} £::: CBGOJI cH aH gt~ BlJ-i ';!:!Ollt-§-Al<>H 

AH~;; --A.7'JI~~ ~ "r~al-5::.~ %~ (UE::: 01 ~ 71-~lll-?-£!-- ~EHOJIAi %~)ol-7iLj- (~, ~¥ NACK CBG 

OJI CH5HAi'2J- AH~% --A.7'Jl~~ol-::: %~~ o-1%ol-XI &;;), ~::: 2) (eNBOllAi.£1 ~x-ll NACK CBG% ~¥OJI 

cHoHAi'2..l- AH~;; --A.7'Jl~~ol-::: %~~ o-J%ol-.S:.I) eNB ~~OJIAi NACK 0 £ n:Jcl;!Jj.g ~::: AHB;;ol ~£.~ 

( ~ ::=' ACK TII C l;!Jj ~ "r-t:1 ol-XI ~ £1-) ~ x-ll CBG ~ .!ii. (OIi ~ ~ Oi, NACK CBG "r/'21 'al _A.)~ DL data 

scheduling DCI~ ~oH UEOJl7il indicationol-::: %~~ ..::il21~ "r 51q_ 

01 ~.!¥-Oll.5:_, oj-Lj-£1 HARO process ~::: o/-Lf-.£1 TBOJI w@§ TB@ (~I~) buffer Aj-01= (Bt)Oil Cflol-0t 

eNB -2:!-~0JIAi NACK 0 £ n:1 cl;!Jj.g ~::: .xu~;;oJ ~£.El-(~:::. ACK n:J cl;tlj ~ "r~ol-XI ~B) CBG(~)Oll 

4f £1- CB "r2-I 8 gJ- (Cn) 0 £ L!--l!:- buffer AI-0I = (Be)~, eNB ~;; -El-~ OJI Ai £1 CB~ ~I~ buffer AI-0I = £ 

~ ~ □1-::: w~ ~ ..::il 2=1 ~ T 51 ° □=I (Oil ~ ~ Oi. Be = Bt / Cn), 01 OJI cH El- -=?-x-11 ~ '2..! ~ 2~1 £ {:1-71 2-19011 Ai 2.1 

oj-2.lj "r~OIIAi c~ Cn°£ CHx-llol-01 ~%al-::: ?.:!~ ..::il2=jw T )1cl-. 
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OlrrHoJl1,TB 8~ :AHB~'2..!-~ ~%at::: 712 ~6-Jjlt tlliil~~ ITH (O~I~ ~o-f,C>Cn<2..! -E:!-711£)CB~ ~l-'i::: 

buffer AtOI~~ ~7tAI~ 9- 9.1::: ~~OI 9J 0 □t ol-Lf-2.I TB B~oJI ~%£1::: Cn2.I ~¥, 1) ~l.cE£ 9-~ 

§ CBG 8~1 AijB~ Al~~ 71~ 0 £ ~~ (~, 01'~!7-U ~~§ Cn~ HARQ process ~kmx1 ~~oP-11 

~%)ol-7-IL!-, ~:= 2) CBG 8~1 J:ffB§- Al~ □ l-ct ~~ (~, ZJ- Al~~ 71~ 0 £ NACK 0 £ .TI.I =l:!!J§ 

:AH~§-OI ~.RH(~:=, ACK lil =l:!!J ~ 9-~ol-A:I ~H) CBG ?OIi rrl-2-1- ~~)ot.5:_~ -s~%t 9- 9Jcl-. 
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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 radio services (GPRS). The long-term evolution (L TE) of UMTS is under discussion by the 3rd 

generation partnership project (3GPP) that standardized UMTS. 

[0002] The 3GPP L TE is a technology for enabling high-speed packet communications. Many 

schemes have been proposed for the L TE objective including those that aim to reduce user and provider 

costs, improve service quality, and expand and improve coverage and system capacity. The 3G L TE 

requires reduced cost per bit, increased service availability, flexible use of a frequency band, a simple 

structure, an open interface, and 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 L TE system. The 

communication network is widely deployed to provide a variety of communication services such as voice 

(VoIP) through IMS and packet data. 

[0004) As illustrated in FIG. 1, the E-UMTS network 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 
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selection for handovers with MME change, SGSN selection for handovers to 2G or 3G 3GPP access 

networks, Roaming, Authentication, Bearer management functions including dedicated bearer 

establishment, Support for PWS (which includes ETWS and CMAS) message transmission. The SAE 

gateway host provides assorted functions including Per-user based packet filtering (by e.g. deep packet 

inspection), Lawful Interception, UE IP address allocation, Transport level packet marking in the downlink, 

UL and DL service level charging, gating and rate enforcement, DL rate enforcement based on APN­

AMBRFor clarity MME/SAE gateway 30 will be referred to herein simply as a "gateway," but it is 

understood that this entity includes both an MME and an SAE gateway. 

(0009] A plurality of nodes may be connected between eNodeB 20 and gateway 30 via the S1 

interface. The eNodeBs 20 may be connected to each other via an X2 interface and neighboring eNodeBs 

may have a meshed network structure that has the X2 interface. 

(001 OJ 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, L TE-IDLE state management, 

ciphering of the user plane, System Architecture Evolution (SAE) bearer control, and ciphering and integrity 

protection of Non-Access Stratum (NAS) signaling. 

(0011] FIGS. 3(a) and 3(b) are block diagrams depicting the user-plane protocol and the control-

plane protocol stack for the E-UMTS. As illustrated, the protocol layers may be divided into a first layer 

(L 1), a second layer (L2) and a third layer (L3) based upon the three lower layers of an open system 

interconnection (OSI) standard model that is well known in the art of communication systems. 

(0012] The physical layer, the first layer (L 1 ), provides an information transmission service to an 

upper layer by using a physical channel. The physical layer is connected with a medium access control 

(MAC) layer located at a higher level through a transport channel, and data between the MAC layer and the 

physical layer is transferred via the transport channel. Between different physical layers, namely, between 

physical layers of a transmission side and a reception side, data is transferred via the physical channel. 

(0013] The MAC layer of Layer 2 (L2) provides services to a radio 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 1Pv4 or 1Pv6, can be efficiently sent over a radio (wireless) interface that has a relatively 

small bandwidth. 
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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. 

[0016] 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, L TE_IDLE mobility handling, paging 

origination in L TE_IDLE, and security control for the signaling between the gateway and UE 10. 

[0001) The RRC state may be divided into two different states such as a RRC_IDLE and a 

RRC_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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A physical channel transfers signaling and data between layer L 1 of a UE and eNB. As 

illustrated in FIG. 4, the physical channel transfers the signaling and data with a radio resource, which 

consists of one or more sub-carriers in frequency and one more symbols in time. 

[0008] One sub-frame, which is 1.0 ms. in length, consists of several symbols. The particular 

symbol(s) of the sub-frame, such as the first symbol of the sub-frame, can be used for downlink control 

channel(PDCCH). PDCCHs carries dynamic allocated resources, such as PRBs and MCS 

[0009] A transport channel transfers signaling and data between the L 1 and MAC layers. A 

physical channel is mapped to a transport channel. 

[001 OJ Downlink transport channel types include a Broadcast Channel (BCH), a Downlink Shared 

Channel (DL-SCH), a Paging Channel (PCH) and a Multicast Channel (MCH). The BCH is used for 

transmitting system information. The DL-SCH supports 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 control 

channels for the transfer of control plane information and traffic channels for the transfer of user plane 

information. 

[0014] Control channels are used for transfer of control plane information only. The control 

channels provided by MAC include a Broadcast Control Channel (BCCH), a Paging Control Channel 

(PCCH), a Common Control Channel (CCCH), a Multicast Control Channel (MCCH) and a Dedicated 

Control Channel (DCCH). The BCCH is a downlink channel for broadcasting system control information. 

The PCCH is a downlink channel that transfers paging information and is used when the network does not 

know the location cell of a UE. The CCCH is used by UEs having no RRC connection 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. 

[0018] When a UE wishes to access the network and determines a message to be transmitted, 

the message may be linked to a purpose and a cause value may be determined. The size of the ideal 

message number 3 illustrated in FIG. 5 may also be determined by identifying all optional information and 

different 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 calculated according to the 

following formula: 

[0023] Transmit power= TransmitPilot - RxPilot + Ullnterference +Offset+ SNRRequired. 
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Therefore, any combination of SNRRequired, Ullnterference, TransmitPilot and Offset can 

be broadcast. In principle, only one value must be broadcast. This is essentially the method in current 

UMTS systems, although the UL interference in L TE will mainly be neighboring cell 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 absolute 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 I 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 preamble 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 and 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 signature. 

[0031) 

[0032) 

[0033) Brief Description of the Drawings 

[0034) FIG. 1 illustrates a block diagram illustrating network structure of an evolved universal 

mobile telecommunication system (E-UMTS). 

[0035) 

EPC. 

[0036) 

[0037) 

[0038) 

[0039] 

FIG. 2 illustrates a block 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. 

[0040) 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) 
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Fig. 3(b) 
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Fig. 4 
Structure of the physical channel 
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Fig. 5 
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