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USER EQUIPMENTS, BASE STATIONS AND METHODS 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
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license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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USER EQUIPMENTS, BASE STATIONS AND METHODS 

TECHNICAL FIELD 

[0001] The present disclosure relates generally to communication systems. More 

specifically, the present disclosure relates to new signaling, procedures, user equipment 

(UE) and base stations for user equipments, base stations and methods. 

BACKGROUND 

[0002] Wireless communication devices have become smaller and more powerful in 

order to meet consumer needs and to improve portability and convenience. Consumers 

have become dependent upon wireless communication devices and have come to expect 

reliable service, expanded areas of coverage and increased functionality. A wireless 

communication system may provide communication for a number of wireless 

communication devices, each of which may be serviced by a base station. A base station 

may be a device that communicates with wireless communication devices. 

[0003] As wireless communication devices have advanced, improvements m 

communication capacity, speed, flexibility and/or efficiency have been sought. However, 

improving communication capacity, speed, flexibility and/or efficiency may present 

certain problems. 

[0004] For example, wireless communication devices may communicate with one or 

more devices using a communication structure. However, the communication structure 

used may only offer limited flexibility and/or efficiency. As illustrated by this discussion, 

systems and methods that improve communication flexibility and/or efficiency may be 

beneficial. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] Figure 1 is a block diagram illustrating one implementation of one or more 

gNBs and one or more user equipments (UEs) in which systems and methods for uplink 

transmission may be implemented; 

[0006] Figure 2 is a diagram illustrating one example of a resource grid for the 

downlink; 

[0007] 

uplink; 

[0008] 

reg10ns; 

[0009] 

Figure 3 1s a diagram illustrating one example of a resource grid for the 

Figure 4 shows examples of downlink (DL) control channel monitoring 

Figure 5 shows examples of DL control channel which includes more than one 

control channel elements; 

[0010] Figure 6 illustrates an example of uplink (UL) transmissions; 

[0011] Figure 7 illustrates an example where one or more UL reference signals (RSs) 

transmitted on a UL antenna port are mapped to the same resource elements; 

[0012] Figure 8 illustrates an example where one or more UL RS(s) transmitted on a 

UL antenna port are mapped to different resource elements; 

[0013] 

[0014] 

[0015] 

[0016] 

Figure 9 shows another example of uplink transmissions; 

Figure 10 illustrates various components that may be utilized in a UE; 

Figure 11 illustrates various components that may be utilized in a gNB; 

Figure 12 is a block diagram illustrating one implementation of a UE in which 

systems and methods for performing uplink transmissions may be implemented; 

[0017] Figure 13 is a block diagram illustrating one implementation of a gNB m 

which systems and methods for performing uplink transmissions may be implemented; 

Figure 14 shows examples of several numerologies; [0018] 

[0019] Figure 15 shows examples of subframe structures for the numerologies that 

are shown in Figure 14; 

[0020] 

[0021] 

Figure 16 shows examples of slots and sub-slots; 

Figure 17 shows examples of scheduling timelines; 
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[0022] 

[0023] 

[0024] 

Figure 18 is a block diagram illustrating one implementation of a gNB; 

Figure 19 is a block diagram illustrating one implementation of a UE; 

Figure 20 illustrates an example of control resource unit and reference signal 

structure; 

[0025] Figure 21 illustrates another example of control resource unit and reference 

signal structure; 

[0026] Figure 22 illustrates another example of control resource unit and reference 

signal structure; 

[0027] Figure 23 illustrates another example of control resource unit and reference 

signal structure; 

[0028] Figure 24 illustrates an example of control channel and shared channel 

multiplexing; 

[0029] Figure 25 illustrates an example of slot based channels; 

[0030] Figure 26 illustrates an example of multiplexing of slot based channels and 

sub-slot based channels; 

[0031] Figure 27 illustrates another example of multiplexing of slot based channels 

and sub-slot based channels; 

[0032] Figure 28 illustrates another example of multiplexing of slot based channels 

and sub-slot based channels; 

[0033] Figure 29 illustrates another example of control channel and shared channel 

multiplexing; 

[0034] Figure 30 illustrates an example of sub-slot structure; 

[0035] Figure 31 illustrates another example of sub-slot structure; 

[0036] Figure 32 illustrates another example of control channel and shared channel 

multiplexing; 

[0037] Figure 33 illustrates an example of control channel mapping; 

[0038] Figure 34 illustrates an example of downlink scheduling and a Hybrid 

Automatic Repeat reQuest (HARQ) timeline; 

[0039] Figure 35 illustrates an example of uplink scheduling timeline; 
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[0040] Figure 36 illustrates an example of downlink aperiodic Channel State 

information-reference signal (CSI-RS) transmission timeline; 

[0041] Figure 37 illustrates an example of uplink aperiodic Sounding Reference 

Signals (SRS) transmission timeline; 

[0042] Figure 38 illustrates a table specifying values for explicit timing indications; 

[0043] Figure 39 illustrates another table specifying values for explicit timing 

indications; 

[0044] Figure 40 illustrates an example of resource sharing within a control channel 

resource set between control channel and shared channel; and 

[0045] Figure 41 illustrates an example of resource sharing between control channel 

and shared channel. 

DETAILED DESCRIPTION 

[0046] A user equipment (UE) is described. The UE may include a higher layer 

processor configured to acquire a dedicated radio resource control (RRC) message. The 

dedicated RRC message may include first information and second information. The first 

information may indicate a configuration of a control resource set. The second 

information may indicate whether frequency-first mapping or time-first mapping applies 

to a physical downlink control channel (PDCCH) in the control resource set. The UE may 

also include PDCCH receiving circuitry configured to monitor the PDCCH on the basis 

of the second information. 

[0047] A base station apparatus is also described. The base station apparatus includes 

a higher layer processor configured to send a dedicated radio resource control (RRC) 

message. The dedicated RRC message may include first information and second 

information. The first information may indicate a configuration of a control resource set. 

The second information may indicate whether frequency-first mapping or time-first 

mapping applies to a physical downlink control channel (PDCCH) in the control resource 

set. The base station apparatus may also include PDCCH transmitting circuitry configured 

to transmit the PDCCH on the basis of the second information. 
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[0048] A first implementation of systems and methods for scheduling transmissions 

is described herein. The 3rd Generation Partnership Project, also referred to as "3GPP," is 

a collaboration agreement that aims to define globally applicable technical specifications 

and technical reports for third and fourth generation wireless communication systems. 

The 3GPP may define specifications for next generation mobile networks, systems and 

devices. 

[0049] 3GPP Long Term Evolution (LTE) is the name given to a project to improve 

the Universal Mobile Telecommunications System (UMTS) mobile phone or device 

standard to cope with future requirements. In one aspect, UMTS has been modified to 

provide support and specification for the Evolved Universal Terrestrial Radio Access (E­

UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN). 

[0050] At least some aspects of the systems and methods disclosed herein may be 

described in relation to the 3GPP LTE, LTE-Advanced (LTE-A) and other standards 

(e.g., 3GPP Releases 8, 9, 10, 11 and/or 12). However, the scope of the present disclosure 

should not be limited in this regard. At least some aspects of the systems and methods 

disclosed herein may be utilized in other types of wireless communication systems. 

[0051] A wireless communication device may be an electronic device used to 

communicate voice and/or data to a base station, which in tum may communicate with a 

network of devices (e.g., public switched telephone network (PSTN), the Internet, etc.). 

In describing systems and methods herein, a wireless communication device may 

alternatively be referred to as a mobile station, a UE, an access terminal, a subscriber 

station, a mobile terminal, a remote station, a user terminal, a terminal, a subscriber unit, 

a mobile device, etc. Examples of wireless communication devices include cellular 

phones, smart phones, personal digital assistants (PDAs), laptop computers, netbooks, e­

readers, wireless modems, etc. In 3GPP specifications, a wireless communication device 

is typically referred to as a UE. However, as the scope of the present disclosure should 

not be limited to the 3GPP standards, the terms "UE" and "wireless communication 

device" may be used interchangeably herein to mean the more general term "wireless 
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communication device." A UE may also be more generally referred to as a terminal 

device. 

[0052] In 3GPP specifications, a base station is typically referred to as a Node B, an 

evolved Node B (eNB), a home enhanced or evolved Node B (HeNB) or some other 

similar terminology. As the scope of the disclosure should not be limited to 3GPP 

standards, the terms "base station," "Node B," "eNB," and "HeNB" may be used 

interchangeably herein to mean the more general term "base station." Furthermore, the 

term "base station" may be used to denote an access point. An access point may be an 

electronic device that provides access to a network (e.g., Local Area Network (LAN), the 

Internet, etc.) for wireless communication devices. The term "communication device" 

may be used to denote both a wireless communication device and/or a base station. An 

eNB may also be more generally referred to as a base station device. 

[0053] It should be noted that as used herein, a "cell" may be any communication 

channel that is specified by standardization or regulatory bodies to be used for 

International Mobile Telecommunications-Advanced (!MT-Advanced) and all of it or a 

subset of it may be adopted by 3GPP as licensed bands (e.g., frequency bands) to be used 

for communication between an eNB and a UE. It should also be noted that in E-UTRA 

and E-UTRAN overall description, as used herein, a "cell" may be defined as 

"combination of downlink and optionally uplink resources." The linking between the 

carrier frequency of the downlink resources and the carrier frequency of the uplink 

resources may be indicated in the system information transmitted on the downlink 

resources. 

[0054] "Configured cells" are those cells of which the UE is aware and is allowed by 

an eNB to transmit or receive information. "Configured cell(s)" may be serving cell(s). 

The UE may receive system information and perform the required measurements on all 

configured cells. "Configured cell(s)" for a radio connection may include a primary cell 

and/or no, one, or more secondary cell(s). "Activated cells" are those configured cells on 

which the UE is transmitting and receiving. That is, activated cells are those cells for 

which the UE monitors the physical downlink control channel (PDCCH) and in the case 
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of a downlink transmission, those cells for which the UE decodes a physical downlink 

shared channel (PDSCH). "Deactivated cells" are those configured cells that the UE is 

not monitoring the transmission PDCCH. It should be noted that a "cell" may be 

described in terms of differing dimensions. For example, a "cell" may have temporal, 

spatial (e.g., geographical) and frequency characteristics. 

[0055] The 5th generation communication systems, dubbed NR (New Radio 

technologies) by 3GPP, envision the use of time/frequency/space resources to allow for 

services, such as eMBB (enhanced Mobile Broad-Band) transmission, URLLC (Ultra­

Reliable and Low Latency Communication) transmission, and eMTC (massive Machine 

Type Communication) transmission. Also, in NR, single-beam and/or multi-beam 

operations is considered for downlink and/or uplink transmissions. 

[0056] In order for the services to use the time/frequency/space resource efficiently, it 

would be useful to be able to efficiently control uplink transmissions. Therefore, a 

procedure for efficient control of uplink transmissions should be designed. However, the 

detailed design of a procedure for uplink transmissions has not been studied yet. 

[0057] According to the systems and methods described herein, a UE may transmit 

multiple reference signals (RSs) associated with one or more Transmission Reception 

Points (TRPs) on a UL antenna port. For example, multiple UL RSs respectively 

associated with one or more TRPs may be transmitted on a UL antenna port. Namely, 

there may be one or more UL RSs transmitted per UL antenna port. Also, there may be 

one or more UL RSs transmitted per TRP. 

[0058] In an example, one TRP may be associated with one UL antenna port. In 

another example, one TRP may be associated with multiple UL antenna port(s). In 

another example, multiple TRP(s) may be associated with multiple UL antenna port(s). In 

yet another example multiple antenna port(s) may be associated with one UL antenna 

port. The TRP(s) described herein are assumed to be included in the antenna port(s) for 

the sake of simple description. 

[0059] Here, for example, multiple UL RSs transmitted on an UL antenna port may 

be defined by a same sequence (e.g., a demodulation reference signal sequence, and/or a 
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reference signal sequence). For example, the same sequence may be generated based on a 

first parameter configured by a higher layer. The first parameter may be associated with a 

cyclic shift, and/or information associated with a beam index. 

[0060] Or, multiple UL RSs transmitted on an UL antenna port may be identified by a 

different sequence. Each of the different signal sequence may be generated based on each 

of more than one second parameter(s) configured by a higher layer. One second parameter 

among more than one second parameters may be indicated by DCI. Each of the second 

parameters may be associated with a cyclic shift, and/or information associated with a 

beam index. 

[0061] Also, resource element(s) to which multiple UL RSs transmitted on a UL 

antenna port are mapped may be defined by the same value of a frequency shift. For 

example, the same value of the frequency shift may be given by a third parameter 

configured by a higher layer. The third information may be associated with a beam index. 

[0062] Alternatively, resource element(s) to which multiple UL RSs transmitted on a 

UL antenna port are mapped may be identified by different values of a frequency shift. 

Each of the different values of the frequency shift may be given by each of more than one 

fourth parameter(s) configured by a higher layer. One fourth parameter among more than 

one parameters may be indicated by DCI. Each of the fourth parameters may be 

associated with a beam index. 

[0063] Various examples of the systems and methods disclosed herein are now 

described with reference to the Figures, where like reference numbers may indicate 

functionally similar elements. The systems and methods as generally described and 

illustrated in the Figures herein could be arranged and designed in a wide variety of 

different implementations. Thus, the following more detailed description of several 

implementations, as represented in the Figures, is not intended to limit scope, as claimed, 

but is merely representative of the systems and methods. 

[0064] Figure I is a block diagram illustrating one implementation of one or more 

gNBs 160 and one or more UEs 102 in which systems and methods for uplink 

transmission may be implemented. The one or more UEs I 02 communicate with one or 
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more gNBs 160 using one or more physical antennas 122a-n. For example, a UE 102 

transmits electromagnetic signals to the gNB 160 and receives electromagnetic signals 

from the gNB 160 using the one or more physical antennas 122a-n. The gNB 160 

communicates with the UE 102 using one or more physical antennas 180a-n. 

[0065] The UE 102 and the gNB 160 may use one or more channels and/or one or 

more signals 119, 121 to communicate with each other. For example, the UE 102 may 

transmit information or data to the gNB 160 using one or more uplink channels 121. 

Examples of uplink channels 121 include a physical shared channel (e.g., PUSCH 

(Physical Uplink Shared Channel)), and/or a physical control channel (e.g., PUCCH 

(Physical Uplink Control Channel)), etc. The one or more gNBs 160 may also transmit 

information or data to the one or more UEs 102 using one or more downlink channels 

119, for instance. Examples of downlink channels 119 physical shared channel (e.g., 

PDSCH (Physical Downlink Shared Channel), and/or a physical control channel (PDCCH 

(Physical Downlink Control Channel)), etc. Other kinds of channels and/or signals may 

be used. 

[0066] Each of the one or more UEs 102 may include one or more transceivers 118, 

one or more demodulators 114, one or more decoders 108, one or more encoders 150, one 

or more modulators 154, a data buffer 104 and a UE operations module 124. For 

example, one or more reception and/or transmission paths may be implemented in the UE 

102. For convenience, only a single transceiver 118, decoder 108, demodulator 114, 

encoder 150 and modulator 154 are illustrated in the UE 102, though multiple parallel 

elements (e.g., transceivers 118, decoders 108, demodulators 114, encoders 150 and 

modulators 154) may be implemented. 

[0067] The transceiver 118 may include one or more receivers 120 and one or more 

transmitters 158. The one or more receivers 120 may receive signals from the gNB 160 

using one or more antennas 122a-n. For example, the receiver 120 may receive and 

downconvert signals to produce one or more received signals 116. The one or more 

received signals 116 may be provided to a demodulator 114. The one or more transmitters 

158 may transmit signals to the gNB 160 using one or more physical antennas 122a-n. 
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For example, the one or more transmitters 158 may upconvert and transmit one or more 

modulated signals 156. 

[0068] The demodulator 114 may demodulate the one or more received signals 116 to 

produce one or more demodulated signals 112. The one or more demodulated signals 112 

may be provided to the decoder 108. The UE 102 may use the decoder 108 to decode 

signals. The decoder 108 may produce decoded signals 110, which may include a UE­

decoded signal 106 (also referred to as a first DE-decoded signal 106). For example, the 

first DE-decoded signal 106 may comprise received payload data, which may be stored in 

a data buffer 104. Another signal included in the decoded signals 110 (also referred to as 

a second DE-decoded signal 110) may comprise overhead data and/or control data. For 

example, the second DE-decoded signal 110 may provide data that may be used by the 

UE operations module 124 to perform one or more operations. 

[0069] In general, the UE operations module 124 may enable the UE 102 to 

communicate with the one or more gNBs 160. The UE operations module 124 may 

include one or more of a UE scheduling module 126. 

[0070] The UE scheduling module 126 may perform uplink transmissions. The uplink 

transmissions include data transmission transmission) and/or uplink reference signal 

transmission. 

[0071] In a radio communication system, physical channels (uplink physical channels 

and/or downlink physical channels) may be defined. The physical channels (uplink 

physical channels and/or downlink physical channels) may be used for transmitting 

information that is delivered from a higher layer. For example, PCCH (Physical Control 

Channel) may be defined. PCCH is used to transmit control information. 

[0072] In uplink, PCCH (e.g., Physical Uplink Control Channel (PUCCH)) is used 

for transmitting Uplink Control Information (UCI). The UCI may include Hybrid 

Automatic Repeat Request (HARQ-ACK), Channel State information (CSI), and/or 

Scheduling Request (SR). The HARQ-ACK is used for indicating a positive 

acknowledgement (ACK) or a negative acknowledgment (NACK) for downlink data (i.e., 

Transport block(s), Medium Access Control Protocol Data Unit (MAC PDU), and/or 
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Downlink Shared Channel (DL-SCH)). The CSI is used for indicating state of downlink 

channel. Also, the SR is used for requesting resources of uplink data (i.e., Transport 

block(s), MAC PDU, and/or Uplink Shared Channel (UL-SCH)). 

[0073] In downlink, PCCH (e.g., Physical Downlink Control Channel (PDCCH)) may 

be used for transmitting Downlink Control Information (DCI). Here, more than one DCI 

formats may be defined for DCI transmission on the PCCH. Namely, fields may be 

defined in the DCI format, and the fields are mapped to the information bits (i.e., DCI 

bits). For example, a DCI format lA that is used for scheduling of one physical shared 

channel (PSCH) (e.g., PDSCH, transmission of one downlink transport block) in a cell is 

defined as the DCI format for the downlink. 

[0074] Also, for example, a DCI format O that is used for scheduling of one PSCH 

(e.g., PUSCH, transmission of one uplink transport block) in a cell is defined as the DCI 

format for the uplink. For example, information associated with PSCH (a PDSCH 

resource, PUSCH resource) allocation, information associated with modulation and 

coding scheme (MCS) for PSCH, and DCI such as Transmission Power Control (TPC) 

command for PSCH and/or PCCH are included the DCI format. Also, the DCI format 

may include information associated with a beam index and/or an antenna port. The beam 

index may indicate a beam used for downlink transmissions and uplink transmissions. 

The antenna port may include DL antenna port and/or UL antenna port. 

[0075] Also, for example, PSCH may be defined. For example, in a case that the 

downlink PSCH resource (e.g., PDSCH resource) is scheduled by using the DCI format, 

the UE 102 may receive the downlink data, on the scheduled downlink PSCH resource. 

Also, in a case that the uplink PSCH resource (e.g., PUSCH resource) is scheduled by 

using the DCI format, the UE 102 transmits the uplink data, on the scheduled uplink 

PSCH resource. Namely, the downlink PSCH is used to transmit the downlink data. And, 

the uplink PSCH is used to transmit the uplink data. 

[0076] Furthermore, the downlink PSCH and the uplink PSCH are used to transmit 

information of higher layer (e.g., Radio Resource Control (RRC)) layer, and/or MAC 

layer). For example, the downlink PSCH and the uplink PSCH are used to transmit RRC 
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message (RRC signal) and/or MAC Control Element (MAC CE). Here, the RRC message 

that is transmitted from the gNB 160 in downlink may be common to multiple UEs 102 

within a cell (referred as a common RRC message). Also, the RRC message that is 

transmitted from the gNB 160 may be dedicated to a certain UE 102 (referred as a 

dedicated RRC message). The RRC message and/or the MAC CE are also referred to as a 

higher layer signal. 

[0077] Furthermore, in the radio communication for uplink, UL RS(s) is used as 

uplink physical signal(s). The uplink physical signal is not used to transmit information 

that is provided from the higher layer, but is used by a physical layer. For example, the 

UL RS(s) may include the demodulation reference signal(s), the DE-specific reference 

signal(s), the sounding reference signal(s), and/or the beam-specific reference signal(s). 

The demodulation reference signal(s) may include demodulation reference signal(s) 

associated with transmission of uplink physical channel (e.g., PUSCH and/or PUCCH). 

[0078] Also, the DE-specific reference signal(s) may include reference signal(s) 

associated with transmission of uplink physical channel (e.g., PUSCH and/or PUCCH). 

For example, the demodulation reference signal(s) and/or the DE-specific reference 

signal(s) may be a valid reference for demodulation of uplink physical channel only if the 

uplink physical channel transmission is associated with the corresponding antenna port. 

The gNB 160 may use the demodulation reference signal(s) and/or the DE-specific 

reference signal(s) to perform (re)configuration of the uplink physical channels. The 

sounding reference signal may be used to measure an uplink channel state. 

[0079] The UE operations module 124 may provide information 148 to the one or 

more receivers 120. For example, the UE operations module 124 may inform the 

receiver(s) 120 when to receive retransmissions. 

[0080] The UE operations module 124 may provide information 138 to the 

demodulator 114. For example, the UE operations module 124 may inform the 

demodulator 114 of a modulation pattern anticipated for transmissions from the gNB 160. 
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[0081] The UE operations module 124 may provide information 136 to the decoder 

108. For example, the UE operations module 124 may inform the decoder 108 of an 

anticipated encoding for transmissions from the gNB 160. 

[0082] The UE operations module 124 may provide information 142 to the encoder 

150. The information 142 may include data to be encoded and/or instructions for 

encoding. For example, the UE operations module 124 may instruct the encoder 150 to 

encode transmission data 146 and/or other information 142. The other information 142 

may include PDSCH HARQ-ACK information. 

[0083] The encoder 150 may encode transmission data 146 and/or other information 

142 provided by the UE operations module 124. For example, encoding the data 146 

and/or other information 142 may involve error detection and/or correction coding, 

mapping data to space, time and/or frequency resources for transmission, multiplexing, 

etc. The encoder 150 may provide encoded data 152 to the modulator 154. 

[0084] The UE operations module 124 may provide information 144 to the modulator 

154. For example, the UE operations module 124 may inform the modulator 154 of a 

modulation type (e.g., constellation mapping) to be used for transmissions to the gNB 

160. The modulator 154 may modulate the encoded data 152 to provide one or more 

modulated signals 156 to the one or more transmitters 158. 

[0085] The UE operations module 124 may provide information 140 to the one or 

more transmitters 158. This information 140 may include instructions for the one or more 

transmitters 158. For example, the UE operations module 124 may instruct the one or 

more transmitters 158 when to transmit a signal to the gNB 160. For instance, the one or 

more transmitters 158 may transmit during a UL subframe. The one or more transmitters 

158 may upconvert and transmit the modulated signal(s) 156 to one or more gNBs 160. 

[0086] Each of the one or more gNBs 160 may include one or more transceivers 176, 

one or more demodulators 172, one or more decoders 166, one or more encoders 109, one 

or more modulators 113, a data buffer 162 and a gNB operations module 182. For 

example, one or more reception and/or transmission paths may be implemented in a gNB 

160. For convenience, only a single transceiver 176, decoder 166, demodulator 172, 
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encoder 109 and modulator 113 are illustrated in the gNB 160, though multiple parallel 

elements (e.g., transceivers 176, decoders 166, demodulators 172, encoders 109 and 

modulators 113) may be implemented. 

[0087] The transceiver 176 may include one or more receivers 178 and one or more 

transmitters 117. The one or more receivers 178 may receive signals from the UE 102 

using one or more physical antennas 180a-n. For example, the receiver 178 may receive 

and downconvert signals to produce one or more received signals 174. The one or more 

received signals 174 may be provided to a demodulator 172. The one or more transmitters 

117 may transmit signals to the UE 102 using one or more physical antennas 180a-n. For 

example, the one or more transmitters 117 may upconvert and transmit one or more 

modulated signals 115. 

[0088] The demodulator 172 may demodulate the one or more received signals 174 to 

produce one or more demodulated signals 170. The one or more demodulated signals 170 

may be provided to the decoder 166. The gNB 160 may use the decoder 166 to decode 

signals. The decoder 166 may produce one or more decoded signals 164, 168. For 

example, a first eNB-decoded signal 164 may comprise received payload data, which may 

be stored in a data buffer 162. A second eNB-decoded signal 168 may comprise overhead 

data and/or control data. For example, the second eNB-decoded signal 168 may provide 

data (e.g., PDSCH HARQ-ACK information) that may be used by the gNB operations 

module 182 to perform one or more operations. 

[0089] In general, the gNB operations module 182 may enable the gNB 160 to 

communicate with the one or more UEs 102. The gNB operations module 182 may 

include one or more of a gNB scheduling module 194. The gNB scheduling module 194 

may perform scheduling of uplink transmissions as described herein. 

[0090] The gNB operations module 182 may provide information 188 to the 

demodulator 172. For example, the gNB operations module 182 may inform the 

demodulator 172 of a modulation pattern anticipated for transmissions from the UE(s) 

102. 
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[0091] The gNB operations module 182 may provide information 186 to the decoder 

166. For example, the gNB operations module 182 may inform the decoder 166 of an 

anticipated encoding for transmissions from the UE(s) 102. 

[0092] The gNB operations module 182 may provide information 101 to the encoder 

109. The information 101 may include data to be encoded and/or instructions for 

encoding. For example, the gNB operations module 182 may instruct the encoder 109 to 

encode information 101, including transmission data 105. 

[0093] The encoder 109 may encode transmission data 105 and/or other information 

included in the information 101 provided by the gNB operations module 182. For 

example, encoding the data 105 and/or other information included in the information 101 

may involve error detection and/or correction coding, mapping data to space, time and/or 

frequency resources for transmission, multiplexing, etc. The encoder 109 may provide 

encoded data 111 to the modulator 113. The transmission data 105 may include network 

data to be relayed to the UE 102. 

[0094] The gNB operations module 182 may provide information 103 to the 

modulator 113. This information 103 may include instructions for the modulator 113. For 

example, the gNB operations module 182 may inform the modulator 113 of a modulation 

type (e.g., constellation mapping) to be used for transmissions to the UE(s) 102. The 

modulator 113 may modulate the encoded data 111 to provide one or more modulated 

signals 115 to the one or more transmitters 117. 

[0095] The gNB operations module 182 may provide information 192 to the one or 

more transmitters 117. This information 192 may include instructions for the one or more 

transmitters 117. For example, the gNB operations module 182 may instruct the one or 

more transmitters 117 when to (or when not to) transmit a signal to the UE(s) 102. The 

one or more transmitters 117 may upconvert and transmit the modulated signal(s) 115 to 

one or more UEs 102. 

[0096] It should be noted that a DL subframe may be transmitted from the gNB 160 

to one or more UEs 102 and that a UL subframe may be transmitted from one or more 
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UEs 102 to the gNB 160. Furthermore, both the gNB 160 and the one or more UEs 102 

may transmit data in a standard special subframe. 

[0097] It should also be noted that one or more of the elements or parts thereof 

included in the eNB(s) 160 and UE(s) 102 may be implemented in hardware. For 

example, one or more of these elements or parts thereof may be implemented as a chip, 

circuitry or hardware components, etc. It should also be noted that one or more of the 

functions or methods described herein may be implemented in and/or performed using 

hardware. For example, one or more of the methods described herein may be 

implemented in and/or realized using a chipset, an application-specific integrated circuit 

(ASIC), a large-scale integrated circuit (LSI) or integrated circuit, etc. 

[0098] Figure 2 is a diagram illustrating one example of a resource grid for the 

downlink. The resource grid illustrated in Figure 2 may be utilized in some 

implementations of the systems and methods disclosed herein. More detail regarding the 

resource grid is given in connection with Figure 1. 

[0099] In Figure 2, one downlink subframe 269 may include two downlink slots 283. 

DL 
N RB is downlink bandwidth configuration of the serving cell, expressed in multiples 

RB RB . . . . 
of N sc, where N sc 1s a resource block 289 size m the frequency domam expressed 

. DL . 
as a number of subcarners, and N symb 1s the number of Orthogonal Frequency 

Division Multiplexing (OFDM) symbols 287 in a downlink slot 283. A resource block 

289 may include a number of resource elements (RE) 291. 

[00100] 
DL 

For a PCell, N RB is broadcast as a part of system information. For an SCell 

DL 
(including a Licensed-Assisted Access (LAA) SCell), N RB is configured by a RRC 

message dedicated to a UE 102. For PDSCH mapping, the available RE 291 may be the 

RE 291 whose index 1 fulfils l~ldata,start and/or lctata,end~l in a subframe. 

[00101] In the downlink, the OFDM access scheme with cyclic prefix (CP) may be 

employed, which may be also referred to as CP-OFDM. In the downlink, PDCCH, 
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EPDCCH (Enhanced Physical Downlink Control Channel), PDSCH and the like may be 

transmitted. A downlink radio frame may include multiple pairs of downlink resource 

blocks (RBs) which is also referred to as physical resource blocks (PRBs). The downlink 

RB pair is a unit for assigning downlink radio resources, defined by a predetermined 

bandwidth (RB bandwidth) and a time slot. The downlink RB pair includes two downlink 

RBs that are continuous in the time domain. 

[00102] The downlink RB includes twelve sub-carriers in frequency domain and seven 

(for normal CP) or six (for extended CP) OFDM symbols in time domain. A region 

defined by one sub-carrier in frequency domain and one OFDM symbol in time domain is 

referred to as a resource element (RE) and is uniquely identified by the index pair (k,l) in 

a slot, where k and l are indices in the frequency and time domains, respectively. While 

downlink subframes in one component carrier (CC) are discussed herein, downlink 

subframes are defined for each CC and downlink subframes are substantially in 

synchronization with each other among CCs. 

[00103] Figure 3 is a diagram illustrating one example of a resource grid for the 

uplink. The resource grid illustrated in Figure 3 may be utilized in some implementations 

of the systems and methods disclosed herein. More detail regarding the resource grid is 

given in connection with Figure 1. 

[00104] In Figure 3, one uplink subframe 369 may include two uplink slots 383. 

NUL RB is uplink bandwidth configuration of the serving cell, expressed in multiples of 

RB RB . . . . 
N sc, where N sc 1s a resource block 389 size m the frequency domam expressed as a 

number of subcarriers, and NU\ymb is the number of SC-FDMA symbols 393 in an 

uplink slot 383. A resource block 389 may include a number of resource elements (RE) 

391. 

[00105] For a PCell, NUL RB is broadcast as a part of system information. For an SCell 

(including an LAA SCell), NUL RB is configured by a RRC message dedicated to a UE 

102. 
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[00106] In the uplink, in addition to CP-OFDM, a Single-Carrier Frequency Division 

Multiple Access (SC-FDMA) access scheme may be employed, which is also referred to 

as Discrete Fourier Transform-Spreading OFDM (DFT-S-OFDM). In the uplink, 

PUCCH, PDSCH, Physical Random Access Channel (PRACH) and the like may be 

transmitted. An uplink radio frame may include multiple pairs of uplink resource blocks. 

The uplink RB pair is a unit for assigning uplink radio resources, defined by a 

predetermined bandwidth (RB bandwidth) and a time slot. The uplink RB pair includes 

two uplink RBs that are continuous in the time domain. 

[00107] The uplink RB may include twelve sub-carriers in frequency domain and 

seven (for normal CP) or six (for extended CP) OFDM/DFT-S-OFDM symbols in time 

domain. A region defined by one sub-carrier in the frequency domain and one 

OFDM/DFT-S-OFDM symbol in the time domain is referred to as a resource element 

(RE) and is uniquely identified by the index pair (k,l) in a slot, where k and l are indices 

in the frequency and time domains respectively. While uplink subframes in one 

component carrier (CC) are discussed herein, uplink subframes are defined for each CC. 

[00108] Figure 4 shows examples of DL control channel monitoring regions. One or 

more sets of PRB(s) may be configured for DL control channel monitoring. In other 

words, a control resource set is, in the frequency domain, a set of PRBs within which the 

UE 102 attempts to blindly decode downlink control information (i.e., monitor downlink 

control information (DCI)), where the PRBs may or may not be frequency contiguous, a 

UE 102 may have one or more control resource sets, and one DCI message may be 

located within one control resource set. In the frequency-domain, a PRB is the resource 

unit size (which may or may not include DMRS) for a control channel. A DL shared 

channel may start at a later OFDM symbol than the one(s) which carries the detected DL 

control channel. Alternatively, the DL shared channel may start at (or earlier than) an 

OFDM symbol than the last OFDM symbol which carries the detected DL control 

channel. In other words, dynamic reuse of at least part of resources in the control resource 

sets for data for the same or a different UE 102, at least in the frequency domain may be 

supported. 
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[00109] Namely, the UE 102 may monitor a set of PCCH (e.g., PDCCH) candidates. 

Here, the PCCH candidates may be candidates for which the PCCH may possibly be 

assigned and/or transmitted. A PCCH candidate is composed of one or more control 

channel elements (CCEs). The term "monitor" means that the UE 102 attempts to decode 

each PDCCH in the set of PDCCH candidates in accordance with all the DCI formats to 

be monitored. 

[00110] The set of PDCCH candidates that the UE 102 monitors may be also referred 

to as a search space. That is, the search space is a set of resource that may possibly be 

used for PCCH transmission. 

[00111] Furthermore, a common search space (CSS) and a user-equipment search 

space (USS) are set (or defined, configured) in the PCCH resource region. For example, 

the CSS may be used for transmission of DCI to a plurality of the UEs 102. That is, the 

CSS may be defined by a resource common to a plurality of the UEs 102. For example, 

the CSS is composed of CCEs having numbers that are predetermined between the gNB 

160 and the UE 102. For example, the CSS is composed of CCEs having indices Oto 15. 

[00112] Here, the CSS may be used for transmission of DCI to a specific UE 102. That 

is, the gNB 160 may transmit, in the CSS, DCI format(s) intended for a plurality of the 

UEs 102 and/or DCI format(s) intended for a specific UE 102. 

[00113] The USS may be used for transmission of DCI to a specific UE 102. That is, 

the USS is defined by a resource dedicated to a certain UE 102. That is, the USS may be 

defined independently for each UE 102. For example, the USS may be composed of 

CCEs having numbers that are determined based on a Radio Network Temporary 

Identifier (RNTI) assigned by the gNB 160, a slot number in a radio frame, an 

aggregation level, or the like. 

[00114] Here, the RNTI(s) may include C-RNTI (Cell-RNTI), Temporary C-RNTI. 

Also, the USS (the position(s) of the USS) may be configured by the gNB 160. For 

example, the gNB 160 may configure the USS by using the RRC message. That is, the 

base station may transmit, in the USS, DCI format(s) intended for a specific UE 102. 
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[00115] Here, the RNTI assigned to the UE 102 may be used for transmission of DCI 

(transmission of PCCH). Specifically, CRC (Cyclic Redundancy Check) parity bits (also 

referred to simply as CRC), which are generated based on DCI (or DCI format), are 

attached to DCI, and, after attachment, the CRC parity bits are scrambled by the RNTI. 

The UE 102 may attempt to decode DCI to which the CRC parity bits scrambled by the 

RNTI are attached, and detects PCCH (i.e., DCI, DCI format). That is, the UE 102 may 

decode PCCH with the CRC scrambled by the RNTI. 

[00116] Figure 5 shows examples of DL control channel which includes more than one 

control channel elements. When the control resource set spans multiple OFDM symbols, 

a control channel candidate may be mapped to multiple OFDM symbols or may be 

mapped to a single OFDM symbol. One DL control channel element may be mapped on 

REs defined by a single PRB and a single OFDM symbol. If more than one DL control 

channel elements are used for a single DL control channel transmission, DL control 

channel element aggregation may be performed. 

[00117] The number of aggregated DL control channel elements is referred to as DL 

control channel element aggregation level. The DL control channel element aggregation 

level may be I or 2 to the power of an integer. The gNB 160 may inform a UE I 02 of 

which control channel candidates are mapped to each subset of OFDM symbols in the 

control resource set. If one DL control channel is mapped to a single OFDM symbol and 

does not span multiple OFDM symbols, the DL control channel element aggregation is 

performed within an OFDM symbol, namely multiple DL control channel elements 

within an OFDM symbol are aggregated. Otherwise, DL control channel elements in 

different OFDM symbols can be aggregated. 

[00118] Figure 6 illustrates an example of uplink (UL) transmissions. As shown by the 

Figure 6, the gNB 660 may perform downlink transmissions on beams with beam indices 

(e.g., D-beam0, D-beaml, and/or D-beam2). For example, the gNB 660 may semi­

statically or dynamically switch D-beams for downlink transmissions. Also, the UE 602 

may perform uplink transmissions on beams with beam indices (U-beam0, U-beaml, 
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and/or U-beam2). For example, the UE 602 may semi-statically or dynamically switch U­

beams for uplink transmissions. 

[00119] Here, a linkage of D-beam and U-beam (a pair of D-beam and U-beam) may 

be defined. For example, the gNB 660 may configure the linkage of D-beam and U-beam 

by using the RRC message. For example, the linkage of D-beam0 and U-beam0 may be 

configured. Also, the linkage of D-beaml and U-beaml may be configured. Also, the 

linkage of D-beam2 and U-beam2 may be configured. For example, the UE 602 may 

perform uplink transmission on the beam with U-beam0 based on a detection of downlink 

transmission on the beam with D-beam0. Here, one or more D-beams may be associated 

with one or more Transmission Reception Points (TRPs), one or more DL antenna ports, 

and/or one or more UL antenna ports. Also, one or more U-beams may be associated with 

one or more TRPs, one or more DL antenna ports, and/or one or more UL antenna ports. 

[00120] Here, the UE 602 may transmit the UL RS(s) associated with the TRP(s) on 

the UL antenna port(s). Here, the UL RS(s) may include the demodulation reference 

signal(s), the DE-specific reference signal(s), the sounding reference signal(s), and/or the 

beam-specific reference signal(s). The demodulation reference signal (s) may include 

demodulation reference signal(s) associated with transmission of uplink physical channel 

(e.g., PUSCH and/or PUCCH). Also, the DE-specific reference signal(s) may include 

reference signal(s) associated with transmission of uplink physical channel (e.g., PUSCH 

and/or PUCCH). For example, the demodulation reference signal(s) and/or the UE­

specific reference signal(s) may be a valid reference for demodulation of uplink physical 

channel only if the uplink physical channel transmission is associated with the 

corresponding antenna port. 

[00121] An antenna port may be defined such that the channel over which a symbol on 

the antenna port is conveyed can be inferred from the channel over which another symbol 

on the same antenna port is conveyed. For example, an antenna port is identified based on 

an antenna port index (i.e., a number of antenna port, an antenna port number). Different 

antenna ports may be used for different physical channels and signals. For UL RS(s), 

there may be limit which the channel can be inferred from one symbol to another symbol 
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on the same antenna port. There may be one resource grid per antenna port. The set of 

antenna ports supported depends on the reference signal configuration (e.g., UL RS(s) 

used for uplink transmissions) in the serving cell. 

[00122] Therefore, there may be one or more UL RSs transmitted per an UL antenna 

port. Also, there may be one or more UL RSs transmitted per TRP. For example, one 

TRP may be associated with one UL antenna port. Also, one TRP may be associated with 

multiple UL antenna port(s). Also, multiple TRP(s) may be associated with multiple UL 

antenna port(s). Also, multiple antenna port(s) may be associated with one UL antenna 

port. The TRP(s) hereinafter included in the antenna port(s) for the sake of simple 

description. 

[00123] Multiple UL RSs may be transmitted on a same single antenna port. Here, 

multiple UL RSs may be transmitted in different timings (e.g., different subframes, and/or 

different slots). For example, a first UL RS (for example, UL RSI) may be transmitted in 

a first timing on a certain antenna port, and a second UL RS (for example, UL RS2) is 

transmitted in a second timing on the same antenna port as the certain antenna port. Also, 

multiple UL RSs may be transmitted in a same timing (e.g., a same subframe, and/or a 

same slot). For example, a first UL RS (for example, UL RSI) and a second UL RS (for 

example, UL RS2) may be transmitted in a first timing on a certain antenna port. Namely, 

multiple UL RSs corresponding PSCHs (e.g., PUSCHs) that are scheduled by using 

multiple DCI may be transmitted on a certain antenna port. The multiple DCI may be the 

same DCI or different DCI. Also, the multiple DCI may be detected in different timing. 

The multiple DCI may be used for scheduling of PSCHs in different transmission 

timings. 

[00124] Here, the one or more UL RSs transmitted on an UL antenna port may be 

identified based on a first sequence (e.g., a demodulation reference signal sequence). 

Also, the one or more UL RSs transmitted on an UL antenna port may be identified based 

on a second sequence (e.g., a reference signal sequence). Also, the one or more UL RSs 

transmitted on an UL antenna port may be identified based on positions of resource 

element(s) to which the one or more UL RS(s) are mapped. 
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[00125] For example, the first sequence of UL RS(s) r;tJscH (-) associated with layer 

,1, E {0,1, ... , v -1} may be defined by: 

where 

m=O,l 

RS 
n = 0, ... , M sc -1 

and 

MRS -MPUSCH 
SC - SC • 

[00126] Here, M fcUSCH may indicate scheduled bandwidth for uplink transmission, 

expressed as a number of subcarriers. And, the orthogonal sequence w(A)(m) may be 

given by DCI. Also, the cyclic shift a,1, in a slot n 8 may be given as a,1 = 2mics,,1/12 

with: 

where the values of ngiRS may be given by higher layers, ngiRS /4 may be given by 
' 

DCI. 

[00127] The quantity npN (n8 ) may be given by: 

L7 UL . i 
npN(ns) = . 0 c(8N b ·ns +z)-2 

1= sym 

SLA3719.2P Petitioners' Exhibit 1020, p. 67 
AT&T et al v. Asustek Computer 

IPR2024-00992



-24-

where the pseudo-random sequence c(i) may be defined by a length-31 Gold sequence. 

[00128] The output sequence c(n) of lengthMpN, where n = 0,1, ... , M PN -1, may be 

defined by: 

c(n) = (x1 (n +Ne)+ x2(n + Nc))mod2 

XI ( n + 31) = ( XI ( n + 3) + XI ( n)) mod 2 

x2 (n + 31) = (x2 (n + 3) + x2 (n + 2) + x2 (n + 1) + x2 (n) )mod 2 

where N c = 1600 and the first m-sequence shall be initialized with 

XI (0) = l,xl (n) = 0,n = 1,2, ... ,30. 

[00129] The initialization of the second m-sequence may be denoted by 

Cinit = L i~o x2 ( i) • 2 i with the value depending on the application of the sequence. For 

example, the pseudo-random sequence generator may be initialized with Cinit at the 

beginning of each radio frame. 

[00130] Here, the application of c(i) may be a cell-specific, a DE-specific, and/or a 

beam specific. Namely, for example, the quantity Cinit may be given by the following 

equation: 

I cell I 

linit ~ (~~ J25 
+ ( ( N"~

11 
+ ,',ss )mod30 J 

where ~ss E {0,1, ... ,29} may be configured by higher layers. 

[00131] Here, N~ll may indicate a physical cell identity (or a beam identity). The 

physical cell identity may be a cell-specific. The physical cell identity may be a physical 

identity of a cell. The beam identity may be a beam-specific and/or a TRP-specific. The 

beam identity described herein is assumed to be included in the physical cell identity for 

the sake of simple description. For example, the UE 602 may acquire (detect) the physical 

cell identity based on a synchronization signal. Also, the UE 602 may acquire (detect) the 
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physical cell identity based on information (e.g., a handover command) included in a 

higher layer signal. Namely, the physical cell identity may be used as a parameter 

associated with the first sequence of UL RS(s). 

[00132] Also, the physical cell identity may be used as a parameter associated with the 

cyclic shift of the first sequence of UL RS(s). Here, the same single physical cell identity 

may be used for generating each of the first sequences for the one or more UL RS(s) 

transmitted on an UL antenna port. Namely, the UE 602 may generate, based on the 

physical cell identity, each of the first sequences for the one or more UL RS(s). The UE 

602 may generate, based on the physical cell identity, each of the first sequences for the 

one or more UL RS(s) if no value of first information and/or second information are 

configured by higher layers. Also, the UE 602 may generate, based on the physical cell 

identity, each of the first sequences for the one or more UL RS(s) if the uplink 

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. 

[00133] Here, the uplink transmission corresponds to the Random Access Response 

Grant may be PSCH transmission scheduled by using the Random Access Response 

Grant. For example, the Random Access Response Grant that is included in Random 

Access Response (i.e., Message 2) may be used for scheduling of a PSCH transmission 

(e.g., an initial PSCH transmission) in a random access procedure (e.g., an initial access 

procedure, a contention based random access procedure). Namely, the uplink 

transmission corresponds to the Random Access Response Grant may be a Message 3 

transmission in the random access procedure. 

[00134] Here, the Message 3 transmission may be performed in four steps random 

access procedure. And, the uplink transmission corresponding to the PSCH transmission 

may be performed as a Message 1 transmission in a case that a two steps random access 

procedure is applied. 

[00135] Also, the uplink transmission corresponds to the retransmission of the same 

transport block may be PSCH transmission scheduled by using DCI including Temporary 

Cell-Radio Network Temporary Identifier (Temporary C-RNTI). For example, the DCI to 
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which Cyclic Redundancy Check parity bits scrambled by the Temporary C-RNTI may be 

used for scheduling of a PSCH transmission (e.g., a PSCH retransmission) in the random 

access procedure. 

[00136] Also, the UE 602 may generate, based on the physical cell identity, each of the 

first sequences for the one or more UL RS(s) if the PCCH (e.g., the PDCCH) is detected 

in the CSS. In this case, the detected PCCH (i.e., the detected DCI, the detected DCI 

format) may be used for scheduling of a corresponding PSCH (e.g., PUSCH). 

[00137] Also, the UE 602 may generate, based on the physical cell identity, each of the 

first sequences for the one or more UL RS(s) if a specific DCI format is detected. Here, 

the specific DCI format may be specified, in advance, by specifications and known 

information between the gNB 660 and the UE 602. Namely, the UE 602 may generate, 

based on the physical cell identity, each of the first sequences for the one or more UL 

RS(s) if a predetermined DCI format is detected. 

[00138] Here, the quantity Cinit may be given by the following equation: 

''init = l :0 J 25 
+ (x mod30). 

[00139] Here, a parameter x may be configured by higher layers. For example, the gNB 

660 may configure the parameter x by using the first information included in the RRC 

message. Also, the parameter y may be indicated by DCI. 

[00140] The parameter x may be a DE-specific. Here, the same single parameter x may 

be used for generating each of the first sequences for the one or more UL RS(s) 

transmitted on an UL antenna port. Namely, the UE 602 may generate, based on the 

parameter x, each of the first sequences for the one or more UL RS(s). Also, the UE 602 

may generate, based on the parameter x, each of the first sequences for the one or more 

UL RS(s) if a value of the first information (i.e., a value of the parameter x) is configured. 

Also, the UE 602 may generate, based on the parameter x, each of the first sequences for 

the one or more UL RS(s) unless the uplink transmission corresponds to a Random 
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Access Response Grant or a retransmission of the same transport block as part of the 

contention based random access procedure. 

[00141] Also, the UE 602 may generate, based on the parameter x, each of the first 

sequences for the one or more UL RS(s) if the PCCH (e.g., the PDCCH) is detected in the 

CSS and/or the USS. In this case, the detected PCCH (i.e., the detected DCI, the detected 

DCI format) may be used for scheduling of a corresponding PSCH (e.g., PUSCH). Also, 

the UE 602 may generate, based on the parameter x, each of the first sequences for the 

one or more UL RS(s) if the specific DCI format and/or DCI format other than the 

specific DCI is detected. Namely, the UE 602 may generate, based on the parameter x, 

each of the first sequences for the one or more UL RS(s) if the predetermined DCI format 

and/or DCI format other than the predetermined DCI format is detected. 

[00142] Also, the quantity Cinit may be given by the following equation: 

Cinit = l ;o J 25 
+ (y mod30) 

[00143] Here, the one or more parameters y may be configured by higher layers. For, 

example, the gNB 660 may configure the one or more parameters y by using the second 

information included in the RRC message. Also, the one or more parameters y may be 

indicated by DCI. And, the parameter y may be a DE-specific and/or a beam-specific. For 

example, the gNB 660 may configure more than one parameters y (e.g., up to four 

parameters y) by using the second information, and the UE 602 may use one parameter y 

among more than one parameters y based on DCI (or a higher layer parameter). As 

mentioned later, the gNB 660 may transmit the DCI ( or the higher layer parameter) used 

for indicating that which beam index is used for uplink transmissions. Namely, the DCI 

used for indicating one parameter y may be included in DCI format mentioned later (e.g., 

DCI format Y and/or DCI format Z). Also, the higher layer parameter may be included in 

the RRC message. 

[00144] Here, each of one or more parameters y may be used for generating each of the 

first sequences for the one or more corresponding UL RS(s) transmitted on an UL antenna 

port. For example, a parameter y 1 may be used for generating the first sequence for an 
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UL RS 1. Also, a parameter y2 may be used for generating the first sequence for an UL 

RS2. Also, a parameter y3 may be used for generating the first sequence for an UL RS3. 

Namely, the UE 602 may generate, based on each of one or more parameters y, each of 

the first sequences for one or more corresponding UL RS(s) if a value of the second 

information (i.e., a value of the parameter y) is configured. Also, the UE 602 may 

generate, based on each of one or more parameters y, each of the first sequences for one 

or more corresponding UL RS(s) unless the uplink 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. 

[00145] Also, the UE 602 may generate, based on each of one or more parameters y, 

each of the first sequences for the one or more UL RS(s) if the PCCH (e.g., the PDCCH) 

is detected in the USS. In this case, the detected PCCH (i.e., the detected DCI, the 

detected DCI format) may be used for scheduling of a corresponding PSCH (e.g., 

PUSCH). Also, the UE 602 may generate, based on each of one or more parameters y, 

each of the first sequences for the one or more UL RS(s) if DCI format other than the 

specific DCI format is detected. Namely, the UE 602 may generate, based on each of one 

or more parameters y, each of the first sequences for the one or more UL RS(s) if DCI 

format other than the predetermined DCI format is detected. 

[00146] Therefore, the parameter x and the parameter y may be parameters associated 

with the first sequence of UL RS(s). Also, the parameter x and the parameter y may be 

parameters associated with the cyclic shift of the first sequence of UL RS(s). The 

parameter x and the parameter y may be parameters associated with a virtual cell identity 

and/or a beam index. 

[00147] Also, a second sequence (e.g., a reference signal sequence) rJ~) (n) 
' 

. (a,1,) (a,1,) RS 
(1.e., ru v (O), ... ,ru v (Msc -1) ) may be defined by a cyclic shift a of a base 

' ' 

sequence ru v ( n) according to 
' 
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(a) jan- RS 
ru,v (n)=e ru,v(n), 0-.5,.n<Msc 

where M ~S = mN ~B may be the length of the reference signal sequence and 

I -.5,_ m -.5,_ Nr;x, UL . Multiple reference signal sequences may be defined from a single 

base sequence through different values of a . 

[00148] Base sequences ru v (n) may be divided into groups, where u E {0,1, ... ,29} 
' 

may be the group number and v may be the base sequence number within the group, such 

that each group contains one base sequence ( v=O) of each length M ~S = mN~B, 

l~m~5 and two base sequences ( v =0,1 ) of each length M~S = mN~B , 

6 -.5,. m -.5,. N r:x, UL . The sequence group number u and the number v within the group 

may vary m time respectively. The definition of the base sequence 

ru v (0), ... , ru v (M ~s -1) may depend on the sequence length M ~s. 
' ' 

[00149] Here, the sequence-group number u in slot ns may be defined by a group 

hopping pattern f gh (ns) and a sequence-shift pattern fss according to 

[00150] For example, there are 17 different hopping patterns and 30 different 

sequence-shift patterns. Sequence-group hopping can be enabled or disabled by means of 

the parameter Group-hopping-enabled provided by higher layers. 

[00151] Here, the parameter Group-hopping-enabled is a cell-specific, a DE-specific, 

and/or a beam-specific. Namely, for, example, the gNB 660 may configure the parameter 

Group-hopping-enabled included in the common RRC signal, and/or the dedicated RRC 

signal. Namely, the Sequence-group hopping can be enabled or disabled, by means of a 

single parameter Group-hopping-enabled, for one or more UL RSs transmitted on an UL 

antenna port. Also, the Sequence-group hopping can be enabled or disabled, by means of 
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each of one or more parameters Group-hopping-enabled, for each of one or more 

corresponding UL RSs transmitted on an UL antenna port. 

[00152] Also, sequence-group hopping for uplink transmission (e.g., PUSCH) can be 

disabled for a certain UE 602 through the higher-layer parameter Disable-sequence­

group-hopping despite being enabled on a cell basis 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. 

[00153] Here, the parameter Disable-sequence-group-hopping is a DE-specific, and/or 

a beam-specific. Namely, for, example, the gNB 660 may configure the parameter 

Disable-sequence-group-hopping included in the dedicated RRC signal. Namely, the 

Sequence-group hopping can be disabled, by means of a single parameter Disable­

sequence-group-hopping, for one or more UL RSs transmitted on an UL antenna port. 

Also, the Sequence-group hopping can be disabled, by means of each of one or more 

Disable-sequence-group-hopping, for each of one or more corresponding UL RSs 

transmitted on an UL antenna port. 

[00154] The group-hopping pattern fgh (ns) may be given by 

{

0 if group hopping is disabled 

fgh (ns) = ( Li=Oc(8ns + i) • 21 )mod30 if group hopping is enabled 

where the pseudo-random sequence c(i) may be defined by same sequence as described 

I nRS I 
herein. The pseudo-random sequence generator may be initialized with Cinil = l ~ j al 

the beginning of each radio frame. 

[00155] Here, n~ may be defined by n~ = N~ll Namely, the physical cell 

identity may be used as a parameter associated with the second sequence of UL RS(s). 

Also, the physical cell identity may be used as a parameter associated with the sequence 

group number of the second sequence of UL RS(s). Also, the physical cell identity may 
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be used as a parameter associated with the sequence group hopping of the second 

sequence of UL RS(s). Here, the same single physical cell identity may be used for 

generating each of the second sequences for the one or more UL RS(s) transmitted on an 

UL antenna port. Namely, the UE 602 may generate, based on the physical cell identity, 

each of the second sequences for the one or more UL RS(s). The UE 602 may generate, 

based on the physical cell identity, each of the second sequences for the one or more UL 

RS(s) if no value of third information and/or fourth information are configured by higher 

layers. Also, the UE 602 may generate, based on the physical cell identity, each of the 

second sequences for the one or more UL RS(s) if the uplink 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. 

[00156] Also, the UE 602 may generate, based on the physical cell identity, each of the 

second sequences for the one or more UL RS(s) if the PCCH (e.g., the PDCCH) is 

detected in the CSS. In this case, the detected PCCH (i.e., the detected DCI, the detected 

DCI format) may be used for scheduling of a corresponding PSCH (e.g., PUSCH). Also, 

the UE 602 may generate, based on the physical cell identity, each of the second 

sequences for the one or more UL RS(s) if the specific DCI format is detected. Namely, 

the UE 602 may generate, based on the physical cell identity, each of the second 

sequences for the one or more UL RS(s) if the predetermined DCI format is detected. 

[00157] Also, n~ may be defined by n~ = z . Here, the parameter z may be 

configured by higher layers. For, example, the gNB 660 may configure the parameter z by 

using the third information included in the dedicated RRC signal. Also, the parameter z 

may be indicated by DCI. The parameter z may be a DE-specific. Here, the same single 

parameter z may be used for generating each of the second sequences for the one or more 

UL RS(s) transmitted on an UL antenna port. Namely, the UE 602 may generate, based 

on the parameter z, each of the second sequences for the one or more UL RS(s). The UE 

602 may generate, based on the parameter z, each of the second sequences for the one or 

more UL RS(s) if a value of the third information (i.e., a value of the parameter z) is 

configured. Also, the UE 602 may generate, based on the parameter z, each of the second 
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sequences for the one or more UL RS(s) unless the uplink 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. 

[00158] Also, the UE 602 may generate, based on the parameter z, each of the second 

sequences for the one or more UL RS(s) if the PCCH (e.g., the PDCCH) is detected in the 

CSS and/or the USS. In this case, the detected PCCH (i.e., the detected DCI, the detected 

DCI format) may be used for scheduling of a corresponding PSCH (e.g., PUSCH). Also, 

the UE 602 may generate, based on the parameter z, each of the first sequences for the 

one or more UL RS(s) if the specific DCI format and/or DCI format other than the 

specific DCI format is detected. Namely, the UE 602 may generate, based on the 

parameter z, each of the first sequences for the one or more UL RS(s) if the 

predetermined DCI format and/or DCI format other than the predetermined DCI format is 

detected. 

[00159] Furthermore, n~ may be defined by n~ = k . Here, the one or more 

parameters k may be configured by higher layers. For, example, the gNB 660 may 

configure the one or more parameters k by using the fourth information included in the 

RRC message. Also, the one or more parameters k may be indicated by DCI. And, the 

parameter k may be a DE-specific and/or a beam-specific. For example, the gNB 660 may 

configure more than one parameters k (up to four parameters k) by using the fourth 

information, and the UE 602 use one parameter k among more than one parameters k 

based on DCI (or the higher layer parameter). As mentioned in later, the gNB 660 may 

transmit the DCI ( or the higher layer parameter) used for indicating that which beam 

index is used for uplink transmissions. Namely, the DCI used for indicating one 

parameter k may be included in DCI format mentioned later (e.g., DCI format Y and/or 

DCI format Z). Also, the higher layer parameter may be included in the RRC message. 

[00160] Here, each of one or more parameters k may be used for generating each of the 

second sequences for the one or more corresponding UL RS(s) transmitted on an UL 

antenna port. For example, a parameter kl may be used for generating the second 

sequence for an UL RS 1. Also, a parameter k2 may be used for generating the second 
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sequence for an UL RS2. Also, a parameter k3 may be used for generating the first 

sequence for an UL RS3. Namely, the UE 602 may generate, based on each of one or 

more parameters k, each of the second sequences for one or more corresponding UL 

RS(s) if a value of the fourth information (i.e., a value of the parameter k) is configured. 

Also, the UE 602 may generate, based on each of one or more parameters k, each of the 

second sequences for one or more corresponding UL RS(s) unless the uplink 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. 

[00161] Also, the UE 602 may generate, based on each of one or more parameters k, 

each of the second sequences for the one or more UL RS(s) if the PCCH (e.g., the 

PDCCH) is detected in the USS. In this case, the detected PCCH (i.e., the detected DCI, 

the detected DCI format) may be used for scheduling of a corresponding PSCH (e.g., 

PUSCH). Also, the UE 602 may generate, based on each of one or more parameters k, 

each of the first sequences for the one or more UL RS(s) if DCI format other than the 

specific DCI format is detected. Namely, the UE 602 may generate, based on each of one 

or more parameters k, each of the first sequences for the one or more UL RS(s) if DCI 

format other than the predetermined DCI is detected. 

[00162] Therefore, the parameter z and the parameter k may be associated with the 

second sequence of UL RS(s). Also, the parameter z and the parameter k may be 

associated with the sequence group number of the second sequence of UL RS(s). Also, 

the parameter z and the parameter k may be associated with the sequence group hopping 

of the second sequence of UL RS(s). The parameter z and the parameter k may be a 

parameter associated with a virtual cell identity and/or a beam index. 

[00163] Here, the sequence-shift pattern ! PUSCH 
ss may be given 

by fs~USCH = ( Nfill + ~ss )mod30. Namely, the physical cell identity may be used as 

a parameter associated with the sequence-shift pattern of the second sequence of UL 

RS(s). Here, the same single physical cell identity may be used for determining each of 

the sequence-shift patterns for the one or more UL RS(s) transmitted on an UL antenna 
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port. Namely, the UE 602 may determine, based on the physical cell identity, each of the 

sequence-shift patterns for the one or more UL RS(s) transmitted on an UL antenna port. 

The UE 602 may determine, based on the physical cell identity, each of the sequence-shift 

patterns for the one or more UL RS(s) if no value for third information and/or fourth 

information are configured by higher layers. Also, the UE 602 may generate, based on the 

physical cell identity, each of the sequence-shift patterns for the one or more UL RS(s) if 

the uplink 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. 

[00164] Also, the UE 602 may generate, based on the physical cell identity, each of the 

sequence-shift patterns for the one or more UL RS(s) if the PCCH (e.g., the PDCCH) is 

detected in the CSS. In this case, the detected PCCH (i.e., the detected DCI, the detected 

DCI format) may be used for scheduling of a corresponding PSCH (e.g., PUSCH). Also, 

the UE 602 may generate, based on the physical cell identity, each of the sequence-shift 

patterns for the one or more UL RS(s) if the specific DCI format is detected. Namely, the 

UE 602 may generate, based on the physical cell identity, each of the sequence-shift 

patterns for the one or more UL RS(s) if the predetermined DCI format is detected. 

[00165] Also, the sequence-shift pattern +PUSCH 
J ss may be given 

by Js1:USCH = n& mod30 with n& defined as above. Namely, n& may be defined 

by n& = z . Here, the same single parameter z may be used for determining each of the 

sequence-shift patterns for the one or more UL RS(s) transmitted per UL antenna port. 

Namely, the UE 602 may determine, based on the parameter z, each of the sequence-shift 

patterns for the one or more UL RS(s) transmitted on an UL antenna port. The UE 602 

may determine, based on the parameter z, each of the sequence-shift patterns for the one 

or more UL RS(s) if a value of the third information (i.e., a value of the parameter z) is 

configured. Also, the UE 602 may determine, based on the parameter z, each of the 

sequence-shift patterns for the one or more UL RS(s) unless the uplink transmission 
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corresponds to a Random Access Response Grant or a retransmission of the same 

transport block as part of the contention based random access procedure. 

[00166] Also, the UE 602 may generate, based on the parameter z, each of the 

sequence-shift patterns for the one or more UL RS(s) if the PCCH (e.g., the PDCCH) is 

detected in the CSS and/or the USS. In this case, the detected PCCH (i.e., the detected 

DCI, the detected DCI format) may be used for scheduling of a corresponding PSCH 

(e.g., PUSCH). Also, the UE 602 may generate, based on the parameter z, each of the 

sequence-shift patterns for the one or more UL RS(s) if the specific DCI format and/or 

DCI format other than the specific DCI format is detected. Namely, the UE 602 may 

generate, based on the parameter z, based on each of the sequence-shift patterns for the 

one or more UL RS(s) if the predetermined DCI format and/or DCI format other than the 

predetermined DCI format is detected. 

[00167] Also, n& may be defined by n& = k . Here, each of one or more parameters 

k may be used for determining each of the sequence-shift patterns for the one or more 

corresponding UL RS(s) transmitted on an UL antenna port. For example, a parameter kl 

may be used for determining the sequence-shift patters for an UL RS 1. Also, a parameter 

k2 may be used for determining the sequence-shift pattern for an UL RS2. Also, a 

parameter k3 may be used for determining the sequence-shift pattern for an UL RS3. 

Namely, the UE 602 may determine, based on each of one or more parameters k, each of 

the sequence-shift patterns for one or more corresponding UL RS(s) if a value of the 

fourth information (i.e., a value of the parameter k) is configured. Also, the UE 602 may 

determine, based on each of one or more parameters k, each of the sequence-shift patterns 

for one or more corresponding UL RS(s) transmitted unless the uplink 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. 

[00168] Also, the UE 602 may generate, based on each of one or more parameters k, 

each of the sequence-shift patterns for the one or more UL RS(s) if the PCCH (e.g., the 

PDCCH) is detected in the USS. In this case, the detected PCCH (i.e., the detected DCI, 

the detected DCI format) may be used for scheduling of a corresponding PSCH (e.g., 
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PUSCH). Also, the UE 602 may generate, based on each of one or more parameters k, 

each of the sequence-shift patterns for the one or more UL RS(s) if DCI format other than 

the specific DCI format is detected. Namely, the UE 602 may generate, based on each of 

one or more parameters k, each of the sequence-shift patterns for the one or more UL 

RS(s) if DCI format other than the predetermined DCI format is detected. 

[00169] Also, the base sequence number v within the base sequence group in slot ns is 

defined by 

v = {c

0

(ns) if group hopping is disabled and sequence hopping is enabled 

otherwise 

where the pseudo-random sequence c(i) is given by same sequence as described herein. 

The parameter Sequence-hopping-enabled provided by higher layers determines if 

sequence hopping is enabled or not. 

[00170] Here, the parameter Sequence-hopping-enabled 1s a cell-specific, a UE­

specific, and/or a beam-specific. Namely, for, example, the gNB 660 may configure the 

parameter Sequence-hopping-enabled included in the common RRC signal, and/or the 

dedicated RRC signal. Namely, the Sequence hopping can be enabled or disabled, by 

means of a single parameter Sequence-hopping-enabled, for one or more UL RSs 

transmitted on an UL antenna port. Also, the Sequence hopping can be enabled or 

disabled, by means of each of one or more parameters Sequence-hopping-enabled, for 

each of one or more corresponding UL RSs transmitted on an UL antenna port. 

[00171] Also, sequence hopping for uplink transmission (e.g., PUSCH) can be 

disabled for a certain UE 602 through the higher-layer parameter Disable-sequence­

group-hopping despite being enabled on a cell basis 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. Namely, the 

Sequence hopping can be disabled, by means of a single parameter Disable-sequence­

group-hopping, for one or more UL RSs transmitted on an UL antenna port. Also, the 

Sequence hopping can be disabled, by means of each of one or more parameters Disable-
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sequence-group-hopping, for each of one or more corresponding UL RSs transmitted on 

an UL antenna port. 

[00172] Here, the pseudo-random sequence generator shall be initialized with 

I Ncell-
Cffiit ~ l : · 25 + IstUSCH at the beginning of each radio frame. Namely, the 

physical cell identity may be used as a parameter associated with the base sequence 

number of the second sequence of UL RS(s). Here, the same single physical cell identity 

may be used for determining each of the base sequence numbers for the one or more UL 

RS(s) transmitted on an UL antenna port. Namely, the UE 602 may determine, based on 

the physical cell identity, each of the base sequence numbers for the one or more UL 

RS(s) transmitted per UL antenna port. The UE 602 may determine, based on the physical 

cell identity, each of the base sequence numbers for the one or more UL RS(s) if no value 

for third information and/or fourth information are configured by higher layers. Also, the 

UE 602 may determine, based on the physical cell identity, each of the base sequence 

numbers for the one or more UL RS(s) if the uplink 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. 

[00173] Also, the UE 602 may generate, based on the physical cell identity, each of the 

base sequence numbers for the one or more UL RS(s) if the PCCH (e.g., the PDCCH) is 

detected in the CSS. In this case, the detected PCCH (i.e., the detected DCI, the detected 

DCI format) may be used for scheduling of a corresponding PSCH (e.g., PUSCH). Also, 

the UE 602 may generate, based on the physical cell identity, each of the base sequence 

numbers for the one or more UL RS(s) if the specific DCI format is detected. Namely, the 

UE 602 may generate, based on the physical cell identity, each of the base sequence 

numbers for the one or more UL RS(s) if the predetermined DCI format is detected. 

[0017 4] Also, the pseudo-random sequence generator shall be initialized with 

Cffiit ~ l "! J · 25 + IstUSCH at the beginning of each radio frame where njgl defined 
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as above. Namely, n& may be defined by n& = z. Here, the same single parameter z 

may be used for determining each of the base sequence numbers for the one or more UL 

RS(s) transmitted on an UL antenna port. Namely, the UE 602 may determine, based on 

the parameter z, each of the base sequence numbers for the one or more UL RS(s) 

transmitted on an UL antenna port. The UE 602 may determine, based on the parameter z, 

each of the base sequence numbers for the one or more UL RS(s) if a value of the third 

information (i.e., a value of the parameter z) is configured. Also, the UE 602 may 

determine, based on the parameter z, each of the base sequence numbers for the one or 

more UL RS(s) unless the uplink 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. 

[00175] Also, the UE 602 may generate, based on the parameter z, each of the base 

sequence numbers for the one or more UL RS(s) if the PCCH (e.g., the PDCCH) is 

detected in the CSS and/or the USS. In this case, the detected PCCH (i.e., the detected 

DCI, the detected DCI format) may be used for scheduling of a corresponding PSCH 

(e.g., PUSCH). Also, the UE 602 may generate, based on the parameter z, each of the 

base sequence numbers for the one or more UL RS(s) if the specific DCI format and/or 

DCI format other than the specific DCI format is detected. Namely, the UE 602 may 

generate, based on the parameter z, based on each of the base sequence numbers for the 

one or more UL RS(s) if the predetermined DCI format and/or DCI format other than the 

predetermined DCI is detected. 

[00176] Also, n& may be defined by n& = k . Here, each of one or more parameters 

k may be used for determining each of the base sequence numbers for the one or more 

corresponding UL RS(s) transmitted on an UL antenna port. For example, a parameter kl 

may be used for determining the base sequence number for an UL RS 1. Also, a parameter 

k2 may be used for determining the base sequence number for an UL RS2. Also, a 

parameter k3 may be used for determining the base sequence number for an UL RS3. 

Namely, the UE 602 may determine, based on each of one or more parameters k, each of 
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the base sequence numbers for one or more corresponding UL RS(s) if a value of the 

fourth information (i.e., a value of the parameter k) is configured. Also, the UE 602 may 

determine, based on each of one or more parameters k, each of the base sequence 

numbers for one or more corresponding UL RSs unless the uplink 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. 

[00177] Also, the UE 602 may generate, based on each of one or more parameters k, 

each of the base sequence numbers for the one or more UL RS(s) if the PCCH (e.g., the 

PDCCH) is detected in the USS. In this case, the detected PCCH (i.e., the detected DCI, 

the detected DCI format) may be used for scheduling of a corresponding PSCH (e.g., 

PUSCH). Also, the UE 602 may generate, based on each of one or more parameters k, 

each of the base sequence numbers for the one or more UL RS(s) if DCI format other 

than the specific DCI format is detected. Namely, the UE 602 may generate, based on 

each of one or more parameters k, each of the base sequence numbers for the one or more 

UL RS(s) if DCI format other than the predetermined DCI format is detected. 

[00178] As described above, the UE 602 may transmit the one or more UL RSs 

associated with one or more TRPs on an UL antenna port. Here, resource elements to 

which one or more UL RSs transmitted on an UL antenna port are mapped may be 

determined. Figure 7 and Figure 8 show other examples of uplink transmissions. 

[00179] For example, resource element(s) to which one or more UL RS(s) transmitted 

on an UL antenna port are mapped may be determined based on at least one of the 

following criteria. In mapping to resource elements, the positions of UL RS(s) are given 

by at least the frequency shift of UL RS(s). The frequency shift may be given by a 

physical cell identity is used unless a value of the frequency shift are provided, in which 

case the value of the frequency shift provided is used for the resource element(s) 

mappmg. 

[00180] For example, a sequence of UL RS(s) rz n (m) may be mapped to complex-
' s 

valued modulation symbols a k~) according to: 
' 
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a(p) = rz (m') 
k,l ,ns 

where 

k = 6m + (v + Vshift )mod6 

l 
{
0,NDLb-3 ifpE{0,1} 

= sym 
1 if p E {2,3}. 

DL m = 0,1, ... ,2· NRB -1 

, _ +Nmax,DL -NDL 
m-m RB RB 

[00181] The variables v and Vshift define the position in the frequency domain for the 

different reference signals where v is given by 

0 if p = 0 and l = 0 

3 if p = 0 and l -::f- 0 

3 if p = 1 and l = 0 
v= 

0 if p = 1 and l -::f- 0 

3(ns mod2) if p =2 

3+3(ns mod2) if p = 3 

[00182] The mappmg shall be in increasing order of the frequency-domain index 

nPRB of the physical resource blocks assigned for the corresponding uplink 

transmission. The quantity N ~~SCH denotes the assigned bandwidth in resource blocks 

of the corresponding uplink transmission. Here, a cell-specific frequency shift may be 

given by Vshift = Nfi3ll mod 3 . 

[00183] Tables 1-3 show other examples of uplink transmissions. Table 1 illustrates 

one or more transmission modes that may be configured by the gNB 660 for PCCH and 

PSCH. 

Transmission DCIFormat Search Space Transmission scheme of Uplink 
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Mode Physical Channel corresponding to 

Downlink Physical Channel 

Common and 
First transmission scheme (e.g., 

Mode 1 DCIFormatX Single-beam transmission, and/or 
UE Specific 

single-antenna port), port 0 

Common and 
First transmission scheme (e.g., 

DCIFormatX Single-beam transmission, and/or 
UE Specific 

single-antenna port), port 0 
Mode2 

Second transmission scheme (e.g., 

DCIFormatY UE Specific Multi-beam transmission, and/or 

single-antenna port), port 1 

Common and 
First transmission scheme (e.g., 

DCIFormatX Single-beam transmission, and/or 
UE Specific 

single-antenna port), port 0 
Mode3 

Third transmission scheme (e.g., 

DCIFormatZ UE Specific Multi-beam transmission, and/or 

Multi-antenna port), port 2 or 3 

Table 1 

[00184] Here, DCI format(s) that is monitored by the UE 602 may be limited based on 

the transmission mode configured. Namely, the UE 602 attempts to decode limited DCI 

format(s) based on the transmission mode configured. In Table 1, as one example, DCI 

format X is monitored by the UE 602 in a case that the UE 602 is configured with the 

transmission mode 1. And, DCI format X and DCI format Y are monitored by the UE 602 

in a case that the UE 602 is configured with the transmission mode 2. And, DCI format X 

and DCI format Z are monitored by the UE 602 in a case that the UE 602 is configured 

with the transmission mode 3. Also, search space of downlink physical channel in which 

DCI format(s) is monitored by the UE 602 may be limited based on the DCI format(s). 

For example, DCI format X may be monitored in a common search space and a UE-
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specific search space. And, DCI format Y and DCI format Z may be monitored in a UE­

specific search space only. 

[00185] For example, in a case that the UE 602 is configured with the transmission 

mode 1, the UE 602 may perform, based on a detection of the DCI format X, uplink 

transmission using the first transmission scheme on the UL antenna port 0. Also, in a case 

that the UE 602 is configured with the transmission mode 2, the UE 602 may perform, 

based on a detection of the DCI format Y, uplink transmission using the second 

transmission scheme on the UL antenna port 1. Also, in a case that the UE 602 is 

configured with the transmission mode 3, the UE 602 may perform, based on a detection 

of the DCI format Z, uplink transmission using the third transmission scheme on the UL 

antenna port 2 or the UL antenna port 3. 

[00186] Here, DCI associated with a beam index may be included in the DCI format Y. 

For example, as shown by Table 2, 2 bits information field may be included in the DCI 

format Y. 

2 Bits Information Field 

Value Message 

00 Reserved 

01 Beam Index 1 

10 Beam Index 2 

11 Beam Index 3 

Table 2 

[00187] The UE 602 may select a beam index used for uplink transmission based on a 

value of 2 bits information field included in the DCI format Y. For example, the UE 602 

performs uplink transmission on a beam with a first beam index (e.g., a beam index 1) 

using an UL antenna port 1 in a case that a value of 2 bits information field is set to "0 1". 

In this case, the UE 602 may perform uplink transmission with an UL RS (e.g., an UL 

RS 1) using the UL antenna port 1. 
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[00188] Also, as shown by Table 3, DCI associated with a beam index and/or an UL 

antenna port may be included in the DCI format Z. Table 3 illustrates a 3 bits information 

field that may be included in the DCI format Z. 

3 Bits Information Field 

Value Message 

000 Reserved 

001 Beam Index 1, port 2 

010 Beam Index 2, port 2 

011 Beam Index 3, port 2 

100 Beam Index 1, port 3 

101 Beam Index 2, port 3 

110 Beam Index 3, port 3 

111 Reserved 

Table 3 

[00189] According to Table 3, the UE 602 may select a beam and/or an UL antenna 

port used for uplink transmission based on a value of 3 bits information field included in 

the DCI format Z. For example, the UE 602 performs uplink transmission on a beam with 

a second beam index (e.g., a beam index 3) on an UL antenna port 2 in a case that a value 

of 3 bits information field is set to "0 11". In this case, the UE 602 may perform uplink 

transmission with an UL RS (e.g., an UL RS3) using the UL antenna port 2. 

[00190] As described herein, in the uplink transmission, the UE 602 may transmit one 

or more UL RSs on an UL antenna port (i.e., the same UL antenna port, the UL antenna 

port with the same number, or the UL antenna port with the same index). For example, 

the UE 602 may transmit three UL RSs on the same single UL antenna port. 

[00191] Here, one or more UL RS(s) (e.g., three UL RSs) may be defined by the same 

single first sequence. As described herein, the same first sequence for one or more UL 

RSs may be generated based on the physical cell identity. Also, as described herein, the 
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same first sequence for one or more UL RSs may be generated based on the parameter x. 

Also, one or more UL RSs may be defined by the same single second sequence. As 

described herein, the same second sequence for one or more UL RSs may be generated 

based on the physical cell identity. Also, as described herein, the same second sequence 

for one or more UL RSs may be generated based on the parameter z. 

[00192] Also, one or more UL RSs may be defined by each of different first sequences. 

As described herein, each of the different first sequences for one or more UL RS(s) may 

be generated based on the parameter y. Also, one or more UL RSs may be defined by 

each of different second sequences. As described herein, each of the different second 

sequences for one or more UL RS(s) may be generated based on the parameter k. 

[00193] Also, one or more UL RSs may be mapped to the same positions of the 

resource elements. As described herein, the same resource element(s) to which one or 

more UL RS(s) are mapped may be determined based on the physical cell identity. Also, 

as described herein, the same resource element(s) to which one or more UL RS(s) are 

mapped may be determined based on the parameter p . 

[00194] Also, one or more UL RS(s) may be mapped to different positions of resource 

elements. As described herein, resource elements to which each of one or more UL RSs 

are mapped may be determined based on the parameter q. 

[00195] Here, although the described beam indices may be used to identify beams, 

implementations are not limited to such instances. The beam indices may indicate 

antenna ports that are used for the corresponding uplink channel(s) and/or signal(s). For 

example, the beam indices may indicate antenna ports which are used for the 

corresponding PSCH (e.g., PUSCH, the corresponding to transmission of PUSCH). 

[00196] Also, during initial access procedure or upon the request from the gNB 660, 

the UE 602 may perform multiple PRACH transmissions. Each of the beam indices (e.g., 

index 0, 1, 2, ... ) may correspond to an antenna port which is used for each of the PRACH 

transmissions (e.g., PRACH 0, 1, 2, ... ), where PRACH 0, 1, 2, ... may be distinguished 

by preambles and/or time/frequency domain PRACH resources. 
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[00197] For another example, the UE 602 may perform multiple Sounding Reference 

Signals (SRS) transmissions. Each of the beam indices (e.g., index 0, 1, 2, ... ) may 

correspond to an antenna port which is used for each of the SRS transmissions (e.g., SRS 

0, 1, 2, ... ), where SRS 0, 1, 2, ... may be distinguished by SRS configuration indices 

and/or time/frequency domain resources for SRS transmissions. 

[00198] For yet another example, each of the beam indices (e.g., index 0, 1, 2, ... ) may 

correspond to an antenna port which is used for each of the PRACH and SRS 

transmissions (e.g., PRACH 0, 1, 2, ... , SRS 0, 1, 2, ... ). 

[00199] Alternatively, the beam indices may indicate quasi-co-location (and/or quasi­

co-beam/direction) assumptions of antenna ports which are used for the corresponding 

uplink channel(s) and/or signal(s). For example, the beam indices may indicate quasi-co­

location (and/or quasi-co-beam/direction) assumptions of antenna ports which are used 

for the corresponding PSCH (e.g., PUSCH, the corresponding to transmission of 

PUSCH). 

[00200] Also, each of the beam indices (e.g., index 0, 1, 2, ... ) may indicate use of an 

antenna port which has quasi-co-location (and/or quasi-co-beam/direction) with the 

antenna port used for each of the PRACH transmissions (e.g., PRACH 0, 1, 2, ... ). For 

another example, each of the beam indices (e.g., index 0, 1, 2, ... ) may indicate use of an 

antenna port which has quasi-co-location (and/or quasi-co-beam/direction) with the 

antenna port used for each of the SRS transmissions (e.g., SRS 0, 1, 2, ... ). For yet another 

example, each of the beam indices (e.g., index 0, 1, 2, ... ) may indicate use of an antenna 

port which has quasi-co-location (and/or quasi-co-beam/direction) with the antenna port 

used for each of the PRACH and SRS transmissions (e.g., PRACH 0, 1, 2, ... , SRS 0, 1, 

2, ... ). 

[00201] Herein, two antenna ports are said to be quasi co-located (and/or quasi-co­

beamed/directed) if the large-scale properties of the channel over which a symbol on one 

antenna port is conveyed can be inferred from the channel over which a symbol on the 

other antenna port is conveyed. The large-scale properties include one or more of delay 

spread, Doppler spread, Doppler shift, average gain, and/or average delay. The quasi-co-
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locations (and/or quasi-co-beam/direction) indicated by the beam indices may mean 

quasi-co-locations at the gNB 660 side that the UE 602 predicts with respect to delay 

spread, Doppler spread, Doppler shift, and/or average delay. 

[00202] In this disclosure, all possible combinations of the descriptions herein are not 

precluded. For example, all possible combinations of the first sequence generation, the 

second sequence generation, and/or the resource element(s) mapping are not precluded. 

[00203] Figure 7 illustrates an example where one or more UL RSs transmitted on a 

UL antenna port are mapped to the same resource elements. Namely, one or more UL RSs 

associated with one or more TRPs (e.g., TRP0, TRPl, and TRP2) are mapped to the same 

position of the resource elements. 

[00204] As shown by Figure 7, the one or more UL RSs transmitted on an UL antenna 

port may be mapped to the same positions of the resource elements. For example, the 

same single physical cell identity may be used for determining the positions of the 

resource elements to which the one or more UL RSs are mapped. Namely, the UE 602 

may determine, based on the physical cell identity, the positions of the resource 

element(s) to which the one or more UL RSs are mapped. The UE 602 may determine, 

based on the physical cell identity, the positions of the resource elements to which the one 

or more UL RSs are mapped if no value of fifth information and/or sixth information are 

configured by higher layers. The UE 602 may determine, based on physical cell identity, 

the positions of the resource elements to which the one or more UL RS(s) are mapped if 

the uplink 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. 

[00205] Also, the UE 602 may determine, based on the physical cell identity, the 

positions of the resource elements to which the one or more UL RS(s) are mapped if the 

PCCH (e.g., the PDCCH) is detected in the CSS. In this case, the detected PCCH (i.e., the 

detected DCI, the detected DCI format) may be used for scheduling of a corresponding 

PSCH (e.g., PUSCH). Also, the UE 602 may determine, based on the physical cell 

identity, the positions of the resource elements to which the one or more UL RS(s) are 
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mapped if the specific DCI format is detected. Namely, the UE 602 may determine, based 

on the physical cell identity, the positions of the resource elements to which the one or 

more UL RS(s) are mapped if the predetermined DCI format is detected. 

[00206] Here, resource element(s) to which PSCH(s) (e.g., PUSCH(s)) is mapped is 

determined based on at least the positions of the resource element(s) to which the one or 

more UL RSs are mapped. For example, the PSCH(s) is not mapped to resource 

element(s) to which the one or more UL RSs are mapped. Namely, for example, the 

physical cell identity may be used for determining the positions of the resource elements 

to which the PSCH(s) is mapped. Namely, the UE 602 may determine, based on the 

physical cell identity, the positions of the resource element(s) to which the PSCH(s) is 

mapped. The UE 602 may determine, based on the physical cell identity, the positions of 

the resource elements to which the PSCH(s) is mapped if no value of fifth information 

and/or sixth information are configured by higher layers. The UE 602 may determine, 

based on physical cell identity, the positions of the resource elements to which the 

PSCH(s) is mapped if the uplink 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. 

[00207] Also, the UE 602 may determine, based on the physical cell identity, the 

positions of the resource elements to which the PSCH(s) is mapped if the PCCH (e.g., the 

PDCCH) is detected in the CSS. In this case, the detected PCCH (i.e., the detected DCI, 

the detected DCI format) may be used for scheduling of a corresponding PSCH (e.g., 

PUSCH). Also, the UE 602 may determine, based on the physical cell identity, the 

positions of the resource elements to which the PSCH(s) is mapped if the specific DCI 

format is detected. Namely, the UE 602 may determine, based on the physical cell 

identity, the positions of the resource elements to which the PSCH(s) is mapped if the 

predetermined DCI format is detected. 

[00208] Also, as another example, a DE-specific frequency shift may be given 

byvshift = p mod3. Namely, the parameter p may be provided as a parameter associated 
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with UL RS(s) resource elements mapping. Here, the parameter p may directly indicate a 

value of the frequency shift. 

[00209] Here, the parameter p may be configured by higher layers. For, example, the 

gNB 660 may configure the parameter p by using the fifth information included in the 

RRC message. Also, the parameter p may be indicated by DCI. And, the parameter p may 

be a DE-specific. Here, the same single parameter p may be used for determining the 

positions of the resource elements to which the one or more UL RSs are mapped. 

Namely, the UE 602 may generate, based on the parameter p, the positions of the resource 

elements to which the one or more UL RS(s) are mapped. The UE 602 may determine, 

based on the parameter p, the positions of the resource elements to which the one or more 

UL RS(s) are mapped if a value of the fifth information (i.e., a value of the parameter p) 

is configured. The UE 602 may determine, based on the parameter p, the positions of the 

resource elements to which the one or more UL RS(s) are mapped unless the uplink 

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. 

[00210] Also, the UE 602 may determine, based on the parameter p, the positions of 

the resource elements to which the one or more UL RS(s) are mapped if the PCCH (e.g., 

the PDCCH) is detected in the CSS and/or the USS. In this case, the detected PCCH (i.e., 

the detected DCI, the detected DCI format) may be used for scheduling of a 

corresponding PSCH (e.g., PUSCH). Also, the UE 602 may determine, based on the 

parameter p, the positions of the resource elements to which the one or more UL RS(s) 

are mapped if the specific DCI format and/or DCI format other than the specific DCI 

format is detected. Namely, the UE 602 may determine, based on the parameter p, the 

positions of the resource elements to which the one or more UL RS(s) are mapped if the 

predetermined DCI format and/or DCI format other than the predetermined DCI format is 

detected. 

[00211] Namely, the parameter p may be used for determining the positions of the 

resource elements to which the PSCH(s) is mapped. Namely, the UE 602 may determine, 

based on the parameter p, the positions of the resource element(s) to which the PSCH(s) 
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is mapped. The UE 602 may determine, based on the parameter p, the positions of the 

resource elements to which the PSCH(s) is mapped if a value of fifth information (i.e., a 

value of the parameter p) are configured by higher layers. The UE 602 may determine, 

based on the parameter p, the positions of the resource elements to the PSCH(s) are 

mapped unless the uplink 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. 

[00212] Also, the UE 602 may determine, based on the parameter p, the positions of 

the resource elements to the PSCH(s) are mapped if the PCCH (e.g., the PDCCH) is 

detected in the CSS and/or the USS. In this case, the detected PCCH (i.e., the detected 

DCI, the detected DCI format) may be used for scheduling of a corresponding PSCH 

(e.g., PUSCH). Also, the UE 602 may determine, based on the parameter p, the positions 

of the resource elements to the PSCH(s) are mapped if the specific DCI format and/or 

DCI format other than the specific DCI format is detected. Namely, the UE 602 may 

determine, based on the parameter p, the positions of the resource elements to the 

PSCH(s) are mapped if the predetermined DCI format and/or DCI format other than the 

predetermined DCI format is detected. 

[00213] Figure 8 illustrates an example where one or more UL RS(s) transmitted on a 

UL antenna port are mapped to different resource elements. Namely, each of one or more 

UL RSs associated with one or more TRPs are mapped to different positions of the 

resource elements. 

[00214] Also, as shown by Figure 8, the one or more UL RSs transmitted on an UL 

antenna port may be mapped to different resource element(s). For example, a DE-specific 

frequency shift and/or a beam-specific frequency shift may be given by Vshift = q mod 3 . 

Namely, the parameter q may be provided as a parameter associated with UL RS(s) 

resource elements mapping. Here, the parameter q may directly indicate a value of the 

frequency shift. 

[00215] Here, the one or more parameters q may be configured by higher layers. For, 

example, the gNB 660 may configure the one or more parameters q by using the sixth 
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information included in the RRC message. Also, the one or more parameters q may be 

indicated by DCI. And, the parameter q may be a DE-specific and/or a beam-specific. For 

example, the gNB 660 may configure more than one parameters q (e.g., up to four 

parameters q) by using the second information, and the UE 602 use one parameter q 

among more than one parameters q based on the DCI (or the higher layer parameter). As 

mentioned later, the gNB 660 may transmit the DCI used for indicating that which beam 

index is used for uplink transmission. Namely, DCI used for indicating one parameter q 

may be included in DCI format mentioned later (e.g., DCI format Y and/or DCI format 

Z). Also, the higher layer parameter may be included in the RRC message. 

[00216] Here, each of one or more parameters q may be used for determining each of 

the positions of the resource elements to which the corresponding one or more UL RS(s) 

are mapped. For example, a parameter q 1 may be used for determining the positions of 

the resource element(s) to which UL RSl is mapped. Also, a parameter q2 may be used 

for determining the positions of the resource element(s) to which UL RS2 is mapped. 

Also, a parameter q3 may be used for determining the positions of the resource element(s) 

to which UL RS3 is mapped. Namely, the UE 602 may determine, based on each of one 

or more parameters q, each of the positions of the resource elements to which the one or 

more corresponding UL RS(s) are mapped if a value of the sixth information (i.e., a value 

of the parameter q) is configured. Also, the UE 602 may determine, based on each of one 

or more parameters q, each of the positions of the resource elements to which the one or 

more corresponding UL RS(s) are mapped unless the uplink 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. 

[00217] Also, the UE 602 may determine, based on each of one or more parameters q, 

each of the positions of the resource elements to which the one or more UL RS(s) are 

mapped if the PCCH (e.g., the PDCCH) is detected in the USS. In this case, the detected 

PCCH (i.e., the detected DCI, the detected DCI format) may be used for scheduling of a 

corresponding PSCH (e.g., PUSCH). Also, the UE 602 may determine, based on each of 

one or more parameters q, each of the positions of the resource elements to which the one 
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or more UL RS(s) are mapped if DCI format other than the specific DCI format is 

detected. Namely, the UE 602 may determine, based on each of one or more parameters 

q, each of the positions of the resource elements to which the one or more UL RS(s) are 

mapped if DCI format other than the predetermined DCI format is detected. 

[00218] Namely, the one or more parameters q may be used for determining the 

positions of the resource elements to which the PSCH(s) is mapped. Namely, the UE 602 

may determine, based on each of the one or more parameters q, each of the positions of 

the resource element(s) to which the PSCH(s) is mapped. The UE 602 may determine, 

based on each of the one or more parameters q, each of the positions of the resource 

elements to which the PSCH(s) is mapped if a value of fifth information (i.e., a value of 

the parameters q) are configured by higher layers. The UE 602 may determine, based on 

each of the one or more parameters q, each of the positions of the resource elements to 

the PSCH(s) are mapped unless the uplink 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. 

[00219] Also, the UE 602 may determine, based on each of one or more parameters q, 

each of the positions of the resource elements to the PSCH(s) are mapped if the PCCH 

(e.g., the PDCCH) is detected in the USS. In this case, the detected PCCH (i.e., the 

detected DCI, the detected DCI format) may be used for scheduling of a corresponding 

PSCH (e.g., PUSCH). Also, the UE 602 may determine, based on each of one or more 

parameters q, each of the positions of the resource elements to the PSCH(s) are mapped if 

DCI format other than the specific DCI format is detected. Namely, the UE 602 may 

determine, based on each of one or more parameters q, each of the positions of the 

resource elements to the PSCH(s) are mapped if DCI format other than a predetermined 

DCI format is detected. 

[00220] Here, a default value of the parameter x (i.e., a default value of the first 

information), a default value of the parameter y (i.e., a default value of the second 

information), a default value of the parameter z (i.e., a default value of the third 

information), a default value of the parameter k (i.e., a default value of the fourth 
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information), a default value of the parameter p (i.e., a default value of the fifth 

information), and/or a default value of the parameter q (i.e., a default value of the sixth 

information) may be defined. For example, the default value of the parameter x may be 

zero. Also, for example, the default value of the parameter y may be zero. Also, for 

example, the default value of the parameter z may be zero. Also, for example, the default 

value of the parameter k may be zero. Also, for example, the default value of the 

parameter p may be zero. Also, for example, the default value of the parameter q may be 

zero. 

[00221] Also, for example, a default value of the cyclic shift a A, a default value of the 

group-hopping pattern fgh (ns), a default value of the sequence-shift pattern fs~USCH, a 

default value of the base sequence numberv, a default value of Vshift may be defined. 

For example, the default value of the cyclic shift a A may be defined by the values of 

ngiRS that is set to zero and the physical cell identity. For example, the default value 

of the cyclic shift a A may be defined by the values of ngiRS A that is set to zero and 
' 

the physical cell identity. 

[00222] Also, for example, the default value of the group-hopping pattern f gh (ns) 

may be defined by the value of the group-hopping pattern f gh (ns) that is set to zero. 

Also, for example, the default value of the sequence-shift pattern f s~USCH may be 

defined by the value of the sequence-shift pattern f s~USCH that is set to zero. 

[00223] Also, for example, the default value of the sequence-shift pattern fs~USCH 

may be defined by the values of ~ss that is set to zero and the physical cell identity. 

Also, for example, the default value of the base sequence number v may be defined by 

the value of the base sequence number v that is set to zero. Also, for example, the default 

value of Vshift may be defined by the value of Vshift that is set to zero. 
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[00224] Here, the default value(s) of the parameter(s) (i.e., the default value of the 

parameter x, the default value of the parameter y, the default value of the parameter z, the 

parameter k, the default value of the parameter p, the default value of the parameter q, the 

default value of the cyclic shift a A , the default value of the group-hopping pattern 

f gh (ns), the default value of the sequence-shift pattern fs~USCH, the default value of 

the base sequence number v , and/or a default value of Vshift ) may be specified, in 

advance, by specifications and known information between the gNB 660 and the UE 602. 

[00225] Here, for example, the default value(s) of the parameter(s) may be used in a 

case that the uplink transmission corresponds to the Random Access Response Grant in 

the random access procedure. Also, the default value(s) of the parameter(s) may be used 

in a case that the uplink transmission corresponds the retransmission of the same 

transport block in the random access procedure. Also, the default value(s) of the 

parameter(s) may be used in a case that the PCCH (e.g., PDCCH) is detected in the CSS. 

Also, the default value(s) of the parameter(s) may be used in a case that the specific DCI 

format is detected. Namely, the default value(s) of the parameter(s) may be used in a case 

that the predetermined DCI format is detected. Also, the default value(s) of the 

parameter(s) may be used in a case that no value of the first information (i.e., no value of 

the parameter x) is configured. Also, the default value(s) of the parameter(s) may be used 

in a case that no value of the second information (i.e., no value of the parameter y) is 

configured. Also, the default value(s) of the parameter(s) may be used in a case that no 

value of the third information (i.e., no value of the parameter z) is configured. Also, the 

default value(s) of the parameter(s) may be used in a case that no value of the fourth 

information (i.e., no value of the parameter k) is configured. Also, the default value(s) of 

the parameter(s) may be used in a case that no value of the fifth information (i.e., no value 

of the parameter p) is configured. Also, the default value(s) of the parameter(s) may be 

used in a case that no value of the sixth information (i.e., no value of the parameter q) is 

configured. Also, the default value(s) of the parameter(s) may be used in a case that no 
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value of the seventh information is configured. Also, the default value(s) of the 

parameter(s) may be used in a case that no value of the eighth information is configured. 

[00226] Here, the gNB 660 may transmit ninth information associated with the 2 bits 

information field and/or the 3 bits information field as above mentioned. For example, the 

gNB 660 may transmit ninth information used for indicating whether the 2 bits 

information field is present or not in the DCI format (e.g., the DCI format Y). For 

example, the gNB 660 transmit ninth information used for indicating whether the 3 bits 

information field is present or not in the DCI format (e.g., the DCI format Z). And, for 

example, the default value(s) may be used in a case that the 2 bits information field is not 

present in the DCI format (i.e., the ninth information indicates that the 2 bits information 

field is not present in the DCI format). Also, the default value(s) may be used in a case 

that the 3 bits field is not present in the DCI format (i.e., the ninth information indicates 

that the 3 bits information field is not present in the DCI format). Namely, the default 

value(s) may be used in a case that parameter(s) associated with transmission(s) on 

beam(s) is not configured and/or indicated. Also, the default value(s) may be used in a 

case that parameter(s) associated with transmission(s) on TRP(s) is not configured and/or 

indicated. 

[00227] Figure 9 shows another example of uplink transmissions. For example, as 

shown by Figure 9(a), the gNB 960a may transmit seventh information associated with 

one or more beam indices by using the RRC message. Namely, the seventh information 

may be used for configuring the one or more beam indices used for uplink transmissions. 

Here, the one or more beam indices may be associated with an UL antenna port and/or a 

DL antenna port. Also, the one or more beam indices may be associated with a pair of a 

DL beam index (may be a DL antenna port, i.e., D-beam) and an UL beam index (may be 

an UL antenna port, i.e., U-beam). Also, the one or more beam indices may be associated 

with pre-coding indices for downlink transmissions and/or uplink transmissions. 

[00228] In Figure 9(a), for example, the gNB 960a may configure a first beam index 

(e.g., a beam index 1) for uplink transmission. The uplink transmission on a beam with 

the first beam index (e.g., a beam index 1) may be performed using an UL antenna port 
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(e.g., UL antenna port 0). In this case, the UE 902a may perform uplink transmission with 

an UL RS (e.g., an UL RSl) using the UL antenna port 0. 

[00229] The gNB 960a may configure a second beam index (e.g., a beam index 3) for 

uplink transmission. And, the uplink transmission on a beam with the third beam index 

(e.g., a beam index 3) may be performed using an UL antenna port (e.g., the UL antenna 

port 0). In this case, the UE 902a may perform uplink transmission with an UL RS (e.g., 

an UL RS3) using the UL antenna port 0. 

[00230] Furthermore, the gNB 960a may configure a third beam index (e.g., a beam 

index 2) for uplink transmission. The uplink transmission on a beam with the third beam 

index (e.g., a beam index 2) may be performed using an UL antenna port (e.g., the UL 

antenna port 0). In this case, the UE 902a may perform uplink transmission with an UL 

RS (e.g., an UL RS2) using the UL antenna port 0. 

[00231] Also, for example, as shown by Figure 9(b), the gNB 960b may transmit 

eighth information associated with uplink transmission mode by using the RRC message. 

For example, the gNB 960b may configure a transmission mode 1 associated with a first 

transmission scheme (e.g., single-beam transmission and/or single-antenna port). Here, 

uplink transmission using the first transmission scheme may be performed using an UL 

antenna port 0. 

[00232] Also, for example, the gNB 960b may configure a transmission mode 2 

associated with the first transmission scheme and a second transmission scheme (e.g., 

multi-beam transmission and/or single-antenna port). Here, uplink transmission using the 

second transmission scheme may be performed using an UL antenna port 1. Also, for 

example, the gNB 960b may configure a transmission mode 3 associated with the first 

transmission scheme and a third transmission scheme (e.g., multi-beam transmission 

and/or multi-antenna port). Here, uplink transmission using the third transmission scheme 

may be performed using an UL antenna port 2 or 3. 

[00233] Figure 10 illustrates various components that may be utilized in a UE 1002. 

The UE 1002 described in connection with Figure 10 may be implemented in accordance 

with the UE 102 described in connection with Figure 1. The UE 1002 includes a 
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processor 1003 that controls operation of the UE 1002. The processor 1003 may also be 

referred to as a central processing unit (CPU). Memory 1005, which may include read­

only memory (ROM), random access memory (RAM), a combination of the two or any 

type of device that may store information, provides instructions 1007a and data 1009a to 

the processor 1003. A portion of the memory 1005 may also include non-volatile random 

access memory (NVRAM). Instructions 1007b and data 1009b may also reside in the 

processor 1003. Instructions 1007b and/or data 1009b loaded into the processor 1003 may 

also include instructions 1007a and/or data 1009a from memory 1005 that were loaded 

for execution or processing by the processor 1003. The instructions 1007b may be 

executed by the processor 1003 to implement the methods described above. 

[00234] The UE 1002 may also include a housing that contains one or more 

transmitters 1058 and one or more receivers 1020 to allow transmission and reception of 

data. The transmitter(s) 1058 and receiver(s) 1020 may be combined into one or more 

transceivers 1018. One or more antennas 1022a-n are attached to the housing and 

electrically coupled to the transceiver 1018. 

[00235] The various components of the UE 1002 are coupled together by a bus system 

1011, which may include a power bus, a control signal bus and a status signal bus, in 

addition to a data bus. However, for the sake of clarity, the various buses are illustrated in 

Figure 10 as the bus system 1011. The UE 1002 may also include a digital signal 

processor (DSP) 1013 for use in processing signals. The UE 1002 may also include a 

communications interface 1015 that provides user access to the functions of the UE 1002. 

The UE 1002 illustrated in Figure 10 is a functional block diagram rather than a listing of 

specific components. 

[00236] Figure 11 illustrates various components that may be utilized in a gNB 1160. 

The gNB 1160 described in connection with Figure 11 may be implemented in 

accordance with the gNB 160 described in connection with Figure 1. The gNB 1160 

includes a processor 1103 that controls operation of the gNB 1160. The processor 1103 

may also be referred to as a central processing unit (CPU). Memory 1105, which may 

include read-only memory (ROM), random access memory (RAM), a combination of the 
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two or any type of device that may store information, provides instructions 1107a and 

data 1109a to the processor 1103. A portion of the memory 1105 may also include non­

volatile random access memory (NVRAM). Instructions 1107b and data 1109b may also 

reside in the processor 1103. Instructions 1107b and/or data 1109b loaded into the 

processor 1103 may also include instructions 1107a and/or data 1109a from memory 

1105 that were loaded for execution or processing by the processor 1103. The instructions 

1107b may be executed by the processor 1103 to implement the methods described 

above. 

[00237] The gNB 1160 may also include a housing that contains one or more 

transmitters 1117 and one or more receivers 1178 to allow transmission and reception of 

data. The transmitter(s) 1117 and receiver(s) 1178 may be combined into one or more 

transceivers 1176. One or more antennas 1180a-n are attached to the housing and 

electrically coupled to the transceiver 1176. 

[00238] The various components of the gNB 1160 are coupled together by a bus 

system 1111, which may include a power bus, a control signal bus and a status signal bus, 

in addition to a data bus. However, for the sake of clarity, the various buses are illustrated 

in Figure 11 as the bus system 1111. The gNB 1160 may also include a digital signal 

processor (DSP) 1113 for use in processing signals. The gNB 1160 may also include a 

communications interface 1115 that provides user access to the functions of the gNB 

1160. The gNB 1160 illustrated in Figure 11 is a functional block diagram rather than a 

listing of specific components. 

[00239] Figure 12 is a block diagram illustrating one implementation of a UE 1202 in 

which systems and methods for performing uplink transmissions may be implemented. 

The UE 1202 includes transmit means 1258, receive means 1220 and control means 

1224. The transmit means 1258, receive means 1220 and control means 1224 may be 

configured to perform one or more of the functions described in connection with Figure 1 

above. Figure 10 above illustrates one example of a concrete apparatus structure of Figure 

12. Other various structures may be implemented to realize one or more of the functions 

of Figure 1. For example, a DSP may be realized by software. 
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[00240] Figure 13 is a block diagram illustrating one implementation of a gNB 1360 in 

which systems and methods for performing uplink transmissions may be implemented. 

The gNB 1360 includes transmit means 1317, receive means 1378 and control means 

1382. The transmit means 1317, receive means 1378 and control means 1382 may be 

configured to perform one or more of the functions described in connection with Figure I 

above. Figure 11 above illustrates one example of a concrete apparatus structure of Figure 

13. Other various structures may be implemented to realize one or more of the functions 

of Figure 1. For example, a DSP may be realized by software. 

[00241] Figure 14 shows examples of several numerologies. The numerology #1 may 

be a basic numerology. For example, a RE of the basic numerology is defined with 

subcarrier spacing of 15 kHz in frequency domain and 2048Ts + CP length (e.g., 160Ts 

or 144Ts) in time domain, where Ts denotes a baseband sampling time unit defined as 

1/(15000*2048) seconds. For the i-th numerology, the subcarrier spacing may be equal to 
. . 
1 ➔ 

15*2 and the effective OFDM symbol length 2048*2 *Ts. It may cause the symbol 
. . . 
➔ ➔ ➔ 

length is 2048*2 *Ts + CP length (e.g., 160*2 *Ts or 144*2 *Ts). In other words, the 

subcarrier spacing of the i+ I-th numerology is a double of the one for the i-th 

numerology, and the symbol length of the i+ I-th numerology is a half of the one for the i­

th numerology. Figure 14 shows four numerologies, but the system may support another 

number of numerologies. Furthermore, the system does not have to support all of the 0-th 

to the I-th numerologies, i=0, 1, ... , I. 

[00242] Figure 15 shows examples of subframe structures for the numerologies that 

are shown in Figure 14. Given that a slot includes N°\ymb (or NU\ymb) = 7 symbols, 

the slot length of the i+ 1-th numerology is a half of the one for the i-th numerology, and 

eventually the number of slots in a subframe (i.e., 1 ms) becomes double. It may be noted 

that a radio frame may include 10 subframes, and the radio frame length may be equal to 

lOms. 

[00243] Figure 16 shows examples of slots and sub-slots. If sub-slot is not configured 

by higher layer, the UE and the eNB may only use a slot as a scheduling unit. More 
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specifically, a given transport block may be allocated to a slot. If the sub-slot is 

configured by higher layer, the UE and the eNB may use the sub-slot as well as the slot. 

The sub-slot may include one or more OFDM symbols. The maximum number of OFDM 

. DL UL 
symbols that constitute the sub-slot may be N symb-1 ( or N symb-1 ). The sub-slot 

length may be configured by higher layer signaling. Alternatively, the sub-slot length may 

be indicated by a physical layer control channel (e.g., by DCI format). The sub-slot may 

start at any symbol within a slot unless it collides with a control channel. There could be 

restrictions of mini-slot length based on restrictions on starting position. For example, the 

sub-slot with the length of N°\ymb- l ( or NU\ymb-1) may start at the second symbol in 

a slot. The starting position of a sub-slot may be indicated by a physical layer control 

channel (e.g., by DCI format). Alternatively, the starting position of a sub-slot may be 

derived from information (e.g., search space index, blind decoding candidate index, 

frequency and/or time resource indices, PRB index, a control channel element index, 

control channel element aggregation level, an antenna port index, etc) of the physical 

layer control channel which schedules the data in the concerned sub-slot. In cases when 

the sub-slot is configured, a given transport block may be allocated to either a slot, a sub­

slot, aggregated sub-slots or aggregated sub-slot(s) and slot. This unit may also be a unit 

for HARQ-ACK bit generation. 

[00244] Figure 17 shows examples of scheduling timelines. For a normal DL 

scheduling timeline, DL control channels are mapped the initial part of a slot. The DL 

control channels schedule DL shared channels in the same slot. HARQ-ACKs for the DL 

shared channels (i.e., HARQ-ACKs each of which indicates whether or not transport 

block in each DL shared channel is detected successfully) are reported via UL control 

channels in a later slot. In this instance, a given slot may contain either one of DL 

transmission and UL transmission. For a normal UL scheduling timeline, DL control 

channels are mapped the initial part of a slot. The DL control channels schedule UL 

shared channels in a later slot. For these cases, the association timing (time shift) between 

the DL slot and the UL slot may be fixed or configured by higher layer signaling. 

Alternatively, it may be indicated by a physical layer control channel (e.g., the DL 
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assignment DCI format, the UL grant DCI format, or another DCI format such as UE­

common signaling DCI format which may be monitored in common search space). 

[00245] For a self-contained base DL scheduling timeline, DL control channels are 

mapped the initial part of a slot. The DL control channels schedules DL shared channels 

in the same slot. HARQ-ACKs for the DL shared channels are reported UL control 

channels which are mapped at the ending part of the slot. For a self-contained base UL 

scheduling timeline, DL control channels are mapped the initial part of a slot. The DL 

control channels schedules UL shared channels in the same slot. For these cases, the slot 

may contain DL and UL portions, and there may be a guard period between the DL and 

UL transmissions. The use of self-contained slot may be upon a configuration of self­

contained slot. Alternatively, the use of self-contained slot may be upon a configuration 

of the sub-slot. Yet alternatively, the use of self-contained slot may be upon a 

configuration of shortened physical channel (e.g., PDSCH, PUSCH, PUCCH, etc.). 

[00246] Figure 18 is a block diagram illustrating one implementation of a gNB 1860. 

The gNB 1860 may include a higher layer processor, a DL transmitter, a UL receiver, and 

antennas. The DL transmitter may include a PDCCH transmitter and a PDSCH 

transmitter. The UL receiver may include a PUCCH receiver and a PUSCH receiver. The 

higher layer processor may manage physical layer's behaviors (the DL transmitter's and 

the UL receiver's behaviors) and provide higher layer parameters to the physical layer. 

The higher layer processor may obtain transport blocks from the physical layer. The 

higher layer processor may send/acquire higher layer messages such as an RRC message 

and MAC message to/from a UE's higher layer. The higher layer processor may provide 

the PDSCH transmitter transport blocks and provide the PDCCH transmitter transmission 

parameters related to the transport blocks. The UL receiver may receive multiplexed 

uplink physical channels and uplink physical signals via receiving antennas and de­

multiplex them. The PUCCH receiver may provide the higher layer processor UCL The 

PUSCH receiver may provide the higher layer processor received transport blocks. 

[00247] Figure 19 is a block diagram illustrating one implementation of a UE 1902. 

The UE 1902 may include a higher layer processor, a UL transmitter, a DL receiver, and 
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antennas. The UL transmitter may include a PUCCH transmitter and a PUSCH 

transmitter. The DL receiver may include a PDCCH receiver and a PDSCH receiver. The 

higher layer processor may manage physical layer's behaviors (the UL transmitter's and 

the DL receiver's behaviors) and provide higher layer parameters to the physical layer. 

The higher layer processor may obtain transport blocks from the physical layer. The 

higher layer processor may send/acquire higher layer messages such as an RRC message 

and MAC message to/from a UE's higher layer. The higher layer processor may provide 

the PUSCH transmitter transport blocks and provide the PUCCH transmitter UCL The 

DL receiver may receive multiplexed downlink physical channels and downlink physical 

signals via receiving antennas and de-multiplex them. The PDCCH receiver may provide 

the higher layer processor DCI. The PDSCH receiver may provide the higher layer 

processor received transport blocks. 

[00248] A second implementation of systems and methods for scheduling 

transmissions is described herein. For downlink data transmission, the UE 102 may 

attempt blind decoding of one or more PDCCH (also referred to just as control channel) 

candidates. This procedure is also referred to as monitoring of PDCCH. The PDCCH may 

carry DCI format which schedules PDSCH (also referred to just as shared channel or data 

channel). The gNB 160 may transmit PDCCH and the corresponding PDSCH in a 

downlink slot. Upon the detection of the PDCCH in a downlink slot, the UE 102 may 

receive the corresponding PDSCH in the downlink slot. Otherwise, the UE 102 may not 

perform PDSCH reception in the downlink slot. 

[00249] Figure 20 illustrates an example of control resource unit and reference signal 

structure. A control resource set may be defined, in frequency domain, as a set of physical 

resource block(s) (PRBs). For example, a control resource set may include PRB#i to 

PRB#i+3 in frequency domain. The control resource set may also be defined, in time 

domain, as a set of OFDM symbol(s). It may also be referred to as a duration of the 

control resource set or just control resource set duration. For example, a control resource 

set may include three OFDM symbols, OFDM symbol#0 to OFDM symbol#2, in time 

domain. The UE 102 may monitor PDCCH in one or more control resource sets. The 
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PRB set may be configured with respect to each control resource set through dedicated 

RRC signaling (e.g., via dedicated RRC reconfiguration). The control resource set 

duration may also be configured with respect to each control resource set through 

dedicated RRC signaling. 

[00250] In the control resource unit and reference signal structure shown in Figure 20, 

control resource units are defined as a set of resource elements (REs). Each control 

resource unit includes all REs (i.e., 12 REs) within a single OFDM symbol and within a 

single PRB (i.e., consecutive 12 subcarriers). REs on which reference signals (RSs) are 

mapped may be counted as those REs, but the REs for RSs are not available for PDCCH 

transmission and the PDCCH are not mapped on the REs for RSs. 

[00251] Multiple control resource units may be used for a transmission of a single 

PDCCH. In other words, one PDCCH may be mapped the REs which are included in 

multiple control resource units. Figure 20 shows the example that the UE 102 performing 

blind decoding of PDCCH candidates assuming that multiple control resource units 

located in the same frequency carries one PDCCH. In other words, one PDCCH candidate 

is mapped to control resource units on multiple OFDM symbols. The gNB 160 may 

transmit a PDCCH intended for the UE 102 using one of those candidates. 

[00252] RSs for the PDCCH demodulation may not be contained in all of the resource 

units on which the PDCCH is mapped. For example, the resource unit on the OFDM 

symbol#0 may contain the RSs while the resource units on the OFDM symbol#! and the 

OFDM symbol#! may not contain the RSs. In this instance, the UE 102 can assume that 

the RSs contained in any resource unit of a given PRB can be used for demodulation of 

every resource unit in the same PRB. In other words, for demodulation, the RSs can be 

shared among all resource units within the same PRB. This may reduce overhead due to 

RSs. On the other hand, the UE 102 may not be allowed to assume that the RSs contained 

in a given PRB can be used for demodulation of a resource unit in a different PRB. The 

gNB 160 may apply different precoders for different PRBs. 

[00253] Figure 21 illustrates another example of control resource unit and reference 

signal structure. Figure 21 shows the example that the UE 102 performing blind decoding 
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of PDCCH candidates assuming that multiple control resource units located in the same 

OFDM symbol carries one PDCCH. In other words, one PDCCH candidate is mapped to 

control resource units on a single OFDM symbol. 

[00254] RSs for the PDCCH demodulation may be contained in all of the resource 

units on which the PDCCH is mapped. For example, the resource unit on the OFDM 

symbol#0, the OFDM symbol#! and the OFDM symbol#2 may contain the RSs. In this 

instance, the UE 102 can assume that the RSs contained in a given resource unit cannot 

be used for demodulation of any other resource unit. Rather, the UE I 02 may not be 

allowed to assume that the RSs contained in a given resource unit can be used for 

demodulation of a different resource unit. This may increase diversity gain for PDCCH 

transmission, since the gNB 160 may apply different precoders for different resource 

units. 

[00255] The gNB 160 may be able to select one of the control resource unit 

aggregations shown in Figure 20 and Figure 21. Whether a single PDCCH spans a single 

OFDM symbol or multiple OFDM symbols may be configured to the UE 102 per control 

resource set via dedicated RRC signaling from the gNB 160. Moreover, the number of 

OFDM symbols that a single PDCCH spans may be configured to the UE 102. The UE 

102 may monitor, in a slot, multiple PDCCH candidates which span the different 

numbers of OFDM symbols. The UE 102 may be configured with the number of 

candidates ( or reduction of the number of candidates) with respect to each number of 

OFDM symbols that PDCCH spans. 

[00256] The gNB 160 may be able to select one of the control resource unit to RS 

associations shown in Figure 20 and Figure 21. The UE 102 may be configured with one 

of multiple configurations, one configuration is that each resource unit contains RS REs, 

while another configuration is that some resource unit may not contain RS REs and the 

RSs contained in any resource unit of a given PRB can be used for demodulation of every 

resource unit in the same PRB. 

[00257] Alternatively, control resource unit to RS mappmg may be tied to the 

configuration of whether a single PDCCH spans a single OFDM symbol or multiple 
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OFDM symbols. For the case that one PDCCH spans a single OFDM symbol, each 

resource unit contains the RS REs. For the case that one PDCCH spans multiple OFDM 

symbols, some resource unit may not contain the RS REs and the RSs contained in any 

resource unit of a given PRB can be used for demodulation of every resource unit in the 

same PRB. 

[00258] From another perspective, the RSs for PDCCH demodulation may be 

configurable. The gNB 160 may configure one of multiple states to the UE I 02. One state 

may indicate the RS is control resource unit specific and is inserted in the corresponding 

control resource units. Another state may indicate the RS is control resource unit group 

specific and is inserted in some control resource unit(s) of the corresponding control 

resource unit group. In other words, the presence of a given RS set is configurable. 

[00259] Furthermore, quasi co-location (QCL) assumptions of RS antenna ports may 

be configurable. The gNB 160 may be able to select one of multiple configurations. One 

configuration may be that RS antenna ports on different OFDM symbols can have the 

same QCL assumption. Another configuration may be that RS antenna ports on the same 

OFDM symbol can have the same QCL assumption but RS antenna ports on different 

OFDM symbols cannot have the same QCL assumption. It is noted that two antenna ports 

may be said to be quasi co-located if the large-scale properties of the channel over which 

a symbol on one antenna port is conveyed can be inferred from the channel over which a 

symbol on the other antenna port is conveyed. The large-scale properties may include one 

or more of delay spread, Doppler spread, Doppler shift, average gain, and average delay. 

[00260] Figure 22 illustrates another example of control resource unit and reference 

signal structure. Figure 22 shows the example that the UE 102 performing blind decoding 

of PDCCH candidates assuming that multiple control resource units located in the same 

frequency carries one PDCCH. However, RSs for the PDCCH demodulation may be 

contained in all of the resource units on which the PDCCH is mapped. The UE 102 may 

not be allowed to assume that the RSs contained in a given resource unit can be used for 

demodulation of a different resource unit. This may increase diversity gain for PDCCH 

transmission, since the gNB 160 may apply different precoders for different resource 
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units. Alternatively, the UE 102 may be allowed to assume that the RSs contained in a 

given resource unit can be used for demodulation of a different resource unit within the 

same PRB. This may improve channel estimation accuracy, since the gNB 160 may apply 

the same precoders for more RSs within a PRB. 

[00261] Figure 23 illustrates another example of control resource unit and reference 

signal structure. Figure 23 shows the example that the UE I 02 performing blind decoding 

of PDCCH candidates assuming that multiple control resource units located in the same 

OFDM symbol carries one PDCCH. However, RSs for the PDCCH demodulation may 

not be contained in all of the resource units on which the PDCCH is mapped. 

[00262] The gNB 160 may be able to configure the control resource unit aggregation 

and the control resource unit to RS association separately. In this instance, the UE 102 

may be configured with one of the combinations of the control resource unit aggregation 

and the control resource unit to RS association which are shown in Figure 20 to Figure 23. 

[00263] The UE 102 may include a higher layer processor which is configured to 

acquire a dedicated RRC message. The dedicated RRC message may include information 

indicating PRB set and duration for each control resource set. The UE 102 may also 

include PDCCH receiving circuitry which is configured to monitor a PDCCH in each 

control resource set. The PDCCH may carry DCI format which schedule a PDSCH in the 

same slot. The UE 102 may also include PDSCH receiving circuitry which is configured 

to receive the PDSCH upon the detection of the corresponding PDCCH. 

[00264] The dedicated RRC message may also include, per control resource set, 

information indicating whether a single PDCCH spans a single OFDM symbol or 

multiple OFDM symbols. The PDCCH receiving circuitry may also be configured to 

consider whether a single PDCCH spans a single OFDM symbol or multiple OFDM 

symbols, for monitoring of the PDCCH. 

[00265] The UE 102 may also include RS receiving circuitry which is configured to 

receive RS for demodulation of the PDCCH. The dedicated RRC message may also 

include, per control resource set, information indicating RS configuration. The RS 

receiving circuitry may be configured to consider the RS configuration for RS reception. 
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[00266] The gNB 160 may include a higher layer processor which is configured to 

send a dedicated RRC message. The dedicated RRC message may include information 

indicating PRB set and duration for each control resource set. The gNB 160 may also 

include PDCCH transmitting circuitry which is configured to transmit a PDCCH in one 

or more control resource sets. The PDCCH may carry DCI format which schedule a 

PDSCH in the same slot. The gNB 160 may also include PDSCH transmitting circuitry 

which is configured to transmit the PDSCH upon the transmission of the corresponding 

PDCCH. 

[00267] The dedicated RRC message may also include, per control resource set, 

information indicating whether a single PDCCH spans a single OFDM symbol or 

multiple OFDM symbols. The PDCCH transmitting circuitry may also be configured to 

consider whether a single PDCCH spans a single OFDM symbol or multiple OFDM 

symbols, for monitoring of the PDCCH. 

[00268] The gNB 160 may also include RS transmitting circuitry which is configured 

to transmit RS for demodulation of the PDCCH. The dedicated RRC message may also 

include, per control resource set, information indicating RS configuration. The RS 

transmitting circuitry may be configured to consider the RS configuration for RS 

transmission. 

[00269] A third implementation of systems and methods for scheduling transmissions 

is described herein. 

[00270] Figure 24 illustrates an example of control channel and shared channel 

multiplexing. There are several approaches to determine the starting position (i.e., the 

index of starting OFDM symbol) of PDSCH. 

[00271] The first approach is that the starting position of PDSCH is indicated via the 

scheduling PDCCH. More specifically, the DCI format which schedule PDSCH may 

include an information field for indicating the starting position of the scheduled PDSCH. 

This option provides the most flexible data starting position adjustment. 

[00272] The second approach is that a channel other than the PDCCH indicates the 

starting position of the scheduled PDSCH. For example, some common control channel 
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may be transmitted on OFDM symbol #0 in a slot, and the common control channel may 

include an information field for indicating the starting position of PDSCHs in the same 

slot. Given that this common control channel is monitored by multiple UEs 102, this 

approach reduces the duplication on transmission of the same control information and 

brings more efficient signaling. 

[00273] The third approach IS that the PDSCH starting position IS implicitly 

determined from the control channel resources that are used for the scheduling PDCCH 

transmission. For example, PDSCH may start on the symbol right after the last symbol on 

which the scheduling PDCCH is mapped. This option does not cause additional control 

signaling overhead. 

[00274] The UE 102 may include a higher layer processor which is configured to 

acquire a dedicated RRC message. The dedicated RRC message may include information 

indicating a control resource set duration. The UE 102 may also include PDCCH 

receiving circuitry which is configured to monitor a PDCCH based on the control 

resource set duration. The PDCCH may carry DCI format which schedule a PDSCH in 

the same slot. The DCI format may also include an information field indicating a PDSCH 

starting position. The UE 102 may also include PDSCH receiving circuitry which is 

configured to receive the PDSCH based on the PDSCH starting position, upon the 

detection of the corresponding PDCCH. 

[00275] The gNB 160 may include a higher layer processor which is configured to 

send a dedicated RRC message. The dedicated RRC message may include information 

indicating a control resource set duration. The gNB 160 may also include PDCCH 

transmitting circuitry which is configured to transmit a PDCCH based on the control 

resource set duration. The PDCCH may carry DCI format which schedule a PDSCH in 

the same slot. The DCI format may also include an information field indicating a PDSCH 

starting position. The UE 102 may also include PDSCH transmitting circuitry which is 

configured to transmit the PDSCH based on the PDSCH starting position, upon the 

transmission of the corresponding PDCCH. 
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[00276] A fourth implementation of systems and methods for scheduling transmissions 

is described herein. 

[00277] Figure 25 illustrates an example of slot based channels. The control channel 

#1 is a slot based PDCCH, and the shared channel #1 is a slot based PDSCH which is 

scheduled by the control channel #1. The REs on which the control channel #1 is mapped 

contains REs for the RSs which are used for demodulation of the control channel #1. The 

REs on which the shared channel #1 is mapped contains REs for the RSs which are used 

for demodulation of the shared channel #1. The other REs than the RS REs may be 

available for the PDCCH or PDSCH transmissions and may be filled with the 

corresponding control or data information. 

[00278] Figure 26 illustrates an example of multiplexing of slot based channels and 

sub-slot based channels. The control channel #1 is a slot based PDCCH, and the shared 

channel #1 is a slot based PDSCH which is scheduled by the control channel #1. The 

control channel #2 is a sub-slot based PDCCH, and the shared channel #2 is a sub-slot 

based PDSCH which is scheduled by the control channel #2. The other REs than the RS 

REs may be available for the PDCCH or PDSCH transmissions and may be filled with 

the corresponding control or data information. 

[00279] In this example, on the REs used for the control channel #2, the control 

channel #2 and the associated RSs override the shared channel #1. Similarly, on the REs 

used for the shared channel #2, the shared channel #2 and the associated RSs override the 

shared channel #1. In other words, if a part of the shared channel #1 signal collides with 

the control channel #2 or the shared channel #2, the transmission of that part may be 

dropped. If that part contains the RSs for demodulation of the shared channel #1, those 

RSs may also be dropped. Eventually, the UE 102 may not be able to demodulate the 

shared channel #1 successfully, and the gNB 160 may have to re-transmit the transport 

block carried by the shared channel #1. 

[00280] Figure 27 illustrates another example of multiplexing of slot based channels 

and sub-slot based channels. The control channel #1 is a slot based PDCCH, and the 

shared channel #1 is a slot based PDSCH which is scheduled by the control channel #1. 
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The control channel #2 is a sub-slot based PDCCH, and the shared channel #2 is a sub­

slot based PDSCH which is scheduled by the control channel #2. The other REs than the 

RS REs may be available for the PDCCH or PDSCH transmissions and may be filled 

with the corresponding control or data information. 

[00281] In this example, on the REs used for the control channel #2, the control 

channel #2 and the associated RSs override the shared channel #1. Similarly, on the REs 

used for the shared channel #2, the shared channel #2 and the associated RSs override the 

shared channel #1. An exception for these overriding is the RSs for demodulation of the 

shared channel #1. The RSs for demodulation of the shared channel #1 may not be 

available for transmissions of the control channel #2 and the shared channel #2. In other 

words, if a part of the shared channel #1 signal collides with the control channel #2 or the 

shared channel #2, the transmission of that part may be dropped. If that part contains the 

RSs for demodulation of the shared channel #1, those RSs may not be dropped but may 

be transmitted. 

[00282] To avoid collisions between the RSs for demodulation of the shared channel 

#1 and the RSs for demodulation of the control channel #2 or the shared channel #2, the 

locations of the RSs for demodulation of the control channel #2 and/or the shared channel 

#2 may be shifted in frequency domain (i.e., may be mapped on different subcarriers) 

compared with the RS s for demodulation of the shared channel # 1. 

[00283] The sub-slot configuration may include information of RS pattern (e.g., RS 

RE locations in frequency and/or time domain) of slot based channels, so that the UE 102 

configured with the sub-slot recognized exact RE mapping of sub-slot based channels. 

Alternatively, the sub-slot configuration may include information of available RE pattern 

(e.g., available RE locations in frequency and/or time domain) for sub-slot based channels, 

so that the UE 102 configured with the sub-slot recognized exact RE mapping of sub-slot 

based channels. The sub-slot configuration may include information just indicating the 

shift value. 

[00284] Yet alternatively, the offset value of the locations of the RSs for demodulation 

of the control channel #2 and/or the shared channel #2 compared with the RSs for 
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demodulation of the shared channel #1 may be pre-determined or predefined. For 

example, a fixed off set value such as I or 2 may be used. In other words, the locations of 

the RSs for demodulation of sub-slot based channels are defined on different subcarriers 

from the ones for slot based channels. 

[00285] The above-described offset determinations may be applied to both the sub-slot 

based PDCCH and the sub-slot based PDSCH. Alternatively, they may be applied to 

either the sub-slot based PDCCH or the sub-slot based PDSCH. For example, the fixed 

offset value such as 1 or 2 may be used for sub-slot based PDCCH, while the offset value 

for sub-slot based PDSCH may be indicated by the scheduling PDCCH. In this case, the 

sub-slot based PDCCH may include an information field for indicating the offset value. 

The slot based PDCCH may not include that information field. 

[00286] The UE 102 may include a higher layer processor which is configured to 

acquire a dedicated RRC message. The dedicated RRC message may include information 

indicating sub-slot configuration. The sub-slot configuration may include information of 

RS frequency offset. The UE 102 may also include RS receiving circuitry which is 

configured to receive a RS based on the sub-slot configuration and the RS frequency 

offset. The UE 102 may also include PDCCH receiving circuitry which is configured to 

monitor a PDCCH based on the sub-slot configuration. The PDCCH may carry DCI 

format which schedule a PDSCH in the same sub-slot. The UE 102 may also include 

PDSCH receiving circuitry which is configured to receive the PDSCH based on the sub­

slot configuration, upon the detection of the corresponding PDCCH. The RS frequency 

offset is a frequency offset of a sub-slot based RS compared with a slot based RS. 

[00287] The gNB 160 may include a higher layer processor which is configured to 

send a dedicated RRC message. The dedicated RRC message may include information 

indicating sub-slot configuration. The sub-slot configuration may include information of 

RS frequency offset. The gNB 160 may also include RS transmitting circuitry which is 

configured to transmit a RS based on the sub-slot configuration and the RS frequency 

offset. The gNB 160 may also include PDCCH transmitting circuitry which is configured 

to transmit a PDCCH based on the sub-slot configuration. The PDCCH may carry DCI 
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format which schedule a PDSCH in the same sub-slot. The gNB 160 may also include 

PDSCH transmitting circuitry which is configured to transmit the PDSCH based on the 

sub-slot configuration, upon the transmission of the corresponding PDCCH. The RS 

frequency offset is a frequency off set of a sub-slot based RS compared with a slot based 

RS. 

[00288] A fourth implementation of the systems and methods for scheduling 

transmissions is described herein. 

[00289] Figure 29 illustrates an example of control channel and shared channel 

multiplexing. More specifically, DE 102 may monitor PDCCH candidates in a control 

resource set. The set of PDCCH candidates may be also referred to as search space. The 

control resource set may be defined by a PRB set in frequency domain and a duration in 

units of OFDM symbol in time domain. 

[00290] For each serving cell, higher layer signaling such as common RRC messages 

or DE dedicated RRC messages may configure the DE 102 with one or more PRB set(s) 

for PDCCH monitoring. For each serving cell, higher layer signaling such as common 

RRC messages or DE dedicated RRC messages may also configure the DE 102 with the 

control resource set duration for PDCCH monitoring. 

[00291] Each control resource set may include a set of control channel elements 

(CCEs). Each CCE may be mapped to a set of resource element groups (REGs) which 

includes a plurality of REs. In the control resource set, a group-common PDCCH may be 

transmitted by the gNB 160. If the DE 102 is configured to monitor the group-common 

PDCCH by higher layer signaling, the DE 102 may monitor the group-common PDCCH. 

The group-common PDCCH may be a PDCCH with CRC scrambled by the certain RNTI, 

which may be fixed or be configured independently from C-RNTI. Alternatively, the 

group-common PDCCH may be a PDCCH with DCI format of which the RNTI field 

value is set to the certain RNTI. 

[00292] In the control resource set, a DE-specific PDCCH may be transmitted by the 

gNB 160. The DE 102 may monitor the PDCCH. The DE-specific PDCCH may be a 

PDCCH with CRC scrambled by the C-RNTI of the DE 102. Alternatively, the DE-
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specific PDCCH may be a PDCCH with DCI format of which the RNTI field value is set 

to the C-RNTI of the UE 102. Monitoring of PDCCH may mean attempting to decode 

each of the PDCCH candidates in the set according to the monitored DCI formats. The 

UE 102 may monitor common search space within the control resource set. The UE 102 

may also monitor DE-specific search space within the control resource set. The UE­

specific PDCCH may be monitored in both the common and DE-specific search spaces 

while the group-common PDCCH may be monitored in only the common search space. 

The DE-specific PDCCH may schedules a PDSCH. The UE 102 may not be required to 

monitor the group-common PDCCH in the slot where the UE 102 would have an 

scheduled uplink transmission using at least the first OFDM symbol of the slot. 

[00293] Upon detection of the DE-specific PDCCH, the UE 102 may receive the 

corresponding PDSCH. The DCI format of the DE-specific PDCCH may include one or 

more information field(s), for example, a field for indicating resource block assignment 

for the PDSCH, a field for indicating the starting position (the index of first OFDM 

symbol which carries the PDSCH) of the PDSCH, a field for indicating modulation order 

and transport block size for the PDSCH, etc. The group-common PDCCH, the UE­

specific PDCCH and the PDSCH may be mapped to different RE sets so that they do not 

collide with one another. 

[00294] The group-common PDCCH may include one or more information field(s). 

An example of the field is a field for indicating DE-specific PDCCH blind decoding 

attempt reduction. More specifically, this information field may indicate the control 

resource set duration, which overrides the control resource set duration configured by 

higher layer signaling. The control resource set duration indicated by the group-common 

PDCCH may have to be equal to or shorter than the control resource set duration 

configured by higher layer signaling. Alternatively, this information field may indicate 

how much the control resource set duration is shortened from the one configured by 

higher layer signaling. In this case, the updated control resource set duration is derived by 

an off set indicated by the group-common PDCCH and the original control resource set 

duration configured by higher layer signaling. Yet alternatively, the reduction of PDCCH 
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candidates may be indicated by using a percentage a from the total number of the PDCCH 

candidates. More specifically, if the group-common PDCCH indicates the value of a for 

aggregation level L for a serving cell, the corresponding number of PDCCH candidates 

may be given by M(L)=round(axM(L) full), where ML) full is the original (i.e., maximum) 

number of PDCCH candidates for aggregation level L. 

[00295] Another example of the field is a field for indicating frequency and/or time 

resources for which the UE 102 does not assume any signals. More specifically, for these 

resources, the UE 102 may not monitor PDCCH, the UE 102 may not receive PDSCH, 

the UE 102 may assume valid CSI-RS transmission for CSI measurement, the UE 102 

may assume valid Primary Synchronization Signal (PSS)/Secondary Synchronization 

Signal (SSS)/Physical Broadcast Channel (PECH) transmission, and the UE 102 may not 

transmit any uplink signals/channels including PUCCH, PUSCH and SRS. 

[00296] Yet another example of the field is a field for indicating sub-slot structure (e.g., 

an index of a selected sub-slot structure out of pre-defined multiple sub-slot structures) in 

the slot and/or another slot. Figure 30 illustrates an example of a sub-slot structure set. 

Each sub-slot structure may define the number of sub-slots in the slot and the position 

(e.g., starting position and ending position) of each sub-slot. 

[00297] Sub-slot structure #0 may indicate only slot based transmission in the slot. 

Sub-slot structure #1 may have 7 sub-slots each of which includes a different single 

OFDM symbol. Sub-slot structure #2 may have 3 sub-slots, the first sub-slot includes the 

first 3 OFDM symbols and each of the second and third sub-slots includes the following 2 

OFDM symbols. Sub-slot structure #3 may have 2 sub-slots, the first sub-slot includes the 

first 4 OFDM symbols and the second sub-slot includes the following 3 OFDM symbols. 

These sub-slot structures may apply to both downlink and uplink. 

[00298] Figure 31 illustrates another example of a sub-slot structure set in which the 

first several OFDM symbol(s) are not used for sub-slots. Sub-slot structure #4 may have 5 

sub-slots, the first sub-slot starts at the third OFDM symbol, and each sub-slot includes a 

different single OFDM symbol. Sub-slot structure #5 may have 2 sub-slots, the first sub­

slot includes the first 3 OFDM symbols and starts at the third OFDM symbol, and the 
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second sub-slot includes the following 2 OFDM symbols. Sub-slot structure #6 may have 

2 sub-slots, the first sub-slot includes the first 4 OFDM symbols and starts at the third 

OFDM symbol, and the second sub-slot includes the following I OFDM symbols. Sub­

slot structure #7 may have 3 sub-slots, the first sub-slot includes the first 3 OFDM 

symbols and starts at the third OFDM symbol, and each of the second and third sub-slots 

includes the following I OFDM symbols. 

[00299] These sub-slot structures may apply to both downlink and uplink. For example, 

these sub-slot structures may apply to uplink in a subframe where the first OFDM symbol 

is used for downlink PDCCH transmissions and the second OFDM symbol is used as a 

guard period (GP) for DL-to-UL switching. In sub-slot structures #5, #6 and #7, sub-slot 

#0 may be used for PUSCH transmissions while sub-slots #1 and #2 may be used for 

PUCCH transmissions. 

[00300] The UE 102 detecting the group-common PDCCH may follow the sub-slot 

structure indicated by the group-common PDCCH. For example, if the UE I 02 is 

configured with sub-slot based communication, the UE I 02 may monitor PDCCH on the 

first OFDM symbol of each sub-slot which is defined by the indicated sub-slot structure. 

In other words, the group-common PDCCH may indicate the OFDM symbol set on which 

the UE 102 monitors PDCCH candidates for a sub-slot based communication. If the UE 

102 is configured with sub-slot based communication and the UE 102 has detected a 

PDCCH, the UE 102 may receive the corresponding PDSCH mapped to one or more sub­

slots which are defined by the indicated sub-slot structure. If the UE 102 is configured 

with sub-slot based communication and the UE 102 has received a PDSCH, the UE 102 

may transmit the corresponding HARQ-ACK on PUCCH mapped to one or more sub­

slots which are defined by the indicated sub-slot structure. The sub-slot structure may also 

be able to define whether each sub-slot is a downlink sub-slot, uplink sub-slot or GP sub­

slot. 

[00301] If the UE 102 detects the group-common PDCCH in slot i, and the UE 102 has 

received prior to slot i a PDCCH which schedules either PDSCH reception, CSI-RS 

reception, PUSCH transmission or SRS transmission in slot i, the UE 102 may drop the 
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PDSCH reception, CSI-RS reception, PUSCH transmission or SRS transmission in slot i 

if the assigned resources (e.g., OFDM symbols) for the PDSCH reception, CSI-RS 

reception, PUSCH transmission or SRS transmission is not in line with the sub-slot 

structure indicated by the group-common PDCCH. For example, the UE 102 would 

receive a PDSCH using a given sub-slot in a given slot, but a group-common PDCCH in 

the slot may indicate the sub-slot structure in which there is no such sub-slot in the slot. 

In this case, the UE 102 may assume the PUSCH is not transmitted. For another example, 

the UE 102 would transmit a sub-slot based PUSCH in a given slot, but a group-common 

PDCCH in the slot may indicate the sub-slot structure in which there is no sub-slot in the 

slot. In this case, the UE 102 may drop the sub-slot based PUSCH transmission. 

[00302] Figure 32 illustrates another example of control channel and shared channel 

multiplexing. In this instance, the starting position of the PDSCH is set to the first OFDM 

symbol of the slot, and the PRBs assigned to the PDSCH partially overlaps the PDCCH 

which has been detected by the UE 102. 

[00303] For the PRBs overlapping the PDCCH which schedules the PDSCH, the 

starting position of PDSCH declines to the OFDM symbols right after the last symbols on 

which the PDCCH is mapped or to the OFDM symbols right after the original control 

resource set duration. In this case, the PDSCH may not be mapped to any resource 

element in the first several OFDM symbols of an RB pair on any antenna port when the 

first several OFDM symbols of the RB pair is used for PDCCH transmission on any 

antenna port, and the resource elements occupied by the PDCCH may not be counted in 

the PDSCH mapping and not used for transmission of the PDSCH. 

[00304] For the PRBs overlapping the group-common PDCCH, the starting position of 

PDSCH declines to the OFDM symbols (e.g., the second OFDM symbol) right after the 

symbol (e.g., the first OFDM symbol) on which the PDCCH is mapped or to the OFDM 

symbols right after the original control resource set duration. In this case, the PDSCH 

may not be mapped to any resource element in the first several OFDM symbol(s) of an 

RB pair on any antenna port when the first several OFDM symbol(s) of the RB pair is 

used for PDCCH transmission on any antenna port, and the resource elements occupied 
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by the group-common PDCCH may be counted in the PDSCH mapping but not used for 

transmission of the PDSCH. Alternatively, those resource elements may not be counted in 

the PDSCH mapping and not used for transmission of the PDSCH. 

[00305] Figure 33 illustrates an example of control channel mapping. In this example, 

gNB 160 configures more than one control resource set to the DE I 02, and at least two 

configured control resource sets (e.g., control resource set #0 and control resource set #1) 

are fully or partially overlapping. This may cause the case where a PDCCH candidate in 

the control resource set #0 fully overlaps a PDCCH candidate in the control resource set 

#1. 

[00306] In this case, if the DE 102 does a successful decoding of such PDCCH 

candidate, the DE 102 may assume the detected PDCCH candidate belongs to control 

resource set #0 (i.e., the one with a smaller control resource set index). If the DE 102 is 

configured to monitor a common search space in the control resource set #0, a candidate 

in the common search space may fully overlap a PDCCH candidate in DE-specific search 

space of the control resource set # 1. In this case, if the DE 102 does a successful decoding 

of such PDCCH candidate, the DE 102 may assume the detected PDCCH candidate is the 

PDCCH of the common search space. Alternatively, the DE 102 may assume the detected 

PDCCH candidate is the PDCCH of the DE-specific search space. 

[00307] If the DE 102 is configured to monitor a group-common PDCCH in the 

control resource set #0, the candidate of the group-common PDCCH may fully overlap a 

PDCCH candidate in the control resource set #1. In this case, if the DE 102 does a 

successful decoding of such PDCCH candidate, the DE 102 may assume the detected 

PDCCH candidate is the group-common PDCCH. Alternatively, the DE 102 may assume 

the detected PDCCH candidate is the PDCCH of the control resource set #1 (i.e., the 

other PDCCH than the group-common PDCCH). 

[00308] The DE 102 may include a higher layer processor which is configured to 

acquire a dedicated RRC message. The dedicated RRC message may include information 

indicating sub-slot configuration. The DE 102 may also include first PDCCH receiving 

circuitry which is configured to monitor a first PDCCH in a slot. The first PDCCH may 
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indicate sub-slot structure in the slot. The UE I 02 may also include second PDCCH 

receiving circuitry which is configured to monitor a second PDCCH in the slot based on 

the sub-slot structure. The second PDCCH may schedule a sub-slot based PDSCH. 

[00309] The gNB 160 may include a higher layer processor which is configured to 

send a dedicated RRC message. The dedicated RRC message may include information 

indicating sub-slot configuration. The gNB 160 may also include first PDCCH 

transmitting circuitry which is configured to transmit a first PDCCH in a slot. The first 

PDCCH may indicate sub-slot structure in the slot. The gNB 160 may also include second 

PDCCH transmitting circuitry which is configured to transmit a second PDCCH in the 

slot based on the sub-slot structure. The second PDCCH may schedule sub-slot based 

PDSCH. 

[00310] A fifth implementation of systems and methods for scheduling transmissions 

is described herein. 

[00311] Timing between DL assignment and corresponding DL data transmission may 

be indicated by a field in the DCI from a set of values, timing between UL assignment 

and corresponding UL data transmission may be indicated by a field in the DCI from a set 

of values, and timing between DL data reception and corresponding acknowledgement 

may be indicated by a field in the DCI from a set of values. The sets of values may be 

configured by higher layer signaling. Default timing(s) may be pre-defined at least for the 

case where the timing(s) is (are) unknown to the UE 102. 

[00312] Figure 34 illustrates an example of a downlink scheduling and HARQ timeline. 

A PDCCH transmitted by the gNB 160 in slot n may carry DCI format which schedules a 

PDSCH, the DCI format including at least two fields, the first field may indicate k1 and 

the second field may indicate k2. 

[00313] The UE 102 detecting the PDCCH in slot n may receive the scheduled 

PDSCH in slot n+k1, and then in slot n+k1+k2 the UE 102 may report HARQ-ACK 

corresponding to the PDSCH. Alternatively, the second field may indicate m, and the UE 

102 may report the HARQ-ACK in slot n+m. In other words, upon the detection of the 

SLA3719.2P Petitioners' Exhibit 1020, p. 121 
AT&T et al v. Asustek Computer 

IPR2024-00992



-78-

corresponding PDCCH in slot i-k1, the UE 102 may receive a PDSCH in slot i, and the 

UE 102 may transmit the HARQ-ACK in slot j for the PDSCH transmission in slot j-k2. 

Alternatively, the UE 102 may transmit the HARQ-ACK in slot j for the PDSCH 

transmission scheduled by the corresponding PDCCH in slot j-m. 

[00314] Figure 35 illustrates an example of an uplink scheduling timeline. A PDCCH 

transmitted by the gNB 160 in slot n may carry DCI format which schedules a PUSCH, 

the DCI format including at least a field which may indicate k3. The UE 102 detecting the 

PDCCH in slot n may transmit the scheduled PUSCH in slot n+k3. In other words, upon 

the detection of the corresponding PDCCH in slot i-k3, the UE 102 may transmit a 

PUSCH in slot i, 

[00315] Figure 36 illustrates an example of a downlink aperiodic CSI-RS transmission 

timeline. A PDCCH transmitted by the gNB 160 in slot n may carry DCI format which 

indicates presence of aperiodic CSI-RS, the DCI format including at least a field which 

may indicate k4. The UE 102 detecting the PDCCH in slot n may assume presence of 

aperiodic CSI-RS in slot n+k4 for CSI measurement and/or Radio Resource Management 

(RRM) measurement. 

[00316] Figure 37 illustrates an example of an uplink aperiodic SRS transmission 

timeline. A PDCCH transmitted by the gNB 160 in slot n may carry DCI format which 

schedules an aperiodic SRS, the DCI format including at least a field which may indicate 

k5. The UE 102 detecting the PDCCH in slot n may transmit the scheduled aperiodic SRS 

in slot n+k5. In other words, upon the detection of the corresponding PDCCH in slot i-k5, 

the UE 102 may transmit aperiodic SRS in slot i, 

[00317] The presence/disabling of each of above-described fields may be configured 

by higher layer signaling. The configurations of presence/disabling may be common 

among those fields. Alternatively, the presence/disabling may be separately configurable. 

If at least one of the fields is not present or is disabled, a default value (e.g., a predefined 
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fixed value or a value included in system information) may be used, instead. For example, 

a default value for k1 may be 0, and a default value for k2 or k3 may be 4. 

[00318] Figure 38 illustrates a table specifying values for explicit timing indications. If 

the field is present, the UE 102 may be configured with multiple values (e.g., the first 

value to the fourth value) by higher layer signaling. Each of possible values for the field 

(e.g., 2-bit field) may correspond to different value among the configured values. The UE 

102 may use, as a k value, the value which corresponds to the field value set in the 

associated field in the detected PDCCH. 

[00319] Figure 39 illustrates another table specifying values for explicit timing 

indications. The UE 102 may be configured with multiple values (e.g., the first value to 

the third value) by higher layer signaling. At least one possible value for the field (e.g., 2-

bit field) may correspond to a predefined fixed value. Each of the rest of possible value 

for the field (e.g., 2-bit field) may correspond to different value among the configured 

values. 

[00320] The UE 102 may use, as a k value, the value which corresponds to the field 

value set in the associated field in the detected PDCCH. In this case, without 

configurability of the presence of the field, the gNB 160 can use the predefined fixed 

value so that the gNB 160 and the UE I 02 share the same k value even during RRC 

(re)configuration for those higher-layer configured values. The predefined fixed value 

may depend on timing off set type. For example, the value for k1 may be 0, and the value 

for k2 or k3 may be 4. Alternatively, a value indicated though system information can be 

used, instead of the predefined fixed value. 

[00321] The UE 102 may include a higher layer processor which is configured to 

acquire a dedicated RRC message. The dedicated RRC message may include information 

indicating a first value. The UE 102 may also include PDCCH receiving circuitry which 

is configured to monitor a PDCCH with a DCI format in a slot n. The DCI format may 

include an information field indicate one of at least two values, one value corresponding 

to a fixed value, the other value corresponding to the first value. The UE 102 may set k to 
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the indicated value. The UE 102 may also include PDSCH receiving circuitry which is 

configured to, upon the detection of the PDCCH, receive a PDSCH in a slot n+k. 

[00322] The gNE 160 may include a higher layer processor which is configured to 

send a dedicated RRC message. The gNE 160 may also include PDCCH transmitting 

circuitry which is configured to transmit a PDCCH with a DCI format in a slot n. The 

DCI format may include an information field indicate one of at least two values, one 

value corresponding to a fixed value, the other value corresponding to the first value. The 

gNE 160 may set k to the indicated value. The gNE 160 may also include PDSCH 

transmitting circuitry which is configured to, upon the transmission of the PDCCH, 

transmit a PDSCH in a slot n+k. 

[00323] A sixth implementation of systems and methods for scheduling transmissions 

is described herein. 

[00324] In downlink, a Synchronization Signal (SS) may be defined. The SS may be 

used for synchronizing downlink time-frequency (e.g., a time domain and/or a frequency 

domain). The SS may include a Primary Synchronization Signal (PSS). Additionally or 

alternatively, the SS may include a Secondary Synchronization Signal (SSS). Additionally 

or alternatively, the SS may include a Tertiary Synchronization Signal (TSS). For 

example, the PSS, the SSS, the TSS and/or the PECH may be used for identifying a 

physical layer cell identity. Additionally or alternatively, the PSS, the SSS, the TSS 

and/or the PECH may be used for identifying an identity for one or more beams, one or 

more TRPs and/or one or more antenna ports. Additionally or alternatively, the PSS, the 

SSS, TSS and/or the PECH may be used for identifying an OFDM symbol index, a slot 

index in a radio frame and/or a radio frame number. 

[00325] In an example, the number of sequences of PSS may be one and/or three. 

Three PSS sequences may be used for providing identification of a physical cell identity 

(or a physical cell identity group). Also, the sequences of SSS may be used for providing 

identification of a physical cell identity group (or a physical cell identity). Also, the TSS 

(e.g., the sequences of TSS) may be used for providing (e.g., indicating) an index (e.g., a 

time index) of a Synchronization Signal block(s) (i.e., SS block(s)). Here, the index of a 
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SS block(s) (e.g., the time index of the SS block(s)) may be indicated by using the PSS, 

the SSS, the TSS, the PECH (e.g., the Master Information Block (MIB)), and/or the 

PDSCH (e.g., the System Information Blocks (SIB)). Here, the TSS may be a Tertiary 

Synchronization Channel (i.e., TSCH). 

[00326] The SS block(s) may be used for transmission of, at least, the PSS, the SSS, 

the TSS, and/or the PECH. For example, the PSS, the SSS, the TSS, and/or the PECH 

may be transmitted within the SS block(s). Also, the PSS, the SSS, the TSS, and/or the 

PECH may be present in the SS block(s) (e.g., in every SS block(s)). For example, a time 

division multiplexing of the PSS, the SSS, the TSS, and/or the PECH may be applied in 

the SS block(s). Also, a frequency division multiplexing of the PSS, the SSS, the TSS, 

and/or the PECH may be applied in the SS block(s). For example, one symbol (e.g., an 

OFDM symbol) corresponding to the PSS, one symbol corresponding to the SSS, two 

symbols corresponding to the PECH, and/or one symbol corresponding the TSS may be 

present in per SS block. Namely, there may be one symbol for the PSS, one symbol for 

the SSS, two symbols for the PECH, and/or the one symbol for the TSS within one SS 

block (i.e., per SS block). 

[00327] Here, one or more SS blocks may compose a SS burst. Also, one or more SS 

bursts may compose a SS burst set. Also, one or more SS blocks may compose a SS burst 

set. Namely, a SS burst may include one or more SS blocks. Also, a SS burst set may 

include one or more SS bursts. Also, a SS burst set may include one or more SS blocks. 

For example, the maximum number of the SS blocks within the SS burst set may be 

defined, in advance, by specification and may be known information between the gNE 

160 and the UE 102. For example, for a frequency range up to 3 GHz, the maximum 

number of the SS blocks within the SS burst set may be 1, 2, and/or 4. Also, for example, 

for a frequency range from 3 GHz to 6 GHz, the maximum number of the SS blocks 

within the SS burst set may be 4, and/or 8. Also, for a frequency range from 6 GHz to 

52.6 GHz, the maximum number of the SS blocks within the SS burst set may be 64. 

Namely, the maximum number of the SS blocks within the SS burst set may depend on a 

frequency range, and may be defined. 
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[00328] Here, the SS burst(s) and/or the SS burst set(s) may be periodic. For example, 

a default periodicity (i.e., a predetermined periodicity) of the SS burst(s) may be defined, 

in advance, by the specification and may be known information between the gNB 160 and 

the UE 102. Also, a default periodicity of the SS burst set(s) may be defined, in advance, 

by the specification and may be known information between the gNB 160 and the UE 

102. Also, a default periodicity of the SS block(s) may be defined, in advance, by the 

specification and may be known information between the gNB 160 and the UE I 02. Also, 

a default periodicity of the PSS(s) (and/or the SSS(s), and/or the PBCH(s)) may be 

defined, in advance, by the specification and may be known information between the gNB 

160 and the UE 102. Also, a default periodicity of the TSS(s) may be defined, in advance, 

by the specification and may be known information between the gNB 160 and the UE I 02. 

[00329] Here, at least, the default periodicity of the SS burst(s), the default periodicity 

of the SS burst set(s), the default periodicity of the SS block(s), the default periodicity of 

the PSS(s) (and/or the SSS(s), and/or the PBCH(s)), and/or the default periodicity of the 

TSS(s) described herein may be assumed to be included in a default periodicity of a 

downlink SS (i.e., a DL SS) in some implementations for the sake of simple description. 

For example, the default periodicity of the DL SS may be 5ms, lOms, and/or 20ms. Also, 

the default periodicity of the DL SS may depend on a frequency range, and may be 

defined. Here, the default periodicity of the DL SS may be a reference periodicity of the 

DLSS. 

[00330] Physical signal(s) and/or channel(s) contained by the SS block may have an 

impact on resource element mapping of the other physical signal(s) and/or channel(s) 

(e.g., PDCCH, PDSCH, PUCCH, PUSCH, CSI-RS, Demodulation RSs (DMRS), SRS, 

etc.). If the UE 102 is configured with a given SS block, the UE 102 may assume physical 

downlink channel(s) and/or signal(s) (e.g., PDCCH, PDSCH, CSI-RS, DMRS, etc.), are 

not mapped to the resource elements which would be occupied by physical downlink 

channel(s) and/or signal(s) of the configured SS block. If, for a given slot, the UE 102 

detects a group common PDCCH which indicates a slot structure (including slot format, 

CSI-RS configuration, SRS configuration of the slot, for example), the slot structure may 
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override the configured SS block structure. In other words, the UE 102 may assume the 

slot structure indicated by the group common PDCCH and does not assume the presence 

of the SS block which collides with the slot structure indicated by the group common 

PDCCH. In another example, even if the UE 102 is configured with a SS block, the UE 

102 may have to assume there is no SS block in the slot of a group common PDCCH 

indicates the slot is 'uplink' or 'other' but not 'downlink.' In yet another example, even if 

the UE 102 is configured with a SS block, the UE 102 may have to assume there is no SS 

block in the slot of a group common PDCCH indicates there can be an uplink channel or 

an uplink signal which collides with any part of the SS block. 

[00331] A seventh implementation of systems and methods for scheduling 

transmissions is described herein. 

[00332] In some cases, the UE 102 may not have to monitor group common PDCCHs. 

For example, before RRC connection is established, the UE 102 may not monitor group 

common PDCCHs. In this instance, the UE 102 may be able to receive PDCCH and also 

PDSCH which is scheduled by the PDCCH. In addition, the UE 102 may be able to 

transmit PUCCH corresponding to the PDSCH and transmit PUSCH which is scheduled 

by the PDCCH. This behavior can be referred to as a default behavior. On the other hand, 

there may be the case that, even if the UE 102 is configured with monitoring a group 

common PDCCH, the UE 102 does not receive (e.g., failed to receive) the configured 

group common PDCCH. In this instance, the UE 102 may follow the UE behavior which 

is defined for the case when the UE 102 may not monitor group common PDCCHs. 

Alternatively, the UE 102 may follow a different UE behavior, for example the UE 102 

does not monitor DE-specific PDCCH nor receive PDSCH. Moreover, the UE 102 may 

not transmit PUCCH or PUSCH. Yet alternatively, the gNB 160 may send the UE 102 a 

dedicated RRC signaling which indicates a UE behavior for this instance. For example, 

the dedicated RRC signaling may indicate one of the above mentioned behaviors. 

[00333] An eighth implementation of systems and methods for scheduling 

transmissions is described herein. 
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[00334] A PDCCH may be mapped contiguously or non-contiguously in frequency 

with localized or distributed mapping of REGs to a CCE (in the physical domain). A 

CCE may be mapped to REGs with interleaved or non-interleaved REG indices within a 

one or more control resource sets (also referred to as CORESET). A CCE may be mapped 

to REGs with interleaved or non-interleaved REG indices within a control resource set. A 

UE 102 may assume that precoding granularity is multiple RBs in the frequency domain, 

if configured. Moreover, a UE 102 may assume that precoding granularity is multiple 

OFDM symbols in the time domain, if configured. In order to increase these precoding 

granularities, an REG bundling may be defined. The UE 102 may assume that the same 

precoder is used for the REGs in a REG bundle and that the REGs in a REG bundle are 

contiguous in frequency and/or time. PDCCH may support REG bundling per CCE. REG 

bundle size(s) in frequency and/or time domain may be configured by dedicated RRC 

signaling. REG bundle size(s) for PDCCH on CSS may be fixed or may be indicated by 

system information which may be carried by MIB or SIB. The REG bundle size could be 

I (e.g., I RB in frequency domain, I OFDM symbol in time domain), where this may be a 

default REG bundle size configuration (i.e., REG bundle size if the UE 102 is not 

configured with any REG bundle size), or this case may also be realized by a 

configuration of REG bundling disabling. 

[00335] The UE I 02 may monitor a set of PDCCH candidates within one or more 

control resource sets (also referred to as CORESET). The gNB 160 may transmit PDCCH 

intended for the UE I 02 in the control resource set. A single control resource set may be 

defined by a resource block (RB) set (i.e., a control resource RB set) in frequency domain 

and a control resource set duration in time domain. RBs contained by the RB set may be 

contiguous or may be non-contiguous. If the RB set is limited to be contiguous, the RB 

set may be determined by a starting RB index (i.e., starting position in frequency domain) 

and the number of RBs (i.e., bandwidth, also known as length in frequency domain) 

included in the RB set. If the RB set is not limited to be contiguous, the RB set may be 

expressed by bitmap information, where "I" indicates the corresponding RB is included 

in the RB set and "0" indicates the corresponding RB is not included in the RB set. The 
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length of the bitmap sequence may depend on granularity of RB allocation for the RB set. 

For example, if each bit of the bitmap sequence corresponds to a different RB, the length 

may be equal to M, the number of RBs within the system bandwidth of the serving cell. If 

each bit of the bitmap sequence corresponds to a different RB group, which consists of N 

contiguous RBs, the length may be equal to ceil(M/N). 

[00336] There might not be a limitation for the number of RBs in a single RB set. In 

this case, the number of RBs can be set to any number from 1 to M. Alternatively, there 

may be the limitation for the number of RBs in a single RB set. For example, the number 

of RBs may be always a multiple of 6, if a single CCE is mapped to 6 REGs. In another 

example, the number of RBs may be always a multiple of a divisor (e.g., 2 or 3) of 6 or a 

combination of them (e.g., 2mx3n, where m and n are integer numbers). The number of 

RBs may depend on the configured REG bundling size in frequency domain. For example, 

REG bundling size in frequency domain may be equal to the granularity of RB allocation 

(i.e., the RB group size). 

[00337] For REG-to-CCE mapping, there could be two schemes. One is frequency first 

REG-to-CCE mapping scheme in which the mapping to REGs is in increasing order of 

first the index in frequency domain and then the index in time domain. The other is time 

first REG-to-CCE mapping scheme in which the mapping to REGs is in increasing order 

of first the index in time domain and then the index in frequency domain. REGs may be 

numbered within PRB such that REG indices correspond to OFDM symbol number. To 

be more specific, in a given PRB, the REG in the OFDM symbol#0 is indexed as REG#0, 

the REG in the OFDM symbol#l is indexed as REG#l, and so on. The maximum value 

of the REG indices may be derived from the control resource set duration. If the control 

resource set duration is 3 (i.e., the control resource set ends with OFDM symbol#2), 

available REGs may be from REG#0 to REG#2. For frequency first REG-to-CCE 

mapping, the CCE number n may correspond to REGs numbered floor(6n/Nf) in RB 

indices (i+6x(n mode Nf /6 )) within the control resource RB set, where Nf denotes the 

number of RBs in the control resource RB set, and i=0,1, ... ,5. For time first REG-to-CCE 
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mapping, the CCE number n may correspond to all REGs in RB indices (j+floor(6n/Nt)) 

within the control resource RB set, where j=0,l, ... , floor(6/Nt)-

[00338] REG-to-CCE mapping may be configured by higher layer signaling (e.g., 

dedicated RRC signaling) per control resource set. A default scheme may be frequency 

first REG-to-CCE mapping. PDCCH on CSS may always use frequency first REG-to­

CCE mapping while PDCCH on USS may be configured, by higher layer signaling, with 

either frequency first REG-to-CCE mapping or time first REG-to-CCE mapping. If the 

UE 102 is not configured any REG-to-CCE mapping, the UE 102 may assume frequency 

first REG-to-CCE mapping for PDCCH decoding. 

[00339] The PDCCH-to-RE mapping may be based on frequency first, regardless of 

whether frequency first or time first is used for REG-to-CCE mapping. For example, 

PDCCH modulation symbols may be mapped in REs (k,l) which are part of the REGs 

within the control resource set duration assigned for the PDCCH transmissions and are 

not used for reference signal transmissions. The mapping to REs (k,l) may be in 

increasing order of first the index k and then the index 1. Furthermore, CCE-to-PDCCH 

mapping for aggregation level(s) greater than I may be configured per control resource 

set separately of REG-to-CCE mapping. 

[00340] Possible sizes of control resource set duration may depend on REG-to-CCE 

mapping. The number of possible durations for time first mapping may be less than the 

one for frequency first mapping. For example, if the time first mapping is configured for a 

given control resource set, the duration of the control resource set may be able to be set to 

one among 1, 2, 3, and 6 OFDM symbol(s) (e.g., divisors of 6). If the frequency first 

mapping is configured for a given control resource set, the duration of the control 

resource set may be able to be set to one among 1, 2, 3, 4, 5, 6 and 7 OFDM symbol(s) 

(e.g., granularity is I symbol). The duration may be configured per control resource set by 

higher layer signaling. 

[00341] There may be some limitation on frequency and/or time domain per-CCE 

REG bundling configuration with respect to each REG-to-CCE mapping scheme. For 

example, the UE I 02 configured with a control resource set with frequency first REG-to-
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CCE mappmg may be able to be configured with monitoring of PDCCH only with 

frequency domain per-CCE REG bundling but not with time domain per-CCE REG 

bundling in the control resource set. For frequency first REG-to-CCE mapping, frequency 

domain per-CCE REG bundling size can be set to one of 1, 2, 3, and 6, but time domain 

per-CCE REG bundling size may be always set to 1. 

[00342] The UE 102 configured with a control resource set with a time first REG-to­

CCE mapping may be able to be configured with monitoring of PDCCH with frequency 

domain per-CCE REG bundling and/or with time domain per-CCE REG bundling in the 

control resource set. For time first REG-to-CCE mapping, frequency domain per-CCE 

REG bundling size can be set to one of 1, 2, 3, and 6. The frequency domain per-CCE 

REG bundling size may be configured by higher layer signaling (e.g., dedicated RRC 

signaling). Alternatively, if the frequency domain per-CCE REG bundling is configured, 

its size may be determined by using at least the control resource set duration. For the 

control resource set duration set to 1, frequency domain per-CCE REG bundling size is 6. 

For the control resource set duration set to 2, frequency domain per-CCE REG bundling 

size is 3. For the control resource set duration set to 3, frequency domain per-CCE REG 

bundling size is 2. For the control resource set duration set to 6, frequency domain per­

CCE REG bundling size is 1. For the time first REG-to-CCE mapping, the time domain 

per-CCE REG bundling may be always applied and its size may be determined by using 

at least the control resource set duration, and no configuration of the time domain per­

CCE REG bundling by the gNB 160 may be necessary. Alternatively, if the time domain 

per-CCE REG bundling is configured, its size may be determined by using at least the 

control resource set duration. Preferably, time domain per-CCE REG bundling size for 

time first REG-to-CCE mapping may be equal to the control resource set duration. 

[00343] Figure 40 illustrates an example of resource sharing within a control channel 

resource set between control channel and shared channel. The Figure 40 shows channels 

within the band defined by a control resource set. PDCCHs for UEI and UE2 (i.e., 

PDCCHI and PDCCH2) schedule PDSCHs for UEI and UE2 (i.e., PDSCHI and 

PDSCH2), respectively. In this example, UEl and UE2 are configured with the same 
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control resource RB set. Moreover, the control resource set durations for both UE 1 and 

UE2 are set to 3 OFDM symbols. The DCI format carried by PDCCHl may include an 

information field which indicates the starting position (e.g., an index of the starting 

OFDM symbol) of PDSCHl. The DCI format carried by PDCCH2 may also include an 

information field which indicates the starting position of PDSCH2. These starting 

positions may apply to RB(s) inside of the control resource set but may not apply to 

RB(s) outside of the control resource set. 

[00344] The gNB 160 may set appropriate starting positions for PDSCHs such that 

PDSCHs do not collide with PDCCHs. In the case of Figure 40(a), PDSCHl is set to start 

at OFDM symbol #2, so that it does not collide with PDCCH2 even if PDSCHl is 

assigned with the same PRB as the one for PDCCHl. If PDCCHl is not assigned with the 

other UE's PDCCH as shown in Figure 40(b), PDSCHl may be able to start with an 

earlier timing. PDCCHl may indicate the PDSCHl 's starting position in such a way that 

PDSCHl would be partially mapped on the REs on which the PDCCHl was detected. In 

this case, the UE 102 may assume that PDSCH is not mapped to any resource element in 

OFDM symbol(s) of an RB when the OFDM symbol(s) of the RB is used for PDCCH 

transmission(s) detected by the UE 102. In the other RB, the UE 102 may assume that 

PDSCH starts with the starting position, which is indicated by the scheduling PDCCH. In 

other words, PDSCH starting positions may be different between a RB used by PDCCH 

transmission(s) and another RB not used by PDCCH transmission(s). 

[00345] The PDSCH starting position that applies to RBs within the control resource 

set may depend on whether frequency first mapping or time first mapping is configured 

for PDCCHs in the control resource set. For example, if the UE 102 is configured with 

the control resource set with time first REG-to-CCE mapping, the UE 102 and the gNB 

160 may assume the PDSCH scheduled by the PDCCH in the control resource set starts 

with the OFDM symbol next to the last OFDM symbol of the control resource set 

duration, at least for RBs inside of the control resource set. In this case, the DCI format 

might not need to contain the information field that indicates the starting position of 

PDSCH for RBs inside of the control resource set. Alternatively, the DCI format may still 

SLA3719.2P Petitioners' Exhibit 1020, p. 132 
AT&T et al v. Asustek Computer 

IPR2024-00992



-89-

contain the information field, but the UE 102 may not refer to the information field to 

derive the starting position of scheduled PDSCH. Yet alternatively, the DCI format may 

still contain the information field, but it may be reserved for another purpose and no 

longer indicates the starting position. On the other hand, if the UE 102 is configured with 

the control resource set with frequency first REG-to-CCE mapping, the UE 102 and the 

gNB 160 may assume PDCCH in the control resource set contains the information field 

which indicates the starting position of PDSCH at least for RBs inside of the control 

resource set. PDCCH on CSS may always contain that information field while PDCCH 

on USS may be configurable, by higher layer signaling, on whether to have that 

information field. 

[00346] Figure 41 illustrates an example of resource sharing between control channel 

and shared channel. The figure shows channels outside of the band defined by a control 

resource set as well as inside of the band. PDCCH for UEl (i.e., PDCCHl) schedules 

PDSCH for UEl (i.e., PDSCHl). In this example, the other UEs (e.g., UE2 and UE3) are 

configured with different control resource RB sets from the one for UEl. The DCI format 

carried by PDCCHl may include an information field that indicates the starting position 

of PDSCHl. The information field may be a different one from the one for RB(s) inside 

of the control resource set, and this starting position may apply to RB(s) outside of the 

control resource set but may not apply to RB(s) inside of the control resource set. This 

information field may further indicate another starting position and which RBs each of 

the starting positions applies to. 

[00347] Alternatively, the information field may be shared for both RBs inside and 

outside of the control resource set. In this case, the starting position indicated by the 

single field may apply to both RBs inside and outside of the control resource set. Yet 

alternatively, whether the information field is shared or not may be configured by higher 

layer signaling (e.g., dedicated RRC signaling). 

[00348] As shown in Figure 4l(a), the gNB 160 may set the starting position to OFDM 

symbol#0 if there is no other UE's PDCCH that collides with PDSCHl. The gNB 160 
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may set the starting position to an appropriate value so that PDSCHI does not collide 

with the other UE's PDCCH as shown in Figure 4l(b) and Figure 4l(c). 

[00349] The UE I 02 may include a higher layer processor configured to acqmre a 

dedicated RRC message. The dedicated RRC message may include first information and 

second information. The first information may indicate a configuration of a control 

resource set. The second information may indicate whether frequency-first mapping or 

time-first mapping applies to a PDCCH in the control resource set. The UE 102 may 

include PDCCH receiving circuitry configured to monitor the PDCCH on the basis of the 

second information. 

[00350] The gNB 160 may include a higher layer processor configured to send a 

dedicated RRC message. The dedicated RRC message may include first information and 

second information. The first information may indicate a configuration of a control 

resource set. The second information may indicate whether frequency-first mapping or 

time-first mapping applies to a PDCCH in the control resource set. The gNB 160 may 

include PDCCH transmitting circuitry configured to transmit the PDCCH on the basis of 

the second information. 

[00351] It should be noted that various modifications are possible within the scope of 

the present invention defined by claims, and embodiments that are made by suitably 

combining technical means disclosed according to the different embodiments are also 

included in the technical scope of the present invention. 

[00352] It should be noted that names of physical channels described herein are 

examples. The other names such as "NRPDCCH, NRPDSCH, NRPUCCH and 

NRPUSCH", "new Generation-(G)PDCCH, GPDSCH, GPUCCH and GPUSCH" or the 

like can be used. 

[00353] The term "computer-readable medium" refers to any available medium that 

can be accessed by a computer or a processor. The term "computer-readable medium," as 

used herein, may denote a computer- and/or processor-readable medium that is non­

transitory and tangible. By way of example, and not limitation, a computer-readable or 

processor-readable medium may comprise RAM, ROM, EEPROM, CD-ROM or other 
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optical disk storage, magnetic disk storage or other magnetic storage devices, or any other 

medium that can be used to carry or store desired program code in the form of 

instructions or data structures and that can be accessed by a computer or processor. Disk 

and disc, as used herein, includes compact disc (CD), laser disc, optical disc, digital 

versatile disc (DVD), floppy disk and Blu-ray® disc where disks usually reproduce data 

magnetically, while discs reproduce data optically with lasers. 

[00354] It should be noted that one or more of the methods described herein may be 

implemented in and/or performed using hardware. For example, one or more of the 

methods described herein may be implemented in and/or realized using a chipset, an 

application-specific integrated circuit (ASIC), a large-scale integrated circuit (LSI) or 

integrated circuit, etc. 

[00355] Each of the methods disclosed herein comprises one or more steps or actions 

for achieving the described method. The method steps and/or actions may be 

interchanged with one another and/or combined into a single step without departing from 

the scope of the claims. In other words, unless a specific order of steps or actions is 

required for proper operation of the method that is being described, the order and/or use 

of specific steps and/or actions may be modified without departing from the scope of the 

claims. 

[00356] It is to be understood that the claims are not limited to the precise 

configuration and components illustrated above. Various modifications, changes and 

variations may be made in the arrangement, operation and details of the systems, 

methods, and apparatus described herein without departing from the scope of the claims. 

[00357] A program running on the gNB 160 or the UE 102 according to the described 

systems and methods is a program ( a program for causing a computer to operate) that 

controls a CPU and the like in such a manner as to realize the function according to the 

described systems and methods. Then, the information that is handled in these 

apparatuses is temporarily stored in a RAM while being processed. Thereafter, the 

information is stored in various ROMs or HDDs, and whenever necessary, is read by the 

CPU to be modified or written. As a recording medium on which the program is stored, 
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among a semiconductor (for example, a ROM, a nonvolatile memory card, and the like), 

an optical storage medium (for example, a DVD, a MO, a MD, a CD, a BD, and the like), 

a magnetic storage medium (for example, a magnetic tape, a flexible disk, and the like), 

and the like, any one may be possible. Furthermore, in some cases, the function according 

to the described systems and methods described above is realized by running the loaded 

program, and in addition, the function according to the described systems and methods is 

realized in conjunction with an operating system or other application programs, based on 

an instruction from the program. 

[00358] Furthermore, in a case where the programs are available on the market, the 

program stored on a portable recording medium can be distributed or the program can be 

transmitted to a server computer that connects through a network such as the Internet. In 

this case, a storage device in the server computer also is included. Furthermore, some or 

all of the gNB 160 and the UE 102 according to the systems and methods described above 

may be realized as an LSI that is a typical integrated circuit. Each functional block of the 

gNB 160 and the UE 102 may be individually built into a chip, and some or all functional 

blocks may be integrated into a chip. Furthermore, a technique of the integrated circuit is 

not limited to the LSI, and an integrated circuit for the functional block may be realized 

with a dedicated circuit or a general-purpose processor. Furthermore, if with advances in 

a semiconductor technology, a technology of an integrated circuit that substitutes for the 

LSI appears, it is also possible to use an integrated circuit to which the technology 

applies. 
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[00359] Moreover, each functional block or various features of the base station device 

and the terminal device used in each of the aforementioned embodiments may be 

implemented or executed by a circuitry, which is typically an integrated circuit or a 

plurality of integrated circuits. The circuitry designed to execute the functions described 

in the present specification may comprise a general-purpose processor, a digital signal 

processor (DSP), an application specific or general application integrated circuit (ASIC), 

a field programmable gate array (FPGA), or other programmable logic devices, discrete 

gates or transistor logic, or a discrete hardware component, or a combination thereof. The 

general-purpose processor may be a microprocessor, or alternatively, the processor may 

be a conventional processor, a controller, a microcontroller or a state machine. The 

general-purpose processor or each circuit described above may be configured by a digital 

circuit or may be configured by an analogue circuit. Further, when a technology of 

making into an integrated circuit superseding integrated circuits at the present time 

appears due to advancement of a semiconductor technology, the integrated circuit by this 

technology is also able to be used. 

[00360] What is claimed is: 
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CLAIMS 

1. A user equipment (UE) comprising: 

a higher layer processor configured to acquire a dedicated radio resource control 

(RRC) message, the dedicated RRC message comprising first information 

and second information, the first information indicating a configuration of 

a control resource set, the second information indicating whether 

frequency-first mapping or time-first mapping applies to a physical 

downlink control channel (PDCCH) in the control resource set; and 

PDCCH receiving circuitry configured to monitor the PDCCH on the basis of the 

second information. 

2. A base station apparatus comprising: 

a higher layer processor configured to send a dedicated radio resource control 

(RRC) message, the dedicated RRC message comprising first information 

and second information, the first information indicating a configuration of 

a control resource set, the second information indicating whether 

frequency-first mapping or time-first mapping applies to a physical 

downlink control channel (PDCCH) in the control resource set; and 

PDCCH transmitting circuitry configured to transmit the PDCCH on the basis of 

the second information. 
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ABSTRACT 

A user equipment (UE) is described. The UE may include a higher layer processor 

configured to acquire a dedicated radio resource control (RRC) message. The dedicated 

RRC message may include first information and second information. The first 

information may indicate a configuration of a control resource set. The second 

information may indicate whether frequency-first mapping or time-first mapping applies 

to a physical downlink control channel (PDCCH) in the control resource set. The UE may 

also include PDCCH receiving circuitry configured to monitor the PDCCH on the basis 

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

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C. 
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1. 14, as a routine use, 
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes 
aware of a violation or potential violation of law or regulation. 
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Electronic Patent Application Fee Transmittal 

Application Number: 

Filing Date: 

Title of Invention: USER EQUIPMENTS, BASE STATIONS AND METHODS 

First Named Inventor/Applicant Name: Toshizo Nogami 

Filer: Wesley L. Austin/Jessamy Newton 

Attorney Docket Number: SLA3719.2P 

Filed as Large Entity 

Filing Fees for Provisional 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

PROVISIONAL APPLICATION FILING 1005 1 260 260 

Pages: 

PROV. APPL SIZE FEE PER 50 SHEETS> 100 1085 1 400 400 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 660 
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Electronic Acknowledgement Receipt 

EFSID: 29119963 

Application Number: 62501494 

International Application Number: 

Confirmation Number: 5293 

Title of Invention: USER EQUIPMENTS, BASE STATIONS AND METHODS 

First Named Inventor/Applicant Name: Toshizo Nogami 

Customer Number: 50735 

Filer: Wesley L. Austin/Jessamy Newton 

Filer Authorized By: Wesley L. Austin 

Attorney Docket Number: SLA3719.2P 

Receipt Date: 04-MA Y-2017 

Filing Date: 

Time Stamp: 17:09:38 

Application Type: Provisional 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $660 

RAM confirmation Number 05051 ?INTEFSWl 7102800 

Deposit Account 

Authorized User 

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

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

508932 

1 
Drawings-only black and white line SLA3719-2P _Drawings_3292-2-

no 41 
drawings 314-2p.pdf 

3e62ad1 98099d76bbed681 eb4d21 056099 
2335fe 

Warnings: 

Information: 

417974 

2 
SLA3719-2P _Application_3292 

yes 95 
2-314-2p.pdf 

94 7d 6ab5a5 d46b9 32b6bd 83fa3a94 9e9ae 1 
ab8f7 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Specification 1 93 

Claims 94 94 

Abstract 95 95 

Warnings: 

Information: 

1822714 

3 Application Data Sheet 
SLA3719-2P _ApplicationDataS 

no 9 
heet_3292-2-314-2p.pdf 

36f9Sf499cd022480dd44bc49a8e9a4f076a 
187c 

Warnings: 

Information: 

32086 

4 Fee Worksheet (SB06) fee-info.pdf no 2 
a82e 786244e5b918e3389fe5c50fd92a7b0 

02358 

Warnings: 

Information: 

Total Files Size (in bytes) 2781706 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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