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Title
HARQ FEEDBACK FOR SPS RELEASE
Statement under 37 CFR 1.55 or 1.78 for AlA (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 USPTO 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-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

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).

SelectUSA

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

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

Inventor(s)

Inventor 1

Given Name Middle Name Family Name City State Country j
hlireza I Eabaei Itairfax I VA I us

All Inventors Must Be Listed — Additional Inventor Information blocks may be Add

generated within this form by selecting the Add button.

Title of Invention HARQ FEEDBACK FOR SPS RELEASE

Attorney Docket Number (if applicable) 2019-02Pr

Correspondence Address

Direct all correspondence to {select one):

(® The address corresponding to Customer Number (O Firm or Individual Name

Customer Number HA8908

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

e No.

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

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

EFS - Web 1.0.2
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Doc Code: TR.PROV
Document Description: Provisional Cover Sheet (SB16)
PTO/SB/16 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032

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

Entity Status
Applicant asserts small entity status under 37 CFR 1.27 or applicant certifies micro entity status under 37 CFR 1.29

® Applicant asserts small entity status under 37 CFR 1.27

(O Applicant certifies micro entity status under 37 CFR 1.29. Applicant must attach form PTO/SB/15A or B or equivalent.
(O No

Warning

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card
numbers {other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required
by the USPTO to support a petition or an application. If this type of personal information is included in documents submitted
to the USPTO, petitioners/applicants should consider redacting such personal information from the documents before
submitting them to USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public
after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the
application) or issuance of a patent. Furthermore, the record from an abandoned application may also be available to the
public if the application is referenced in a published application or an issued patent (see 37 CFR1.14}. Checks and credit
card authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are
not publicly available.

Signature

Please see 37 CFR 1.4(d) for the form of the signature.

Signature Alireza Babaei/ Date (YYYY-MM-DD)} (P0o19-11-06

First Name lireza Last Name abaei Reglstratlo_n Number 75833
(If appropriate)

This collection of information is required by 37 CFR 1.51. The information is required to obtain or retain a benefit by the public which is to
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection
is estimated to take 8 hours to complete, including gathering, preparing, and submitting the completed application form to the USPTO.
Time will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or
suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department
of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. This
form can only be used when in conjunction with EFS-Web. If this form is mailed to the USPTO, it may cause delays in handling
the provisional application.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of
the attached form related to a patent application or paten. Accordingly, pursuant to the requirements of the Act, please be
advised that : (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the
information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your
submission, which may result in termination of proceedings or abandonment of the application or expiration of the patent.

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

1.

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

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

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

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

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

A record in this system of records may be disclosed, as a routine use, t o a n other federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

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.S5.C. 2804 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.

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 inspection or an
issued patent.

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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BRIEF DESCRIPTION OF THE DRAWINGS

[0001] FIG. 1A and FIG. 1B show examples of mobile communications system in accordance with
several of various embodiments of the present disclosure.

[0002] FIG. 2A and FIG. 2B show examples of user plane and control plane protocol layers in
accordance with several of various embodiments of the present disclosure.

[0003] FIG. 3 shows example functions and service offered by a layer in a user plane protocol stack
in accordance with several of various embodiments of the present disclosure.

[0004] FIG. 4 shows example processing of packets at different protocol layers in accordance with
several of various embodiments of the present disclosure.

[0005] FIG. 5A shows example mapping of channels between layers of the protocol stack and
different physical signals in downlink in accordance with several of various embodiments of the
present disclosure.

[0006] FIG. 5B shows example mapping of channels between layers of the protocol stack and
different physical signals in uplink in accordance with several of various embodiments of the
present disclosure.

[0007] FIG. 6 shows examples of RRC states and RRC state transitions in accordance with several
of various embodiments of the present disclosure.

[0008] FIG. 7 shows an example time domain transmission structure in NR by grouping OFDM
symbols into slots, subframes and frames in accordance with several of various embodiments of the
present disclosure.

[0009] FIG. 8 shows an example of time-frequency resource grid in accordance with several of
various embodiments of the present disclosure.

[0010] FIG. 9 shows example adaptation and switching of bandwidth parts in accordance with
several of various embodiments of the present disclosure.

[0011] FIG. 10A shows example arrangements of carriers in carrier aggregation in accordance with
several of various embodiments of the present disclosure.

[0012] FIG. 10B shows examples of uplink control channel groups in accordance with several of

various embodiments of the present disclosure.
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[0013] FIG. 11A shows example time and frequency structure of SSBs and their associations with
beams in accordance with several of various embodiments of the present disclosure.

[0014] FIG. 11B shows example time and frequency structure of CSI-RSs and their association
with beams in accordance with several of various embodiments of the present disclosure.

[0015] FIG. 12A, FIG. 12B and FIG. 12C show example beam management processes in
accordance with several of various embodiments of the present disclosure.

[0016] FIG. 13A, FIG. 13B and FIG. 13C show example random access processes in accordance
with several of various embodiments of the present disclosure.

[0017] FIG. 14 shows example physical layer processes for signal transmission in accordance with
several of various embodiments of the present disclosure.

[0018] FIG. 15 shows example components of a wireless device and a base station that are in
communication via an air interface in accordance with several of various embodiments of the
present disclosure.

[0019] FIG. 16 shows an example HARQ feedback codebook determination process in accordance
with an aspect of an embodiment of the present disclosure.

[0020] FIG. 17 shows an example joint release/deactivation process of DL SPS configurations in
accordance with an aspect of an embodiment of the present disclosure.

[0021] FIG. 18 shows an example HARQ feedback codebook determination process in accordance
with an aspect of an embodiment of the present disclosure.

[0022] FIG. 19 shows an example HARQ feedback codebook determination process in accordance
with an aspect of an embodiment of the present disclosure.

[0023] FIG. 20 shows an example process in accordance with an aspect of an embodiment of the
present disclosure.

[0024] FIG. 21 shows an example HARQ feedback codebook determination process in accordance
with an aspect of an embodiment of the present disclosure.

[0025] FIG. 22 shows an example acknowledgement process in accordance with an aspect of an
embodiment of the present disclosure.

[0026] FIG. 23 shows an example acknowledgement process in accordance with an aspect of an
embodiment of the present disclosure.

[0027] FIG. 24 shows an example acknowledgement process in accordance with an aspect of an

embodiment of the present disclosure.
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[0028] FIG. 25 shows an example acknowledgement process in accordance with an aspect of an

embodiment of the present disclosure.

DETAILED DESCRIPTION

[0029] Various exemplary embodiments of the disclosed technology are presented as examples of
how to implement and/or practice the disclosed technology. The exemplary embodiments disclosed
herein are not intended to limit the scope. Persons of ordinary skill in the art will appreciate that
various changes can be made to the disclosed embodiments without departure from the scope. After
studying the exemplary embodiments of the disclosed technology, alternative aspects, features
and/or embodiments will become apparent to one of ordinary skill in the art. Without departing
from the scope, various elements or features from the exemplary embodiments may be combined to
create additional embodiments. The exemplary embodiments are described with respect to the
drawings. The figures and the flowcharts that demonstrate the benefits and/or functions of various
aspects of the disclosed technology are presented for illustration purposes only. The disclosed
technology can be flexibly configured and/or reconfigured such that one or more elements of the
disclosed embodiments may be employed in alternative ways. For example, an element may be
optionally used in some embodiments or the order of actions listed in a flowchart may be changed
without departure from the scope.

[0030] An example embodiment of the disclosed technology may be configured to be performed
when necessary, for example, based on one or more conditions in a wireless device, a base station,
a radio and/or core network configuration, a combination thereof and/or alike. For example, an
example embodiment may be performed when the one or more conditions are met. Example one or
more conditions may be one or more configurations of the wireless device and/or base station,
traffic load and/or type, service type, battery power, a combination of thereof and/or alike. In some
scenarios and based on the one or more conditions, one or more features of an example
embodiment may be implemented selectively.

[0031] The devices and/or nodes of the mobile communications system disclosed herein may be
implemented by supporting various technologies and/or various releases/versions/amendments of a
technology. The various technologies include various releases of long term evolution (LTE)
technologies, various releases of 5G new radio (NR) technologies, various wireless local area

networks technologies and/or a combination thereof and/or alike. For example, a base station may
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support a given technology and may communicate with wireless devices with different
characteristics. The wireless devices may have different categories that define their capabilities in
terms of supporting various features. The wireless device with the same category may have
different capabilities. The wireless devices may support various technologies such as various
releases of LTE technologies, various releases of 5G NR technologies and/or a combination thereof
and/or alike.

[0032] In this disclosure, the articles “a” and “an” used before a group of words are to be
understood as “at least one” or “one or more” of what the group of words indicate. The use of the
term “may”” before a phrase is to be understood as indicating that the phrase is an example of one of
a plurality of useful alternatives that may be employed in an embodiment in this disclosure.

[0033] In this disclosure, an element may be described using the terms “comprises”, “includes” or
“consists of” in combination with a list of one or more components. Using the terms “comprises” or
“includes” indicates that the one or more components are not an exhaustive list for the description
of the element and do not exclude components other than the one or more components. Using the
term “consists of” indicates that the one or more components is a complete list for description of
the element. In this disclosure, the term “based on” is intended to mean “based at least in part on”.
The term “based on” is not intended to mean “based only on”. In this disclosure, the term “and/or”
used in a list of elements indicates any possible combination of the listed elements. For example,
“X, Y, and/or Z” indicates X; Y;Z; Xand Y; Xand Z; Yand Z; or X, Y, and Z.

[0034] Some elements in this disclosure may be described by using the term “may” in combination
with a plurality of features. For brevity and ease of description, this disclosure may not include all
possible permutations of the plurality of features. By using the term “may” in combination with the
plurality of features, it is to be understood that all permutations of the plurality of features are being
disclosed. For example, by using the term “may” for description of an element with four possible
features, the element is being described for all fifteen permutations of the four possible features.
The fifteen permutations include one permutation with all four possible features, four permutations
with any three features of the four possible features, six permutations with any two features of the
four possible features and four permutations with any one feature of the four possible features.

[0035] Although mathematically a set may be an empty set, the term set used in this disclosure is a
nonempty set. Set B is a subset of set A if every element of set B is in set A. Although

mathematically a set has an empty subset, a subset of a set is to be interpreted as a non-empty
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subset in this disclosure. For example, for set A={subcarrierl, subcarrier2}, the subsets are
{subcarrierl}, {subcarrier2} and {subcarrierl, subcarrier2}.

[0036] In this disclosure, the phrase “based on” may be used equally with “based at least on” and
what follows “based on” or “based at least on” indicates an example of one of plurality of useful
alternatives that may be used in an embodiment in this disclosure. The phrase “in response to” may
be used equally with “in response at least to”” and what follows “in response to” or “in response at
least to” indicates an example of one of plurality of useful alternatives that may be used in an
embodiment in this disclosure. The phrase “depending on” may be used equally with “depending at
least on” and what follows “depending on” or “depending at least on” indicates an example of one
of plurality of useful alternatives that may be used in an embodiment in this disclosure. The phrases
“employing” and “using” and “employing at least” and “using at least” may be used equally in this
in this disclosure and what follows “employing” or “using” or “employing at least” or “using at
least” indicates an example of one of plurality of useful alternatives that may be used in an
embodiment in this disclosure.

[0037] A wireless device may be configured with parameters and/or configuration arrangements.
For example, the configuration of the wireless device with parameters and/or configuration
arrangements may be based on one or more control messages that may be used to configure the
wireless device to implement processes and/or actions. The wireless device may be configured with
the parameters and/or the configuration arrangements regardless of the wireless device being in
operation or not in operation. For example, software, firmware, memory, hardware and/or a
combination thereof and/or alike may be configured in a wireless device regardless of the wireless
device being in operation or not operation. The configured parameters and/or settings may
influence the actions and/or processes performed by the wireless device when in operation.

[0038] In example embodiments, a wireless device may receive one or more message comprising
configuration parameters. For example, the one or more messages may comprise radio resource
control (RRC) messages. A parameter of the configuration parameters may be in at least one of the
one or more messages. The one or more messages may comprise information element (IEs). An
information element may be a structural element that includes single or multiple fields. The fields
in an IE may be individual contents of the IE. The terms configuration parameter, IE and field may
be used equally in this disclosure. The IEs may be implemented using a nested structure, wherein
an IE may include one or more other IEs and an IE of the one or more other IEs may include one or

more additional IEs. With this structure, a parent IE contains all the offspring IEs as well. For
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example, a first IE containing a second IE, the second IE containing a third IE, and the third IE
containing a fourth IE may imply that the first IE contains the third IE and the fourth IE.

[0039] The example embodiments disclosed in this disclosure may be implemented using a
modular architecture comprising a plurality of modules. A module may be defined in terms of one
or more functions and may be connected to one or more other elements and/or modules. A module
may be implemented in hardware, software, firmware, one or more biological elements (e.g., an
organic computing device and/or a neurocomputer) and/or a combination thereof and/or alike.
Example implementations of a module may be as software code configured to be executed by
hardware and/or a modeling and simulation program that may be coupled with hardware. In an
example, a module may be implemented using general-purpose or special-purpose processors,
digital signal processors (DSPs), microprocessors, microcontrollers, application-specific integrated
circuits (ASICs), programmable logic devices (PLDs) and/or alike. The hardware may be
programmed using machine language, assembly language, high-level language (e.g., Python,
FORTRAN, C, C++ or the like) and/or alike. In an example, the function of a module may be
achieved by using a combination of the mentioned implementation methods.

[0040] FIG. 1A shows an example of a mobile communications system 100 in accordance with
several of various embodiments of the present disclosure. The mobile communications system 100
may be, for example, run by a mobile network operator (MNO) or a mobile virtual network
operator (MVNO). The mobile communications system 100 may be a public land mobile network
(PLMN) run by a network operator providing a variety of service including voice, data, short
messaging service (SMS), multimedia messaging service (MMS), emergency calls, etc. The mobile
communications system 100 includes a core network (CN) 106, a radio access network (RAN) 104
and at least one wireless device 102.

[0041] The CN 106 connects the RAN 104 to one or more external networks (e.g., one or more
data networks such as the Internet) and is responsible for functions such as authentication, charging
and end-to-end connection establishment. Several radio access technologies (RATs) may be served
by the same CN 106.

[0042] The RAN 104 may implement a RAT and may operate between the at least one wireless
device 102 and the CN 106. The RAN 104 may handle radio related functionalities such as
scheduling, radio resource control, modulation and coding, multi-antenna transmissions and
retransmission protocols. The wireless device and the base station may share a portion of the radio

spectrum by separating transmissions from the wireless device to the RAN and the transmissions

38



from the RAN to the wireless device. The direction of the transmissions from the wireless device to
the RAN is known as the uplink and the direction of the transmissions from the RAN to the
wireless device is known as the downlink. The separation of uplink and downlink transmissions
may be achieved by employing a duplexing technique. Example duplexing techniques include
frequency division duplexing (FDD), time division duplexing (TDD) or a combination of FDD and
TDD.

[0043] In this disclosure, the term wireless device may refer to a device that communicates with a
network entity or another device using wireless communication techniques. The wireless device
may be a mobile device or a non-mobile (e.g., fixed) device. Examples of the wireless device
include cellular phone, smart phone, tablet, laptop computer, wearable device (e.g., smart watch,
smart shoe, fitness trackers, smart clothing, etc.), wireless sensor, wireless meter, augmented reality
(AR) and virtual reality (VR) devices, Internet of Things (IoT) device, vehicle to vehicle
communications device, road-side units (RSU), automobile, relay node or any combination thereof.
In some examples, the wireless device (e.g., a smart phone, tablet, etc.) may have an interface (e.g.,
a graphical user interface (GUI)) for configuration by an end user. In some examples, the wireless
device (e.g., a wireless sensor device, etc.) may not have an interface for configuration by an end
user. The wireless device may be referred to as a user equipment (UE), a mobile station (MS), a
subscriber unit, a handset, an access terminal, a user terminal, a wireless transmit and receive unit
(WTRU) and/or other terminology.

[0044] The at least one wireless device may communicate with at least one base station in the RAN
104. In this disclosure, the term base station may encompass terminologies associated with various
RATS. For example, a base station may be referred to as a Node B in a 3G cellular system such as
Universal Mobile Telecommunication Systems (UMTS), an evolved Node B (eNB) in a 4G cellular
system such as evolved universal terrestrial radio access (E-UTRA), a next generation eNB (ng-
eNB), a Next Generation Node B (gNB) in NR and/or a 5G system, an access point (AP) in Wi-Fi
and/or other wireless local area networks. A base station may be referred to as a remote radio head
(RRH), a baseband unit (BBU) in connection with one or more RRHs, a repeater or relay for
coverage extension and/or any combination thereof. In some examples, all protocol layers of a base
station may be implemented in one unit. In some example, some of the protocol layers (e.g., upper
layers) of the base station may be implemented in a first unit (e.g., a central unit (CU)) and some
other protocol layer (e.g., lower layers) may be implemented in one or more second units (e.g.,

distributed units (DUs)).
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[0045] A base station in the RAN 104 includes one or more antennas to communicate with the at
least one wireless device. The base station may communicate with the at least one wireless device
using radio frequency (RF) transmissions and receptions via RF transceivers. The base station
antennas may control one or more cells (or sectors). The size and/or radio coverage area of a cell
may depend on the range that transmissions by a wireless device can be successfully received by
the base station when the wireless device transmits using the RF frequency of the cell. The base
station may be associated with cells of various sizes. At a given location, the wireless device may
be in coverage area of a first cell of the base station and may not be in coverage area of a second
cell of the base station depending on the sizes of the first cell and the second cell.

[0046] A base station in the RAN 104 may have various implementations. For example, a base
station may be implemented by connecting a BBU (or a BBU pool) coupled to one or more RRHs
and/or one or more relay nodes to extend the cell coverage. The BBU pool may be located at a
centralized site like a cloud or data center. The BBU pool may be connected to a plurality of RRHs
that control a plurality of cells. The combination of BBU with the one or more RRHs may be
referred to as a centralized or cloud RAN (C-RAN) architecture. In some implementations, the
BBU functions may be implemented on virtual machines (VMs) on servers at a centralized
location. This architecture may be referred to as virtual RAN (VRAN). All, most or a portion of the
protocol layer functions (e.g., all or portions of physical layer, medium access control (MAC) layer
and/or higher layers) may be implemented at the BBU pool and the processed data may be
transmitted to the RRHs for further processing and/or RF transmission. The links between the BBU
pool and the RRHs may be referred to as fronthaul.

[0047] In some deployment scenarios, the RAN 104 may include macrocell base stations with high
transmission power levels and large coverage areas. In other deployment scenarios, the RAN 104
may include base stations that employ different transmission power levels and/or have cells with
different coverage areas. For example, some base station may be macrocell base stations with high
transmission powers and /or large coverage areas and other base station may be small cell base
stations with comparatively smaller transmission powers and/or coverage areas. In some
deployment scenarios, a small cell base station may have coverage that is within or has overlap
with coverage area of a macrocell base station. A wireless device may communicate with the
macrocell base station while within the coverage area of the macrocell base station. For additional
capacity, the wireless device may communicate with both the macrocell base station and the small

cell base station while in the overlapped coverage area of the macrocell base station and the small
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cell base station. Depending on their coverage areas, a small cell base station may be referred to as
a microcell base station, a picocell base station, a femtocell base station or a home base station.

[0048] Different standard development organizations (SDOs) have specified, or may specify in
future, mobile communications systems that have similar characteristics as the mobile
communications system 100 of FIG. 1A. For example, the Third-Generation Partnership Project
(3GPP) is a group of SDOs that provides specifications that define 3GPP technologies for mobile
communications systems that are akin to the mobile communications system 100. The 3GPP has
developed specifications for third generation (3G) mobile networks, fourth generation (4G) mobile
networks and fifth generation (5G) mobile networks. The 3G, 4G and 5G networks are also known
as Universal Mobile Telecommunications System (UMTS), Long Term Evolution (LTE) and 5G
system (5GS), respectively. In this disclosure, embodiments are described with respect to the RAN
implemented in a 3GPP 5G mobile network that is also referred to as next generation RAN (NG-
RAN). The embodiments may also be implemented in other mobile communications systems such
as 3G or 4G mobile networks or mobile networks that may be standardized in future such as sixth
generation (6G) mobile networks or mobile networks that are implemented by standards bodies
other than 3GPP. The NG-RAN may be based on a new RAT known as new radio (NR) and/or
other radio access technologies such as LTE and/or non-3GPP RATs.

[0049] FIG. 1B shows an example of a mobile communications system 110 in accordance with
several of various embodiments of the present disclosure. The mobile communications system 110
of FIG. 1B is an example of a 5G mobile network and includes a SG CN (5G-CN) 130, an NG-
RAN 120 and UEs (collectively 112 and individually UE 112A and UE 112B). The 5G-CN 130,
the NG-RAN 120 and the UEs 112 of FIG. 1B operate substantially alike the CN 106, the RAN 104
and the at least one wireless device 102, respectively, as described for FIG. 1A.

[0050] The 5G-CN 130 of FIG. 1B connects the NG-RAN 120 to one or more external networks
(e.g., one or more data networks such as the Internet) and is responsible for functions such as
authentication, charging and end-to-end connection establishment. The 5G-CN has new
enhancements compared to previous generations of CNs (e.g., evolved packet core (EPC) in the 4G
networks) including service-based architecture, support for network slicing and control plane/user
plane split. The service-based architecture of the SG-CN provides a modular framework based on
service and functionalities provided by the core network wherein a set of network functions are
connected via service-based interfaces. The network slicing enables multiplexing of independent

logical networks (e.g., network slices) on the same physical network infrastructure. For example, a
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network slice may be for mobile broadband applications with full mobility support and a different
network slice may be for non-mobile latency-critical applications such as industry automation. The
control plane/user plane split enables independent scaling of the control plane and the user plane.
For example, the control plane capacity may be increased without affecting the user plane of the
network.

[0051] The 5G-CN 130 of FIG. 1B includes an access and mobility management function (AMF)
132 and a user plane function (UPF) 134. The AMF 132 may support termination of non-access
stratum (NAS) signaling, NAS signaling security such as ciphering and integrity protection, inter-
3GPP access network mobility, registration management, connection management, mobility
management, access authentication and authorization and security context management. The NAS
is a functional layer between a UE and the CN and the access stratum (AS) is a functional layer
between the UE and the RAN. The UPF 134 may serve as an interconnect point between the NG-
RAN and an external data network. The UPF may support packet routing and forwarding, packet
inspection and Quality of Service (QoS) handling and packet filtering. The UPF may further act as
a Protocol Data Unit (PDU) session anchor point for mobility within and between RATs.

[0052] The 5G-CN 130 may include additional network functions (not shown in FIG. 1B) such as
one or more Session Management Functions (SMFs), a Policy Control Function (PCF), a Network
Exposure Function (NEF), a Unified Data Management (UDM), an Application Function (AF),
and/or an Authentication Server Function (AUSF). These network functions along with the AMF
132 and UPF 134 enable a service-based architecture for the 5G-CN.

[0053] The NG-RAN 120 may operate between the UEs 112 and the 5G-CN 130 and may
implement one or more RATs. The NG-RAN 120 may include one or more gNBs (e.g., gNB 122A
or gNB 122B or collectively gNBs 122) and/or one or more ng-eNBs (e.g., ng-eNB 124A or ng-
eNB 124B or collectively ng-eNBs 124). The general terminology for gNBs 122 and/or an ng-
eNBs 124 is a base station and may be used interchangeably in this disclosure. The gNBs 122 and
the ng-eNBs 124 may include one or more antennas to communicate with the UEs 112. The one or
more antennas of the gNBs 122 or ng-eNBs 124 may control one or more cells (or sectors) that
provide radio coverage for the UEs 112.

[0054] A gNB and/or an ng-eNB of FIG. 1B may be connected to the 5G-CN 130 using an NG
interface. A gNB and/or an ng-eNB may be connected with other gNBs and/or ng-eNBs using an
Xn interface. The NG or the Xn interfaces are logical connections that may be established using an

underlying transport network. The interface between a UE and a gNB or between a UE and an ng-
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eNBs may be referred to as the Uu interface. An interface (e.g., Uu, NG or Xn) may be established
by using a protocol stack that enables data and control signaling exchange between entities in the
mobile communications system of FIG. 1B. When a protocol stack is used for transmission of user
data, the protocol stack may be referred to as user plane protocol stack. When a protocol stack is
used for transmission of control signaling, the protocol stack may be referred to as control plane
protocol stack. Some protocol layer may be used in both of the user plane protocol stack and the
control plane protocol stack while other protocol layers may be specific to the user plane or control
plane.

[0055] The NG interface of FIG. 1B may include an NG-User plane (NG-U) interface between a
gNB and the UPF 134 (or an ng-eNB and the UPF 134) and an NG-Control plane (NG-C) interface
between a gNB and the AMF 132 (or an ng-eNB and the AMF 132). The NG-U interface may
provide non-guaranteed delivery of user plane PDUs between a gNB and the UPF or an ng-eNB
and the UPF. The NG-C interface may provide services such as NG interface management, UE
context management, UE mobility management, transport of NAS messages, paging, PDU session
management, configuration transfer and/or warning message transmission.

[0056] The UEs 112 and a gNB may be connected using the Uu interface and using the NR user
plane and control plane protocol stack. The UEs 112 and an ng-eNB may be connected using the
Uu interface using the LTE user plane and control plane protocol stack.

[0057] In the example mobile communications system of FIG. 1B, a 5G-CN is connected to a RAN
comprised of 4G LTE and/or 5G NR RATS. In other example mobile communications systems, a
RAN based on the 5G NR RAT may be connected to a 4G CN (e.g., EPC). For example, earlier
releases of 5G standards may support a non-standalone mode of operation where a NR based RAN
is connected to the 4G EPC. In an example non-standalone mode, a UE may be connected to both a
5G NR gNB and a4G LTE eNB (e.g., a ng-eNB) and the control plane functionalities (such as
initial access, paging and mobility) may be provided through the 4G LTE eNB. In a standalone of
operation, the 5G NR gNB is connected to a 5G-CN and the user plane and the control plane
functionalities are provided by the 5G NR gNB.

[0058] FIG. 2A shows an example of the protocol stack for the user plan of an NR Uu interface in
accordance with several of various embodiments of the present disclosure. The user plane protocol
stack comprises five protocol layers that terminate at the UE 210 and the gNB 220. The five
protocol layers, as shown in FIG. 2A, include physical (PHY) layer referred to as PHY 211 at the
UE 210 and PHY 221 at the gNB 220, medium access control (MAC) layer referred to as MAC
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212 at the UE 210 and MAC 222 at the gNB 220, radio link control (RLC) layer referred to as RLC
213 at the UE 210 and RLC 223 at the gNB 220, packet data convergence protocol (PDCP) layer
referred to as PDCP 214 at the UE 210 and PDCP 224 at the gNB 220, and service data application
protocol (SDAP) layer referred to as SDAP 215 at the UE 210 and SDAP 225 at the gNB 220. The
PHY layer, also known as layer 1 (L1), offers transport services to higher layers. The other four
layers of the protocol stack (MAC, RLC, PDCP and SDAP) are collectively known as layer 2.

[0059] FIG. 2B shows an example of the protocol stack for the control plan of an NR Uu interface
in accordance with several of various embodiments of the present disclosure. Some of the protocol
layers (PHY, MAC, RLC and PDCP) are common between the user plane protocol stack shown in
FIG. 2A and the control plan protocol stack. The control plane protocol stack also includes the
RRC layer, referred to RRC 216 at the UE 210 and RRC 226 at the gNB 220, that also terminates at
the UE 210 and the gNB 220. In addition, the control plane protocol stack includes the NAS layer
that terminates at the UE 210 and the AMF 230. In FIG. 2B, the NAS layer is referred to as NAS
217 at the UE 210 and NAS 227 at the AMF 230.

[0060] FIG. 3 shows example functions and service offered to other layers by a layer in the NR
user plane protocol stack of FIG. 2A in accordance with several of various embodiments of the
present disclosure. For example, the SDAP layer of FIG. 3 (shown in FIG. 2A as SDAP 215 at the
UE side and SDAP 225 at the gNB side) may perform mapping and de-mapping of QoS flows to
data radio bearers. The mapping and de-mapping may be based on QoS (e.g., delay, throughput,
jitter, error rate, etc.) associated with a QoS flow. A QoS flow may be a QoS differentiation
granularity for a PDU session which is a logical connection between a UE 210 and a data network.
A PDU session may contain one or more QoS flows. The functions and services of the SDAP layer
include mapping and de-mapping between one or more QoS flows and one or more data radio
bearers. The SDAP layer may also mark the uplink and/or downlink packets with a QoS flow ID
(QFD).

[0061] The PDCP layer of FIG. 3 (shown in FIG. 2A as PDCP 214 at the UE side and PDCP 224 at
the gNB side) may perform header compression and decompression (e.g., using Robust Header
Compression (ROHC) protocol) to reduce the protocol header overhead, ciphering and deciphering
and integrity protection and verification to enhance the security over the air interface, reordering
and in-order delivery of packets and discarding of duplicate packets. A UE may be configured with

one PDCP entity per bearer.
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[0062] In an example scenario not shown in FIG. 3, a UE may be configured with dual connectivity
and may connect to two different cell groups provided by two different base stations. For example,
a base station of the two base stations may be referred to as a master base station and a cell group
provided by the master base station may be referred to as a master cell group (MCG). The other
base station of the two base stations may be referred to as a secondary base station and the cell
group provided by the secondary base station may be referred to as a secondary cell group (SCG).
A bearer may be configured for the UE as a split bearer that may be handled by the two different
cell groups. The PDCP layer may perform routing of packets corresponding to a split bearer to
and/or from RLC channels associated with the cell groups.

[0063] In an example scenario not shown in FIG. 3, a bearer of the UE may be configured (e.g.,
with control signaling) with PDCP packet duplication. A bearer configured with PDCP duplication
may be mapped to a plurality of RLC channels each corresponding to different one or more cells.
The PDCP layer may duplicate packets of the bearer configured with PDCP duplication and the
duplicated packets may be mapped to the different RLC channels. With PDCP packet duplication,
the likelihood of correct reception of packets increases thereby enabling higher reliability.

[0064] The RLC layer of FIG. 3 (shown in FIG. 2A as RLC 213 at the UE side and RLC 223 at the
gNB side) provides service to upper layers in the form of RLC channels. The RLC layer may
perform three transmission modes: transparent mode (TM), Unacknowledged mode (UM) and
Acknowledged mode (AM). The RLC layer may perform error correction through automatic repeat
request (ARQ) for the AM transmission mode, segmentation of RLC service data units (SDUs) for
the AM and UM transmission modes and re-segmentation of RLC SDUs for AM transmission
mode, duplicate detection for the AM transmission mode, RLC SDU discard for the AM and UM
transmission modes, etc. The UE may be configured with one RLC entity per RLC channel.

[0065] The MAC layer of FIG. 3 (shown in FIG. 2A as MAC 212 at the UE side and MAC 222 at
the gNB side) provides services to the RLC layer in form of logical channels. The MAC layer may
perform mapping between logical channels and transport channels, multiplexing/demultiplexing of
MAC SDUs belonging to one or more logical channels into/from transport blocks (TBs) delivered
to/from the physical layer on transport channels, reporting of scheduling information, error
correction through hybrid automatic repeat request (HARQ), priority handling between UEs by
means of dynamic scheduling, priority handling between logical channels of one UE by means of
logical channel prioritization and/or padding. In case of carrier aggregation, a MAC entity may

comprise one HARQ entity per cell. A MAC entity may support multiple numerologies,
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transmission timings and cells. The control signaling may configure logical channels with mapping
restrictions. The mapping restrictions in logical channel prioritization may control the
numerology(ies), cell(s), and/or transmission timing(s) that a logical channel may use.

[0066] The PHY layer of FIG. 3 (shown in FIG. 2A as PHY 211 at the UE side and PHY 221 at the
gNB side) provides transport services to the MAC layer in form of transport channels. The physical
layer may handle coding/decoding, HARQ soft combining, rate matching of a coded transport
channel to physical channels, mapping of coded transport channels to physical channels,
modulation and demodulation of physical channels, frequency and time synchronization, radio
characteristics measurements and indication to higher layers, RF processing, and mapping to
antennas and radio resources.

[0067] FIG. 4 shows example processing of packets at different protocol layers in accordance with
several of various embodiments of the present disclosure. In this example, three Internet Protocol
(IP) packets that are processed by the different layers of the NR protocol stack. The term SDU
shown in FIG. 4 is the data unit that is entered from/to a higher layer. In contrast, a protocol data
unit (PDU) is the data unit that is entered to/from a lower layer. The flow of packets in FIG. 4 is for
downlink. An uplink data flow through layers of the NR protocol stack is similar to FIG. 4. In this
example, the two leftmost IP packets are mapped by the SDAP layer (shown as SDAP 215 and
SDAP 225 in FIG. 2A) to radio bearer 402 and the rightmost packet is mapped by the SDAP layer
to the radio bearer 404. The SDAP layer adds SDAP headers to the IP packets which are entered
into the PDCP layer as PDCP SDUs. The PDCP layer is shown as PDCP 214 and PDCP 224 in
FIG. 2A. The PDCP layer adds the PDCP headers to the PDCP SDUs which are entered into the
RLC layer as RLC SDUs. The RLC layer is shown as RLC 214 and RLC 224 in FIG. 2A. An RLC
SDU may be segmented at the RLC layer. The RLC layer adds RLC headers to the RLC SDUs
after segmentation (if segmented) which are entered into the MAC layer as MAC SDUs. The MAC
layer adds the MAC headers to the MAC SDUs and multiplexes one or more MAC SDUs to form a
PHY SDU (also referred to as a transport block (TB) or a MAC PDU).

[0068] In FIG. 4, the MAC SDUs are multiplexed to form a transport block. The MAC layer may
multiplex one or more MAC control elements (MAC CEs) with zero or more MAC SDUs to form a
transport block. The MAC CEs may also be referred to as MAC commands or MAC layer control
signaling and may be used for in-band control signaling. The MAC CEs may be transmitted by a
base station to a UE (e.g., downlink MAC CEs) or by a UE to a base station (e.g., uplink MAC
CEs). The MAC CEs may be used for transmission of information useful by a gNB for scheduling
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(e.g., buffer status report (BSR) or power headroom report (PHR)), activation/deactivation of one
or more cells, activation/deactivation of configured radio resources for or one or more processes,
activation/deactivation of one or more processes, indication of parameters used in one or more
processes, etc.

[0069] FIG. 5A and FIG. 5B show example mapping between logical channels, transport channels
and physical channels for downlink and uplink, respectively in accordance with several of various
embodiments of the present disclosure. As discussed before, the MAC layer provides services to
higher layer in the form of logical channels. A logical channel may be classified as a control
channel, if used for transmission of control and/or configuration information, or a traffic channel if
used for transmission of user data. Example logical channels in NR include Broadcast Control
Channel (BCCH) used for transmission of broadcast system control information, Paging Control
Channel (PCCH) used for carrying paging messages for wireless devices with unknown locations,
Common Control Channel (CCCH) used for transmission of control information between UEs and
network and for UEs that have no RRC connection with the network, Dedicated Control Channel
(DCCH) which is a point-to-point bi-directional channel for transmission of dedicated control
information between a UE that has an RRC connection and the network and Dedicated Traffic
Channel (DTCH) which is point-to-point channel, dedicated to one UE, for the transfer of user
information and may exist in both uplink and downlink.

[0070] As discussed before, the PHY layer provides services to the MAC layer and higher layers in
the form of transport channels. Example transport channels in NR include Broadcast Channel
(BCH) used for transmission of part of the BCCH referred to as master information block (MIB),
Downlink Shared Channel (DL-SCH) used for transmission of data (e.g., from DTCH in downlink)
and various control information (e.g., from DCCH and CCCH in downlink and part of the BCCH
that is not mapped to the BCH), Uplink Shared Channel (UL-SCH) used for transmission of uplink
data (e.g., from DTCH in uplink) and control information (e.g., from CCCH and DCCH in uplink)
and Paging Channel (PCH) used for transmission of paging information from the PCCH. In
addition, Random Access Channel (RACH) is a transport channel used for transmission of random
access preambles. The RACH does not carry a transport block. Data on a transport channel (except
RACH) may be organized in transport blocks, wherein One or more transport blocks may be
transmitted in a transmission time interval (TTI).

[0071] The PHY layer may map the transport channels to physical channels. A physical channel

may correspond to time-frequency resources that are used for transmission of information from one
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or more transport channels. In addition to mapping transport channels to physical channels, the
physical layer may generate control information (e.g., downlink control information (DCI) or
uplink control information (UCI)) that may be carried by the physical channels. Example DCI
include scheduling information (e.g., downlink assignments and uplink grants), request for channel
state information report, power control command, etc. Example UCI include HARQ feedback
indicating correct or incorrect reception of downlink transport blocks, channel state information
report, scheduling request, etc. Example physical channels in NR include a Physical Broadcast
Channel (PBCH) for carrying information from the BCH, a Physical Downlink Shared Channel
(PDSCH) for carrying information form the PCH and the DL-SCH, a Physical Downlink Control
Channel (PDCCH) for carrying DCI, a Physical Uplink Shared Channel (PUSCH) for carrying
information from the UL-SCH and/or UCI, a Physical Uplink Control Channel (PUCCH) for
carrying UCI and Physical Random Access Channel (PRACH) for transmission of RACH (e.g.,
random access preamble).

[0072] The PHY layer may also generate physical signals that are not originated from higher
layers. As shown in FIG. 5A, example downlink physical signals include Demodulation Reference
Signal (DM-RS), Phase Tracking Reference Signal (PT-RS), Channel State Information Reference
Signal (CSI-RS), Primary Synchronization Signal (PSS) and Secondary Synchronization Signal
(SSS). As shown in FIG. 5A, example uplink physical signals include DM-RS, PT-RS and
sounding reference signal (SRS).

[0073] As indicated earlier, some of the protocol layers (PHY, MAC, RLC and PDCP) of the
control plane of an NR Uu interface, are common between the user plane protocol stack (as shown
in FIG. 2A) and the control plane protocol stack (as shown in FIG. 2B). In addition to PHY, MAC,
RLC and PDCP, the control plane protocol stack includes the RRC protocol layer and the NAS
protocol layer.

[0074] The NAS layer, as shown in FIG. 2B, terminates at the UE 210 and the AMF 230 entity of
the 5G-C 130. The NAS layer is used for core network related functions and signaling including
registration, authentication, location update and session management. The NAS layer uses services
from the AS of the Uu interface to transmit the NAS messages.

[0075] The RRC layer, as shown in FIG. 2B, operates between the UE 210 and the gNB 220 (more
generally NG-RAN 120) and may provide services and functions such as broadcast of system
information (SI) related to AS and NAS as well as paging initiated by the 5G-C 130 or NG-RAN

120. In addition, the RRC layer is responsible for establishment, maintenance and release of an
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RRC connection between the UE 210 and the NG-RAN 120, carrier aggregation configuration
(e.g., addition, modification and release), dual connectivity configuration (e.g., addition,
modification and release), security related functions, radio bearer configuration/maintenance and
release, mobility management (e.g., maintenance and context transfer), UE cell selection and
reselection, inter-RAT mobility, QoS management functions, UE measurement reporting and
control, radio link failure (RLF) detection and NAS message transfer. The RRC layer uses services
from PHY, MAC, RLC and PDCP layers to transmit RRC messages using signaling radio bearers
(SRBs). The SRBs are mapped to CCCH logical channel during connection establishment and to
DCCH logical channel after connection establishment.

[0076] FIG. 6 shows examples of RRC states and RRC state transitions at a UE in accordance with
several of various embodiments of the present disclosure. A UE may be in one of three RRC states:
RRC_IDLE 602, RRC INACTIVE 604 and RRC_CONNECTED 606. In RRC_IDLE 602 state, no
RRC context (e.g., parameters needed for communications between the UE and the network) may
be established for the UE in the RAN. In RRC_IDLE 602 state, no data transfer between the UE
and the network may take place and uplink synchronization is not maintained. The wireless device
may sleep most of the time and may wake up periodically to receive paging messages. The uplink
transmission of the UE may be based on a random access process and to enable transition to the
RRC_CONNECTED 606 state. The mobility in RRC_IDLE 602 state is through a cell reselection
procedure where the UE camps on a cell based on one or more criteria including signal strength that
is determined based on the UE measurements.

[0077] In RRC_CONNECTED 606 state, the RRC context is established and both the UE and the
RAN have necessary parameters to enable communications between the UE and the network. In the
RRC_CONNECTED 606 state, the UE is configured with an identity known as a Cell Radio
Network Temporary Identifier (C-RNT]I) that is used for signaling purposes (e.g., uplink and
downlink scheduling, etc.) between the UE and the RAN. The wireless device mobility in the
RRC_CONNECTED 606 state is managed by the RAN. The wireless device provides neighboring
cells and/or current serving cell measurements to the network and the network may make hand over
decisions. Based on the wireless device measurements, the current serving base station may send a
handover request message to a neighboring base station and may send a handover command to the
wireless device to handover to a cell of the neighboring base station. The transition of the wireless
device from the RRC_IDLE 602 state to the RRC_CONNECTED 606 state or from the
RRC_CONNECTED 606 state to the RRC_IDLE 602 state may be based on connection
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establishment and connection release procedures (shown collectively as connection
establishment/release 610 in FIG. 6).

[0078] To enable a faster transition to the RRC_CONNECTED 606 state (e.g., compared to
transition from RRC_IDLE 602 state to RRC_CONNECTED 606 state), an RRC_INACTIVE 604
state is used for an NR UE wherein, the RRC context is kept at the UE and the base station. The
transition from the RRC_INACTIVE 604 state to the RRC_CONNECTED 606 state is handled by
RAN without CN signaling. Similar to RRC_IDLE 602 state, the mobility in RRC_INACTIVE 604
state is based on a cell reselection procedure without involvement from the network. The transition
of the wireless device from the RRC_INACTIVE 604 state to the RRC_CONNECTED 606 state or
from the RRC_CONNECTED 606 state to the RRC_INACTIVE 604 state may be based on
connection resume and connection inactivation procedures (shown collectively as connection
resume/inactivation 612 in FIG. 6). The transition of the wireless device from the
RRC_INACTIVE 604 state to the RRC_IDLE 602 state may be based on a connection release 614
procedure as shown in FIG. 6.

[0079] In NR, Orthogonal Frequency Division Multiplexing (OFDM), also called cyclic prefix
OFDM (CP-OFDM), is the baseline transmission scheme in both downlink and uplink of NR and
the Discrete Fourier Transform (DFT) spread OFDM (DFT-s-OFDM) is a complementary uplink
transmission in addition to the baseline OFDM scheme. OFDM is multi-carrier transmission
scheme wherein the transmission bandwidth may be composed of several narrowband sub-carriers.
The subcarriers are modulated by the complex valued OFDM modulation symbols resulting in an
OFDM signal. The complex valued OFDM modulation symbols are obtained by mapping, by a
modulation mapper, the input data (e.g., binary digits) to different points of a modulation
constellation diagram. The modulation constellation diagram depends on the modulation scheme.
NR may use different types of modulation schemes including Binary Phase Shift Keying (BPSK),
7/2-BPSK, Quadrature Phase Shift Keying (QPSK), 16 Quadrature Amplitude Modulation
(16QAM), 64QAM and 256QAM. Different and/or higher order modulation schemes (e.g., M-
QAM in general) may be used. An OFDM signal with N subcarriers may be generated by
processing N subcarriers in parallel for example by using Inverse Fast Fourier Transform (IFFT)
processing. The OFDM receiver may use FFT processing to recover the transmitted OFDM
modulation symbols. The subcarrier spacing of subcarriers in an OFDM signal is inversely
proportional to an OFDM modulation symbol duration. For example, for a 15 KHz subcarrier

spacing, duration of an OFDM signal is nearly 66.7us. To enhance the robustness of OFDM
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transmission in time dispersive channels, a cyclic prefix (CP) may be inserted at the beginning of
an OFDM symbol. For example, the last part of an OFDM symbol may be copied and inserted at
the beginning of an OFDM symbol. The CP insertion enhanced the OFDM transmission scheme by
preserving subcarrier orthogonality in time dispersive channels.

[0080] In NR, different numerologies may be used for OFDM transmission. A numerology of
OFDM transmission may indicate a subcarrier spacing and a CP duration for the OFDM
transmission. For example, a subcarrier spacing in NR may generally be a multiple of 15 KHz and
expressed as Af = 2#,15 KHz (u=0, 1, 2, ...). Example subcarrier spacings used in NR include
15KHz (u=0), 30KHz (u=1), 60 KHz (u=2), 120 KHz (u=3) and 240 KHz (u=4). As discussed
before, a duration of OFDM symbol is inversely proportional to the subcarrier spacing and therefor
OFDM symbol duration may depend on the numerology (e.g. the u value).

[0081] FIG. 7 shows an example time domain transmission structure in NR wherein OFDM
symbols are grouped into slots, subframes and frames in accordance with several of various
embodiments of the present disclosure. A slot is a group of Ng;‘,’,fb OFDM symbols, wherein the
N Sfjl,%b may have a constant value (e.g., 14). Since different numerologies results in different
OFDM symbol durations, duration of a slot may also depend on the numerology and may be
variable. A subframe may have a duration of 1 ms and may be composed of one or more slots, the

number of which may depend on the slot duration. The number of slots per subframe is therefore a
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10 ms and may consist of 10 subframes. The number of slots per frame may depend on the

numerology and therefore may be variable. The number of slots per frame may generally be

expressed as N S’;Z?me’“
[0082] An antenna port may be defined as a logical entity such that channel characteristics over

which a symbol on the antenna port is conveyed may be inferred from the channel characteristics
over which another symbol on the same antenna port is conveyed. For example, for DM-RS
associated with a PDSCH, the channel over which a PDSCH symbol on an antenna port is
conveyed may be inferred from the channel over which a DM-RS symbol on the same antenna port
is conveyed, for example, if the two symbols are within the same resource as the scheduled PDSCH
and/or in the same slot and/or in the same precoding resource block group (PRG). For example, for

DM-RS associated with a PDCCH, the channel over which a PDCCH symbol on an antenna port is
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conveyed may be inferred from the channel over which a DM-RS symbol on the same antenna port
is conveyed if, for example, the two symbols are within resources for which the UE may assume
the same precoding being used. For example, for DM-RS associated with a PBCH, the channel over
which a PBCH symbol on one antenna port is conveyed may be inferred from the channel over
which a DM-RS symbol on the same antenna port is conveyed if, for example, the two symbols are
within a SS/PBCH block transmitted within the same slot, and with the same block index. The
antenna port may be different from a physical antenna. An antenna port may be associated with an
antenna port number and different physical channels may correspond to different ranges of antenna
port numbers.

[0083] FIG. 8 shows an example of time-frequency resource grid in accordance with several of
various embodiments of the present disclosure. The number of subcarriers in a carrier bandwidth
may be based on the numerology of OFDM transmissions in the carrier. A resource element,
corresponding to one symbol duration and one subcarrier, may be the smallest physical resource in
the time-frequency grid. A resource element for antenna port p and subcarrier spacing configuration

u may be uniquely identified by (k, [),, , where k is the index of a subcarrier in the frequency

domain and 1 may refer to the symbol position in the time domain relative to some reference point.
A resource block may be defined as N&& = 12 subcarriers. Since subcarrier spacing depends on the
numerology of OFDM transmission, the frequency domain span of a resource block may be
variable and may depend on the numerology. For example, for a subcarrier spacing of 15 KHz (e.g.,
u=0), a resource block may be 180 KHz and for a subcarrier spacing of 30 KHz (e.g., u=1), a
resource block may be 360 KHz.

[0084] With large carrier bandwidths defined in NR and due to limited capabilities for some UEs
(e.g., due to hardware limitations), a UE may not support an entire carrier bandwidth. Receiving on
the full carrier bandwidth may imply high energy consumption. For example, transmitting
downlink control channels on the full downlink carrier bandwidth may result in high power
consumption for wide carrier bandwidths. NR may use a bandwidth adaptation procedure to
dynamically adapt the transmit and receive bandwidths. The transmit and receive bandwidth of a
UE on a cell may be smaller than the bandwidth of the cell and may be adjusted. For example, the
width of the transmit and/or receive bandwidth may change (e.g. shrink during period of low
activity to save power); the location of the transmit and/or receive bandwidth may move in the
frequency domain (e.g. to increase scheduling flexibility); and the subcarrier spacing of the transmit

or receive bandwidth may change (e.g. to allow different services). A subset of the cell bandwidth
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may be referred to as a Bandwidth Part (BWP) and bandwidth adaptation may be achieved by
configuring the UE with one or more BWPs. The base station may configure a UE with a set of
downlink BWPs and a set of uplink BWPs. A BWP may be characterized by a numerology (e.g.,
subcarrier spacing and cyclic prefix) and a set of consecutive resource blocks in the numerology of
the BWP. One or more first BWPs of the one or more BWPs of the cell may be active at a time. An
active BWP may be an active downlink BWP or an active uplink BWP.

[0085] FIG. 9 shows an example of bandwidth part adaptation and switching. In this example, three
BWPs (BWP; 904, BWP; 906 and BWP3 908) are configured for a UE on a carrier bandwidth. The
BWP; is configured with a bandwidth of 40 MHz and a numerology with subcarrier spacing of 15
KHz, the BWP: is configured with a bandwidth of 10 MHz and a numerology with subcarrier
spacing of 15 KHz and the BWP3 is configured with a bandwidth of 20 MHz and a subcarrier
spacing of 60 KHz. The wireless device may switch from a first BWP (e.g., BWP1) to a second
BWP (e.g., BWP2). An active BWP of the cell may change from the first BWP to the second BWP
in response to the BWP switching.

[0086] The BWP switching (e.g., BWP switching 910, BWP switching 912, BWP switching 914,
or BWP switching 916 in FIG. 9) may be based on a command from the base station. The
command may be a DCI comprising scheduling information for the UE in the second BWP. In case
of uplink BWP switching, the first BWP and the second BWP may be uplink BWPs and the
scheduling information may be an uplink grant for uplink transmission via the second BWP. In case
of downlink BWP switching, the first BWP and the second BWP may be downlink BWPs and the
scheduling information may be a downlink assignment for downlink reception via the second BWP.

[0087] The BWP switching (e.g., BWP switching 910, BWP switching 912, BWP switching 914,
or BWP switching 916 in FIG. 9) may be based on an expiry of a timer. The base station may
configure a wireless device with a BWP inactivity timer and the wireless device may switch to a
default BWP (e.g., default downlink BWP) based on the expiry of the BWP inactivity timer. The
expiry of the BWP inactivity timer may be an indication of low activity on the current active
downlink BWP. The base station may configure the wireless device with the default downlink
BWP. If the base station does not configure the wireless device with the default BWP, the default
BWP may be an initial downlink BWP. The initial active BWP may be the BWP that the wireless
device receives scheduling information for remaining system information upon transition to an

RRC_CONNECTED state.
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[0088] A wireless device may monitor a downlink control channel of a downlink BWP. For
example, the UE may monitor a set of PDCCH candidates in configured monitoring occasions in
one or more configured COntrol REsource SETs (CORESETs) according to the corresponding
search space configurations. A search space configuration may define how/where to search for
PDCCH candidates. For example, the search space configuration parameters may comprise a
monitoring periodicity and offset parameter indicating the slots for monitoring the PDCCH
candidates. The search space configuration parameters may further comprise a parameter indicating
a first symbol with a slot within the slots determined for monitoring PDCCH candidates. A search
space may be associated with one or more CORESETS and the search space configuration may
indicate one or more identifiers of the one or more CORESETs. The search space configuration
parameters may further indicate that whether the search space is a common search space or a UE-
specific search space. A common search space may be monitored by a plurality of wireless devices
and a UE-specific search space may be dedicated to a specific UE.

[0089] FIG. 10A shows example arrangements of carriers in carrier aggregation in accordance with
several of various embodiments of the present disclosure. With carrier aggregation, multiple NR
component carriers (CCs) may be aggregated. Downlink transmissions to a wireless device may
take place simultaneously on the aggregated downlink CCs resulting in higher downlink data rates.
Uplink transmissions from a wireless device may take place simultaneously on the aggregated
uplink CCs resulting in higher uplink data rates. The component carriers in carrier aggregation may
be on the same frequency band (e.g., intra-band carrier aggregation) or on different frequency
bands (e.g., inter-band carrier aggregation). The component carriers may also be contiguous or non-
contiguous. This results in three possible carrier aggregation scenarios, intra-band contiguous CA
1002, intra-band non-contiguous CA 1004 and inter-band CA 1006 as shown in FIG. 10A.
Depending on the UE capability for carrier aggregation, a UE may transmit and/or receive on
multiple carriers or for a UE that is not capable of carrier aggregation, the UE may transmit and/or
receive on one component carrier at a time. In this disclosure, the carrier aggregation is described
using the term cell and a carrier aggregation capable UE may transmit and/or receive via multiple
cells.

[0090] In carrier aggregation, a UE may be configured with multiple cells. A cell of the multiple
cells configured for the UE may be referred to as a Primary Cell (PCell). The PCell may be the first
cell that the UE is initially connected to. One or more other cells configured for the UE may be

referred to as Secondary Cells (SCells). The base station may configure a UE with multiple SCells.
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The configured SCells may be deactivated upon configuration and the base station may
dynamically activate or deactivate one or more of the configured SCells based on traffic and/or
channel conditions. The base station may activate or deactivate configured SCells using a SCell
Activation/Deactivation MAC CE. The SCell Activation/Deactivation MAC CE may comprise a
bitmap, wherein each bit in the bitmap may correspond to a SCell and the value of the bit indicates
an activation status or deactivation status of the SCell.

[0091] An SCell may also be deactivated in response to expiry of a SCell deactivation timer of the
SCell. The expiry of an SCell deactivation timer of an SCell may be an indication of low activity
(e.g., low transmission or reception activity) on the SCell. The base station may configure the SCell
with an SCell deactivation timer. The base station may not configure an SCell deactivation timer
for an SCell that is configured with PUCCH (also referred to as a PUCCH SCell). The
configuration of the SCell deactivation timer may be per configured SCell and different SCells may
be configured with different SCell deactivation timer values. The SCell deactivation timer may be
restarted based on one or more criteria including reception of downlink control information on the
SCell indicating uplink grant or downlink assignment for the SCell or reception of downlink
control information on a scheduling cell indicating uplink grant or downlink assignment for the
SCell or transmission of a MAC PDU based on a configured uplink grant or reception of a
configured downlink assignment.

[0092] A PCell for a UE may be an SCell for another UE and a SCell for a UE may be PCell for
another UE. The configuration of PCell may be UE-specific. One or more SCells of the multiple
SCells configured for a UE may be configured as downlink-only SCells, e.g., may only be used for
downlink reception and may not be used for uplink transmission. In case of self-scheduling, the
base station may transmit signaling for uplink grants an/or downlink assignments on the same cell
that the corresponding uplink or downlink transmission takes place. In case of cross-carrier
scheduling, the base station may transmit signaling for uplink grants and/or downlink assignments
on a cell different from the cell that the corresponding uplink or downlink transmission takes place.

[0093] FIG. 10B shows examples of uplink control channel groups in accordance with several of
various embodiments of the present disclosure. A base station may configure a UE with multiple
PUCCH groups wherein a PUCCH group comprises one or more cells. For example, as shown in
FIG. 10B, the base station may configure a UE with a primary PUCCH group 1014 and a
secondary PUCCH group 1016. The primary PUCCH group may comprise the PCell 1010 and one

or more first SCells. First UCI corresponding to the PCell and the one or more first SCells of the
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primary PUCCH group may be transmitted by the PUCCH of the PCell. The first UCI may be, for
example, HARQ feedback for downlink transmissions via downlink CCs of the PCell and the one
or more first SCells. The secondary PUCCH group may comprise a PUCCH SCell and one or more
second SCells. Second UCI corresponding to the PUCCH SCell and the one or more second SCells
of the secondary PUCCH group may be transmitted by the PUCCH of the PUCCH SCell. The
second UCI may be, for example, HARQ feedback for downlink transmissions via downlink CCs
of the PUCCH SCell and the one or more second SCells.

[0094] The base station may periodically transmit synchronization signals (SSs), e.g., primary SS
(PSS) and secondary SS (SSS) along with PBCH on each NR cell. The PSS/SSS together with
PBCH is jointly referred to as a SS/PBCH block. The SS/PBCH block enables a wireless device to
find a cell when entering to the mobile communications network or find new cells when moving
within the network. The SS/PBCH block spans four OFDM symbols in time domain. The PSS is
transmitted in the first symbol and occupies 127 subcarriers in frequency domain. The SSS is
transmitted in the third OFDM symbol and occupies the same 127 subcarriers as the PSS. The are
eight and nine empty subcarriers on each side of the SSS. The PBCH is transmitted on the second
OFDM symbol occupying 240 subcarriers, the third OFDM symbol occupying 48 subcarriers on
each side of the SSS, and on the fourth OFDM symbol occupying 240 subcarriers. Some of the
PBCH resources indicated above may be used for transmission of the demodulation reference
signal (DMRS) for coherent demodulation of the PBCH. The SS/PBCH block is transmitted
periodically with a period ranging from 5 ms to 160 ms. For initial cell search or for cell search
during inactive/idle state, a wireless device may assume that that the SS/PBCH block is repeated at
least every 20 ms.

[0095] In NR, transmissions using of antenna arrays, with many antenna elements, and
beamforming plays an important role specially in higher frequency bands. Beamforming enables
higher capacity by increasing the signal strength (e.g., by focusing the signal energy in a specific
direction) and by lowering the amount interference received at the wireless devices. The
beamforming techniques may generally be divided to analog beamforming and digital beamforming
techniques. With digital beamforming, signal processing for beamforming is carried out in the
digital domain before digital-to-analog conversion and detailed control of both amplitude and phase
of different antenna elements may be possible. With analog beamforming, the signal processing for
beamforming is carried out in the analog domain and after the digital to analog conversion. The

beamformed transmissions may be in one direction at a time. For example, the wireless devices that
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are in different directions relative to the base station may receive their downlink transmissions at
different times. For analog receiver-side beamforming, the receiver may focus its receiver beam in
one direction at a time.

[0096] In NR, the base station may use beam sweeping for transmission of SS/PBCH blocks. The
SS/PBCH blocks may be transmitted in different beams using time multiplexing. The set of
SS/PBCH blocks that are transmitted in one beam sweep may be referred to as a SS/PBCH block
set. The period of PBCH/SSB block transmission may be a time duration between a SS/PBCH
block transmission in a beam and the next SS/PBCH block transmission in the same beam. The
period of SS/PBCH block is, therefore, also the period of the SS/PBCH block set.

[0097] FIG. 11A shows example time and frequency structure of SS/PBCH blocks and their
associations with beams in accordance with several of various embodiments of the present
disclosure. In this example, a SS/PBCH block (also referred to as SSB) set comprise L SSBs
wherein an SSB in the SSB set is associated with (e.g., transmitted in) one of L beams of a cell. The
transmission of SBBs of an SSB set may be confined within a Sms interval, either in a first half-
frame or a second half-frame of a 10ms frame. The number of SSBs in an SSB set may depend on
the frequency band of operation. For example, the number of SSBs in a SSB set may be up to four
SSBs in frequency bands below 3GHz enabling beam sweeping of up to four beams, up to eight
SSBs in frequency bands between 3 GHz and 6 GHz enabling beam sweeping of up to eight beams,
and up to sixty four SSBs in higher frequency bands enabling beam sweeping of up to sixty four
beams. The SSs of an SSB may depend on a physical cell identity (PCI) of the cell and may be
independent of which beam of the cell is used for transmission of the SSB. The PBCH of an SSB
may indicate a time index parameter and the wireless device may determine the relative position of
the SSB within the SSB set using the time index parameter. The wireless device may use the
relative position of the SSB within an SSB set for determining the frame timing and/or determining
RACH occasions for a random access process.

[0098] A wireless device entering the mobile communications network may first search for the
PSS. After detecting the PSS, the wireless device may determine the synchronization up to the
periodicity of the PSS. By detecting the PSS, the wireless device may determine the transmission
timing of the SSS. The wireless device may determine the PCI of the cell after detecting the SSS.
The PBCH of a SS/PBCH block is a downlink physical channel that carries the MIB. The MIB may

be used by the wireless device to obtain remaining system information (RMSI) that is broadcast by
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the network. The RMSI may include System Information Block 1 (SIB1) that contains information
required for the wireless device to access the cell.

[0099] As discussed earlier, the wireless device may determine a time index parameter from the
SSB. The PBCH comprises a half-frame parameter indicating whether the SSB is in the first Sms
half or the second 5ms half of a 10ms frame. The wireless device may determine the frame
boundary using the time index parameter and the half-frame parameter. In addition, the PBCH may
comprise a parameter indicating the system frame number (SFN) of the cell.

[0100] The base station may transmit CSI-RS and a UE may measure the CSI-RS to obtain channel
state information (CSI). The base station may configure the CSI-RS in a UE-specific manner. In
some scenarios, same set of CSI-RS resources may be configured for multiple UEs and one or more
resource elements of a CSI-RS resource may be shared among multiple UEs. A CSI-RS resource
may be configured such that it does not collide with a CORESET configured for the wireless device
and/or with a DMRS of a PDSCH scheduled for the wireless device and/or transmitted SSBs. The
UE may measure one or more CSI-RSs configured for the UE and may generate a CSI report based
on the CSI-RS measurements and may transmit the CSI report to the base station for scheduling,
link adaptation and/or other purposes.

[0101] NR supports flexible CSI-RS configurations. A CSI-RS resource may be configured with
single or multiple antenna ports and with configurable density. Based on the number of configured
antenna ports, a CSI-RS resource may span different number of OFDM symbols (e.g., 1, 2, and 4
symbols). The CSI-RS may be configured for a downlink BWP and may use the numerology of the
downlink BWP. The CSI-RS may be configured to cover the full bandwidth of the downlink BWP
or a portion of the downlink BWP. In some case, the CSI-RS may be repeated in every resource
block of the CSI-RS bandwidth, referred to as CSI-RS with density equal to one. In some cases, the
CSI-RS may be configured to be repeated in every other resource block of the CSI-RS bandwidth.
CSI-RS may be non-zero power (NZP) CSI-RS or zero-power (ZP) CSI-RS.

[0102] The base station may configure a wireless device with one or more sets of NZP CSI-RS
resources. The base station may configure the wireless device with a NZP CSI-RS resource set
using an RRC information element (IE) NZP-CSI-RS-ResourceSet indicating a NZP CSI-RS
resource set identifier (ID) and parameters specific to the NZP CSI-RS resource set. An NZP CSI-
RS resource set may comprise one or more CSI-RS resources. An NZP CSI-RS resource set may be

configured as part of the CSI measurement configuration.
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[0103] The CSI-RS may be configured for periodic, semi-persistent or aperiodic transmission. In
case of the periodic and semi-persistent CSI-RS configurations, the wireless device may be
configured with a CSI resource periodicity and offset parameter that indicate a periodicity and
corresponding offset in terms of number of slots. The wireless device may determine the slots that
the CSI-RSs are transmitted. For semi-persistent CSI-RS, the CSI-RS resources for CSI-RS
transmissions may be activated and deactivated by using a semi-persistent (SP) CSI-CSI Resource
Set Activation/Deactivation MAC CE. In response to receiving a MAC CE indicating activation of
semi-persistent CSI-RS resources, the wireless device may assume that the CSI-RS transmissions
will continue until the CSI-RS resources for CSI-RS transmissions are activated.

[0104] As discussed before, CSI-RS may be configured for a wireless device as NZP CSI-RS or ZP
CSI-RS. The configuration of the ZP CSI-RS may be similar to the NZP CSI-RS with the
difference that the wireless device may not carry out measurements for the ZP CSI-RS. By
configuring ZP CSI-RS, the wireless device may assume that a scheduled PDSCH that includes
resource elements from the ZP CSI-RS is rate matched around those ZP CSI-RS resources. For
example, a ZP CSI-RS resource configured for a wireless device may be an NZP CSI-RS resource
for another wireless device. For example, by configuring ZP CSI-RS resources for the wireless
device, the base station may indicate to the wireless device that the PDSCH scheduled for the
wireless device is rate matched around the ZP CSI-RS resources.

[0105] A base station may configure a wireless device with channel state information interference
measurement (CSI-IM) resources. Similar to the CSI-RS configuration, configuration of locations
and density of CSI-IM resources may be flexible. The CSI-IM resources may be periodic
(configured with a periodicity), semi-persistent (configured with a periodicity and activated and
deactivated by MAC CE) or aperiodic (triggered by a DCI).

[0106] Tracking reference signals (TRSs) may be configured for a wireless device as a set of sparse
reference signals to assist the wireless in time and frequency tracking and compensating time and
frequency variations in its local oscillator. The wireless device may further use the TRSs for
estimating channel characteristics such as delay spread or doppler frequency. The base station may
use a CSI-RS configuration for configuring TRS for the wireless device. The TRS may be
configured as a resource set comprising multiple periodic NZP CSI-RS resources.

[0107] A base station may configure a UE and the UE may transmit sounding reference signals
(SRSs) to enable uplink channel sounding/estimation at the base station. The SRS may support up

to four antenna ports and may be designed with low cubic metric enabling efficient operation of the
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wireless device amplifier. The SRS may span one, two or four consecutive OFDM symbols in time
domain and may be located within the last six symbols of a slot. In the frequency domain, the SRS
may have a structure that is referred to as a comb structure and may be transmitted on every Nth
subcarrier. Different SRS transmissions from different wireless devices may have different comb
structures and may be multiplexed in frequency domain.

[0108] A base station may configure a wireless device with one or more SRS resource sets and an
SRS resource set may comprise one or more SRS resources. The SRS resources in an SRS
resources set may be configured for periodic, semi-persistent or aperiodic transmission. The
periodic SRS and the semi-persistent SRS resources may be configured with periodicity and offset
parameters. The Semi-persistent SRS resources of a configured semi-persistent SRS resource set
may be activated or deactivated by a semi-persistent (SP) SRS Activation/Deactivation MAC CE.
The set of SRS resources included in an aperiodic SRS resource set may be activated by a DCI. A
value of a field (e.g., an SRS request field) in the DCI may indicate activation of resources in an
aperiodic SRS resource set from a plurality of SRS resource sets configured for the wireless device.

[0109] An antenna port may be associated with one or more reference signals. The receiver may
assume that the one or more reference signals, associated with the antenna port, may be used for
estimating channel corresponding to the antenna port. The reference signals may be used to derive
channel state information related to the antenna port. Two antenna ports may be referred to as
quasi-colocated if characteristics (e.g., large-scale properties) of the channel over which a symbol is
conveyed on one antenna port may be inferred from the channel over which a symbol is conveyed
from another antenna port. For example, a UE may assume that radio channels corresponding to
two different antenna ports have the same large-scale properties if the antenna ports are specified as
quasi-colocated. In some cases, the UE may assume that two antenna ports are quasi-colocated
based on signaling received from the base station. Spatial quasi-colocation (QCL) between two
signals may be, for example, due to the two signals being transmitted from the same location and in
the same beam. If a receive beam is good for a signal in a group of signals that are spatialy quali-
colocated, it may be assumed also be good for the other signals in the group of signals.

[0110] The CSI-RS in the downlink and the SRS in uplink may serve as quasi-location (QCL)
reference for other physical downlink channels and physical uplink channels, respectively. For
example, a downlink physical channel (e.g., PDSCH or PDCCH) may be spatially quasi-colocated
with a downlink reference signal (e.g., CSI-RS or SSB). The wireless device may determine a

receive beam based on measurement on the downlink reference signal and may assume that the
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determined received beam is also good for reception of the physical channels (e.g., PDSCH or
PDCCH) that are spatially quasi-colocated with the downlink reference signal. Similarly, an uplink
physical channel (e.g., PUSCH or PUCCH) may be spatially quasi-colocated with an uplink
reference signal (e.g., SRS). The base station may determine a receive beam based on measurement
on the uplink reference signal and may assume that the determined received beam is also good for
reception of the physical channels (e.g., PUSCH or PUCCH) that are spatially quasi-colocated with
the uplink reference signal.

[0111] The Demodulation Reference Signals (DM-RSs) enables channel estimation for coherent
demodulation of downlink physical channels (e.g., PDSCH, PDCCH and PBH) and uplink physical
channels (e.g., PUSCH and PUCCH). The DM-RS may be located early in the transmission (e.g.,
front-loaded DM-RS) and may enable the receiver to obtain the channel estimate early and reduce
the latency. The time-domain structure of the DM-RS (e.g., symbols wherein the DM-RS are
located in a slot) may be based on different mapping types.

[0112] The Phase Tracking Reference Signals (PT-RSs) enables tracking and compensation of
phase variations across the transmission duration. The phase variations may be, for example, due to
oscillator phase noise. The oscillator phase noise may become more sever in higher frequencies
(e.g., mmWave frequency bands). The base station may configure the PT-RS for uplink and/or
downlink. The PT-RS configuration parameters may indicate frequency and time density of PT-RS,
maximum number of ports (e.g., uplink ports), resource element offset, configuration of uplink PT-
RS without transform precoder (e.g., CP-OFDM) or with transform precoder (e.g., DFT-s-OFDM),
etc. The subcarrier number and/or resource blocks used for PT-RS transmission may be based on
the C-RNTI of the wireless device to reduce risk of collisions between PT-RSs of wireless devices
scheduled on overlapping frequency domain resources.

[0113] FIG. 11B shows example time and frequency structure of CSI-RSs and their association
with beams in accordance with several of various embodiments of the present disclosure. A beam
of the L beams shown in FIG. 11B may be associated with a corresponding CSI-RS resource. The
base station may transmit the CSI-RSs using the configured CSI-RS resources and a UE may
measure the CSI-RSs (e.g., received signal received power (RSRP) of the CSI-RSs) and report the
CSI-RS measurements to the base station based on a reporting configuration. For example, the base
station may determine one or more transmission configuration indication (TCI) states and may
indicate the one or more TCI states to the UE (e.g., using RRC signaling, a MAC CE and/or a

DCI). Based on the one or more TCI states indicated to the UE, the UE may determine a downlink
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receive beam and receive downlink transmissions using the receive beam. In case of a beam
correspondence, the UE may determine a spatial domain filter of a transmit beam based on spatial
domain filter of a corresponding receive beam. Otherwise, the UE may perform an uplink beam
selection procedure to determine the spatial domain filter of the transmit beam. The UE may
transmit one or more SRSs using the SRS resources configured for the UE and the base station may
measure the SRSs and determine/select the transmit beam for the UE based the SRS measurements.
The base station may indicate the selected beam to the UE. The CSI-RS resources shown in FIG.
11B may be for one UE. The base station may configure different CSI-RS resources associated
with a given beam for different UEs by using frequency division multiplexing. *

[0114] A base station and a wireless device may perform beam management procedures to
establish beam pairs (e.g., transmit and receive beams) that jointly provide good connectivity. For
example, in the downlink direction, the UE may perform measurements for a beam pair and
estimate channel quality for a transmit beam by the base station (or a transmission reception point
(TRP) more generally) and the receive beam by the UE. The UE may transmit a report indicating
beam pair quality parameters. The report may comprise one or more parameters indicating one or
more beams (e.g., a beam index, an identifier of reference signal associated with a beam, etc.), one
or more measurement parameters (e.g., RSRP), a precoding matrix indicator (PMI), a channel
quality indicator (CQI), and/or a rank indicator (RI).

[0115] FIG. 12A, FIG. 12B and FIG. 12C show example beam management processes (referred to
as P1, P2 and P3, respectively) in accordance with several of various embodiments of the present
disclosure. The P1 process shown in FIG. 12A may enable, based on UE measurements, selection
of a base station (or TRP more generally) transmit beam and/or a wireless device receive beam. The
TRP may perform a beam sweeping procedure where the TRP may sequentially transmit reference
signals (e.g., SSB and/or CSI-RS) on a set of beams and the UE may select a beam from the set of
beams and may report the selected beam to the TRP. The P2 procedure as shown in FIG. 12B may
be a beam refinement procedure. The selection of the TRP transmit beam and the UE receive beam
may be regularly reevaluated due to movements and/or rotations of the UE or movement of other
objects. In an example, the base station may perform the beam sweeping procedure over a smaller
set of beams and the UE may select the best beam over the smaller set. In an example, the beam
shape may be narrower compared to beam selected based on the P1 procedure. Using the P3
procedure as shown in FIG. 12C, the TRP may fix its transmit beam and the UE may refine its

receive beam.
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[0116] FIG. 13A, FIG. 13B and FIG. 13C show example random access processes in accordance
with several of various embodiments of the present disclosure. FIG. 13 A shows an example of four
step contention-based random access (CBRA) procedure. The four-step CBRA procedure includes
exchanging four messages between a UE and a base station. Msgl may be for transmission (or
retransmission) of a random access preamble by the wireless device to the base station. Msg2 may
be the random access response (RAR) by the base station to the wireless device. Msg3 is the
scheduled transmission based on an uplink grant indicated in Msg2 and Msg4 may be for
contention resolution.

[0117] The base station may transmit one or more RRC messages comprising configuration
parameters of the random access parameters. The random access parameters may indicate radio
resources (e.g., time-frequency resources) for transmission of the random access preamble (e.g.,
Msgl), configuration index, one or more parameters for determining the power of the random
access preamble (e.g., a power ramping parameter, a preamble received target power, etc.), a
parameter indicating maximum number of preamble transmission, RAR window for monitoring
RAR, cell-specific random access parameters and UE specific random access parameters. The UE-
specific random access parameters may indicate one or more PRACH occasions for random access
preamble (e.g., Msgl) transmissions. The random access parameters may indicate association
between the PRACH occasions and one or more reference signals (e.g., SSB or CSI-RS). The
random access parameters may further indicate association between the random access preambles
and one or more reference signals (e.g., SBB or CSI-RS). The UE may use one or more reference
signals (e.g., SSB(s) or CSI-RS(s)) and may determine a random access preamble to use for Msg1
transmission based on the association between the random access preambles and the one or more
reference signals. The UE may use one or more reference signals (e.g., SSB(s) or CSI-RS(s)) and
may determine the PRACH occasion to use for Msgl transmission based on the association
between the PRACH occasions and the reference signals. The UE may perform a retransmission of
the random access preamble if no response is received with the RAR window following the
transmission of the preamble. UE may use a higher transmission power for retransmission of the
preamble. UE may determine the higher transmission power of the preamble based on the power
ramping parameter.

[0118] Msg?2 is for transmission of RAR by the base station. Msg2 may comprise a plurality of
RARs corresponding to a plurality of random access preambles transmitted by a plurality of UEs.

Msg2 may be associated with a random access temporary radio identifier (RA-RNTI) and may be
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received in a common search space of the UE. The RA-RNTI may be based on the PRACH
occasion (e.g., time and frequency resources of a PRACH) in which a random access preamble is
transmitted. RAR may comprise a timing advance command for uplink timing adjustment at the
UE, an uplink grant for transmission of Msg3 and a temporary C-RNTI. In response to the
successful reception of Msg2, the UE may transmit the Msg3. Msg3 and Msg4 may enable
contention resolution in case of CBRA. In a CBRA, a plurality of UEs may transmit the same
random access preamble and may consider the same RAR as being corresponding to them. UE may
include a device identifier in Msg3 (e.g., a C-RNTI, temporary C-RNTI or other UE identity). Base
station may transmit the Msg4 with a PDSCH and UE may assume that the contention resolution is
successful in response to the PDSCH used for transmission of Msg4 being associated with the UE
identifier included in Msg3.

[0119] FIG. 13B shows an example of a contention-free random access (CFRA) process. Msg 1
(random access preamble) and Msg 2 (random access response) in FIG. 13B for CFRA may be
analogous to Msg 1 and Msg 2 in FIG. 13A for CBRA. In an example, the CFRA procedure may be
initiated in response to a PDCCH order from a base station. The PDCCH order for initiating the
CFRA procedure by the wireless device may be based on a DCI having a first format (e.g., format
1_0). The DCI for the PDCCH order may comprise a random access preamble index, an UL/SUL
indicator indicating an uplink carrier of a cell (e.g., normal uplink carrier or supplementary uplink
carrier) for transmission of the random access preamble, a SS/PBCH index indicating the SS/PBCH
that may be used to determine a RACH occasion for PRACH transmission, a PRACH mask index
indicating the RACH occasion associated with the SS/PBCH indicated by the SS/PBCH index for
PRACH transmission, etc. In an example, the CFRA process may be started in response to a beam
failure recovery process. The wireless device may start the CFRA for the beam failure recovery
without a command (e.g., PDCCH order) from the base station and by using the wireless device
dedicated resources.

[0120] FIG. 13C shows an example of a two-step random access process comprising two messages
exchanged between a wireless device and a base station. Msg A may be transmitted by the wireless
device to the base station and may comprise one or more transmissions of a preamble and/or one or
more transmissions of a transport block. The transport block in Msg A and Msg 3 in FIG. 13 A may
have similar and/or equivalent contents. The transport block of Msg A may comprise data and

control information (e.g., SR, HARQ feedback, etc.). In response to the transmission of Msg A, the
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wireless device may receive Msg B from the base station. Msg B in FIG. 13C and Msg 2 (e.g.,
RAR) illustrated in FIGS. 13A and 13B may have similar and/or equivalent content.

[0121] FIG. 14 shows example physical layer processes for signal transmission in accordance with
several of various embodiments of the present disclosure. Data and/or control streams from MAC
layer may be encoded/decoded to offer transport and control services over the radio transmission
link. For example, one or more (e.g., two as shown in FIG. 14) transport blocks may be received
from the MAC layer for transmission via a physical channel (e.g., a physical downlink shared
channel or a physical uplink shared channel). A cyclic redundancy check (CRC) may be calculated
and attached to a transport block in the physical layer. The CRC calculation may be based on one or
more cyclic generator polynomials. The CRC may be used by the receiver for error detection.
Following the transport block CRC attachment, a low-density parity check (LDPC) base graph
selection may be performed. In example embodiments, two LDPC base graphs may be used
wherein a first LDPC base graph may be optimized for small transport blocks and a second LDPC
base graph may be optimized for comparatively larger transport blocks.

[0122] The transport block may be segmented into code blocks and code block CRC may be
calculated and attached to a code block. A code block may be LDPC coded and the LDPC coded
blocks may be individually rate matched. The code blocks may be concatenated to create one or
more codewords. The contents of a codeword may be scrambled and modulated to generate a block
of complex-valued modulation symbols. The modulation symbols may be mapped to a plurality of
transmission layers (e.g., multiple-input multiple-output (MIMO) layers) and the transmission
layers may be subject to transform precoding and/or precoding. The precoded complex-valued
symbols may be mapped to radio resources (e.g., resource elements). The signal generator block
may create a baseband signal and up-convert the baseband signal to a carrier frequency for
transmission via antenna ports. The signal generator block may employ mixers, filters and/or other
radio frequency (RF) components prior to transmission via the antennas. The functions and blocks
in FIG. 14 are illustrated as examples and other mechanisms may be implemented in various
embodiments.

[0123] FIG. 15 shows example components of a wireless device and a base station that are in
communication via an air interface in accordance with several of various embodiments of the
present disclosure. The wireless device 1502 may communicate with the base station 1542 over the
air interface 1532. The wireless device 1502 may include a plurality of antennas. The base station

1542 may include a plurality of antennas. The plurality of antennas at the wireless device 1502
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and/or the base station 1542 enables different types of multiple antenna techniques such as
beamforming, single-user and/or multi-user MIMO, etc.

[0124] The wireless device 1502 and the base station 1542 may have one or more of a plurality of
modules/blocks, for example RF front end (e.g., RF front end 1530 at the wireless device 1502 and
RF front end 1570 at the base station 1542), Processing System (e.g., Processing System 1524 at
the wireless device 1502 and Processing System 1564 at the base station 1542), Memory (e.g.,
Memory 1512 at the wireless device 1502 and Memory 1542 at the base station1542). Additionally,
the wireless device 1502 and the base station 1542 may have other modules/blocks such as GPS
(e.g., GPS 1514 at the wireless device 1502 and GPS 1554 at the base station 1542).

[0125] An RF front end module/block may include circuitry between antennas and a Processing
system for proper conversion of signals between these two modules/blocks. An RF front end may
include one or more filters (e.g., Filter(s) 1526 at RF front end 1530 or Filter(s) 1566 at the RF
front end 1570), one or more amplifiers (e.g., Amplifier(s) 1528 at the RF front end 1530 and
Amplifier(s) 1568 at the RF front end 1570). The Amplifier(s) may comprise power amplifier(s) for
transmission and low-noise amplifier(s) (LNA(s)) for reception.

[0126] The processing system module/block 1524 and the processing system module/block 1564
may process the data to be transmitted or the received signals by implementing functions at
different layers of the protocol stack such as PHY, MAC, RLC, etc. Example PHY layer functions
that may be implemented by the processing system 1524 and/or 1564 may include forward error
correction, interleaving, rate matching, modulation, precoding, resource mapping, MIMO
processing, etc. Similarly, one or more functions of the MAC layer, RLC layer and/or other layers
may be implemented by the processing system 1524 and/or the processing system 1564. A
processing system module/block may include an RF module (RF module 1516 at the processing
system 1524 and RF module 1556 at the processing system 1564) and/or a TX/RX processor (e.g.,
TX/RX processor 1518 at the processing system 1524 and TX/RX processor 1558 at the processing
system 1566) and/or a central processing unit (CPU) (e.g., CPU 1520 at the processing system 1524
and CPU 1560 at the processing system 1564) and/or a graphical processing unit (GPU) (e.g., GPU
1522 at the processing system 1524 and GPU 1562 at the processing system 1564).

[0127] The memory module/block 1512 may have interfaces with the processing system 1524 and
the memory/module 1552 may have interfaces with processing system 1564, respectively. The
memory module/block 1512 or the memory/module 1552 may include non-transitory computer

readable mediums (e.g., storage medium 1510 at the memory 1512 and storage medium 1550 at the
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memory 1552) that may store software code or instructions that may be executed by the processing
system 1524 and processing system 1564, respectively, to implement the processes described in the
present disclosure. The memory module/block 1512 or the memory/module 1552 may also include
random-access memory (RAM) (e.g., RAM 1506 at the memory 1512 or RAM 1546 at the memory
1552) or read-only memory (ROM) (e.g., ROM 1508 at the memory 1512 or ROM 1548 at the
memory 1552) to store data and/or software codes.

[0128] The processing system 1524 and/or the processing system 1564 may be connected to other
components such as a GPS module 1514 and a GPS module 1554, respectively, wherein the GPS
module 1514 and a GPS module 1554 may enable delivery of location information of the wireless
device 1502 to the processing system 1524 and location information of the base station 1542 to the
processing system 1564. One or more other peripheral (e.g., peripheral(s) 1504 or peripheral(s)
1544) may be configured and connected to the processing system 1524 and processing system
1564, respectively.

[0129] A wireless device may receive one or more messages from a base station. The one or more
messages may comprise one or more RRC messages. The one or more messages may comprise
configuration parameters of a plurality of cells for the wireless device. The plurality of cells may
comprise a primary cell and one or more secondary cells. For example, the plurality of cells may be
provided by a base station and the wireless device may communicate with the base station using the
plurality of cells. For example, the plurality of cells may be provided by multiple base station (e.g.,
in case of dual and/or multi-connectivity). The wireless device may communicate with a first base
station, of the multiple base stations, using one or more first cells of the plurality of cells. The
wireless device may communicate with a second base station of the multiple base stations using
one or more second cells of the plurality of cells.

[0130] The one or more messages may comprise configuration parameters used for processes in
physical, MAC, RLC, PCDP, SDAP, and/or RRC layers of the wireless device. For example, the
configuration parameters may include values of timers used in physical, MAC, RLC, PCDP,
SDAP, and/or RRC layers. For example, the configuration parameters may include parameters for
configurating different channels (e.g., physical layer channel, logical channels, RLC channels, etc.)
and/or signals (e.g., CSI-RS, SRS, etc.).

[0131] Upon starting a timer, the timer may start running until the timer is stopped or until the
timer expires. A timer may be restarted if it is running. A timer may be started if it is not running

(e.g., after the timer is stopped or after the timer expires). A timer may be configured with or may
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be associated with a value (e.g., an initial value). The timer may be started or restarted with the
value of the timer. The value of the timer may indicate a time duration that the timer may be
running upon being started or restarted and until the timer expires. The duration of a timer may not
be updated until the timer is stopped or expires (e.g., due to BWP switching). This specification
may disclose a process that includes one or more timers. The one or more timers may be
implemented in multiple ways. For example, a timer may be used by the wireless device and/or
base station to determine a time window [t1, t2], wherein the timer is started at time t1 and expires
at time t2 and the wireless device and/or the base station may be interested in and/or monitor the
time window [t1, t2], for example to receive a specific signaling. Other examples of
implementation of a timer may be provided.

[0132] In an example, a wireless device may receive one or more RRC messages comprising
configuration parameters of downlink semi-Persistent Scheduling (SPS). The DL SPS
configuration may be per Serving Cell and/or per BWP. In some examples, the base station may
activate and/or deactivate/release the DL SPS and the activation or the deactivation/release of DL
SPS may be independent among the Serving Cells. For the DL SPS, a wireless device may receive
a DL assignment by PDCCH, which may be stored or may be cleared based on L1 signalling
indicating SPS activation or deactivation.

[0133] In an example, the wireless device may receive RRC configuration parameters comprising:
¢s-RNTIL: CS-RNTI for activation, deactivation, and retransmission; nrofHARQ-Processes: the
number of configured HARQ processes for SPS; and periodicity: periodicity of configured
downlink assignment for SPS. When SPS is released by upper layers, the corresponding
configurations may be released.

[0134] In an example, after a downlink assignment is configured for SPS, the MAC entity may
consider sequentially that the Nth downlink assignment occurs in the slot for which:

(numberOfSlotsPerFrame x SEN + slot number in the frame) = [(numberOfSlotsPerFrame x
SEN(start time) + slot(start time)) + N x periodicity x numberOfSlotsPerFrame / 10] modulo (1024
x numberOfSlotsPerFrame)

where SFN(start time) and slot(start time) may be the SFN and slot, respectively, of the first
transmission of PDSCH where the configured downlink assignment was (re-)initialized.

[0135] In an example, the IE SPS-Config may be used to configure downlink semi-persistent
transmission. Downlink SPS may be configured on the SpCell as well as on SCells. The IE SPS-

Config may comprise one or more of a mcs-Table parameter indicating a MCS table the UE may
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use for DL SPS; an n1PUCCH-AN parameter indicating a HARQ resource for PUCCH for DL
SPS, a nrofHARQ-Processes parameter indicating a number of configured HARQ processes for
SPS DL; and a periodicity parameter indicating a periodicity for DL SPS.

[0136] In an example, a UE may be expected to provide HARQ-ACK information in response to a
SPS PDSCH release after N symbols from the last symbol of a PDCCH providing the SPS PDSCH
release, where N may be based on UE processing capability and/or numerology (e.g., subcarrier
spacing (SCS)) of PDCCH reception. For example, for a UE processing capability 1 and for the
SCS of the PDCCH reception, N may be 10 for SCS of 15 kHz, N many be 12 for SCS of 30 kHz,
N may be 22 for SCS of 60 kHz, and N may be 25 for SCS of 120 kHz. For a UE with capability 2
in FR1 and for the SCS of the PDCCH reception, N may be 5 for SCS of 15 kHz, N may be 5.5 for
SCS of 30 kHz, and N may be 11 for SCS of 60 kHz.

[0137] In an example, if a UE receives a PDSCH without receiving a corresponding PDCCH, or if
the UE receives a PDCCH indicating a SPS PDSCH release, the UE may generate a corresponding
HARQ-ACK information bit. In an example, if a UE is not provided PDSCH-
CodeBlockGroupTransmission, the UE may generate a HARQ-ACK information bit per transport
block.

[0138] For a HARQ-ACK information bit, a UE may generate an ACK if the UE detects a DCI
format 1_0 that provides a SPS PDSCH release or correctly decodes a transport block, and the
generates a NACK if the UE does not correctly decode the transport block.

[0139] In an example, a UE may be provided PDSCH-CodeBlockGroupTransmission for a serving
cell. The UE may receive a PDSCH scheduled by DCI format 1_1, that includes code block groups
(CBGs) of a transport block. The UE may also be provided
maxCodeBlockGroupsPerTransportBlock indicating a maximum number of CBGs for generating
respective HARQ-ACK information bits for a transport block reception for the serving cell.

[0140] For a number of C code blocks (CBs) in a transport block, the UE may determine a number
of CBGs M and may determine a number of HARQ-ACK bits for the transport block M. The UE
may generate an ACK for the HARQ-ACK information bit of a CBG if the UE correctly received
all code blocks of the CBG and generates a NACK for the HARQ-ACK information bit of a CBG if
the UE incorrectly received at least one code block of the CBG. If the UE receives two transport
blocks, the UE may concatenate the HARQ-ACK information bits for CBGs of the second
transport block after the HARQ-ACK information bits for CBGs of the first transport block.
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[0141] In an example, for DCI format 1_0, the PDSCH-to-HARQ _feedback timing indicator field
values may map to {1, 2, 3,4, 5, 6, 7, 8}. For DCI format 1_1, if present, the PDSCH-to-
HARQ_feedback timing indicator field values may map to values for a set of number of slots
provided by the RRC configured parameter dl-DataToUL-ACK.

[0142] In an example, for a SPS PDSCH reception ending in slot n, the UE may transmit the
PUCCH 1in slot n+k where k may be provided by the PDSCH-to-HARQ_feedback timing indicator
field in DCI format 1_0 or, if present, in DCI format 1_1 activating the SPS PDSCH reception.

[0143] In an example, if the UE detects a DCI format 1_1 that does not include a PDSCH-to-
HARQ_feedback timing indicator field and schedules a PDSCH reception or activates a SPS
PDSCH reception ending in slot n, the UE may provide corresponding HARQ-ACK information in
a PUCCH transmission within slot n+k where k may be provided by dl-DataToUL-ACK.

[0144] With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a
DCI format 1_1 scheduling a PDSCH reception ending in slot n or if the UE detects a DCI format
1_0 indicating a SPS PDSCH release through a PDCCH reception ending in slot n, the UE may
provide corresponding HARQ-ACK information in a PUCCH transmission within slot n+k, where
k is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in
the DCI format, if present, or provided by dl-DataToUL-ACK. K=0 may correspond to the last slot
of the PUCCH transmission that overlaps with the PDSCH reception or with the PDCCH reception
in case of SPS PDSCH release.

[0145] In an example, for a PUCCH transmission with HARQ-ACK information, a UE may

determine a PUCCH resource after determining a set of PUCCH resources for Oue HARQ-ACK
information bits. The PUCCH resource determination may be based on a PUCCH resource
indicator field in a last DCI format 1_0 or DCI format 1_1, among the DCI formats 1_0 or DCI
formats 1_1 that have a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a
same slot for the PUCCH transmission, that the UE detects and for which the UE transmits
corresponding HARQ-ACK information in the PUCCH where, for PUCCH resource determination,
detected DCI formats may be first indexed in an ascending order across serving cells indexes for a
same PDCCH monitoring occasion and are then indexed in an ascending order across PDCCH
monitoring occasion indexes. In an example, the PUCCH resource indicator field values may map
to values of a set of PUCCH resource indexes provided by resourceList for PUCCH resources from
a set of PUCCH resources provided by PUCCH-ResourceSet with a maximum of eight PUCCH

resources.
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[0146] In an example, if a UE transmits HARQ-ACK information corresponding only to a PDSCH
reception without a corresponding PDCCH, a PUCCH resource for corresponding PUCCH
transmission with HARQ-ACK information may be provided by n1PUCCH-AN.

[0147] In an example, the DCI format 1_0 may be used for the scheduling of PDSCH in one DL
cell. The following information may be transmitted by means of the DCI format 1_0 with CRC
scrambled by C-RNTI or CS-RNTI or MCS-C-RNTT: Identifier for DCI formats — 1 bit (the value

of this bit field may be set to 1, indicating a DL. DCI format); Frequency domain resource

DL.BWP DL.BWP
assignment _ ’—logz (Ngp (Ngg + 1)/2)-‘

bits; Time domain resource assignment — 4 bits; VRB-to-
PRB mapping — 1 bit; Modulation and coding scheme — 5 bits; New data indicator — 1 bit;
Redundancy version — 2 bits; HARQ process number — 4 bits; Downlink assignment index — 2 bits
as counter DAI; TPC command for scheduled PUCCH - 2 bits; PUCCH resource indicator — 3 bits;
PDSCH-to-HARQ_feedback timing indicator — 3 bits.

[0148] In an example, DCI format 1_1 may be used for the scheduling of PDSCH in one cell. The
following information may be transmitted by means of the DCI format 1_1 with CRC scrambled by
C-RNTT or CS-RNTI or MCS-C-RNTT: Identifier for DCI formats — 1 bits (The value of this bit

field is always set to 1, indicating a DL DCI format); Carrier indicator — O or 3 bits; Bandwidth part

indicator — 0, 1 or 2 bits as determined by the number of DL BWPs "#%xx¢ configured by higher
layers, excluding the initial DL bandwidth part.; Frequency domain resource assignment; Time
domain resource assignment — 0, 1, 2, 3, or 4 bits; VRB-to-PRB mapping — 0 or 1 bit; PRB
bundling size indicator — O bit if the higher layer parameter prb-BundlingType is not configured or
is set to 'static’, or 1 bit if the higher layer parameter prb-BundlingType is set to 'dynamic'; Rate
matching indicator — 0, 1, or 2 bits according to higher layer parameters rateMatchPatternGroup1
and rateMatchPatternGroup2, where the MSB may be used to indicate rateMatchPatternGroup1 and
the LSB may be used to indicate rateMatchPatternGroup2 when there are two groups; ZP CSI-RS
trigger — 0, 1, or 2 bits; For transport block 1: Modulation and coding scheme — 5 bits, New data
indicator — 1 bit, Redundancy version — 2 bits, For transport block 2 (present if
maxNrofCodeWordsScheduledByDCI equals 2): Modulation and coding scheme — 5 bits, New data
indicator — 1 bit,Redundancy version — 2 bits; HARQ process number — 4 bits; Downlink
assignment index; TPC command for scheduled PUCCH - 2 bits; PUCCH resource indicator — 3
bits; PDSCH-to-HARQ_feedback timing indicator — 0, 1, 2, or 3 bits; Transmission configuration

indication — O bit if higher layer parameter tci-PresentInDCI is not enabled; otherwise 3 bits; SRS
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request — 2 bits; CBG transmission information (CBGTI) — O bit if higher layer parameter
codeBlockGroupTransmission for PDSCH is not configured, otherwise, 2, 4, 6, or 8 bits,
determined by the higher layer parameters maxCodeBlockGroupsPerTransportBlock and
maxNrofCodeWordsScheduledByDCI for the PDSCH; CBG flushing out information (CBGFI) — 1
bit if higher layer parameter codeBlockGroupFlushIndicator is configured as "TRUE", 0 bit
otherwise; DMRS sequence initialization — 1 bit.

[0149] In an example, a wireless device may receive configuration parameters of a plurality of DL
SPS configurations for a BWP of a serving cell. The wireless device may be configured with
separate RRC parameters for different DL SPS configurations for a given BWP of a serving cell. In
an example, some parameters may be common among different configured grant configurations.

[0150] In an example, different DL SPS configurations for a given BWP of a serving cell may be
separately activated. In an example, a DCI may jointly activate two or more DL SPS
configurations. In an example, different DL SPS configurations for a given BWP of a serving cell
may be separately released/deactivated. In an example, a DCI may jointly deactivate/release two or
more DL SPS configurations.

[0151] In an example, M<=4 bits indication in a Release/deactivation DCI may be used for
indicating which DL SPS configuration(s) is/are released. The association between each state
indicated by the indication and the DL SPS configuration(s) may be configurable by RRC. In an
example, up to 2M states may be configurable by RRC, where each of the states may be mapped to
a single or multiple DL SPS configurations to be released. In an example, in case of no RRC
configured state(s), separate release may be used where the release corresponds to the DL SPS
configuration index indicated by the indication. In an example, for activation and release of DL
SPS configuration, same field(s) may be used in a DCI format.

[0152] In an example, DCI format 1_0, DCI format 1_1 and/or a new DCI format may be used for
scheduling PDSCH for DL SPS activation. In an example, DCI format 1_0, DCI format 1_1 and/or
a new DCI format may be used for DL SPS deactivation/release.

[0153] In an example, M (M<=4) least significant bits of HARQ Process Number (HPN) field in
DCI format 1_0 with CRC scrambled by CS-RNTI may be used to indicate which configuration is
to be activated and which configuration(s) is/are to be released. In an example, (M<=4) least
significant bits of HPN field in DCI format 1_1 with CRC scrambled by CS-RNTI may be used to
indicate which configuration is to be activated. In an example, M (M<=4) least significant bits of

HPN field in DCI format 1_1 with CRC scrambled by CS-RNTI may be used to indicate which
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configuration(s) are to be released. In an example, the M for activation (e.g., Ma) and M for
deactivation/release (e.g., Mr) may be different.

[0154] In an example, at least HPN field in a new DCI format may be used to indicate which
configuration is to be activated and/or which configuration(s) is/are to be released. In an example,
other field(s) may be used with or in place of the HPN field if the number of bits for HPN field is
smaller than M.

[0155] In an example, a UE may use a plurality of HARQ feedback codebooks for supporting
different service types.

[0156] In an example, multiple PUCCHs for HARQ-ACK within a slot may be configured for a
UE. The multiple PUCCHs within a slot may be used for simultaneous HARQ feedback codebooks
for different service types. In some example, sub-slot based HARQ feedback procedures may be
used. In some examples, different PDSCHs may be grouped and HATRQ feedback for PDSCHs in
the same group may be transmitted using the same HARQ feedback codebook. In some examples,
Codebook-less HARQ feedback may be used.

[0157] When at least two HARQ-ACK codebooks are simultaneously constructed for supporting
different service types for a UE, a HARQ-ACK codebook may be identified based on some PHY
indications/properties.

[0158] In an example, a sub-slot based HARQ feedback procedure may be used for supporting
multiple PUCCHs for HARQ feedback and for constructing multiple HARQ feedback codebooks
within a slot. An UL slot may comprise of a number of sub-slots. A transmitted PUCCH carrying
HARQ feedback may start in a sub-slot and PDSCH transmission may not be subject to sub-slot
restrictions. Number or length of UL sub-slots in a slot may be UE-specifically and semi-statically
configured. In an example, there may be a limit on number of PUCCH transmissions carrying
HARQ-ACKSs in a slot. The PDSCH to HARQ feedback timing field in a DCI scheduling PDSCH
may be in unit of sub-slots. In an example, for sub-slot-based HARQ feedback procedure, timing
between PDSCH and HARQ feedback may be the number of sub-slots from the sub-slot containing
the end of PDSCH to the sub-slot containing the start of PUCCH. The UL numerology (e.g.,
PUCCH numerology) may be used to define the sub-slot grid for PDSCH-to-sub-slot association.
For sub-slot based HARQ feedback procedure, the starting symbol of a PUCCH resource may be
defined with respect to the first symbol of sub-slot. For a given sub-slot configuration, a UE can be

configured with PUCCH resource set(s).
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[0159] In an example, when at least two HARQ-ACK codebooks are simultaneously constructed
for supporting different service types for a UE, the PHY identification for identifying a HARQ-
ACK codebook may be based on at least one of DCI format, RNTI, explicit indication in DCI (e.g.,
based on a value of a field in the DCI), CORESET/search space, etc.

[0160] In an example, when at least two HARQ-ACK codebooks are simultaneously constructed
for supporting different service types for a UE, one or more of the following parameters in PUCCH
configuration may be separately configured for different HARQ-ACK codebooks: K1 (e.g.,
PDSCH to HARQ feedback timing) granularity, K1 set, PUCCH resource set, MaxCoderate,
simultaneousHARQ-ACK-CSI, nrofSlots, power control parameters, time domain resource
allocation (TDRA) table, HARQ feedback codebook type.

[0161] In an example, when at least two HARQ feedback codebooks are simultaneously
constructed for supporting different service types for a UE, the PHY identification of HARQ-ACK
codebook may be used to determine the priority of the HARQ-ACK codebook for collision
handling.

[0162] In an example, when at least two HARQ feedback codebooks are simultaneously
constructed for supporting different service types for a UE, in case of SPS PDSCH, one or more of
the following may be used for identifying a HARQ-ACK codebook: SPS PDSCH configurations,
the DCI activating the SPS PDSCH, the CORESET where the activating DCI is received.

[0163] In an example, at least one sub-slot configuration for PUCCH may be UE-specifically
configured to a UE. At least the following two sub-slot configurations for PUCCH may be used:
“2-symbol*7” and “7-symbol*2”. In some example, other configurable sub-slot configurations, e.g.
4, 14 sub-slots in a slot may be used.

[0164] In an example, when at least two HARQ feedback codebooks are simultaneously
constructed for supporting different service types for a UE, following can be separately configured
for different HARQ-ACK codebooks: PUCCH-SpatialRelationInfo, sub-slot configuration (e.g.,
applied for the sub-slot-based HARQ-ACK codebook). In some example, when there are at least
two HARQ-ACK codebooks configured with sub-slots, the same sub-slot configurations may be
used. In some example, when there are at least two HARQ-ACK codebooks configured with sub-
slots, different sub-slot configurations may be used.

[0165] In an example, when at least two HARQ feedback codebooks are simultaneously
constructed for supporting different service types for a UE, the PHY identification for identifying a
HARQ feedback codebook for dynamically scheduled PDSCH may be based on RNTI or based on

74



explicit indication in DCI. When at least two HARQ feedback codebooks are simultaneously
constructed for supporting different service types for a UE, the PHY identification for identifying a
HARQ feedback codebook for SPS PDSCH may be based on SPS PDSCH configurations (e.g.
explicit indicator, periodicity, PDSCH duration, etc.) or based on the DCI format activating the SPS
PDSCH. The PHY identification of HARQ feedback codebook may be used to determine the
priority of the HARQ-ACK codebook for collision handling.

[0166] In an example, a 2-level priority of HARQ feedback for dynamically scheduled PDSCH and
SPS PDSCH and ACK for SPS PDSCH release may be used. An explicit indication (e.g., as a new
RRC parameter) in a SPS PDSCH configuration may provide mapping to corresponding HARQ-
ACK codebook for SPS PDSCH and ACK for SPS PDSCH release.

[0167] Example embodiments may operate considering different types of traffic/service types
including enhanced mobile broadband (eMBB) traffic/service type and ultra-reliable low-latency
communications (URLLC) traffic/service types. The eMBB traffic/service type may be related to
high data rate applications where latency and reliability requirements may not be as strict as the
data rate requirements. The URLLC applications may have strict requirements on latency and
reliability and may require comparatively lower data rates than the eMBB traffic/service type.

[0168] A wireless device may transmit an acknowledgement in response to receiving a DCI
indicating release/deactivation of a DL SPS configuration. The timing of the acknowledgement
may be based on a value of field in the release/deactivation DCI (e.g., a value of the PDSCH-to-
HARQ-feedback-timing field), a timing of the reception of the PDCCH carrying the
release/deactivation DCI and a numerology of an uplink channel carrying the acknowledgement
(e.g., numerology of PUCCH). For example, the numerology of the uplink channel carrying the
acknowledgement may determine a subslot duration, wherein the subslot comprise one or more
symbols. The PDSCH-to-HARQ-feedback-timing field in the release/deactivation DCI may
indicate the number of the subslots from the timing that the PDCCH carrying the
release/deactivation DCI is received until the timing that the acknowledgement is transmitted.

[0169] For deactivation of a DL SPS configurations, the base station may transmit a
release/deactivation DCI indicating that the DL SPS configuration is deactivated. It is important for
the wireless device to acknowledge the receipt of the release/deactivation DCI so that the base
station determines that the wireless device correctly received the DCI and that the wireless device
deactivated resources corresponding to the DL SPS configurations. When a group of DL SPS

configurations are jointly deactivated/released by a single deactivation/release DCI, existing
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acknowledgement processes or HARQ feedback codebook determination processes lead to
inefficient DL. SPS operation. There is a need to enhance the existing DL SPS deactivation/release
mechanisms when a group of DL SPS configurations are jointly released/deactivated. Example
embodiments enhance the DL SPS deactivation/release mechanisms when a group of DL SPS
configurations are jointly released/deactivated.

[0170] In an example embodiment as shown in FIG. 16, a wireless device may receive one or more
messages comprising configuration parameters. The one or more messages may comprise one or
more RRC messages. The one or more messages may comprise configuration parameters of a
downlink semi-persistent scheduling (DL SPS) configuration. The DL SPS configuration may
comprise a first parameter indicating a periodicity, a second parameter indicating a number of
HARQ processes associated with the DL SPS configurations, a third parameter indicating a HARQ
feedback codebook and/or a priority and/or a traffic/service type and other parameters. The wireless
device may receive an activation DCI indicating activation of a plurality of resources for the DL
SPS configuration. In an example, the activation DCI may overwrite the HARQ feedback codebook
indicated by the third parameter or may indicate the same HARQ feedback codebook configured by
the third parameter. Based on the configuration of the third parameter, the wireless device may
transmit HARQ feedback (e.g., ACK or NACK) for DL transport blocks transmitted via the DL
SPS resources using the HARQ feedback codebook corresponding to the DL SPS configuration
(e.g., as configured by third RRC parameter or as indicated/overwritten by the activation DCI). The
wireless device may receive a release/deactivation DCI indication release/deactivation of the DL
SPS configuration. The wireless device may transmit an acknowledgement based on the receiving
the release/deactivation DCI. The wireless device may transmit the acknowledgement based on the
HARQ feedback codebook associated with the DL SPS configuration.

[0171] In an example embodiment as shown in FIG. 17, a wireless device may receive
configuration parameters of a plurality of DL SPS configurations (e.g., 1st DL SPS configuration
through Nth DL SPS configuration). The wireless device may receive one or more activation DCIs
(e.g., N activation DClIs) indicating activation of the N DL SPS configurations. The wireless device
may jointly release/deactivate the N DL SPS configurations based on a single release/deactivation
DClT indicating joint release/deactivation of the N DL SPS configurations. The release/deactivation
DCI may comprise a field (e.g., a HARQ process number (HPN) field) comprising first bits

wherein one or more second bits of the first bits may indicate the N DL SPS configurations (e.g., a
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group identifier of the N DL SPS configurations). In an example, configuration parameters of the N
DL SPS configurations may comprise the group identifier.

[0172] In an example embodiment as shown in FIG. 18, a wireless device may receive one or more
messages comprising configuration parameters. The one or more messages may comprise RRC
messages. The one or more messages may comprise first configuration parameters of a first
downlink semi-persistent scheduling (DL SPS) configuration and second configuration parameters
of a second DL SPS configuration. In an example, the first DL. SPS configuration and the second
DL SPS configuration may be for a cell (e.g., for a BWP of a cell). In an example, the first DL SPS
configuration may be for a first BWP of a cell and the second DL SPS configuration may be for a
second BWP of the cell. In an example, the first DLS SPS configuration and the second DL SPS
configuration may be for different cells. The first DL SPS configuration parameters may indicate a
first periodicity and/or a first number of HARQ processes and/or a first configuration index and/or
a first group (e.g., group of DL SPS configurations) identifier, etc. The second DL SPS
configuration parameters may indicate a second periodicity and/or a second number of HARQ
processes and/or a second configuration index and/or a second group (e.g., group of DL SPS
configurations) identifier, etc.

[0173] The wireless device may receive a downlink control information indicating
release/deactivation of the first DL SPS configuration and release/deactivation of the second DL
SPS configuration. The downlink control information may jointly indicate release/deactivation of
the first DL SPS configuration and the second DL SPS configuration. In an example, the downlink
control information may comprise a field (e.g., a HARQ process number field) comprising first
bits, wherein one or more second bits of the first bits may indicate the first DL SPS configuration
and the second DL SPS configuration. In an example, a number of the one or more second bits may
be a second number and the one or more second bits may be second number least significant bits of
the first bits. In an example, the one or more second bits may indicate a group identifier of a group
comprising a plurality of DL SPS configurations comprising the first DL SPS and the second DL
SPS. The first configuration parameters of the first DL SPS may comprise the group identifier and
the second configuration parameters of the second DL SPS may indicate the group identifier.

[0174] The first DL SPS configuration may be associated with a first HARQ feedback codebook
and the second DL SPS configuration may be associated with a second HARQ feedback group. In
an example, the first DL SPS configuration parameters may comprise a first parameter indicating

the first HARQ feedback codebook and the second DL SPS configuration parameters may comprise
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a second parameter indicating the second HARQ feedback codebook. In an example, the first
parameter may indicate a first priority and/or a first traffic/service type (e.g., ultra-reliable low-
latency communications (URLLC), enhanced mobile broadband (eMBB), etc.) wherein the first
priority and/or the first traffic/service type may indicate the first HARQ feedback codebook. In an
example, the second parameter may indicate a second priority and/or a second traffic/service type
(e.g., URLLC, eMBB, etc.) wherein the second priority and/or the second traffic/service type may
indicate the second HARQ feedback codebook.

[0175] In an example, the wireless device may receive a first activation DCI indicating activation
of a plurality of resources based on the first DL SPS configuration wherein the first activation DCI
may indicate the first HARQ feedback codebook. In an example, the wireless device may
determine the first HARQ feedback codebook based on an explicit indication in the first activation
DCI or based on one or more parameters associated with the first activation DCI. For example, a
CRC associated with the first activation DCI may be scrambled with a first RNTI and the wireless
device may determine the first HARQ feedback codebook based on the first RNTI. For example,
the first RNTI may indicate a first priority and/or traffic/service type, wherein the first priority
and/or traffic/service type may indicate the first HARQ feedback codebook. In an example, a value
of a field of the first activation DCI may indicate the first HARQ feedback codebook. For example,
a value of a field of the first activation DCI may indicate a first priority and/or traffic/service type,
wherein the first priority and/or traffic/service type may indicate the first HARQ feedback
codebook. In an example, a search space/CORESET associated with the first activation DCI (e.g.,
the search space/CORESET in which the first activation DCI is received) may indicate the first
HARQ feedback codebook. For example, a search space/CORESET associated with the first
activation DCI may indicate a first priority and/or traffic/service type wherein the first priority
and/or traffic/service type may indicate the first HARQ feedback codebook. In an example, a first
format associated with the first activation DCI may indicate the first HARQ feedback codebook.
For example, the first format associated with the first activation DCI may indicate a first priority
and/or a first traffic/service type wherein the first priority and/or traffic/service type may indicate
the first HARQ feedback codebook.

[0176] In an example, the wireless device may receive a second activation DCI indicating
activation of a plurality of resources based on the second DL SPS configuration wherein the second
activation DCI may indicate the second HARQ feedback codebook. In an example, the wireless

device may determine the second HARQ feedback codebook based on an explicit indication in the

78



second activation DCI or based on one or more parameters associated with the second activation
DCI. For example, a CRC associated with the second activation DCI may be scrambled with a
second RNTI and the wireless device may determine the second HARQ feedback codebook based
on the second RNTI. For example, the second RNTI may indicate a second priority and/or
traffic/service type, wherein the second priority and/or traffic/service type may indicate the second
HARQ feedback codebook. In an example, a value of a field of the second activation DCI may
indicate the second HARQ feedback codebook. For example, a value of a field of the second
activation DCI may indicate a second priority and/or traffic/service type, wherein the second
priority and/or traffic/service type may indicate the second HARQ feedback codebook. In an
example, a search space/CORESET associated with the second activation DCI (e.g., the search
space/CORESET in which the second activation DCI is received) may indicate the second HARQ
feedback codebook. For example, a search space/CORESET associated with the second activation
DCI may indicate a second priority and/or traffic/service type wherein the second priority and/or
traffic/service type may indicate the second HARQ feedback codebook. In an example, a second
format associated with the second activation DCI may indicate the second HARQ feedback
codebook. For example, the second format associated with the second activation DCI may indicate
a second priority and/or a first traffic/service type wherein the second priority and/or traffic/service
type may indicate the first HARQ feedback codebook.

[0177] In an example, an activation DCI of a DL SPS configuration (e.g., the first activation DCI
of the first DL SPS configuration or the second activation DCI of the second DL SPS
configuration) may indicate a HARQ feedback codebook that may overwrite the HARQ feedback
code book configured by the DL SPS configuration parameters. For example, first configuration
parameters of the first DL SPS configuration may indicate a HARQ feedback codebook and the
first activation DCI indicating activation of the first DL SPS may overwrite the configured HARQ
feedback codebook and may indicate the first HARQ feedback codebook. For example, second
configuration parameters of the second DL SPS configuration may indicate a HARQ feedback
codebook and the second activation DCI indicating activation of the second DL SPS may overwrite
the configured HARQ feedback codebook and may indicate the second HARQ feedback codebook.

[0178] Based on the first DL SPS configuration being associated with the first HARQ feedback
codebook, the wireless device may transmit HARQ feedback associated with the downlink
transport blocks, received via the first DL SPS resources, based on the first HARQ feedback
codebook. The wireless device may transmit ACK/NACK associated with the first DL SPS
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configuration using the first HARQ feedback codebook. The wireless device may create the first
HARQ feedback codebook based on ACK/NACK for a plurality of downlink TBs that have the
first priority associated with the first HARQ feedback codebook or are associated with the first
traffic/service type. Based on the second DL SPS configuration being associated with the second
HARQ feedback codebook, the wireless device may transmit HARQ feedback associated with the
downlink transport blocks, received via the second DL SPS resources, based on the second HARQ
feedback codebook. The wireless device may transmit ACK/NACK associated with the second DL
SPS configuration using the second HARQ feedback codebook. The wireless device may create the
second HARQ feedback codebook based on ACK/NACK for a plurality of downlink TBs that have
the second priority associated with the second HARQ feedback codebook or are associated with the
second traffic/service type.

[0179] Based on the receiving the downlink control information indicating joint
release/deactivation of the first DL SPS configuration and the second DL SPS configuration, the
wireless device may determine one of the first HARQ feedback (associated with the first DL SPS
configuration) and the second HARQ feedback codebook (associated with the second DL SPS
configuration) based on one or more criteria. The wireless device may transmit an
acknowledgement based on the receiving the downlink control information and based on the
determined HARQ feedback codebook.

[0180] In an example, the determining the one of the first HARQ feedback codebook and the
second HARQ feedback codebook may be based on priorities associated with the first HARQ
feedback codebook and the second HARQ feedback codebook. In an example, the determining the
one of the first HARQ feedback codebook and the second HARQ feedback codebook may be based
on priorities associated with the first DL SPS configuration and the second DL SPS configuration.
For example, the first HARQ feedback codebook may be associated with a first priority and the
second HARQ feedback codebook may be associated with a second priority. The determining the
one of the first HARQ feedback codebook and the second HARQ feedback codebook may be based
on the first priority and the second priority. In an example, the determined HARQ feedback
codebook may be the first HARQ feedback codebook based on the first priority being larger than
the second priority.

[0181] In an example, the determining the one of the first HARQ feedback codebook and the
second HARQ feedback codebook may be based on service/traffic types associated with the first
HARQ feedback codebook and the second HARQ feedback codebook. In an example, the
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determining the one of the first HARQ feedback codebook and the second HARQ feedback
codebook may be based on traffic/service types associated with the first DL SPS configuration and
the second DL SPS configuration. For example, the first HARQ feedback codebook may be
associated with a first traffic/service type and the second HARQ feedback codebook may be
associated with a second traffic/service type. The determining the one of the first HARQ feedback
codebook and the second HARQ feedback codebook may be based on the first traffic/service type
and the second traffic/service type. In an example, the determined HARQ feedback codebook may
be the first HARQ feedback codebook based on the first traffic/service type being a URLLC
traffic/service type and the second HARQ feedback codebook being an eMBB traffic/service type.

[0182] In an example, the determining the one of the first HARQ feedback codebook and the
second HARQ feedback codebook may be based on types of the first HARQ feedback codebook
and the second HARQ feedback codebook. In an example, the determining the one of the first
HARQ feedback codebook and the second HARQ feedback codebook may be based on types of the
first DL SPS configuration and the second DL SPS configuration. For example, the first HARQ
feedback codebook may be have a first type and the second HARQ feedback codebook may have a
second type. The determining the one of the first HARQ feedback codebook and the second HARQ
feedback codebook may be based on the first type and the second type. In an example, the
determined HARQ feedback codebook may be the first HARQ feedback codebook based on a first
priority of the first type being larger than a second priority of the second type. In an example, the
first configuration parameters of the DL SPS configuration may indicate the first type and the
second configuration parameters of the second DL SPS may indicate the second type.

[0183] In an example embodiment as shown in FIG. 19, a wireless device may receive one or more
messages comprising configuration parameters. The one or more messages may comprise RRC
messages. The one or more messages may comprise configuration parameters of a plurality of DL
SPS configurations. In an example, the plurality of DL SPS configurations may be for a cell (e.g., a
BWP of a cell or a plurality of BWPs of a cell). In an example, the plurality of DL SPS
configurations may be for a plurality of cells (e.g., a plurality of BWPs of a plurality of cells).
Configuration parameters of a DL SPS may indicate periodicity and/or number of HARQ processes
and/or configuration index and/or a group (e.g., group of DL SPS configurations) identifier, etc.

[0184] The wireless device may receive a downlink control information indicating
release/deactivation of the plurality of DL SPS configurations. The downlink control information

may jointly indicate release/deactivation of the plurality of DL SPS configurations. In an example,
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the downlink control information may comprise a field (e.g., a HARQ process number field)
comprising first bits, wherein one or more second bits of the first bits may indicate the plurality of
DL SPS configurations. In an example, a number of the one or more second bits may be a second
number and the one or more second bits may be second number least significant bits of the first
bits. In an example, the one or more second bits may indicate a group identifier of a group
comprising the plurality of DL SPS configurations. Configuration parameters of a DL SPS in the
plurality of DL SPS configurations may comprise and/or indicate the group identifier.

[0185] The plurality of DL SPS configurations may be associated with a plurality of HARQ
feedback codebooks. In an example, configuration parameters of a DL SPS configuration, in the
plurality of DL SPS configurations, may comprise a parameter indicating a HARQ feedback
codebook in the plurality of HARQ feedback codebooks. In an example, the parameter may
indicate a priority and/or traffic/service type (e.g., ultra-reliable low-latency communications
(URLLC), enhanced mobile broadband (eMBB), etc.) wherein the priority and/or the traffic/service
type may indicate the HARQ feedback codebook.

[0186] In an example, the wireless device may receive an activation DCI indicating activation of a
plurality of resources based on a DL SPS configuration, in the plurality of DL SPS configurations,
wherein the activation DCI may indicate a HARQ feedback codebook. In an example, the wireless
device may determine the HARQ feedback codebook based on an explicit indication in the
activation DCI or based on one or more parameters associated with the activation DCI. For
example, a CRC associated with the activation DCI may be scrambled with an RNTT and the
wireless device may determine the HARQ feedback codebook based on the RNTI. For example, the
RNTI may indicate a priority and/or traffic/service type, wherein the priority and/or traffic/service
type may indicate the HARQ feedback codebook. In an example, a value of a field of the activation
DCI may indicate the HARQ feedback codebook. For example, a value of a field of the activation
DCI may indicate a priority and/or traffic/service type, wherein the priority and/or traffic/service
type may indicate the HARQ feedback codebook. In an example, a search space/CORESET
associated with the activation DCI (e.g., the search space/CORESET in which the activation DCI is
received) may indicate the HARQ feedback codebook. For example, a search space/CORESET
associated with the activation DCI may indicate a priority and/or traffic/service type wherein the
priority and/or traffic/service type may indicate the HARQ feedback codebook. In an example, a
format associated with the activation DCI may indicate the HARQ feedback codebook. For

example, the format associated with the activation DCI may indicate a priority and/or a
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traffic/service type wherein the priority and/or traffic/service type may indicate the HARQ
feedback codebook.

[0187] In an example, an activation DCI of a DL SPS configuration may indicate a HARQ
feedback codebook that may overwrite the HARQ feedback code book configured by the DL SPS
configuration parameters. For example, configuration parameters of a DL SPS configuration, in the
plurality of DL SPS configurations, may indicate a HARQ feedback codebook and the activation
DCT indicating activation of the DL SPS configuration may overwrite the configured HARQ
feedback codebook.

[0188] Based on the receiving the downlink control information indicating joint
release/deactivation of the plurality of DL SPS configurations, the wireless device may determine a
HARQ feedback of the plurality of HARQ feedback codebooks based on one or more criteria. The
wireless device may transmit an acknowledgement based on the receiving the downlink control
information (indicating joint release of the plurality of DL SPS configurations) and based on the
determined HARQ feedback codebook.

[0189] In an example, the determining the HARQ feedback codebook may be based on priorities
associated with the plurality of HARQ feedback codebooks. In an example, the determining the
HARQ feedback codebook may be based on priorities associated with the plurality of DL SPS
configurations. The determining the HARQ feedback codebook may be based on the priority of the
determined HARQ feedback codebook being the highest priority.

[0190] In an example, the determining the HARQ feedback codebook may be based on
service/traffic types associated with the plurality of HARQ feedback codebooks. In an example, the
determining the HARQ feedback codebook may be based on traffic/service types associated with
the plurality of DL SPS configurations. For example, the determined HARQ feedback codebook
may be associated with a first traffic/service type. In an example, the first HARQ feedback
codebook may be based on a URLLC traffic/service type.

[0191] In an example, the determining the HARQ feedback codebook may be based on types of the
plurality of HARQ feedback codebooks. In an example, the determining the HARQ feedback
codebook may be based on types of the plurality of DL SPS configurations. For example, the
determined HARQ feedback codebook may be a HARQ feedback codebook associated with
highest priority. In an example, the configuration parameters of the plurality of DL SPS
configuration may indicate the HARQ feedback codebook types.
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[0192] In an example, the determining the HARQ feedback codebook may be based on a majority
of the plurality of HARQ feedback codebooks being the determined HARQ feedback codebook.
The plurality of DL SPS configurations may be associated with different HARQ feedback
codebooks with the determined HARQ feedback codebook being the majority HARQ feedback
codebook among the plurality of HARQ feedback codebooks.

[0193] In an example, the plurality of HARQ feedback codebooks may comprise zero or more of a
first HARQ feedback codebook, corresponding to a first priority. The plurality of HARQ feedback
codebooks may comprise zero or more of a second HARQ feedback codebook, corresponding to a
second priority. The first priority of the first HARQ feedback codebook may be higher than the
second priority of the second HARQ feedback codebook. The first HARQ feedback codebook may
be for a first type of traffic/service and the second HARQ feedback codebook is for a second type
of traffic/service. For example, the first type of traffic/service may be URLLC and the second type
of traffic/service may be eMBB. The determined HARQ feedback codebook may be the first
HARQ feedback codebook based on at least one of the plurality of HARQ feedback codebooks
being the first HARQ feedback codebook.

[0194] In an example, the plurality of HARQ feedback codebooks may comprise one or more of a
first HARQ feedback codebook, corresponding to a first priority. The plurality of HARQ feedback
codebooks may comprise one or more of a second HARQ feedback codebook, corresponding to a
second priority. The first priority of the first HARQ feedback codebook may be higher than the
second priority of the second HARQ feedback codebook. The first HARQ feedback codebook may
be for a first type of traffic/service and the second HARQ feedback codebook is for a second type
of traffic/service. For example, the first type of traffic/service may be URLLC and the second type
of traffic/service may be eMBB. The determined HARQ feedback codebook may be the first
HARQ feedback codebook based on the plurality of HARQ feedback codebooks comprising an
equal number of first HARQ feedback codebooks and second HARQ feedback codebooks.

[0195] In an example, the determined HARQ feedback may be a pre-configured and/or configured
HARQ feedback codebook based on the DCI indicating release/deactivation of a plurality of DL
SPS configurations. The configuration parameters may indicate the HARQ feedback codebook to
be used by the wireless device for transmission of an acknowledgement when a plurality of DL SPS
configurations are jointly deactivated/released.

[0196] In an example, based the DCI indicating deactivation/release of a plurality of DL SPS
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of the DL SPS configurations based on a rule. In an example, the rule may be based on a
configuration indexes of the plurality of DL SPS configurations. For example, the determined
HARQ feedback codebook may be the HARQ feedback codebook associated with the DL SPS
configuration with smallest configuration index. For example, the determined HARQ feedback
codebook may be the HARQ feedback codebook associated with the DL SPS configuration with
largest configuration index.

[0197] In an example embodiment as shown in FIG. 20, a wireless device may receive one or more
messages (e.g., RRC messages) indicating configuration parameters of two DL SPS configurations.
The wireless device may receive a DCI indicating deactivation/release of the two DL SPS
configurations. The DCI may comprise a field (e.g., HPN field), wherein one or more bits of the
field may indicate a plurality of DL SPS configurations comprising the two DL SPS configurations.
The wireless device may determine that the two DL SPS configurations correspond to two different
HARQ feedback codebooks. In an example, the configuration parameters may indicate HARQ
feedback codebooks associated with the two DL SPS configurations. In an example, an activation
DCI, indicating activation of a DL SPS configuration of the two DL SPS configurations, may
overwrite a configured HARQ feedback codebook and may indicate a new HARQ feedback
codebook. Based on the determining that the two DL SPS configurations correspond to two
different HARQ feedback codebooks, the wireless device may ignore the downlink control
information indicating the joint release of the two DL SPS configurations.

[0198] In an example embodiment, a DCI may indicate joint release/deactivation of a plurality of
DL SPS configurations. The plurality of DL SPS configurations may be associated with a plurality
of HARQ feedback codebooks. The wireless device may determine that a subset of DL SPS
configurations which may be the majority of DL SPS configurations correspond to a first HARQ
feedback codebook. The wireless device may release/deactivate the subset of the DL SPS
configurations corresponding to the first HARQ feedback codebook. The wireless device may
transmit an acknowledgement based on the first HARQ feedback codebook. In an example, the
wireless device may not release/deactivate other remaining DL SPS configurations in the plurality
of DL SPS configurations.

[0199] In an example embodiment as shown in FIG. 21, a wireless device may receive
configuration parameters of one or more DL SPS configurations. The one or more DL SPS
configurations may correspond to one or more first HARQ feedback codebooks. For example, the
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first HARQ feedback codebooks. In an example, a HARQ feedback codebook associated with a DL
SPS configuration, in the one or more DL SPS configurations, may be indicated by an activation
DCT indicating activation of the DL SPS configuration. The wireless device may receive a DCI
indicating release/deactivation of the one or more DL SPS configurations. The one or more DL SPS
configurations may be associated with one or more first HARQ feedback codebooks. The DCI
indicating the deactivation/release may indicate a second HARQ feedback codebook (e.g., based on
a value of a field in the deactivation/release DCI and/or an RNTT associated with the
deactivation/release DCI and/or a format associated with the deactivation/release DCI and/or search
space/CORESET associated with the deactivation/release DCI, etc.). The wireless device may
transmit an acknowledge based on the second HARQ feedback codebook (e.g., the HARQ
feedback codebook indicated by the deactivation/release DCI). The wireless device may transmit an
acknowledge based on the second HARQ feedback codebook (e.g., the HARQ feedback codebook
indicated by the deactivation/release DCI) and regardless of the one or more first HARQ feedback
codebooks.

[0200] In an example embodiment as shown in FIG. 22 and FIG. 23, a wireless device may receive
first configuration parameters of a first downlink semi-persistent scheduling configuration and
second configuration parameters of a second downlink semi-persistent scheduling configuration.
The wireless device may receive a DCI indicating release/deactivation of the first downlink semi-
persistent scheduling configuration and release/deactivation of the second downlink semi-persistent
scheduling configuration. For example, a field in the DCI may indicate joint release/deactivation of
the first DL SPS and the second DL SPS. The first DL SPS may be associated with a first HARQ
feedback codebook (e.g., based on configuration parameters and/or an activation DCI indicating
activation of the first DL SPS). The second DL SPS may be associated with a second HARQ
feedback codebook (e.g., based on configuration parameters and/or an activation DCI indicating
activation of the second DL SPS). Based on the receiving the DCI indicating joint
release/deactivation of the first DL SPS and the second DL SPS, the wireless device may transmit a
first acknowledgement based on the first HARQ feedback codebook and the wireless device may
transmit a second acknowledgement based on the second HARQ feedback codebook.

[0201] In an example embodiment as shown in FIG. 24 and FIG. 25, based on receiving a DCI
indicating release/deactivation of a plurality of DL SPS configurations, a wireless device may
transmit a first acknowledgement using a first HARQ feedback codebook based on the plurality
HARQ feedback codebook comprising the first HARQ feedback codebook and the wireless device
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may transmit a second acknowledgement using a second HARQ feedback codebook based on the
plurality HARQ feedback codebook comprising the second HARQ feedback codebook.

[0202] A wireless device may transmit a plurality of acknowledgements (e.g., using a plurality of
HARQ feedback codebooks) based on receiving a DCI indicating release/deactivation of a plurality
of DL SPS configurations and based on example embodiments. In an example, the DCI may
indicate a single timing and the plurality acknowledgements may be transmitted based on the single
timing indicated by the DCI. The timing indicated by the DCI may be in unit of subslot wherein a
subslot is one or more symbols determined based on a numerology of an uplink channel (e.g.,
PUCCH). One or more first acknowledgements, of the plurality of acknowledgements, may be
transmitted by a first HARQ feedback codebook and one or more second acknowledgements, of the
plurality of acknowledgements, may be transmitted by a second HARQ feedback codebook.

[0203] In an example as shown in FIG. 22 and FIG. 24, the timing of the transmission of the one or
more first acknowledgements (corresponding to the first HARQ feedback codebook) and the one or
more second acknowledgements (corresponding to the second HARQ feedback codebook) may be
based on a single timing value indicated by the release/deactivation DCI. In an example, the
wireless device may determine first timing of the first HARQ feedback codebook based on the
timing value indicated by the release/deactivation DCI and the second timing of the second HARQ
feedback codebook based on the first timing of the first HARQ feedback codebook and an offset. In
an example, the offset may be RRC configured. In an example, the offset may be in terms of a
number of subslots wherein a subslot may comprise one or more symbols based on a numerology
of an uplink channel (e.g., PUCCH). In an example, the offset may be pre-determined. In an
example, the offset may be indicated by the release/deactivation DCI. In an example, the timing of
a HARQ feedback codebook corresponding to URLLC traffic/service type may be earlier than the
timing of a second HARQ feedback codebook corresponding to eMBB.

[0204] In an example as shown in FIG. 23 and FIG. 25, both of one or more first
acknowledgements (corresponding to the first HARQ feedback codebook) and the one or more
second acknowledgements (corresponding to the second HARQ feedback codebook) may be
transmitted at the same timing (e.g., same subslot) indicated by the release/deactivation DCI.

[0205] In an example embodiment, a wireless device may receive first configuration parameters of
a first downlink semi-persistent scheduling configuration and second configuration parameters of a
second downlink semi-persistent scheduling configuration. The wireless device may receive a
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scheduling configuration and release/deactivation of the second downlink semi-persistent
scheduling configuration, wherein: the first downlink semi-persistent scheduling may be associated
with a first HARQ feedback codebook; and the second downlink semi-persistent scheduling may be
associated with a second HARQ feedback codebook. The wireless device may determine one of the
first HARQ feedback codebook and the second HARQ feedback codebook based on one or more
criteria. The wireless device may transmit an acknowledgement based on the receiving the
downlink control information and based on the determined HARQ feedback codebook.

[0206] In an example, the first configuration parameters may comprise a first parameter indicating
a first HARQ feedback codebook; and the second configuration parameters may comprise a second
parameter indicating a second HARQ feedback codebook.

[0207] In an example, the wireless device may receive a first downlink control information
indicating: scheduling activation of the first downlink semi-persistent scheduling; and the first
HARQ feedback codebook. In an example, an RNTI associated with the first downlink control
information may indicate the first HARQ feedback codebook. In an example, the RNTI associated
with the first downlink control information may indicate a first priority indicating the first HARQ
feedback codebook. In an example, a value of a field of the first downlink control information may
indicate the first HARQ feedback codebook. In an example, a value of a field of the first downlink
control information may indicate a first priority indicating the first HARQ feedback codebook. In
an example, a search space/CORESET associated with the first downlink control information (e.g.,
a search space/CORESET in which the first downlink control information is received) may indicate
the first HARQ feedback codebook. In an example, a search space/CORESET associated with the
first downlink control information (e.g., a search space/CORESET in which the first downlink
control information is received) may indicate a first priority indicating the first HARQ feedback
codebook. In an example, a first format associated with the first downlink control information may
indicate the first HARQ feedback codebook. In an example, a first format associated with the first
downlink control information may indicate a first priority indicating the first HARQ feedback
codebook.

[0208] In an example, the wireless device may receive a second downlink control information
indicating: scheduling activation of the second downlink semi-persistent scheduling; and the
second HARQ feedback codebook. In an example, an RNTI associated with the second downlink
control information may indicate the second HARQ feedback codebook. In an example, the RNTI

associated with the second downlink control information may indicate a second priority indicating

88



the second HARQ feedback codebook. In an example, a value of a field of the second downlink
control information may indicate the second HARQ feedback codebook. In an example, a value of
a field of the second downlink control information may indicate a second priority indicating the
second HARQ feedback codebook. In an example, a search space/CORESET associated with the
second downlink control information (e.g., a search space/CORESET in which the second
downlink control information is received) may indicate the second HARQ feedback codebook. In
an example, a search space/CORESET associated with the second downlink control information
(e.g., a search space/CORESET in which the second downlink control information is received) may
indicate a second priority indicating the second HARQ feedback codebook. In an example, a
second format associated with the second downlink control information may indicate the second
HARQ feedback codebook. In an example, a second format associated with the second downlink
control information may indicate a second priority indicating the second HARQ feedback
codebook.

[0209] In an example, the first downlink control information may indicate the first HARQ feedback
codebook, wherein the HARQ feedback codebook indicated by the first downlink control
information may overwrite a HARQ feedback codebook indicated by a first parameter of the first
configuration parameters.

[0210] In an example, the second downlink control information may indicate the second HARQ
feedback codebook, wherein the HARQ feedback codebook indicated by the second downlink
control information may overwrite a HARQ feedback codebook indicated by a second parameter of
the second configuration parameters.

[0211] In an example, the first HARQ feedback codebook may be associated with a first priority. In
an example, the first HARQ feedback may be associated with a first traffic/service type.

[0212] In an example, the second HARQ feedback codebook may be associated with a second
priority. In an example, the second HARQ feedback may be associated with a second traffic/service
type.

[0213] In an example, the first HARQ feedback codebook may be associated with a first priority;
the second HARQ feedback codebook may be associated with a second priority; and the
determining one of the first HARQ feedback codebook and the second HARQ feedback codebook
may be based on the first priority and the second priority. In an example, the determined HARQ
feedback codebook may be the first HARQ feedback based on the first priority being larger than

the second priority.

89



[0214] In an example, the first HARQ feedback codebook may be associated with a first
traffic/service type; the second HARQ feedback codebook may be associated with a second
traffic/service type; and the determining one of the first HARQ feedback codebook and the second
HARQ feedback codebook may be based on the first traffic/service type and the second
traffic/service type. In an example, the determined HARQ feedback codebook may be the first
HARQ feedback based on the first traffic/service type being URLLC and the second traffic/service
type being eMBB.

[0215] In an example, the first HARQ feedback codebook may be a first type of HARQ feedback
codebook; the second HARQ feedback codebook may be a second type of HARQ feedback
codebook; and the determining one of the first HARQ feedback codebook and the second HARQ
feedback codebook may be based on the first type and the second type. In an example, the
determined HARQ feedback codebook may be the first HARQ feedback based on a first priority of
the first type being higher than a second priority of the second type. In an example, the first
configuration parameters may comprise a first parameter indicating the first priority; and the second
configuration parameters may comprise a second parameter indicating the second priority.

[0216] In an example embodiment, a wireless device may receive configuration parameters of a
plurality of downlink semi-persistent scheduling configurations. The wireless device may receive a
downlink control information indicating release/deactivation of the plurality of downlink semi-
persistent scheduling configurations, wherein the plurality of downlink semi-persistent scheduling
configurations may be associated with a plurality of HARQ feedback codebooks. The wireless
device may determine a HARQ feedback codebook of the plurality of HARQ feedback codebooks
based on one or more criteria. The wireless device may transmit an acknowledgement based on the
receiving the downlink control information and based on the determined HARQ feedback
codebook.

[0217] In an example, the configuration parameters may comprise one or more parameters
indicating one or more of the plurality of HARQ feedback codebooks. In an example, the
configuration parameters may comprise first configuration parameters for a first downlink semi-
persistent scheduling configuration of the plurality of downlink semi-persistent scheduling
configurations; and the first configuration parameters may comprise a first parameter indicating a
HARQ feedback codebook of the plurality of HARQ feedback codebooks. In an example, the first
configuration parameters further comprise a periodicity parameter, a number of HARQ processes,

etc.
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[0218] In an example, the wireless device may receive a first downlink control information
indicating: scheduling activation of a first downlink semi-persistent scheduling configuration of the
plurality of downlink semi-persistent scheduling configurations; and a first HARQ feedback
codebook. In an example, an RNTI associated with the first downlink control information may
indicate the first HARQ feedback codebook. In an example, the RNTI associated with the first
downlink control information may indicate a first priority indicating the first HARQ feedback
codebook. In an example, a value of a field of the first downlink control information may indicate
the first HARQ feedback codebook. In an example, a value of a field of the first downlink control
information may indicate a first priority indicating the first HARQ feedback codebook. In an
example, a search space/CORESET associated with the first downlink control information may
indicate the first HARQ feedback codebook. In an example, a search space/CORESET associated
with the first downlink control information may indicate a first priority indicating the first HARQ
feedback codebook. In an example, a first format associated with the first downlink control
information may indicate the first HARQ feedback codebook. In an example, a first format
associated with the first downlink control information may indicate a first priority indicating the
first HARQ feedback codebook.

[0219] In an example, a HARQ feedback codebook, in the plurality of HARQ feedback codebooks,
may be associated with a priority. In an example, the first HARQ feedback code book may be
associated with a traffic/service type. In an example, the traffic/service type may be URLLC. In an
example, the traffic/service type may be eMBB.

[0220] In an example, the determining the HARQ feedback codebook of the plurality of HARQ
feedback codebooks may be based on a plurality of priorities associated with the plurality of HARQ
feedback codebooks.

[0221] In an example, the determining the HARQ feedback codebook of the plurality of HARQ
feedback codebooks may be based on a plurality of traffic/service types associated with the
plurality of HARQ feedback codebooks.

[0222] In an example, the determining the HARQ feedback codebook of the plurality of HARQ
feedback codebooks may be based on a plurality of types associated with the plurality of HARQ
feedback codebooks. In an example, the determining the HARQ feedback codebook of the plurality
of HARQ feedback codebooks may be based on a plurality of priorities associated with the plurality
of types. In an example, the configuration parameters may comprise a plurality of parameters

indicating the plurality of priorities associated with the plurality of types.
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[0223] In an example, the determining the HARQ feedback codebook of the plurality of HARQ
feedback codebooks may be based on a majority of the plurality of HARQ feedback codebooks
being the determined HARQ feedback codebook.

[0224] In an example, the plurality of HARQ feedback codebooks may comprise zero or more of a
first HARQ feedback codebook, corresponding to a first priority, and zero or more of a second
HARQ feedback codebook, corresponding to a second priority, wherein the first priority may be
higher than the second priority. In an example, the first HARQ feedback codebook may be for a
first type of traffic/service and the second HARQ feedback codebook is for a second type of
traffic/service. In an example, the determined HARQ feedback codebook may be the first HARQ
feedback codebook based on at least one of the plurality of HARQ feedback codebooks being the
first HARQ feedback codebook.

[0225] In an example, the wireless device may determine the determined HARQ feedback
codebook to be the first HARQ feedback codebook based on the plurality of HARQ feedback
codebooks comprising an equal number of first HARQ feedback codebooks and second HARQ
feedback codebooks.

[0226] In an example, the determined HARQ feedback codebook may be a pre-
configured/configured HARQ feedback codebook. In an example, the configuration parameters
(e.g., the one or more messages) may comprise a parameter indicating the determined HARQ
feedback codebook.

[0227] In an example embodiment, a wireless device may receive configuration parameters of two
downlink semi-persistent scheduling configurations. The wireless device may receive a downlink
control information indicating release/deactivation of the two downlink semi-persistent scheduling
configurations. The wireless device may determine that two downlink semi-persistent
configurations correspond to different HARQ feedback codebooks. The wireless device may ignore
the downlink control information based on the determining.

[0228] In an example embodiment, a wireless device may receive configuration parameters of a
plurality of downlink semi-persistent scheduling configurations. The wireless device may receive a
downlink control information indicating release/deactivation of the plurality of downlink semi-
persistent scheduling configurations, wherein the plurality of downlink semi-persistent scheduling
configurations may be associated with a plurality of HARQ feedback codebooks. The wireless
device may determine that: one or more first downlink semi-persistent configurations in the

plurality of downlink semi-persistent configurations correspond to a first HARQ feedback
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codebook; and a majority of HARQ feedback codebooks in the plurality of HARQ feedback
codebooks is the first HARQ feedback codebook. The wireless device may release/deactivate the
one or more first downlink semi-persistent scheduling configurations based on the receiving the
downlink control information. The wireless device may transmit an acknowledgement based on the
first HARQ feedback codebook.

[0229] In an example, the wireless device may not release/deactivate other remaining downlink
semi-persistent scheduling configurations in the plurality of downlink semi-persistent scheduling
configurations.

[0230] In an example embodiment, a wireless device may receive configuration parameters of a
plurality of downlink semi-persistent scheduling configurations. The wireless device may receive a
downlink control information indicating release/deactivation of one or more downlink semi-
persistent scheduling configurations, wherein: the one or more downlink semi-persistent scheduling
configurations are associated with one or more first HARQ feedback codebooks; and the downlink
control information indicates a second HARQ feedback codebook. The wireless device may
release/deactivate the one or more downlink semi-persistent scheduling configurations based on the
receiving the downlink control information. The wireless device may transmit an acknowledgement
based on the second HARQ feedback codebook and regardless of the one or more first HARQ
feedback codebooks.

[0231] In an example embodiment, a wireless device may receive first configuration parameters of
a first downlink semi-persistent scheduling configuration and second configuration parameters of a
second downlink semi-persistent scheduling configuration. The wireless device may receive a
downlink control information indicating release/deactivation of the first downlink semi-persistent
scheduling configuration and release/deactivation of the second downlink semi-persistent
scheduling configuration, wherein: the first downlink semi-persistent scheduling is associated with
a first HARQ feedback codebook; and the second downlink semi-persistent scheduling is
associated with a second HARQ feedback codebook. Based on the receiving the downlink control
information: the wireless device may transmit a first acknowledgement based on the first HARQ
feedback codebook; and the wireless device may transmit a second acknowledgement based on the
second HARQ feedback codebook.

[0232] In an example embodiment, a wireless device may receive configuration parameters of a
plurality of downlink semi-persistent scheduling configurations. The wireless device may receive a

downlink control information indicating release/deactivation of the plurality of downlink semi-
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persistent scheduling configurations, wherein the plurality of downlink semi-persistent scheduling
configurations are associated with a plurality of HARQ feedback codebooks. Based on the
receiving the downlink control information: the wireless device may transmit a first
acknowledgement using the first HARQ feedback codebook based on the plurality HARQ feedback
codebook comprising the first HARQ feedback codebook; and the wireless device may transmit a
second acknowledgement using a second HARQ feedback codebook based on the plurality HARQ
feedback codebooks comprising the second HARQ feedback codebook.

[0233] In an example, the first configuration parameters may comprise a first parameter indicating
a first HARQ feedback codebook. The second configuration parameters comprise a second
parameter indicating a second HARQ feedback codebook.

[0234] In an example, the wireless device may receive a first downlink control information
indicating: scheduling activation of the first downlink semi-persistent scheduling; and the first
HARQ feedback codebook.

[0235] In an example, the wireless device may receive a second downlink control information
indicating: scheduling activation of the second downlink semi-persistent scheduling; and the
second HARQ feedback codebook.

[0236] In an example, the first downlink control information may indicate the first HARQ feedback
codebook, wherein the HARQ feedback codebook indicated by the first downlink control
information may overwrite a HARQ feedback codebook indicated by a first parameter of the first
configuration parameters.

[0237] In an example, the second downlink control information may indicate the second HARQ
feedback codebook, wherein the HARQ feedback codebook indicated by the second downlink
control information may overwrite a HARQ feedback codebook indicated by a second parameter of
the second configuration parameters.

[0238] In an example, the first HARQ feedback may be associated with a first priority. In an
example, the first HARQ feedback code book may be associated with a first traffic/service type.

[0239] In an example, the second HARQ feedback may be associated with a second priority. In an

example, the second HARQ feedback code book may be associated with a second traffic/service

type.
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