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guidance as to the status of applicant's license for foreign filing.
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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
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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
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.

page 3 of 3

Petitioners' Exhibit 1008, p. 3
AT&T et al v. ASUS Technology & Celerity
IPR2024-01142



Doc Code: TR.PROV

Document Description: Provisional Cover Sheet (SB16)
PTO/SB/16 {11-08)
Approved for use through 05/31/2015. OMB 0651-0032
U.S. Patent and Trademark Cffice: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1985, 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
(Sang Xiong Beaverton DR us
Inventor 2
Given Name Middle Name Family Name City State Country j
Wenting Chang Beijing CN
Inventor 3
Given Name Middle Name Family Name City State Country j
Huaning Niu 'Vlilpitas CA USs
Inventor 4
Given Name Middle Name Family Name City State Country j
Y ushu Vhang Beijing CN
Inventor 5
Given Name Middle Name Family Name City State Country j
Yuan Y hu Beijing CN

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

generated within this form by selecting the Add button.

Title of Invention
MWAVE SYSTEM

Attorney Docket Number (if applicable) 111027-IDF132916

Correspondence Address

Direct all correspondence to (select one):

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

Customer Number P1817

Petitioners' Exhibit 1008, p. 4
EFS - Web 1.0.1 AT&T et al v. ASUS Technology & Celerity
IPR2024-01142




Doc Code: TR.PROV
Document Description: Provisional Cover Sheet (SB16)
PTO/SB/16 {11-08)
Approved for use through 05/31/2015. OMB 0651-0032
U.S. Patent and Trademark Cffice: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information unless it displays a valid OMB control number

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:

Petitioners' Exhibit 1008, p. 5
EFS - Web 1.0.1 AT&T et al v. ASUS Technology & Celerity
IPR2024-01142




Doc Code: TR.PROV

Document Description: Provisional Cover Sheet (SB16)
PTO/SB/16 {11-08)
Approved for use through 05/31/2015. OMB 0651-0032
U.S. Patent and Trademark Cffice: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1985, 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 1.28

O 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 eguivalent.

(® 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
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not publicly available.
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suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department
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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.5.C. 552) and the Privacy Act (5 U.5.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.

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

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

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

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

6. A record in this system of records may be disclosed, as a routine use, 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)).
7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,

or his/her designee, during an inspection of records conducted by GSA as part of that agency’s responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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SCHEDULING REQUEST DESIGN FOR STANDALONE DEPLOYMENT IN
MMWAVE SYSTEM

BACKGROUND

Various embodiments generally may relate to the field of wireless communications.

DETAILED DESCRIPTION

The following detailed description refers to the accompanying drawings. The same
reference numbers may be used in different drawings to identify the same or similar elements. In
the following description, for purposes of explanation and not limitation, specific details are set
forth such as particular structures, architectures, interfaces, techniques, etc. in order to provide a
thorough understanding of the various aspects of various embodiments. However, it will be
apparent to those skilled in the art having the benefit of the present disclosure that the various
aspects of the various embodiments may be practiced in other examples that depart from these
specific details. In certain instances, descriptions of well-known devices, circuits, and methods
are omitted so as not to obscure the description of the various embodiments with unnecessary
detail.

Embodiments may be related to RAN1 and 5G

Mobile communication has evolved significantly from early voice systems to today’s
highly sophisticated integrated communication platform. The next generation wireless
communication system, 5G, will provide access to information and sharing of data anywhere,
anytime by various users and applications. 5G is expected to be a unified network/system that
target to meet vastly different and sometime conflicting performance dimensions and services.
Such diverse multi-dimensional requirements are driven by different services and applications. In
general, 5G will evolve based on 3GPP LTE-Advanced with additional potential new Radio
Access Technologies (RATs) to enrich people lives with better, simple and seamless wireless
connectivity solutions. 5G will enable everything connected by wireless and deliver fast, rich

contents and services.
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Figure 1 illustrates the procedure for uplink data transmission in the existing LTE
specification. When UE intends to transmit the data in the uplink, it will request the resource
using physical uplink control channel (PUCCH) format 1 for scheduling request (SR). After
successful detection of SR, eNB transmits the physical downlink control channel (PDCCH) with
downlink control information (DCI) format containing uplink grant to allocate the uplink
resource. Subsequently, UE sends the buffer status report (BSR) on physical uplink shared
channel (PUSCH) in the allocated uplink resource. BSR is carried in a Medium Access Control
(MAC) Protocol Data Unit (PDU), which is used to inform eNB on the amount of the data in
UE’s buffer to be transmitted. Based on the BSR information, eNB allocates the appropriate
resource and modulation and coding scheme (MCS) which is included in the uplink grant. After

receiving the uplink grant, UE transmits the uplink data on PUSCH.

Scheduling request (PUCCH)
¥
UL grant (POCCH)
hi
Buffer status report (PUSCH)
#
UL grant (POOTH)Y
o
Uplink data {(PUSCH)
B

Figure 1: Procedure for uplink data transmission in LTE

For 5G system, high frequency band communication has attracted significantly attention
from the industry, since it can provide wider bandwidth to support the future integrated

communication system. The beam forming is a critical technology for the implementation of
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high frequency band system due to the fact that the beam forming gain can compensate the
severe path loss caused by atmospheric attenuation, improve the SNR, and enlarge the coverage
area. By aligning the transmission beam to the target UE, the radiated energy is focused for

higher energy efficiency, and the mutual UE interference is suppressed.

For cnWave and mmWave system, when UE intends to request the resource for uplink
data transmission, eNB may not know the exact Rx beam for scheduling request reception. For
standalone deployment scenario, certain design is needed to ensure robust reception of
scheduling request. Further, scheduling request may carry certain eNB Tx beam information to
allow eNB to subsequently transmit the SG physical downlink control channel (xPDCCH) using

the appropriate beams.

Embodiments relate to scheduling request design for standalone deployment in mmWave
system. In particular, embodiments include
e Scheduling request procedure for standalone deployment scenario
e Resource allocation of SR transmission, which includes one to one association between

beamforming reference signal (BRS) antenna port (AP) and SR transmission resource.

Scheduling request procedure for standalone deployvment scenario

For standalone deployment scenario, Tx and Rx beam direction should be aligned
between eNodeB and UE to allow reliable communication in mmWave band. Compared to
conventional SR procedure in LTE, beam reference signal (BRS) is transmitted from eNodeB to
allow UE to measure BRS received power (BRS-RP) and obtain the best eNodeB Tx beam and
UE Rx beam. Figure 2 illustrates the SR procedure for standalone deployment scenario for

mmWave system.
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Beam referance signal (BRS)
ki
Scheduling request (R}
ta
UL grant (xPDOCH)
"
Buffer status report (xPUSCH)
3
UL grant XPDOOH)Y
L
Uplink data (xPUSCH)
g

Figure 2: SR procedure for standalone deployment

The detailed procedure for the transmission of SR in standalone deployment scenario is
illustrated in Figure 3. In particular,

e Element 1: UE performs beam acquisition from beamforming reference signal (BRS) to
obtain best eNB Tx beam and UE Rx beam;

e Element 2: UE transmits scheduling request using best UE Rx beam acquired from BRS-
RP measurement on the resource based on time and frequency location of best eNB Tx
beam. Note that one to one association rule may need to be defined between SR
transmission resource and BRS antenna port (AP). Under the assumption of channel
reciprocity in TDD system, when eNodeB successfully detects the SR transmission on
certain resource, it can determine the best eNodeB Tx beam for this particular UE for

subsequent control and data transmission and reception.
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e Element 3: UE receives 5G physical downlink control channel (xPDCCH) from eNodeB
for uplink grant using UE Rx beam acquired in the element 1. Note that in this element,
eNodeB transmits the xPDCCH using the best Tx beam acquired in the element 2 upon

successful SR detection.

UE performs beam acquisition from beamforming
1 . reference signal (BR3) to oblain best eNB Tx beam
: and UE Ry beam

-’////4/////////////.

| UEtransmits scheduling request using best UERx
. beam acquired from BRS-RP messurement on the
resqurce based on time and freguency locdtion of
best eNBETxbheam acquited inthe step | \«_

UE receives xPDOCH from eNodeB for uplink grant
‘ using UE KX beam acquired in the step 1

////////////

Figure 3: Detailed procedure for SR transmission

Resource allocation of SR transmission

Subframe structure for SR transmission can be based on a self-contained subframe
structure, wherein XPDCCH can be transmitted at the beginning of the subframe and 5G physical
uplink control channel (xPUCCH) can be transmitted at the last part of the subframe. As shown
in Figure 4, a guard period can be inserted after xPDCCH in order to accommodate the DL to UL
and UL to DL switching time and round-trip propagation delay. Further, 5G physical uplink
shared channel (xPUSCH), SR and/or 5G physical random access channel (xPRACH) can be

multiplexed in a frequency division multiplexing (FDM) manner within the same subframe.
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Note that the number of SR resources in the frequency domain can be configured in a cell
specific manner by higher layers via 5G master information block (xMIB), 5G system
information block (xSIB) and RRC signalling.

Figure 4 illustrates the SR resource for self-contained subframe structure in option 1. In
the figure, 4 SR resources are configured within the UL subframe. In addition, xPDCCH, GP and
xPUCCH are also included in this subframe. In this example, one SR resource spans 11 OFDM

symbols.

x N SRresource §1
E : | SRresource #2
; SRresource #3

SRresocurce 84
] «PUSCH/xPRACH

F 3
h 4

subframe

Figure 4: SR resources for self-contained subframe structure: option 1

Figure 5 illustrates the SR resource for self-contained subframe structure in option 2. In
the figure, xPDCCH and GP are included in this subframe. In addition, one SR resource spans 12
OFDM symbols.

S

SRrescurce #1

SRresaurce #2

u o

SRresource #3

TOoE R

SRrescurce#4
{1 xPUSCH/xPRACH

I 3
h 4

subframe
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Figure 5: SR resources for self-contained subframe structure: option 2

Figure 6 illustrates the SR resource for self-contained subframe structure in option 3. In

the figure, one SR resource spans whole subframe, i.e., 14 OFDM symbols.

SRresourgs #1

SRresource #2

SRresouwee #3

SRresource #4
[1 XPUSCH/xPRACH

Y

i
-

subframe

Figure 6: SR resources for self-contained subframe structure: option 3

SR transmission for multiple users can be multiplexed in a code division multiplexing
(CDM) or frequency division multiplexing (FDM) manner or a combination thereof. Further, in
the case when CDM based multiplexing and when Zadoff-Chu (ZC) sequence is adopted for SR
transmission, different users may be configured with dedicated cyclic shift value for SR
transmission. The root index for ZC based SR transmission can be defined as a function of

physical cell ID and subframe/symbol index.

In order to allow UE to utilize SR to carry eNB Tx beam information, one to one resource
association between BRS antenna port and SR resource needs to be defined. Further, the
subframe gap between the BRS transmission and corresponding SR transmission can be

predefined in the specification or configured by higher layers via xMIB, xSIB or RRC signalling.

In one example, subframe O in one radio frame can be defined for BRS transmission,
while the corresponding SR transmission can be allocated in subframe 5. It can be also allocated

within the same subframe when xPRACH is configured.
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Given the periodicity of eNB Tx beam sweeping, certain alignment between BRS and SR
transmission needs to be defined to ensure eNB to detect SR transmission using proper Rx beam.

In one example, SR may be transmitted in the next opportunity after BRS transmission.

Embodiments for the resource allocation of SR transmission can be provided as follows:

In one embodiment, one to one resource association between BRS antenna port and SR
resource in time and frequency domain can be defined. Further, UE transmits the SR using
dedicated resource index which is configured by higher layers via UE specific RRC signalling.
In addition, UE selects the time and frequency resource for SR transmission which has one to

one association on the time and frequency resource where the eNB best Tx beam is located.

According to this transmission scheme, eNB may use the same Tx beam for BRS
transmission to apply on the SR reception on the same time and frequency position. Under the
assumption of channel reciprocity, eNB best Tx beam information can be carried by the SR
resource index in time and frequency domain.

Figure 7 illustrates one example of one to one association between BRS AP and SR
resource in time and frequency domain. In this example, in subframe #0, UE measures BRS
received power and determines the eNB best Tx beam. As shown in the figure, for UE #1, eNB
best Tx beam is located at BRS beam group #0 and 3 OFDM symbol; and for UE #2, eNB best
Tx beam is located at BRS beam group #2 and 8" OFDM symbol. Let us define the one to one
association between BRS AP and SR resource, i.e., BRS AP #0 is associated with SR frequency

resource #0, BRS AP #1 is associated with SR frequency resource #1, etc.

Based on the mapping rule, UE #1 transmits SR in the subframe #5 in SR frequency
resource #0 and 3 OFDM symbol using configured SR resource index. Similarly, UE #2
transmits SR in the subframe #5 in SR frequency resource #2 in 8 OFDM symbol.
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Note that although shown in this figure, each BRS AP is transmitted using localized
transmission, i.e. one BRS AP spans contiguous N subcarriers in the frequency domain, BRS AP

can also be transmitted in a distributed manner.

000 -
BRG AR R “§» G LT
L —. N 7 T OB fracuances
R S
RN i i rescuros £
FRE AR Y i i i SR frequsney
i ! ; rasnree #1
ER2 E 3 § SRirsguency
B AR £ T resoures F#2
O L
I <o
TESTHT !
A TERRYCEES
BRE AZEZ ¢ 012345867 8 ¥a0tri2
.3
CFDR PR =
SyaTEG 212348878 910311243
iefex e
Subframe g0 Suframe #5

Figure 7: One to one association between BRS AP and SR resource in time and
frequency domain

In another embodiment, one to one resource association between BRS antenna port and
SR resource in time and code domain can be defined. In particular, one UE may be configured
with K SR resource index, where K is the number of BRS APs. In this case, UE selects the time
and code resource for SR transmission which has one to one association on the time and
frequency resource where the eNB best Tx beam is located.

Figure 8 illustrates one example of one to one association between BRS AP and SR
resource in time and frequency domain. In this example, one SR frequency resource is
configured in a cell specific manner. Within each resource, one UE is configured with 4 code
indexes which have one to one association with BRS AP. In one example, in the case 8 cyclic
shift (CS) values are defined for SR transmission, UE #1 may be configured with CS value {0, 2,
4, 6} and UE #2 may be configured with CS value {1, 3, 5, 7}.
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Let us define the one to one association between BRS AP and SR code index, i.e., BRS
AP #0 is associated with SR code index #0, BRS AP #1 is associated with SR code index #1, etc.
Based on the mapping rule, UE #1 transmits SR in the subframe #5 using configured SR codex
index #0 in 3™ OFDM symbol. Similarly, UE #2 transmits SR in the subframe #5 using
configured SR codex index #2 in 8" OFDM symbol.
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Figure 8: One to one association between BRS AP and SR resource in time and code
domain

In another embodiment, one to one resource association between BRS antenna port and
SR resource in time/code/frequency domain can be defined. In particular, UE may be configured
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with ** 8 SR resource indexes, where My <X Further, * °* SR frequency resources can be
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configured by higher layers in a cell specific manner, where
selects the time/frequency/code resource for SR transmission which has one to one association

on the time and frequency resource where the eNB best Tx beam is located.

In another embodiment, L SR resource can be define, where L > K, where K is the
number of BRS APs. In this case, one to many resource association between BRS AP and SR
resource in the time and frequency domain can be defined. UE may randomly choose one SR

frequency resource to transmit the SR according to the one to many resource association rule.
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Figure 9 illustrates one example of one to many association between BRS AP and SR
resource in time and frequency domain. In this example, two BSR APs and 4 SR frequency
resources can be configured. Further, BRS AP #0 is associated with SR frequency resource #0

and #1; while BRS AP #1 is associated with SR frequency resource #2 and #3.

Based on the mapping rule, UE #1 randomly choose one SR frequency resource from SR
frequency resource #0 and #1. In the figure, UE transmits SR in the subframe #5 in SR frequency
resource #0 and 3 OFDM symbol using configured SR resource index. Similarly, UE #2
transmits SR in the subframe #5 in SR frequency resource #3 in 8 OFDM symbol.
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Figure 9: One to many association between BRS AP and SR resource in time and
frequency domain

In another embodiment, to improve the SR detection performance, UE may transmit the
SR on N SR resources simultaneously, where N can be predefined or configured by higher layers
via xMIB, xSIB or RRC signalling. Note that N SR transmissions may correspond to N best eNB
Tx beams.

Figure 10 illustrates one example of SR transmission in four SR resources. In this
example, UE transmits SR in 3 OFDM symbol in SR frequency resource #0; in 5™ OFDM
symbol in SR frequency resource #1; in 8" OFDM symbol in SR frequency resource #2 and in

10™ OFDM symbol in SR frequency resource #3.
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Figure 10: SR transmission in N SR resources

Figure X-1

As used herein, the term "circuitry" may refer to, be part of, or include an Application
Specific Integrated Circuit (ASIC), an electronic circuit, a processor (shared, dedicated, or
group), and/or memory (shared, dedicated, or group) that execute one or more software or
firmware programs, a combinational logic circuit, and/or other suitable hardware components
that provide the described functionality. In some embodiments, the circuitry may be

implemented in, or functions associated with the circuitry may be implemented by, one or more
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software or firmware modules. In some embodiments, circuitry may include logic, at least
partially operable in hardware.

Embodiments described herein may be implemented into a system using any suitably
configured hardware and/or software. Figure X-1 illustrates, for one embodiment, example
components of an electronic device 100. In embodiments, the electronic device 100 may be,
implement, be incorporated into, or otherwise be a part of a user equipment (UE), an evolved
NodeB (eNB), or some other electronic device. In some embodiments, the electronic device 100
may include application circuitry 102, baseband circuitry 104, Radio Frequency (RF) circuitry
106, front-end module (FEM) circuitry 108 and one or more antennas 110, coupled together at
least as shown.

The application circuitry 102 may include one or more application processors. For
example, the application circuitry 102 may include circuitry such as, but not limited to, one or
more single-core or multi-core processors. The processor(s) may include any combination of
general-purpose processors and dedicated processors (e.g., graphics processors, application
processors, etc.). The processors may be coupled with and/or may include memory/storage and
may be configured to execute instructions stored in the memory/storage to enable various
applications and/or operating systems to run on the system.

The baseband circuitry 104 may include circuitry such as, but not limited to, one or more
single-core or multi-core processors. The baseband circuitry 104 may include one or more
baseband processors and/or control logic to process baseband signals received from a receive
signal path of the RF circuitry 106 and to generate baseband signals for a transmit signal path of
the RF circuitry 106. Baseband processing circuity 104 may interface with the application
circuitry 102 for generation and processing of the baseband signals and for controlling operations
of the RF circuitry 106. For example, in some embodiments, the baseband circuitry 104 may
include a second generation (2G) baseband processor 104a, third generation (3G) baseband
processor 104b, fourth generation (4G) baseband processor 104c, and/or other baseband
processor(s) 104d for other existing generations, generations in development or to be developed
in the future (e.g., fifth generation (5G), 6G, etc.). The baseband circuitry 104 (e.g., one or more
of baseband processors 104a-d) may handle various radio control functions that enable
communication with one or more radio networks via the RF circuitry 106. The radio control

functions may include, but are not limited to, signal modulation/demodulation,
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encoding/decoding, radio frequency shifting, etc. In some embodiments,
modulation/demodulation circuitry of the baseband circuitry 104 may include Fast-Fourier
Transform (FFT), precoding, and/or constellation mapping/demapping functionality. In some
embodiments, encoding/decoding circuitry of the baseband circuitry 104 may include
convolution, tail-biting convolution, turbo, Viterbi, and/or Low Density Parity Check (LDPC)
encoder/decoder functionality. Embodiments of modulation/demodulation and encoder/decoder
functionality are not limited to these examples and may include other suitable functionality in
other embodiments.

In some embodiments, the baseband circuitry 104 may include elements of a protocol
stack such as, for example, elements of an evolved universal terrestrial radio access network
(EUTRAN) protocol including, for example, physical (PHY), media access control (MAC), radio
link control (RLC), packet data convergence protocol (PDCP), and/or radio resource control
(RRC) elements. A central processing unit (CPU) 104e of the baseband circuitry 104 may be
configured to run elements of the protocol stack for signaling of the PHY, MAC, RLC, PDCP
and/or RRC layers. In some embodiments, the baseband circuitry may include one or more
audio digital signal processor(s) (DSP) 104f. The audio DSP(s) 104f may be include elements
for compression/decompression and echo cancellation and may include other suitable processing
elements in other embodiments.

The baseband circuitry 104 may further include memory/storage 104g. The
memory/storage 104g may be used to load and store data and/or instructions for operations
performed by the processors of the baseband circuitry 104. Memory/storage for one embodiment
may include any combination of suitable volatile memory and/or non-volatile memory. The
memory/storage 104g may include any combination of various levels of memory/storage
including, but not limited to, read-only memory (ROM) having embedded software instructions
(e.g., firmware), random access memory (e.g., dynamic random access memory (DRAM)),
cache, buffers, etc. The memory/storage 104g may be shared among the various processors or
dedicated to particular processors.

Components of the baseband circuitry may be suitably combined in a single chip, a single
chipset, or disposed on a same circuit board in some embodiments. In some embodiments, some
or all of the constituent components of the baseband circuitry 104 and the application circuitry

102 may be implemented together such as, for example, on a system on a chip (SOC).
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In some embodiments, the baseband circuitry 104 may provide for communication
compatible with one or more radio technologies. For example, in some embodiments, the
baseband circuitry 104 may support communication with an evolved universal terrestrial radio
access network (EUTRAN) and/or other wireless metropolitan area networks (WMAN), a
wireless local area network (WLAN), a wireless personal area network (WPAN). Embodiments
in which the baseband circuitry 104 is configured to support radio communications of more than
one wireless protocol may be referred to as multi-mode baseband circuitry.

RF circuitry 106 may enable communication with wireless networks using modulated
electromagnetic radiation through a non-solid medium. In various embodiments, the RF circuitry
106 may include switches, filters, amplifiers, etc. to facilitate the communication with the
wireless network. RF circuitry 106 may include a receive signal path which may include
circuitry to down-convert RF signals received from the FEM circuitry 108 and provide baseband
signals to the baseband circuitry 104. RF circuitry 106 may also include a transmit signal path
which may include circuitry to up-convert baseband signals provided by the baseband circuitry
104 and provide RF output signals to the FEM circuitry 108 for transmission.

In some embodiments, the RF circuitry 106 may include a receive signal path and a
transmit signal path. The receive signal path of the RF circuitry 106 may include mixer circuitry
106a, amplifier circuitry 106b and filter circuitry 106c. The transmit signal path of the RF
circuitry 106 may include filter circuitry 106¢ and mixer circuitry 106a. RF circuitry 106 may
also include synthesizer circuitry 106d for synthesizing a frequency for use by the mixer circuitry
106a of the receive signal path and the transmit signal path. In some embodiments, the mixer
circuitry 106a of the receive signal path may be configured to down-convert RF signals received
from the FEM circuitry 108 based on the synthesized frequency provided by synthesizer circuitry
106d. The amplifier circuitry 106b may be configured to amplify the down-converted signals and
the filter circuitry 106¢c may be a low-pass filter (LPF) or band-pass filter (BPF) configured to
remove unwanted signals from the down-converted signals to generate output baseband signals.
Output baseband signals may be provided to the baseband circuitry 104 for further processing. In
some embodiments, the output baseband signals may be zero-frequency baseband signals,
although this is not a requirement. In some embodiments, mixer circuitry 106a of the receive
signal path may comprise passive mixers, although the scope of the embodiments is not limited

in this respect.
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In some embodiments, the mixer circuitry 106a of the transmit signal path may be
configured to up-convert input baseband signals based on the synthesized frequency provided by
the synthesizer circuitry 106d to generate RF output signals for the FEM circuitry 108. The
baseband signals may be provided by the baseband circuitry 104 and may be filtered by filter
circuitry 106¢. The filter circuitry 106¢ may include a low-pass filter (LPF), although the scope
of the embodiments is not limited in this respect.

In some embodiments, the mixer circuitry 106a of the receive signal path and the mixer
circuitry 106a of the transmit signal path may include two or more mixers and may be arranged
for quadrature downconversion and/or upconversion respectively. In some embodiments, the
mixer circuitry 106a of the receive signal path and the mixer circuitry 106a of the transmit signal
path may include two or more mixers and may be arranged for image rejection (e.g., Hartley
image rejection). In some embodiments, the mixer circuitry 106a of the receive signal path and
the mixer circuitry 106a may be arranged for direct downconversion and/or direct upconversion,
respectively. In some embodiments, the mixer circuitry 106a of the receive signal path and the
mixer circuitry 106a of the transmit signal path may be configured for super-heterodyne
operation.

In some embodiments, the output baseband signals and the input baseband signals may be
analog baseband signals, although the scope of the embodiments is not limited in this respect. In
some alternate embodiments, the output baseband signals and the input baseband signals may be
digital baseband signals. In these alternate embodiments, the RF circuitry 106 may include
analog-to-digital converter (ADC) and digital-to-analog converter (DAC) circuitry and the
baseband circuitry 104 may include a digital baseband interface to communicate with the RF
circuitry 106.

In some dual-mode embodiments, a separate radio IC circuitry may be provided for
processing signals for each spectrum, although the scope of the embodiments is not limited in
this respect.

In some embodiments, the synthesizer circuitry 106d may be a fractional-N synthesizer
or a fractional N/N+1 synthesizer, although the scope of the embodiments is not limited in this
respect as other types of frequency synthesizers may be suitable. For example, synthesizer
circuitry 106d may be a delta-sigma synthesizer, a frequency multiplier, or a synthesizer

comprising a phase-locked loop with a frequency divider.
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The synthesizer circuitry 106d may be configured to synthesize an output frequency for
use by the mixer circuitry 106a of the RF circuitry 106 based on a frequency input and a divider
control input. In some embodiments, the synthesizer circuitry 106d may be a fractional N/N+1
synthesizer.

In some embodiments, frequency input may be provided by a voltage controlled
oscillator (VCO), although that is not a requirement. Divider control input may be provided by
either the baseband circuitry 104 or the applications processor 102 depending on the desired
output frequency. In some embodiments, a divider control input (e.g., N) may be determined
from a look-up table based on a channel indicated by the applications processor 102.

Synthesizer circuitry 106d of the RF circuitry 106 may include a divider, a delay-locked
loop (DLL), a multiplexer and a phase accumulator. In some embodiments, the divider may be a
dual modulus divider (DMD) and the phase accumulator may be a digital phase accumulator
(DPA). In some embodiments, the DMD may be configured to divide the input signal by either N
or N+1 (e.g., based on a carry out) to provide a fractional division ratio. In some example
embodiments, the DLL may include a set of cascaded, tunable, delay elements, a phase detector,
a charge pump and a D-type flip-flop. In these embodiments, the delay elements may be
configured to break a VCO period up into Nd equal packets of phase, where Nd is the number of
delay elements in the delay line. In this way, the DLL provides negative feedback to help ensure
that the total delay through the delay line is one VCO cycle.

In some embodiments, synthesizer circuitry 106d may be configured to generate a carrier
frequency as the output frequency, while in other embodiments, the output frequency may be a
multiple of the carrier frequency (e.g., twice the carrier frequency, four times the carrier
frequency) and used in conjunction with quadrature generator and divider circuitry to generate
multiple signals at the carrier frequency with multiple different phases with respect to each other.
In some embodiments, the output frequency may be a LO frequency (fLO). In some
embodiments, the RF circuitry 106 may include an IQ/polar converter.

FEM circuitry 108 may include a receive signal path which may include circuitry
configured to operate on RF signals received from one or more antennas 110, amplify the
received signals and provide the amplified versions of the received signals to the RF circuitry

106 for further processing. FEM circuitry 108 may also include a transmit signal path which may
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include circuitry configured to amplify signals for transmission provided by the RF circuitry 106
for transmission by one or more of the one or more antennas 110.

In some embodiments, the FEM circuitry 108 may include a TX/RX switch to switch
between transmit mode and receive mode operation. The FEM circuitry may include a receive
signal path and a transmit signal path. The receive signal path of the FEM circuitry may include
a low-noise amplifier (LNA) to amplify received RF signals and provide the amplified received
RF signals as an output (e.g., to the RF circuitry 106). The transmit signal path of the FEM
circuitry 108 may include a power amplifier (PA) to amplify input RF signals (e.g., provided by
RF circuitry 106), and one or more filters to generate RF signals for subsequent transmission
(e.g., by one or more of the one or more antennas 110.

In some embodiments, the electronic device 100 may include additional elements such as,
for example, memory/storage, display, camera, sensor, and/or input/output (I/O) interface.

In some embodiments, the electronic device of Figure X-1 may be configured to perform

one or more processes, techniques, and/or methods as described herein, or portions thereof.

EXAMPLES

Example 1 may contain a system and/or method of wireless communication for a fifth
generation (5G) system comprising: determining, by UE, best eNB Tx beam and UE Rx beam
from beamforming reference signal (BRS); transmitting, by UE, scheduling request (SR) using
the best UE Rx beam on the resource based on time and frequency location of the best eNB Tx
beam; and receiving, by UE, 5G physical downlink control channel (xPDCCH) from eNodeB for
uplink grant.

Example 2 may contain the system and/or method of example 1 and/or some other
example herein, wherein number of SR resources in the frequency domain can be configured in a
cell specific manner by higher layers via 5G master information block (xMIB), 5G system

information block (xSIB) and RRC signalling.

Example 3 may contain the system and/or method of example 1 and/or some other

example herein, wherein 5G physical downlink control channel (xPDCCH), Guard period (GP)
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and 5G physical uplink control channel (xPUCCH) are allocated in the same subframe where SR

is transmitted;

Example 4 may contain the system and/or method of example 1 and/or some other

example herein, wherein XxPDCCH and GP are included in the subframe where SR is transmitted.

Example 5 may contain the system and/or method of example 1 and/or some other

example herein, wherein one SR resource spans one subframe.

Example 6 may contain the system and/or method of example 1 and/or some other
example herein, wherein one to one resource association between BRS antenna port and SR
resource can be defined; wherein subframe gap between the BRS transmission and
corresponding SR transmission can be predefined in the specification or configured by higher

layers via xMIB, xSIB or RRC signalling.

Example 7 may contain the system and/or method of example 6 and/or some other
example herein, wherein one to one resource association between BRS antenna port and SR
resource in time and frequency domain can be defined; wherein UE transmits the SR using
dedicated resource index which is configured by higher layers via UE specific RRC signalling;
wherein UE selects the time and frequency resource for SR transmission which has one to one

association on the time and frequency resource where the eNB best Tx beam is located.

Example 8 may contain the system and/or method of example 7 and/or some other
example herein, wherein the dedicated resource index for SR transmission can be cyclic shift

index or comb index or a combination of thereof.

Example 9 may contain the system and/or method of example 6 and/or some other
example herein, wherein one to one resource association between BRS antenna port and SR
resource in time and code domain can be defined; wherein one UE may be configured with K SR

resource index, where K is the number of BRS APs; wherein UE selects the time and code
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resource for SR transmission which has one to one association on the time and frequency

resource where the eNB best Tx beam is located.

Example 10 may contain the system and/or method of example 6 and/or some other
example herein, wherein one to one resource association between BRS antenna port and SR

resource in time/code/frequency domain can be defined; wherein UE may be configured

M My < K. M

. REEY . . W
with *#¢ SR resource indexes, where wherein “*% SR frequency resources can be

My M, =K

2

configured by higher layers in a cell specific manner, where ; wherein UE selects
the time/frequency/code resource for SR transmission which has one to one association on the

time and frequency resource where the eNB best Tx beam is located.

Example 11 may contain the system and/or method of example 6 and/or some other
example herein, wherein UE may transmit the SR on N SR resources simultaneously, where N
can be predefined or configured by higher layers via xMIB, xSIB or RRC signalling; wherein N

SR transmissions may correspond to N best eNB Tx beams.

Example 12 may contain the system and/or method of example 1 and/or some other
example herein, wherein L SR resource can be define, where L > K, where K is the number of
BRS APs; wherein one to many resource association between BRS AP and SR resource in the
time and frequency domain can be defined; wherein UE may randomly choose one SR frequency

resource to transmit the SR according to the one to many resource association rule.

Example 13 may include an apparatus comprising means to perform one or more
elements of a method described in or related to any of examples 1-12, or any other method or

process described herein.

Example 14 may include one or more non-transitory computer-readable media
comprising instructions to cause an electronic device, upon execution of the instructions by one
or more processors of the electronic device, to perform one or more elements of a method

described in or related to any of examples 1-12, or any other method or process described herein.
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Example 15 may include an apparatus comprising logic, modules, and/or circuitry to
perform one or more elements of a method described in or related to any of examples 1-12, or

any other method or process described herein.

Example 16 may include a method, technique, or process as described in or related to any

of examples 1-12, or portions or parts thereof.

Example 17 may include an apparatus comprising: one or more processors and one or
more computer readable media comprising instructions that, when executed by the one or more
processors, cause the one or more processors to perform the method, techniques, or process as

described in or related to any of examples 1-12, or portions thereof.

Example 18 may include a method of communicating in a wireless network as shown and

described herein.

Example 19 may include a system for providing wireless communication as shown and

described herein.

Example 20 may include a device for providing wireless communication as shown and

described herein.

The foregoing description of one or more implementations provides illustration and
description, but is not intended to be exhaustive or to limit the scope of embodiments to the
precise form disclosed. Modifications and variations are possible in light of the above teachings

or may be acquired from practice of various embodiments.
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U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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