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Draft Application
Privileged & Confidential

ABSTRACT

he disclosure relates to technology for beam failure recovery in user equipment,

comprising detecting a beam failure event between the user equipment and a base

station; and sending a first beam failure recovery request (BFRQ) to the base station upon

detection of the beam failure, wherein the first BFRQ is sent using one of a physical uplink
channel (PUCCH) and a beam failure random access channel (BRACH), the first BFRQ
is sent using the PUCCH when a PUCCH-BFRQ opportunity (PBO) response arrives

before Cca BRACH-BFRQ opportunity (BBO), and the first BFRQ is sent using the BRACH
when the PBO response arrives after the BBO.

30
85524629US01 FTRW-01176US0

Samsung Exhibit 1012, Page 17 of 59



Draft Application
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CLAIMS

What is claimed is:

1. A method for beam failure recovery in user equipment, comprising:

detecting a beam failure event between the user equipment and a base station;

and

sending a first beam failure recovery request (BFRQ) to the base station upon

detection of the beam failure, wherein the first BFRQ is sent using one of a physical uplink
channel (PUCCH) and a beam failure random access channel (BRACH),

the first BFRQ is sent using the PUCCH when a PUCCH-BFRQ opportunity (PBO)

response arrives before a BRACH-BFRQ opportunity (BBO), and

the first BFRQ is sent using the BRACH when the PBO response arrives after the

BBO.

2. The method of claim 1, further comprising searching for a PUCCH-beam

failure recovery response (BFRP) within a response time.

3. The method of claim 2, wherein

the PUCCH-BFRQ arrives at a first time and the BRACH-BFRQ arrives at a second

time, and

the PUCCH-BFRQ is sent at the first time when the PBO response is expected
before the BBO at the second time, unless a sum of the first time and the response time

exceeds the second time.

4. The method of claim 1, further comprising:

sending a second BFRQ from the user equipment to the base station for the same

beam failure event: and

27
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indicating to the base station that the first and second BFRQs correspond to the

same beam failure event.

5. The method of claim 4, wherein the indicating includes one of:

marking the second BFRQ as secondary in time or order,

placing a pointer to the first BFRQ in the second BFRQ indicating that the

first and second BFRQs correspond to the same beam failure event, and

placing a beam failure event ID in the first BFRQ and the second BFRQ with

the same beam failure event ID.

6. The method of claim 4, further comprising

receiving first and second beam failure recovery responses (BFRPs) from the base

station, wherein the BFRP includes one of:

a mark in the second BFRP as secondary as secondary in time or order,

a pointer in the second BFRP to the first BFRP indicating that the first and

second BFRPs correspond to the same beam failure event, and

a beam failure event ID in the first and second BFRPs with the same beam

failure event ID.

1. A device for beam failure recovery in user equipment, comprising:

a non-transitory memory storage comprising instructions; and

one or more processors in communication with the memory, wherein the one or

more processors execute the instructions to:

detect a beam failure event between the user equipment and a base station;

and

send a first beam failure recovery request (BFRQ) to the base station upon

detection of the beam failure, wherein the first BFRQ is sent using one of a physical

28
85524629US01 FTRW-01176US0

Samsung Exhibit 1012, Page 19 of 59



Draft Application
Privileged & Confidential

uplink channel (PUCCH) and a beam failure random access channel (BRACH),
the first BFRQ is sent using the PUCCH when Cca PUCCH-BFRQ opportunity

(PBO) arrives before a BRACH-BFRQ opportunity (BBO), and

the first BFRQ is sent using the BRACH when the PBO response arrives

after the BBO.

8. A non-transitory computer-readable medium storing computer instructions

for beam failure recovery in user equipment, that when executed by one or more

processors, cause the one or more processors to perform the steps of:

detecting a beam failure event between the user equipment and a base station;

and

sending a first beam failure recovery request (BFRQ) to the base station upon

detection of the beam failure, wherein the first BFRQ is sent using one of a physical uplink
channel (PUCCH) and a beam failure random access channel (BRACH),

the first BFRQ is sent using the PUCCH when a PUCCH-BFRQ opportunity (PBO)
arrives before a BRACH-BFRQ opportunity (BBO), and

the first BFRQ is sent using the BRACH when the PBO response arrives after the

BBO.
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Provisional Application

Beam Failure Recovery Request

Inventors:

Pengfei Xia
Young Hoon Kwon

Bin Liu

FIELD

[0001] The disclosure generally relates to wireless communication networks, and in

particular, to recovering from a beam failure between user equipment and a base station.

BACKGROUND

[0002]As the demand for capacity in mobile broadband communications increases

drastically every year, wireless communication systems are increasing their capability of

handling mobile traffic. In next generation systems, such as fifth generation (5G)

technologies, advanced communications, such as millimeter-wave (mm-wave)

communications, with potential multigigabit-per-second data rates are candidate

technologies to increase overall capacity and transmission speeds. Highly directional

beamforming antennas are necessary at both the base station (BS) and mobile station

(MS) to compensate for the high attenuation in the mm-wave frequency band and to

extend its transmission range.

1
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[0003]A misalignment between transmitting (Tx) and receiving (Rx) beams may cause a

significant loss in the received power, especially for systems with narrow beams, and

result in beam failure. To avoid such beam failure, beam alignment in mm-wave

communication systems is necessary to find the best beam pair from all possible beam

pairs for maximum beamforming efficiency. However, when a beam failure occurs, a

reporting and recovery mechanism is employed to report and recover from the failure.

During the 3GPP TSG RAN WG1 #89, it was agreed upon to support a non-contention

based channel based on the Physical Random Access Channel (PRACH) and the

Physical Uplink Control Channel (PUCCH) for beam failure recovery request
transmission.

BRIEF SUMMARY

[0004] According to one aspect of the present disclosure, there is provided a method for

beam failure recovery in user equipment, including detecting a beam failure event

between the user equipment and a base station; and sending a first beam failure recovery

request (BFRQ) to the base station upon detection of the beam failure, wherein the first

BFRQ is sent using one of a physical uplink channel (PUCCH) and a beam failure random

access channel (BRACH), the first BFRQ is sent using the PUCCH when a PUCCH-
BFRQ opportunity (PBO) response arrives before a BRACH-BFRQ opportunity (BBO),
and the first BFRQ is sent using the BRACH when the PBO response arrives after the

BBO.

[0005] Optionally, in any of the preceding aspects, the method further includes searching
for a PUCCH-beam failure recovery response (BFRP) within a response time.
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[0006] Optionally, in any of the preceding aspects, the PUCCH-BFRQ arrives at a first

time and the BRACH-BFRQ arrives at a second time, and the PUCCH-BFRQ is sent at

the first time when the PBO response is expected before the BBO at the second time,

unless a sum of the first time and the response time exceeds the second time.

[0007] Optionally, in any of the preceding aspects, the method further includes sending a

second BFRQ from the user equipment to the base station for the same beam failure

event; and indicating to the base station that the first and second BFRQs correspond to

the same beam failure event.

[0008] Optionally, in any of the preceding aspects, the indicating includes one of marking
the second BFRQ as secondary in time or order, placing a pointer to the first BFRQ in the

second BFRQ indicating that the first and second BFRQs correspond to the same beam

failure event, and placing a beam failure event ID in the first BFRQ and the second BFRQ
with the same beam failure event ID.

[0009] Optionally, in any of the preceding aspects, the method further includes receiving
first and second beam failure recovery responses (BFRPs) from the base station, wherein

the BFRP includes one of: a mark in the second BFRP as secondary as secondary in

time or order, a pointer in the second BFRP to the first BFRP indicating that the first and

second BFRPs correspond to the same beam failure event, and a beam failure event ID

in the first and second BFRPs with the same beam failure event ID.

[0010] According to still another aspect of the present disclosure, there is provided a

device for beam failure recovery in user equipment, including a non-transitory memory

storage comprising instructions; and one or more processors in communication with the

memory, wherein the one or more processors execute the instructions to: detect Cca beam

failure event between the user equipment and a base station; and send a first beam failure

recovery request (BFRQ) to the base station upon detection of the beam failure, wherein

the first BFRQ is sent using one of a physical uplink channel (PUCCH) and a beam failure

random access channel (BRACH), the first BFRQ is sent using the PUCCH when a
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PUCCH-BFRQ opportunity (PBO) arrives before a BRACH-BFRQ opportunity (BBO), and

the first BFRQ is sent using the BRACH when the PBO response arrives after the BBO.

[001 According to still another aspect of the present disclosure, there is a non-transitory

computer-readable medium storing computer instructions for beam failure recovery in

user equipment, that wnen executed by one or more processors, cause the one or more

processors to perform the steps of detecting a beam failure event between the user

equipment and a base station; and sending a first beam failure recovery request (BFRQ)
to the base station upon detection of the beam failure, wherein the first BFRQ is sent

using one of a physical uplink channel (PUCCH) and a beam failure random access

channel (BRACH), the first BFRQ is sent using the PUCCH when a PUCCH-BFRQ

opportunity (PBO) arrives before a BRACH-BFRQ opportunity (BBO), and the first BFRQ
is sent using the BRACH when the PBO response arrives after the BBO.This Summary
is provided to introduce a selection of concepts in a simplified form that are further

described below in the Detailed Description. This Summary is not intended to identify key
features or essential features of the claimed subject matter, nor is it intended to be used

as an aid in determining the scope of the claimed subject matter. The claimed subject
matter is not limited to implementations that solve any or all disadvantages noted in the

Background.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]Aspects of the present disclosure are illustrated by way of example and are not

limited by the accompanying figures for which like references indicate elements.

[0013] FIG. 1 illustrates a wireless network for communicating data.

[0014] FIG..2 illustrates a base station with transmitting and receiving beams according
to an example embodiment
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[0015]FIG. 3 illustrates physical channels and transmitting signals on the physical
channels in accordance with FIG. 2.

[0016] FIGS. 4A and 4B illustrate examples of beam failure between a base station and

user equipment.

[0017] FisS. SA and 58 ilustrate a flow diagram of selecting @ channel and an example
time of arrival of muliple bearn failure recovery request.

[0018] FG. 6 illustrates an example of a single BFRP for wo BFRQs fig.

[0019] FIG. 8A illustrates example user equipment that may implement the methods and

teachings according to this disclosure.

[0020] FIG. 8B illustrates example base station that may implement the methods and

teachings according to this disclosure.

[0021]FIG. 9 is a block diagram of a network device that can be used to implement

various embodiments.

DETAILED DESCRIPTION

[0022] The disclosure relates to technology for recovering from a beam failure between

user equipment and a base station.

[0023] User equipment and base stations establish a connections using downlink and

uplink beam pairs. Often times, for example as a result of blockage or user equipment

rotation or displacement, the connection between the user equipment and the base

station is disrupted, resulting in a beam failure. To overcome such failure, Cca beam failure

recovery mechanism may help to improve high frequency link performance. In particular,

a beam failure recovery request (BFRQ) and response (BFRR) method based on a

PRACH-like channel and PUCCH is disclosed. Accordingly, the mechanism determines

whether the BFRQ should be sent using the PRACH-like channel or the PUCCH,

depending on the expected BFRR.
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[0024]It is understood that the present embodiments of the disclosure may be

implemented in many different forms and that claims scopes should not be construed as

being limited to the embodiments set forth herein. Rather, these embodiments are

provided so that this disclosure will be thorough and complete and will fully convey the

inventive embodiment concepts to those skilled in the art. Indeed, the disclosure is

intended to cover alternatives, modifications and equivalents of these embodiments,

which are included within the scope and spirit of the disclosure as defined by the

appended claims. Furthermore, in the following detailed description of the present
embodiments of the disclosure, numerous specific details are set forth in order to provide

a thorough understanding. However, it will be clear to those of ordinary skill in the art that

the present embodiments of the disclosure may be practiced without such specific details.

[0025] FIG.
1 illustrates a wireless network for communicating data. The communication

system 100 includes, for example, user equipment 110A-110C, radio access networks

(RANs) 120A-120B, a core network 130, a public switched telephone network (PSTN)
140, the Internet 150, and other networks 160. Additional or alternative networks include

private and public data-packet networks including corporate intranets. While certain

numbers of these components or elements are shown in the figure, any number of these

components or elements may be included in the system 100.

[0026] In one embodiment, the wireless network may be a fifth generation (5G) network

including at least one 5G base station which employs orthogonal frequency-division

multiplexing (OFDM) and/or non-OFDM and a transmission time interval (TTI) shorter

than 1 ms (e.g. 100 or 200 microseconds), to communicate with the communication

devices. In general, a base station may also be used to refer any of the eNB and

the 5G BS (gNB). In addition, the network may further include a network server for

processing information received from the communication devices via the at least one eNB

or gNB.
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[0027] System 100 enables multiple wireless users to transmit and receive data and other

content. The system 100 may implement one or more channel access methods, such as

but not limited to code division multiple access (CDMA), time division multiple access

(TDMA), frequency division multiple access (FDMA), orthogonal FDMA (OFDMA), or

single-carrier FDMA (SC-FDMA).
[0028] The user equipment (UE) 110A-110C are configured to operate and/or

communicate in the system 100. For example, the user equipment 110A-110C are

configured to transmit and/or receive wireless signals or wired signals. Each user

equipment 110A-110C represents any suitable end user device and may include such

devices (or may be referred to) as a user equipment/device, wireless transmit/receive unit

(WTRU), mobile station, fixed or mobile subscriber unit, pager, cellular telephone,

personal digital assistant (PDA), smartphone, laptop, computer, touchpad, wireless

sensor, or consumer electronics device.

[0029] In the depicted embodiment, the RANs 120A-120B include one or more base

stations 170A, 17OB (collectively, base stations 170), respectively. Each of the base

stations 170 is configured to wirelessly interface with one or more of the UEs 110A, 110B,

110C to enable access to the core network 130, the PSTN 140, the Internet 150, and/or

the other networks 160. For example, the base stations (BSs) 170 may include one or

more of several well-known devices, such as a base transceiver station (BTS), Cca Node-B

(NodeB), an evolved NodeB (eNB), a next (fifth) generation (6G) NodeB (gNB), a Home

NodeB, a Home eNodeB, a site controller, an access point (AP), or a wireless router, or

a server, router, switch, or other processing entity with a wired or wireless network.

[0030] In one embodiment, the base station 170A forms part of the RAN 120A, which may
include other base stations, elements, and/or devices. Similarly, the base station 170B

forms part of the RAN 120B, which may include other base stations, elements, and/or

devices. Each of the base stations 170 operates to transmit and/or receive wireless

signals within a particular geographic region or area, sometimes referred to as a "cell." In
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some embodiments, multiple-input multiple-output (MIMO) technology may be employed

having multiple transceivers for each cell.

[0031] The base stations 170 communicate with one or more of the user equipment 110A-

110C over one or more air interfaces (not shown) using wireless communication links.

The air interfaces may utilize any suitable radio access technology.

[0032]It is contemplated that the system 100 may use multiple channel access

functionality, including for example schemes in which the base stations 170 and user

equipment 110A-110C are configured to implement the Long Term Evolution wireless

communication standard (LTE), LTE Advanced (LTE-A), and/or LTE Broadcast (LTE-B).
In other embodiments, the base stations 170 and user equipment 110A-110C are

configured to implement UMTS, HSPA, or HSPA+ standards and protocols. Of course,

other multiple access schemes and wireless protocols may be utilized.

[0033] The RANs 120A-120B are in communication with the core network 130 to provide

the user equipment 110A-110C with voice, data, application, Voice over Internet Protocol

(VoIP), or other services. As appreciated, the RANs 120A-120B and/or the core network

130 may be in direct or indirect communication with one or more other RANs (not shown).
The core network 130 may also serve as a gateway access for other networks (such as

PSTN 140, Internet 150, and other networks 160). In addition, some or all of the user

equipment 110A-110C may include functionality for communicating with different wireless

networks over different wireless links using different wireless technologies and/or

protocols.

[0034] The RANs 120A-120B may also include millimeter and/or microwave access points

(APs). The APs may be part of the base stations 170 or may be located remote from the

base stations 170. The APs may include, but are not limited to, a connection point (a
mmW CP) or a base station 170 capable of mmW communication (e.g., a mmW base

station). The mmW APs may transmit and receive signals in a frequency range, for

example, from 6 GHz to 100 GHz, but are not required to operate throughout this range.
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As used herein, the term base station is used to refer to a base station and/or a wireless

access point.

[0035] Although FIG. 1 illustrates one example of a communication system, various

changes may be made to FIG. 1. For example, the communication system 100 could

include any number of user equipment, base stations, networks, or other components in

any suitable configuration. It is also appreciated that the term user equipment may refer

to any type of wireless device communicating with a radio network node in a cellular or

mobile communication system. Non-limiting examples of user equipment are a target

device, device-to-device (D2D) user equipment, machine type user equipment or user

equipment capable of machine-to-machine (M2M) communication, PDA, iPAD, Tablet,
mobile terminals, smart phone, laptop embedded equipped (LEE), laptop mounted

equipment (LME) and USB dongles.

[0036] FIG..2 illustrates a base station with transmitting and receiving beams according
to an example embodiment. The base station 202 manages a cell 204 divided into one

or more sectors as its service coverage area and forms a multiple transmit/receive (Tx/Rx)
beams BM1 - BM? using beamforming schemes, such as digital beamforming (e.g.,
Transmit (Tx) pre-Inverse Fast Fourier Transform (pre-IFFT) beamforming/Receive (Rx)
post-Fast Fourier Transform (post-FFT) beamforming), analog beamforming (e.g., Tx

post-IFFT beamforming/Rx pre-FFT beamforming), or a combination thereof. The base

station 202 transmits the beam-formed signals by sweeping them simultaneously or

successively, for example, beginning with beam BM1 and ending with BM7

[0037] User equipment, such as user equipment 110A - 110C (FIG. 1), located within the

cell of the base station 202 may be configured to receive signals omni-directionally
without supporting Rx beamforming, receive signals while supporting Rx beamforming by

using one beamforming pattern each time, or receive signals while supporting Rx

beamforming by simultaneously using a plurality of beamforming patterns in different

directions.
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[0038] If the user equipment 110A - 110C does not support Rx beamforming, the user

equipment 110A - 110C measures the channel quality of a reference signal in each

transmission beam and reports the measurements to the base station 202. The station

202 selects the best beam for the user equipment 110A - 110C from among a plurality of

Tx beams. If the user equipment 110A - 110C is configured to support Rx beamforming,
the user equipment 110A - 110C measures the channel qualities of multiple Tx beams

received from the base station 202 for each reception beam pattern and reports total or

some high-ranked measurements of all Tx-Rx beam pairs to the base station 202. The

base station 202 may allocate an appropriate Tx beam to the user equipment 110A -

110C. If the user equipment 110A - 110C is capable of receiving a plurality of Tx beams

from the base station 202 or supporting a plurality of base station Tx-user equipment Rx

beam pairs, the base station 202 may select a beam, taking into account diversity
transmission through repeated transmission or simultaneous transmission.

[0039] FIG. 3 illustrates physical channels and transmitting signals on the physical
channels in accordance with FIG. 2. When user equipment 710A - (FRG. 1} is

powered on or eniers a new cell, such as cell 204 (FIG. 2), the user equipment performs

an intial cell search 3. The inital cell search 0 involves acquisition of synchronization
io a base station, such as gNB 31. Specifically, the user equiprnent synchronizes is
timing to the @NB and acquires a cell identther GD} and other information by receiving a

Primary Synchronization Channel (P-SCH) and @ Secondary Synchronization Channel

(S-SCH) from the gNB 1. Subsequently, ihe user equipment may acquire information

broadcast in the cell by receiving a Physical Broadcast Channel (FECH) from the gN&
02. During the inflal cell search, the user equipment may monitor a downlink (DL)

channel state by receiving a downlink refererice Signal (DL RS).

[0040] Afier ihe initial cell search, the user equipment 1104-110C may acquire detailed

system information at 304 by receiving a Physical Downlink Control Channel (PDCCH)

10
85524629US01 FTRW-01176US0

Samsung Exhibit 1012, Page 30 of 59



Draft Application
Privileged & Confidential

and receiving @ Physical Downlink Shared Channel (PDSCH) based on information

included in the PDCCH,

[0041] ff the user squiprnent 1 1104 - 11OC initially accesses the @NB 202 or has no radia

resources for signal transmission to the gNB 202, the user equipment 110A -- 11040 may

perform a random access procedure at 306 with the gNB 12. During the random access

procedure S06, the user equiprnent TIGA ~ 11OC may tansrmi a predetermined

sequence as a preamble on a PRACH and may receive a response message to the

preamble on a PDCCH and a PDSCH associated with ihe PDCCH.

[0042] Urnon compistion of tne above process, ihe user equipment 1104 - 110C may

receive a PDCGH and/or a PDS03 from the gNB 202 and transrnit a Physical Uplink

Shared Charing! (PUSCH} and/or a PUAC3 io the gNB 07, which is a general DL and

UL signal transmission procedure ai 308. Specifically, the user equipment 110A - 11OC

receives Downlink Control information (DCH on @ FECCH The DCE includes, for

example, corral information such @s resource allocation information for the user

equipment 110A~710C.

[0043] Contre! information that the user equipment 116 ~ T1OC transmis to the gNB 202

on the uplink (UL) channel or receives fram the gNE S02 on the DL channel includes a

DL/UL ACKnowiedamenl/Negative ACKnowledament (ACK/NACK) signal, a Channel

Quality Incicator (COP, a Precoding Matrix Index (PMI, a Rank indicator (RD, etc. The

conirol information, such as a CQ) a PM, an Ri, etc. may be transmitted on a PUSCH
andor a PUCCH.

[0044] FIGS. 4A and 4B illustrate examples of beam failure between a base station and

user equipment. As illustrated, base station 402 is in communication with user equipment

404, in which the base station 402 and user equipment 404 communicate via DL beam

pairs and UL beam pairs. In one embodiment, the DL beam pair fails (FIG. 4A). In

another embodiment, the DL/UL beam pair fails (FIG. 4B).
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[0045] Before establishing Cca communication or beam pair link with a base station 402,

user equipment 404 generally performs cell acquisition and synchronization. The cell

acquisition step typically involves receiving a synchronization signal from base station

402. In a high frequency wave band, beam-forming may be applied to synchronization

signals (otherwise, the distance at which the synchronization signal can be received is

much smaller than the distance at which the beam-formed data channels can be

received). If the synchronization signals are beam-formed, only user equipment 404

within the narrow angle covered by the beam are able to receive the synchronization

signal. Thus, the base station may "beam-sweep" to ensure the user equipment 404 has

a chance to receive the synchronization signal. Beam sweeping refers to rotating the

direction of the beam to cover all directions. Moreover, the user equipment 404 may need

to rotate the direction in which it searches for the synchronization signal in order for the

antennas (which may be phase-arrayed) of the base station 402 and user equipment 404

to be mutually aligned.

[0046] The cell acquisition and synchronization becomes even more complicated if the

user equipment 404 is moving, as the direction of arrival of the synchronization signal
beam keeps changing. Also, the user equipment 404 may try to locate multiple base

stations 402 to identify multiple cells suitable for service. Sweeping procedures to identify

a group of base stations can mean a substantial increase in the cell acquisition duration.

[0047]At higher frequencies (e.g., microwave and millimeter-wave spectrum), beam-

formed transmissions are an important feature to overcome higher path losses. Beam-

forming may be applied to user equipment specific DL and UL data transmissions, and

also to common channels such as synchronization and control channels on the DL and

random access channels on the UL.

[0048] Since the antenna arrangements (not shown) at the base station 402 and at the

user equipment 404 allow beam-forming, there can be a number of directions of

transmission and of reception at each of the base stations 402 and the user equipment
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404. There may be any number of directions for reception at the user equipment 404 and

any number of directions for transmission. For example, in the embodiments of FIG. 4A,
a single or unidirectional transmission and reception beam pair are illustrated, whereas

in FIG. 4B, multiple directions or omnidirectional transmission and reception beam pairs
are illustrated.

[0049] The system may then find the "best" beam pair(s) for transmission and reception

among a number of reception directions and a number of transmission directions such

that if a signal is received from the base station 402 from a particular receive direction, a

corresponding transmit direction to transmit to the base station 402 can be identified.

[0050] Beam pair transmission and reception (in the DL and UL beams) use multiple

access technologies--orthogonal frequency division multiple access (OFDMA) for the

DL, and singie-carrier frequency division muluple access (SC-FDMA) for the UL.

Dedicated data channels are nol used in in next generation systems, such as LTE and

5G. Instead shared transport channel resources are used in both the DL and the UL

communications between fhe base station 413 and the user equipment 404. These

snared transport channels DL-SCH and UL-SCH are respectively mapped to the physical
downlink shared channel (PDSCH) on the DL OFDM subframe and physical uplink shared

channe! (PUSCH) onthe UL SC-FDMA subirame.

[0051] The OFDM and the SC-FDMA subframes respectively include the physical
dowrlink control channel (PDCCH) and physical unlink control channel GFUCCH).
The PDOCCH is used to convey user equipment-speciic downlink contra! information

(OCH from the base station 402 to the user equvoment 404. Sirnlarly, the PQCCH is used

to carry uplink control information (UC) frorn the user equipment 404 to the base station

412, such as channel quality indication (CQH reporis, ACK/NACK responses and

scheduling requesis (SR).

[0052] At some point after establishing a communication or beam pair link, one of the

beam pairs may fail. For example, in the emibocirert of FIG. 4A, the DL beam has failed
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and the UL beam remains active (FS. 4A). In the embodiment of FIG. 4B, both the DL

and UL beams fail.

[0053] In order for the system to recover from such a beam failure, the user equipment

404 sends a beam failure recovery request (BFRR) to the base station 402. The UE may
use the following channel(s) for the BFRR: (1) a non-contention based channel based on

a physical random access channel (PRACH)-based for the response, which uses a

resource orthogonal to resources of other PRACH transmissions. We term this channel

BRACH, for beam failure random access channel; and (2) PUCCH.

[0054] In one embodiment, where only the DL beam has failed, the user equipment 404

may use the active PUCCH (originally allocated for UC) to report the hearn fallure and

request recovery from the base station 402, as explained further below. in another

embodiment, where the DL and UL beams have failed, the user equipment 404 may also

atiernpt fo use the PUCCH for BFRR, although since the UL bean has alsa failed, it is

unlikely that any transmission wil be successful. in ether case, the BFRR sent by the

user equipment 404 requires a response message (BFRR response) from the base

station 402 in order to recover from the beam failure.

[0055] In order for the base station 402 to send a BFRR response, the user equipment
404 has to determine when and which candidate beam(s) may be used by the base

station 402 to send a response. In order to make this determination, the user equipment
402 uses the spatial quasi co-located (SQCL) information between the base station 402

transmission (DL) and receive (UL) beams. Such that the UE will monitor the base station

DL beam(s) spatial QCLed with the base station UL receive beam for BFRR reception.

[0056] 4s noted above, the PUCCH can be used to report the beam failure recovery

request (BFRQ). Use of the PUCCH to report Cca BFRQ was agreed upon during the 3GPP
TSG RAN WG1 #89 meeting. However, while the PUCCH may be used by the user

equipment 404 to transmit the BFRQ, the user equipment 404 does not know which DL

beam may be used by the base station 402 to transmit a beam failure recovery response
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(BFRR) response. To make this determination, the user equipment 404 monitors

candidate DL bears (e.q., in the PDCCH region of a DL beam) to determine which of the

available candidate beamis) may be used by the base station 41 to send the 83F88

response, That is, the user equipment 414 moritors the PDCCH with the assumption
that ihe corresponding PDOCCH DMRS is 8Q@CLea with the RS of the identified candidate

beams} by the user equipment 404.

[0057] fo manitor the candidate beams, the user equioment 404 may (7) be provided with

the SOCL information between the active DL/UL bearn pairs directly fram the base station

402 or (2) uldize beam carrespondence information between the DL and UL beam pairs.

[0058] Beam correspondence refers to the reciprocity between UL and DL beams. If a

base station 402 or user equipment 404 is able to determine the Tx beam to use based

on the Rx beam, then it may be said to have beam correspondence. In a multi-beam

architecture for millimeter or microwave operation, for example beam correspondence

may not always be able to be assumed.

[0059] in case where beam correspondence information is not readily avaiable, the SQCL
information may be conveyed directly from the base stetian 4032 in beam configuration

signaling, such as Radio Resource Control (RRG}, Mediurn Access Control (MAC) -

Coritral Element (CE} or DL control information (DCB.

[0060] in the case where the beam correspondence is available, the user equipment 404

may determine the SQCL status for ihe active beam pairs. For example, when beam

correspondence information is avaiable in the base station 402, the user equipment Tx

bear is indicated by the base station 413 CSI-RS resource indicator, thereby enabling
the user equipment to determine the SOCLed DL beam pair and UL beam pair.

[0061] Although the examples above relate to PUCCH, itis appreciated that fino SQCLed
DL beam pair is available for ihe LIL beam pair thal was in use prior to beam failure, the

user equipment may employ BRACH a scheme.
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[0062] FiGS. SA and 583 fiustrate a flow diagram of selecting a channel and an example
ume of arrival of multiple beam falure recovery request. As described in 3GPP Ri-
1709309, the following agreements on beam recovery were reached:

e Bear failure detection

UE monitors beam falure detection RS to assess if a beam failure

trigger condition has been mat

i, Beam failure detection RS at ieasi includes periodic CSHRS for

beam management
1. SS-block within the serving cell can be considered, if SS-biock

is also used in beam management as well

e New candidate beam ideniification

UE rnonttors beam identification RS to find a new candidate beam

1. Bearn identification RS includes

a. Periodic CS-RS for bear management, fF # Is

comfigured oy NV
0. Periodic CS8RS and 5S-blocks within the serving cell,

if S3-block is also used in bearn management as weil

« earn failure recovery request transmission

information carried by beam falure recovery request includes at

least one followings

Explicifimplicit information about idenifying UE and new aNB
TX beam information

2. Exolicd/implict information about identifying UE and whether

or not new candidate beam exisis

i, Down-selection between the following options for beam failure

recovery request transmission

1. PRACH
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PUCCH
3. PRACH-lke (e.g., cifferent parameter for preambie sequence

from PRACH) (Termed BRLACH in this disclosure}
i}. Bear failure recovery request resource/signal may be aciditionally

used for scheduling request
¢ UE montors a control channel search space to receive GNB response for

beam failure recovery request

[0063] Accordingly, bath the BRACH and PUCCH channels may be usec in bearn failure

recovery, as noted above. However, for purposes of efficiency, the UE (or base station)

should determine which of the two channels to use when communicating the BFRO and

ihe BFRP. Two non-limiting scenarios are addressed: (1) if ihe UE has orevicusly used

a BRACH, bul a P13CO3 resource arrives before a BRACH-BFRP, (2) if the UE has

previously used a PUCCH channel, bul a BRACH resource arrives befare the PUCCH-
BFRP arrives. Under each of the scenarios, the UE should deterrnine which of tne two

channels fo use.

[0064] Tre PRACH is an uplink channel! used by the UE for connection request purposes,
and carries the RACH transport channel data. As noted above, BRACH is a PRACH-lke

(o.g., diferent parameter for preamble sequence from PRACH). The PUCCH is used to

carry uplink control information (UCh when the UE does not have any application data or

radio resource cortrol (RRC) signaling. The PUCCH conirols signaling channel

comprises HARQ ACK/NACK; CQI-channel quality indicators, MIMO feedback - RI (Rank

Indicator), PMI (Precoding Matrix Indicator, scheduling requests for uplink transmission,

and BPSK or QPSK used for PUCCH modulation. However, PUCCH is a less reliable

channel compared to BRACH (which is more reliable as a result of its random access

channel) as it remains subject to beam failure in the uplink direction. Accordingly, BRACH
should be used when possible, unless PUCCH can provide a faster resolution for beam

failure recovery, as discussed below.
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[0065] VVith reference to the figures, the UE determines whether to use the PUCCGH or

BRACH for sending a BFRQ. In one example, we assume for purposes of discussion

that a PUICCH-BFRO ooportuntly (PBO) arrives at time t), which is earlier than an

expected BRACH-BFRO opportunity (BBO) ai time t2, as llustratedin FIG. SB. When

the PUCCH-BFRQ is made by the UE ai ti, the UE monitors the channel for a PUICCH-

BFRP within @ response tine window of (17 + PVVO}.

[0066] Exampie 7: PLKCCH opportunity arrives earlier (Fits SA. Determined at 502 to use

PUCCH in S04)

[0067] if the VE expecis to receive a PEO response before the BBO att2, ihe UE performs

the PUCCH-BFRO at tt. Otherwise, the UE does not perform the PUCCH-BRRQ at 11,

even F tt is earlier than (2 (8BO) but t1+TVV0 Is later than t2 (Le, even Wf the response
arrives afier BRACH) (FIG. 5B).

[0068] Example 2: P3OCH opportunity arrive later (FG. SA: Determined at 502 io use

8RAC8 ai 506) (FIG. 5B).

[0069] !f the F8 arrives at tine {7 that is later than an expected BEO al time (2, the BBO

snouid be used. (FKG. &C)

[0070] Exarnpie 3: More than one BF RO per a single bearn failure report (BFR) event

[0071] #f more thari one BFRQ is transmiited far one BFR event, the two BFRGQs should

be associated such that the base station (6.q., gNB} can categorize more than one of the

BFRGs {to a same evert and send back 2 single response (BFRP).

[0072] Conventionally, more than one BFRQ for each BFR event is not permitted. For

example, conventionally the UE does not send both a PUCCH-BFROQ and a BRACH-
BFRQ for the same event. in the previously examples (exarnples 1 2), the UE

determined whether to send eliher a PUCCH-BFRQ or a BRACH-BFRQ for a single
event. However, under the circumstances wnere more than one BFR is sent by the UE

(Ge, both PQOCH and BRACH BFRQs are sent), the GNB should determine how to

hardle a response (SFRE) such that a single BFRP is sent back fo the UE from oNB per
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BFR event. In one embodiment, ihe GNB may implement an algorithm to determine if the

wwo BFROs (BRACH-BFOG and PUCCH-BFRQ) correspond to the same ever, such that

the QNB may provide @ single response to the event in another embodiment, the UE

may signal in the BFR that the PUCCH-BFRQ and the BRACH-BFR® relate to the same

event Exarnples follow.

[0073] Example PUCCH-BERQ sent followed by BRACH-BFRO

[0074] in this example, after a PUCCH-BFRG, but before a PUCCH-BFRP arrives, the

UE has a BBO and sends a second BRO using a BRACH-BFRQ, similar fo the diagrarn

In FiG. SB. (Uriike the diagrarn in FIG. SB in which only one of ihe BFRQs are seri, bath

BFGQs are sent in this example). Under these circumstances, the UE should notify the

ONE that the second BFRQ Un this example, ihe BRACH-BFRQ) shares the same BFR
event as the first RQ (in this example, the PUCCH-BFRG). Notifying the gNB in this

manner prevents the gNB from misinierpreting the two BFRQs as being separate events

for ine same UE.

[0075] in one embodiment, the UE may notify the ONE by marking the second BFR avent

as being second ini time or order such the gNB recognizes thai the second BFRQ (in this

example, BRACH-BFRO) is not a first atternpt.

[0076] in another embodimeni, the UE may notify the gNB by placing a pointer to the first

8FR Gin this exarnple, PUCCH-BFRG) in the second BFROQ (BRACH-BFROQ}, which

indicates thai ihe PUCCH-BFRQ and the BRACH-BFQG correspond to the same BFR
event.

[0077]in sili ancther embodiment, the UE may notify the gNB my placing a BFR event

iD in both the first and second BFOQs (PUCCH-BFRO and BRACH-BFRQ), such that all

BFRGs with the same BFR event ID correspond to the same BFR evert.

[0078]when the gNB responds io the UE muliole BFRQs with a BFRP, ihe gNB may
send a response for each BF7PQ3 (since the gN& has received multiple requests, one on

gach channeti. For example, ihe gNB may send a PUCCH-BFRP in response to ihe
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PUCCH-BFRG and send a BRACH-BFRP in response to the BRACH-BFROQ. Similar to

the UE noiffying the gNE of the same BFR event, ihe gNE may associate the two BFRPs
(PUCCH-BFRP and BRACH-BFRP) such that the UE can understand that the lwo BFRPs

correspond fo the same event.

[0079] in one embodiment, the gNB may mark the second BFRP as second in une or

order.

[0080] in anciher embodiment, the gNB may clace a pointer to the first BFRP in the

second BFRP.

[0081] in stil ancther embodiment, the gGNB may place a BFR event ID in both BFREs
such that the Ur undersiands that the two BFRPs correspond to the same event,

[0082] i is appreciaied ihal in the examples above, the UE may firsi send a BRACH-

BFRG, followed by a PUCCH-BFRQ.

[0083] in stilf another embodiment, the QNB may be set to respond to 23 single BFRE using
an aigorihm. For example, ine gNB may (1) always send the BRACH-BFRP (2) always
send out the PUCCH-BFRP, (3) always send out ihe BFRP that arrives first, or (4) send

outa BFRP al the location of another BFRP.

[0084] FiG. & Hustrates an example of a singie BFRP fortwo BFRQs. As illustrated, the

UE sercds (2) ca PUCCH-BFRQ at time ti and (b) a BRACH-BFRO altime tz. At time 13,

the UE waits for ic) cwa PUCCH-BFRP, and at time f4 the UE waits for (d} éa BRACH-BFRP.

[0085] Referring to the gN&B algorithm above, in which 4 of 4 methods are implemented,

the GNB may respond io the UE requesis as fallows:

® imresponse to the UE sending the PFUCCH-BFRQ ai time it, the gNB sends out a

BRACH-BFRP al time 4.

® imresponse to the UE sending a BRACH-BFQ@ at time t2, the GNB sends cut a

PUGCH-BFRP at time {2.

® imresponse to the UE waiting for a PUCCH-BFRP at time t3, the gNB sends out a

PUGCH-BFRP at time {S.
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e inresponse to the UE waiting fora BRACH-BFRP al time {4, the gNB serids out 2

BRACH-BFRP at time 33.

[0086] FIG. 8A illustrates example user equipment that may implement the methods and

teachings according to this disclosure. As shown in the figure, the UE 700 includes at

least one processor 704. The processor 704 implements various processing operations
of the UE 700. For example, the processor 704 may perform signal coding, data

processing, power control, input/output processing, or any other functionality enabling the

UE 700 to operate in the system 100 (FIG. 1). The processor 704 may include any
suitable processing or computing device configured to perform one or more operations.
For example, the processor 704 may include a microprocessor, microcontroller, digital

signal processor, field programmable gate array, or application specific integrated circuit.

[0087] 1The UE 700 also includes at least one transceiver 702. The transceiver 702 is

configured to modulate data or other content for transmission by at least one antenna

710. The transceiver 702 is also configured to demodulate data or other content received

by the at least one antenna 710. Each transceiver 102 may include any suitable structure

for generating signals for wireless transmission and/or processing signals received

wirelessly. Each antenna 710 includes any suitable structure for transmitting and/or

receiving wireless signals. It is appreciated that one or multiple transceivers 102 could be

used in the UE 700, and one or multiple antennas 710 could be used in the UE 700.

Although shown as a single functional unit, a transceiver 702 may also be implemented

using at least one transmitter and at least one separate receiver.

[0088] The UE 700 further includes one or more input/output devices 708. The

input/output devices 108 facilitate interaction with a user. Each input/output device 708

includes any suitable structure for providing information to or receiving information from

a user, such as a speaker, microphone, keypad, keyboard, display, or touch screen.

[0089] In addition, the UE 700 includes at least one memory 706. The memory 706 stores

instructions and data used, generated, or collected by the UE 100. For example, the
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memory 706 could store software or firmware instructions executed by the processor(s)
704 and data used to reduce or eliminate interference in incoming signals. Each memory
706 includes any suitable volatile and/or non-volatile storage and retrieval device(s). Any
suitable type of memory may be used, such as random access memory (RAM), read only

memory (ROM), hard disk, optical disc, subscriber identity module (SIM) card, memory

stick, secure digital (SD) memory card, and the like.

[0090] FIG. 8B illustrates example base station that may implement the methods and

teachings according to this disclosure. As shown in the figure, the base station 750

includes at least one processor 158, at least one transmitter 752, at least one receiver

754, one or more antennas 760, and at least one memory 756. The processor 158

implements various processing operations of the base station 750, such as signal coding,
data processing, power control, input/output processing, or any other functionality. Each

processor 758 includes any suitable processing or computing device configured to

perform one or more operations. Each processor 758 could, for example, include a

microprocessor, microcontroller, digital signal processor, field programmable gate array,

or application specific integrated circuit.

[0091]Each transmitter 752 includes any suitable structure for generating signals for

wireless transmission to one or more UEs or other devices. Each receiver 754 includes

any suitable structure for processing signals received wirelessly from one or more UEs or

other devices. Although shown as separate components, at least one transmitter 752 and

at least one receiver 754 could be combined into a transceiver. Each antenna 160

includes any suitable structure for transmitting and/or receiving wireless signals. While a

common antenna 760 is shown here as being coupled to both the transmitter 752 and the

receiver 154, one or more antennas 160 could be coupled to the transmitter(s) 752, and

one or more separate antennas 760 could be coupled to the receiver(s) 754. Each

memory 756 includes any suitable volatile and/or non-volatile storage and retrieval

device(s).
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[0092] FIG. 9 is a block diagram of a network device that can be used to implement

various embodiments. Specific network devices may utilize all of the components shown,

or only a subset of the components, and levels of integration may vary from device to

device. Furthermore, the network device 800 may contain multiple instances of a

component, such as multiple processing units, processors, memories, transmitters,

receivers, etc. The network device 800 may comprise a processing unit 801 equipped
with one or more input/output devices, such as network interfaces, storage interfaces,

and the like. The processing unit 801 may include a central processing unit (CPU) 810, a

memory 820, a mass storage device 830, and an I/O interface 860 connected to a bus

870. The bus 870 may be one or more of any type of several bus architectures including

a memory bus or memory controller, a peripheral bus or the like.

[0093] The CPU 810 may comprise any type of electronic data processor. The memory
820 may comprise any type of system memory such as static random access memory

(SRAM), dynamic random access memory (DRAM), synchronous DRAM (SDRAM), read-

only memory (ROM), a combination thereof, or the like. In an embodiment, the memory

820 may include ROM for use at boot-up, and DRAM for program and data storage for

use while executing programs. In embodiments, the memory 820 is non-transitory. In

one embodiment, the memory 820 includes a detecting module 821A detecting a beam

failure event between the user equipment and a base station, a sending module 821B

sending a first beam failure recovery request (BFRQ) to the base station upon detection

of the beam failure, wherein the first BFRQ is sent using one of a physical uplink channel

(PUCCH) and a beam failure random access channel (BRACH), an indicating module

821C indicating to the base station that the first and second BFRQs correspond to the

same beam failure event, a transmitting module 821D transmitting a beam, and a

receiving module 821 E receiving a beam.

[0094] The mass storage device 830 may comprise any type of storage device configured
to store data, programs, and other information and to make the data, programs, and other
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information accessible via the bus 870. The mass storage device 830 may comprise, for

example, one or more of a solid state drive, hard disk drive, a magnetic disk drive, an

optical disk drive, or the like.

[0095] The processing unit 801 also includes one or more network interfaces 850, which

may comprise wired links, such as an Ethernet cable or the like, and/or wireless links to

access nodes or one or more networks 880. The network interface 850 allows the

processing unit 801 to communicate with remote units via the networks 680. For example,
the network interface 850 may provide wireless communication via one or more

transmitters/transmit antennas and one or more receivers/receive antennas. In an

embodiment, the processing unit 801 is coupled to a local-area network or a wide-area

network for data processing and communications with remote devices, such as other

processing units, the Internet, remote storage facilities, or the like.

[0096] It is understood that the present subject matter may be embodied in many different

forms and should not be construed as being limited to the embodiments set forth herein.

Rather, these embodiments are provided so that this subject matter will be thorough and

complete and will fully convey the disclosure to those skilled in the art. Indeed, the subject
matter is intended to cover alternatives, modifications and equivalents of these

embodiments, which are included within the scope and spirit of the subject matter as

defined by the appended claims. Furthermore, in the following detailed description of the

present subject matter, numerous specific details are set forth in order to provide a

thorough understanding of the present subject matter. However, it will be clear to those

of ordinary skill in the art that the present subject matter may be practiced without such

specific details.

[0097]Aspects of the present disclosure are described herein with reference to flowchart

illustrations and/or block diagrams of methods, apparatuses (systems) and computer

program products according to embodiments of the disclosure. It will be understood that

each block of the flowchart illustrations and/or block diagrams, and combinations of
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blocks in the flowchart illustrations and/or block diagrams, can be implemented by

computer program instructions. These computer program instructions may be provided

to a processor of a general purpose computer, special purpose computer, or other

programmable data processing apparatus to produce a machine, such that the

instructions, which execute via the processor of the computer or other programmable
instruction execution apparatus, create Cca mechanism for implementing the functions/acts

specified in the flowchart and/or block diagram block or blocks.

[0098] The computer-readable non-transitory media includes all types of computer
readable media, including magnetic storage media, optical storage media, and solid state

storage media and specifically excludes signals. It should be understood that the

software can be installed in and sold with the device. Alternatively the software can be

obtained and loaded into the device, including obtaining the software via a disc medium

or from any manner of network or distribution system, including, for example, from a

server owned by the software creator or from a server not owned but used by the software

creator. The software can be stored on a server for distribution over the Internet, for

example.

[0099] The terminology used herein is for the purpose of describing particular aspects

only and is not intended to be limiting of the disclosure. As used herein, the singular forms

an" and "the" are intended to include the plural forms as well, unless the context

clearly indicates otherwise. It will be further understood that the terms "comprises" and/or

"comprising," when used in this specification, specify the presence of stated features,

integers, steps, operations, elements, and/or components, but do not preclude the

presence or addition of one or more other features, integers, steps, operations, elements,

components, and/or groups thereof.

[00100] The description of the present disclosure has been presented for purposes
of illustration and description, but is not intended to be exhaustive or limited to the

disclosure in the form disclosed. Many modifications and variations will be apparent to
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those of ordinary skill in the art without departing from the scope and spirit of the

disclosure. The aspects of the disclosure herein were chosen and described in order to

best explain the principles of the disclosure and the practical application, and to enable

others of ordinary skill in the art to understand the disclosure with various modifications

as are suited to the particular use contemplated.

[00101] For purposes of this document, each process associated with the disclosed

technology may be performed continuously and by one or more computing devices. Each

step in a process may be performed by the same or different computing devices as those

used in other steps, and each step need not necessarily be performed by a single

computing device.

[00102] Although the subject matter has been described in language specific to

structural features and/or methodological acts, it is to be understood that the subject
matter defined in the appended claims is not necessarily limited to the specific features

or acts described above. Rather, the specific features and acts described above are

disclosed as example forms of implementing the claims.
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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 371 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 timeonor 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 lapsed6 6

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).

SelectuUSA

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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Doc Code: PA..
Document Description: Power of Attorney

PTO/AIA/82A (07-13)
Approved for use through 11/30/2014. OMB 0651-0051

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.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number 62/543,765
Filing Date 8/10/2017

XIAFirst Named Inventor

Title BEAM FAILURE RECOVERY REQUEST

Art Unit TBA
Examiner Name TBA
Attorney Docket Number FTRW-01176US00

SIGNATURE of Applicant or Patent Practitioner
Signature /Kevin R. Spivak/ Date (Optional) 09-1 1 -2?01 7
Name Kevin R. Spivak Registration 43148

Number

Title (if Applicant is a

juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

*Total of forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. 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 3 minutes 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. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

ifyou need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Doc Code: PA.. PTO/AIA/82B (07-13)
Document Description: Power of Attorney Approved for use through 11/30/2014. OMB 0651-0051

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

POWER OF ATTORNEY BY APPLICANT

hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or
the boxes below.

Application Number Filing Date

(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A. )

i hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in

the attached transmittal letter (form PTO/AIA/82A) or identified above:
136309

OR

| hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.)

Please recognize or change the correspondence address for the application identified in the attached transmittal
letter or the boxes above to:

The address associated with the above-mentioned Customer Number

OR
The address associated with Customer Number:

OR i
Firm or
Individual Name -

Address

City State Zip

Country
Telephone Email

1am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box):

Futurewei Technologies, Inc.
inventor or Joint Inventor (title not required below)

Legal Representative of cra Deceased or Legally Incapacitated Inventor (title not required below)

Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signers title if applicant is a juristic entity)_ Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the

application or is concurrently being filed with this document) (provide signers title if applicant is a juristic entity)
SIGNATURE of Applicant for Patent

The undersigned (Ww, title is below) is aypnorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity).

Signature Date (Optional) Nov. 30. 2015

Name Paul C. Hashim

Title Chief IP Counsel
NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements
and certifications. If more than one applicant, use multiple forms.

[rota of forms are submitted.
This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. 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 3 minutes 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. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Electronic Acknowledgement Receipt

EFS ID: 30320883

62543765Application Number:

International Application Number:

Confirmation Number: 5658

Title of Invention: BEAM FAILURE RECOVERY REQUEST

First Named Inventor/Applicant Name Pengfei Xia

Customer Number: 136309

Filer: Kevin Richard Spivak/Evelyn Gomez

Filer Authorized By: Kevin Richard Spivak

Attorney Docket Number: FTRW-01176USO

Receipt Date: 11-SEP-2017

Filing Date: 10-AUG-2017

12:37:08Time Stamp:

Application Type: Provisional

Payment information:
Submitted with Payment no

File Listing:
Document File Name File Size(Bytes)/ Multi Pages
Number Document Description Message Digest Part /.zip (if appl.)

219917

noPower of Attorney 1176-poa.pdf
9612533dfa7637b51 d84b9dfc4cf5c794802

616e

Warnings:

1 1
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Information:

146835

2 Power of Attorney POA-general-FTRW.PDF no 1

1fSbfb21af4d 690071 cf68c0fb1a479a8fd1
021

Warnings:
Information:

Total Files Size (in bytes); 366752

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.
National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 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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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov

APPLICATION NUMBER FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLEFILING OR 371(C) DATE

62/543,765 08/10/2017 Pengfei Xia FTRW-01176US0
CONFIRMATION NO. 5658

136309 POA ACCEPTANCE LETTER
Vierra Magen Marcus/Futurewei
575 Market Street
Suite 3750
San Francisco, CA 94105

1 oocooce 019 93

Date Mailed: 09/13/2017

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 09/11/2017.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the

requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/agizaw/
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