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BETERMINING BEAM FATLURE BASED ON A DYNAMIC RANGE OF
TRANSMISSION POWER RATIOS

BACKGROUND

{0001} The following relates generally to wireless communication, and more specifically

to determining beam failurc based on a dynamic range of transmission power ratios.

[6002] Wireless communications systems are widely deploved to provide varicus types of
communication content such as voice, video, packet data, messaging, broadcast, and so on.
These systems may be capable of supporting commumication with multiple users by sharing
the available system resources {e.g., time, frequency, and power). Examples of such multiple-
access systems include fourth generation (4G} systems such as a Long Term Evohution (LTE)
systems or LTE-Advanced (L'TE-A) systems, and fifth generation (5G) systems which may
be referred to as New Radio (NR) systems. These systems may employ technologies such as
code division multiple access {CBMA), time division multiple access (TBMA), frequency
division multiple access (FDMA), orthogonal frequency division mauliiple access (OFDMA),
or discrete Fourier transform-spread-OFDM (DFT-S-0FDM). A wireless multiple-access
communications system may include a number of base stations or network access nodes, cach
simultancously supporting commaunication for multiple comumunication devices, which may

be otherwise known as user equipment (UE).

{6003] Some wireless communications systems {e.g., NR systems) may operate in
frequency ranges that are associated with beamformed transmissions between wirckess
devices. For example, transmissions in nullimeter wave (immW) freguency ranges may be
associated with tncreased signal attenuation {e.g., path loss) as compared to transmissions in
non-moW frequency ranges. As a result, signal processing techniques such as beamforming
may be used to combine energy coherently and overcome the path losses in these systems. In
some cases, one or more active beams between two wireless devices may become misaligned,
a beam may becomge associated with poor channel conditions, etc., which may adversely
affect comnrunications. mproved technigues for beam failure detection may be thus be

desired.
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SUMMARY

[6004] The described technigues relate to improved methods, svstems, devices, or
apparatuses that support beam failure determimation based on a dynamic range of
transmission power ratios. Generally, the described techmiqaes provide for beam failure
determunation based on a dynamic range of transmission power ratios between two reforence
signals {e.g., a dynamic range of transmission power ratios a base station may use o transmit
a channe] state mformation reference signal (CSI-RS) and a demodulation reference signal
{DMRS) of a physical downlink control channel {(PDCCH)). A user equipment (UE) may
identify the dvnamic range of transmission power ratios that may be used by the base station
via indications of transmission power ratio mformation sent from the base station. Such
mdications may inclade information sach as a maximum usable transmission power ratio, a
minimum vsable transmission power ratio, information relating to one or more offscts from
some average or predetermined transmission power ratio, etc. The wireless device may use
the identificd dynamic range of transmission power ratios, along with a CSI-RS
measurement, to determing a range of hypothetical PDCCH block error rates (BLERs).
Values within the range of hypothetical PDCCH BLERs {¢.g., an upper hvpothetical PDCCH
BLER and/or a lower hypothetical PDCCH BLER) may be compared to a threshold m order

to determing a beam fatlure status (e.g., a beam fatlure).

HEEEY A method of wireless communication 1s described. The method may include
wentifying a dynamic range of a transmission power ratio between a first reference signal and
a second reference signal of a downlink control channel received from a base station,
determining a beam failure status based at least in part on the dyvnamic range of the
transmission power ratio, and communicating with the base station in accordance with the

beam failure status.

10006} An apparatus for wireless commumication 1s described. The apparatus may mclude
means for identifying a dyvnamic range of a transmission power ratio between a first reference
signal and a second reference signal of a downlink control channel received trom a base
station, means for determuning a beam failure status based at least in part on the dynamic
range of the transmission power ratio, and means for comnuumnicating with the base station in

accordance with the beam failure status.

{8607} Ancther apparatus for wireless communication is desceribed. The apparatus may

imchide a processor, memory i electronic comprunication with the processor, and
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mstructions stored n the memory. The nstructions may be operable (o cause the processor (o
identify a dynamic range of a transmission power ratio between a first reference signal and a
second reference signal of a downlink control channel received from a base station, determine
a beam failure status based at least in part on the dyvnamic range of the transmission power

ratio, and communicate with the base station in accordance with the beam failure statas.

{8008] A non-transitory computer-readable medium for wireless communication is
described. The non-transitory computer-readable mednmm may mcelade instractions operable
o cause a processor to identify a dynamic range of a transmission power ratio between a first
reference signal and a second reference signal of a downlink control channel received from a
base station, determine a beam failure status based at least 1o part on the dynamic range of the
transmission power ratio, and communicate with the base station in accordance with the beam

failure status.

HEEDH In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the first reference signal may be a USRS and the second reference

signal may be a DMRS ofa PDCCH.

[6610] In some examples of the method, apparatus, and non-transitory computer-readable
medium deseribed above, identifving the dynamic range of the transmission power ratio
comprises receiving an indication of the dynanuc range of the transmission power ratio from

the base station.

6011} In some examples of the method, apparatus, and non-transitory computer-readable
medium descnbed above, the indication includes a maximum value associated with the
dvnamic range of the transmission power ratio and a minimum value associated with the

dynamuc range of the transmission power ratio.

{6612} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the indication includes a maximum positive offset associated with
the dynamic range of the transmission power ratio and 8 maximum negative offset associated
with the dynamic range of the transmission power ratio.

{661 3] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the indication includes an offset value that represents both a

maximum positive offset associated with the dynamic range of the transmission power ratio
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and a maximum negative offset associated with the dynamic range of the transmission power

ratio.

014} Some examples of the method, apparatus, and non-fransitory computier-readable
medium described above may further include processes, features, means, or mstructions for
determining the dynamic range of the transmission power ratio based at least i parton a
maximum posttive offset, a maxinmm negative offset, and an average transmission power

ratio.

[6015] In some examples of the method, apparatus, and non-transitorv computer-readable
medium described above, the indication may be received via at least one of radio resource
control (RRC), a media access control (MAC) control element (CE}. or downlink controd

mformation {DCI).

8014} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, identifving the dynamic range of the transmission power rafio
comprises receiving an indication of a contiguration of the CSI-RS. Some examples of the
method, apparatus, and non-transitory computer-readable medium described above may
further include processes, features, means, or mstructions for determining the dynamic range
of the transmission power ratio based at least in part on the indication of the configuration of
the CSI-RS. In some cases, the contiguration includes at least one of guasi-co-location (QCL)
mformation, a measurement link configuration related to the CSI-RS, and a CSI report setting

associated with the CSI-RS.

{6017} In some examples of the method, apparatus, and non-transitory computer-readable
mediom described above, identifving the dynamic range of the transmission power 1atio
further compnises identifving a maximum value associated with the dyvnamie range of the
transpussion power ratio and a minimum value associated with the dynamic range of the

transmigsion power ratic based at least in part on the configuration of the CSI-RS.

[018] In some examples of the method, apparatus, and non-transitory computer-readable
mediom described above, identifving the dynamic range of the transmission power 1atio
further comprises identifving an offset associated with the dynamic range based at least in

part on the configuration of the CSI-RS.

{6619} In some examples of the method, apparatus, and non-transitory computer-readable

medium described above, identifving the dynamic range of the transmission power ratio
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further compnises wdentifying a maximum positive offset and a maximum negative offset

associated with the dynamic range based at least in part on the configuration of the CSI-RS.

6020} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, wdentifving the dynamic range of the transmission power ratio

further comprises Wlentifying a maximum CSI-RS to BMRS power ratio and a minimuom

18621} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, wdentifving the dynamic range of the transmission power ratio
comprises receiving an ndication of a power ratio between the CSI-RS and a physical
downlink shared channel (PDSCH) received from the base station. Some examples of the
method, apparatus, and non-transitory computer-readable medium described above may
further include processes, features, means, or nstructions for determuning the dyvnanuc range
of the transmission power ratio based at feast 1n part on the power ratio between the CSE-RS

and the PDSCH.

[8022] Some examples of the method, apparatos, and non-transitory computer-readable
mediom described above may further include processes, features, means, or instructions for
deternuning a beam failure may have occurred based at least in part on the determined beam
fatlure status. Some examples of the method, apparatus, and non-transitory compuier-
readable medium described above may further include processes, features, means, or

mstructions for transmitting a beam failure report to the base station.

[6023] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the dynamic range of the transmission power ratio may be

identified per CSI-RS resource, per CSI-RS resource set, or per CSI-RS resource setting.

{0624} Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
determining an upper hypothetical PDCCH BLER and a lower hypothetical PDCCH BLER
based at least in part on the dynamic range. Some examples of the method, apparatus, and
non-transtiory computer-readable medium deseribed above may further include processes,
features, means, or mstructions for deternuning the beam fatlure status based at least m part

on the upper hypothetical PDCCH BLER, the lower hypothetical PDCCH BLER, or both.
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{86625} Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
performing a CSI-RS measurement. Some examples of the method, apparatus, and non-
transitory compuier-readable medium described above may further include processes,
features, means, or instructions for determining the beam failure status based at least in part
on the upper hypothetical PDCCH BLER, the lower hypothetical PDCCH BLER, the CSI-RS

measurcment, or some combination thercof,

{8626} A method of wireless communication is described. The method may include
identifving a dynamic range of a transmission power ratio between a first reference signal and
a second reference signal of a downlink control channel to a UE, transmitting a signal 1o a UE
that facilitates identification of the dvnamic range of the transmission power ratio by the UE,
receiving a beam failure status report based at least in part on the dynamic range of the
transmission power ratio, and communicating with the UE i accordance with the beam

failure status report,

[6027] An apparatus for wireless communication 15 described. The apparatus may inchude
means for identifving a dynamic range of a transmission power ratio between a first reference
sigial and a second reference signal of a downlink control channel to a UE, means for
transmitfing a signal to a UE that facilitates identification of the dynamic range of the
transmission power ratio by the UE, means for receiving a beam failure status report based at
least in part on the dynamic range of the transmission power ratio, and means for

communicating with the UE in accordance with the beam failure status report.

6028} Another apparatus for wireless communication is described. The apparatus may
mclude a processor, memory in electronic communication with the processor, and
mstructions stored in the memory. The instructions may be operable to cause the processor to
identify a dvnamic range of a transmission power ratio between a first reference signal and a
second reference signal of a downlink control channel to a UE. transmit a signal to a UE that
facilitates identification of the dynamic range of the transmission power ratio by the UE,
receive a beam failure status report based at least in part on the dyvoamic range of the
transmission power ratio, and communicate with the UE in accordance with the beam failore

status repoit.

{86029} A non-transitory computer-readable medium for wireless commuanication is

described. The non-transitory computer-readable medium may include instractions operable
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to cause a processor to identify a dynamic range of a transmission power ratio between a first
reference signal and a second reference signal of a downlink control channel to a UE,
transmit a signal to a UE that facilitates identification of the dynamic range of the
transmission power ratio by the UE, receive a beam faihure status report based at least m part
on the dynamic range of the transmission power ratio, and communicate with the UE in

accordance with the beam failure status report.

8634} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the first reference signal may be a C51-RS and the second reference

signal may be a DMRS ofa PDCCH.

[6031] In some examples of the method, apparatus, and non-transitory computer-readable
medium descrbed above, the signal includes an indication of the dyoamic range of the

fransnussion power ratio.

[06032] In some examples of the method, apparatus, and non-transitorv computer-readable
medium descrnibed above, the indication includes a maximum value associated with the
dynamic range of the transmission power ratio and a minimum value associated with the

dynamic range of the transmission power ratio.

[8633] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the indication includes a maximum positive offset associated with
the dynamic range of the fransmission power ratio and a maximum negative offset associated

with the dynamic range of the transmission power ratio.

{6034} in some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the indication mcludes an offset value that represents both a
maximum positive offset associated with the dynamic range of the transmission power ratio
and a maximum negative offset associated with the dynamic range of the transmission power

ratio,

[6035] In some examples of the method, apparatus, and non-transitory computer-readable
medium descrbed above, the dynamic range of the transmission power ratio may be
determined based at least in part on a maximum positive oftset, a maximum negative offset,

and an average (ransmission power ratio.
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{8636} In some examples of the method, apparatus, and non-transitory computer-readable

medium described above, the indication may be transmitted via at least one of RR{, a MAC
CE, or BCL

{6037} Some examples of the method, apparatos, and non-transitory computer-readable
mediom described above may further include processes, features, means, or instructions for
transmitting an indication of a configuration of the CSI-RS, wherem the configuration
mdicates the dynamic range of the transmission power ratic. In some cases, the configuration
meludes at keast one of QCL information, a measurement link configuration related to the

CSI-KS, and a CSI report setting associated with the CSI-RS,

{3038} In some examples of the method, apparatus, and non-transitory computer-readable
medium descrbed above, the indication of the configuration indicates at least one of an offset
associated with the dynamic range, a maximum positive offset associated with the dynamic

range, a maximum negative offset associated with the dvnamic range, a maximum CSERS to

DMRS power ratio, and a minimum CSI-RS to BMRS power ratio.

6039} Some examples of the method, apparatos, and non-transitory computer-readable
mediom described above may further include processes, features, means, or instructions for
transmitting an indication of a power ratio between the CSI-RS and a PDSCH received from
the base station, wherein the dynamic range of the transmussion power ratio may be based at

least in part on the power ratio between the CSI-RS and the PDSCH.

(3040} Some examples of the method, apparatus, and non-fransitory computer-readable
mediam described above may further include processes, features, means, or instructions for
identifving that the beam failure report may be based on an upper hvpothetical PDCCH
BLER, a lower hypothetical PBCCH BLER, or both, wherein the upper hypothetical PDCCH
BLER and the lower hypothetical PDCCH BLER may be derived from the dvnamic range of
the transmission power ratio. Some examples of the method, apparatus, and non-transitory
computer-readable medium described above may further inchude processes, features, means,
ot instructions for determining a beam failure may have occurred based at least in part on the

received beam fatlure report.

[004F]  Insome examples of the method, apparatus, and non-transitory computer-readable
medium described above, the dynamic range of the transmission power ratic may be

identified per CSI-RS resource. per USI-RS resource set, or per CSE-RS resource setting.
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BRIEF DESCRIPTION OF THE DRAWINGS

{0042} FIG. 1 illustrates an exanaple of a system for wireless communication that
supports determining beam fallure based on a dynamic range of transmission power rafios in

accordance with aspects of the present disclosure.

{6643} FIG. 2 tllustrates an example of a wireless communications sysiem that supports
determining beam failure based on a dynamic range of transmission power ratios in

accordance with aspects of the present disclosure.

[044] FIG. 3 illustrates an example of a process flow that supports determining beam
failure based on a dynamic range of transmission power ratios in accordance with aspects of

the present disclosure.

{0045] FIG. 4 dlustrates an example of a flow diagram that supports determining beam
failure based on a dynamic range of transmission power ratios in accordance with aspects of

the present disclosure.

{0046] FIGs. 5 through 7 show block diagrams of a device that supports determining
beam failure based on a dvnamic range of transmission power ratios in accordance with

aspects of the present disclosure.

047 FIG. 8 llustrates a block diagram of a system including a UE that supports
determining beam fatlure based on a dynamic range of transmission power ratios in

accordance with aspects of the present disclosure.

{6048} FIGs. 9 through 11 show block diagrams of a device that supports determining
beam failure based on a dynamic range of transmission power ratios in aceordance with

aspects of the present disclosure.

[6049] FIG. 12 iHustrates a block diagram of a system including a base station that
supports deternuning beam failure based on a dvnamic range of transmission power ratios in

accordance with aspects of the present disclosure.
{6050 FIGs. 13 through 16 illustrate methods for determining bean: fatlure based ona
dynamic range of fransmission power ratios in accordance with aspects of the present

disclosure.
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DETAILED DESCRIPTION

{0051 Some wireless communication systems may operate in frequency ranges that
support beamformed transmissions between wireless devices. For example, communications
n mithmeter wave {(mmW) frequency bands may expentence increased signal attenuation
{e.g.. path loss). As a result, signal processing techniques such as beamforming may be used
to combine energy coherently and overcome the path losses in these systems. In such
systems, wireless devices, such as a user equipment (UEs) and base stations, may be able to
communicate over one or more active beams, which may correspond to a transmit beam used
at the transmitting device and a receive beam at a recetving device {¢.g., a beam pair). In
some cases, the active beam pair{s) may become misaligned (¢.g., due to beam switch tfallure
or signal blockage}, a beam may become associated with poor channel conditions, ete., such
that the UE and base station may not be able to communicate over the obstructed beam or

active beam pair.

{6652} A UE may accordingly determine a beam faihure (¢.g., by monitoring reference
signals} on the active beams used to communicate with the base station. For example, a UE
may perform a measurement of the channel (¢ g, associated with a beam or active beam pair)
via a channel state mformation reference signal {(USI-RS} trangmitted by the base station. The
UE may use the CSI-RS measurement, along with a transmission power ratio hetween the
CSI-RS and a demodulation reference signal (DMRS) of the physical downlink control
channel (PBCCH), to determine a hypothetical PDUCH block error rate (BLER). The
hypothetical PDCCH BLER may then be compared to some predetermined threshold {eg., a
beam failure tnigger threshold) in order to determine a beam fatlure status (¢.g., to determuine

whether the beam 1s suitable, or determine a beam failure).

[6053] In some cases, the transmission power ratio {e.g., P._PDCCH_DMRE) between the
CS1-RS and the PDCCH may be preconfigured {e.g., according to some average transmission
power ratio used or to be used by the base station). However, in actual implementation, the
actual power ratio used by the base station for transmission of the CSI-RS and the PDCCH
may be within some dynamic range {e.gz., + dB). As such, according to techniques described
herein, the UE may be made aware of the dynamic range of the transmission power ratio used
by the base station in order to determine a hypothetical PDCCH BLER or a range of
hvpothetical PDCCH BLERSs. The UE may thus use values within the determined range of
hypothetical PDCCH BLERs {¢.g., hypothetical maxiomum PDCCH BLER and/ora
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hypothetical minimum PDCCH BLER), along with a beam failure trigger threshold of some
predetermuned value, to determine beam failure status. As such, wireless communications
systems may have increased flexibility in beam fatlure reporting requirements {¢.g., by
determining beam failure based on a range of hypothetical PDCCH BLERSs), which may be
implemented according to system needs (¢.g., based on traffic pricority, BLER requirements,

etc ).

8054} In one example, the network (e.g., a base station) mav exphicitly signal the
dynamic range of transmission power ratios used for the CS51-RS and the PDCCH. In some
cases, the network may determine a power margin, which includes a maximum positive offsct
and a maximum negative otfset, and signal the power margin along with the power ratio {¢.g.,
an average power ratic) to the UE. In other cases, the network may signal a maximum power
ratio {¢.g., the power ratio + maximum positive offset) and a minimum power ratic {e.g.. the
power ratio + maximum negative offset) to the UE. In a second example, the dynamic range

of power ratios may be predetermined {e.g.

g., and identified via a lookap table}. In such cases,
2 POWET Margin, average power ratio, maximum power ratio, mininum power ratic, etc. may
depend on the use case of the CSI-RS (e.g.. the CSI-RS configuration). In a third cxample,
the dynamic range of power ratios may be implicitly derived from other parameters. In some
cases, the hypothetical PDCCH BLER may be calculated using the C5I-RS measurement,
along with a transmission power ratio between the CSI-RS and a data transmission {¢.g., the
physical downlink shared channel (PDSCH)). The transmission power ratio between the CSI-
RS and the PDSCH may be included m the CSI-RS configuration, such that when the UE
receives the CSI-RS configuration, the UE may implicitly derive a hypothetical range of
BLERs. The examples discussed above are further described below with reference to the

following figures.

{6055] Aspects of the disclosure are initially descabed in the context of a wircless
communications system. An example process flow and flow diagram illustrating discusse
techniques are then described. Aspects of the disclosure are further illustrated by and
described with reference to apparatus diagrams, system diagrams, and flowcharts that relate

to determining beam failure based on a dynamic range of transmission power ratios.

{056] FiG. 1 illustrates an example of a wireless communications system 100 in
accordance with various aspects of the present disclosure. The wireless conmmunications

system 100 includes base stations 105, UEs 1135, and a core network 130, In some examples,
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the wireless communications system 100 may be a Long Term Evolution (LTE), LTE-
Advanced (L'TE-A) network, or a New Radio (NR) network. In some cases, wireless
cormmunications system 100 may support enhanced broadband communications, ultra-
reliable (1.¢., mission critical} communications, low latency communications, and
communications with low-cost and low-complexity devices. Wireless communications

system 100 may support beam failure identification and recovery technigues.

{8057} Base stations 105 may wirelessly communicate with UEs 115 via one or more
base station antennas. Hach base station 105 may provide communication coverage fora
respective geographic coverage arca 110, Communication links 125 shown in wircless
cornomunications system 100 may include uplink transmissions from a UE 115 to a base
station 105, or downlink transmissions, from a base station 105 to a UE 1135, Control
mformation and data may be multiplexed on an uplink channel or downlink according to
various technigues. Control information and data may be multiplexed on a downlink channel,
for example, using time division multiplexing (TDM) techniquoes, frequency division
multiplexing (FDM} fechnigques. or hyvbrid TOM-FDM techniques. In some examples, the
control information transmitted during a transmission time interval {TT1) of a downlink
channel may be distributed between different control regions in a cascaded manner (.g.,

between a common control region and one or more UE-gpecific control regions}.

{0658} UEs 115 may be dispersed throughout the wireless communications svstem 100,
and gach UE 115 may be stationary or mobile. A UE 115 may alsc be referred to as a mobile
station, a subscriber station, a mobile unit, a subscriber unit, a wireless unit, a remote unit, a
mobile device, a wireless device, a wircless communications device, a remote device, a
mobile subscriber station, an access terminal, a mobile terminal, a wircless terminal, a remote
terminal, a handset, a user agent, a mobile client, a client, or some other suitable terminology.
A UE 115 may also be a cellular phone, a personal digital assistant (PDA), a wucless
modem, a wireless communication device, a handheld device, a tablet computer, a laptop
compuiter, a cordless phone, a personal electronic device, a handheld device, a personal
computer, a wircless focal loop (WLL) station, an Internet of things {IoT) device, an Intemet
of Evervthing (IoE) device, a machine type commumnication (MTC) device, an appliance, an

astomobtile, or the like.

0059] The core network 130 may provide user authendication, access authorization,

tracking, Internet Protocol {IP) connectivity, and other access, routing, or mobility functions.
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At least some of the network devices, such as a base station 103 may nclude subcomponents
such as an acceoss network entity, which may be an example of an access node countroller
{ANC). Each access network enfity may communicate with a number of UEs 115 through a
number of other access network transmission entities, each of which may be an example of a
smart radio head, or a transmission/reception point {TRP)Y. In some configurations, various
functions of each access network entity or base station 105 may be distributed across various
network devices (¢.g., radio heads and access network controllers) or consolidated into a

single network device (e.g., a base station 105).

[B0606] Wireless communications systen 100 may operate in an ultra-high frequency
(UHF) frequency region using frequency bands from 700 MHz to 2600 MHz (2.6 GHz),
although in some cases wireless local arca networks (WLANs) may use frequencies as ligh
as 4 GHz. This region may also be known as the decimeter band, since the wavelengths range
from approxamately one decimeter to one meter n length. UHE waves may propagate mainly
by line of sight, and may be blocked by buildings and environmental features. However, the
waves may penctrate walls sufficiently {o provide service to UEs 115 located indoors.
Transmission of UHF waves is characterized by smaller antennas and shorter range {(¢.g., less
than 100 ki) compared to transmission usimg the smaller frequencies {and longer waves) of
the high frequency (HF) or very high frequency (VHF) portion of the spectrum. In some
cases, wircless communications system 100 may also atilize extremely high frequency (EHF)
portions of the spectrum (c.g., from 30 GHz to 300 GHz). This region may also be known as
the millimeter band, since the wavelengths range from approxamately one mullimeter o one
centimeter in length. Thas, EHF antennas may be even smaller and more closely spaced than
UHF antennas. In some cases, this may facilitate use of antenna arrayvs withina UE 115 {e.g.,
for directional beamforming}. However, EHF transnussions may be subject o even greater

atmospheric attenuation and shorter range than UHF transmissions,

{6661} Wireless communications svstem 100 may thus support mmW communications
between UEs 115 and base stations 105, Devices operating in mmW or EHF bands may have
multiple antennas to allow beamforming. That is, a base station 105 may use multipke
antennas or antenna arrays to conduct beamforming operations for directional
communications with a UE 115, Beamforming (which may also be referred to as spatial
filtering or directional transmission) 1s a signal processing technique that may be used at a
transmitter (¢.g. a base station 103) to shape and/or steer an overall antenna beam in the

direction of a target receiver (e.g. a UE 115). This may be achieved by combining elements in
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an antenna array in such a way that transmitted signals at particular angles experience

constructive interference while others experience destructive interference.

6062} Multiple-input multiple-output (MIMO) wireless systems use a transmission
scheme between a transmitter (¢.g. a base station 105) and a receiver (¢.g. a UE 115}, where
both transmtter and receiver are equupped with multiple antenoas. Some portions of wireless
communications system 100 may use beamforming. For example, base station 105 may have
an antenna array with a number of rows and columns of antenna ports that the base station
105 may use for beamforming in its communication with UE 115, Signals may be transmitted
owdtiple times m different directions (¢ g., cach transmission may be beamformed
differently). A mmW receiver (e.g., a UE 113} may try multiple beams {¢.g., antenna

subarrays) while receiving the synchronization signals.

[6063] In some cases, the antennas of a base station 103 or UE 115 may be located within
one or more antenna arrays {e.g., pancls), which may support beamforming or MIMO
operation. One or more base station antennas or antenna arrays may be collocated at an
antenna assembly, such as an antenna tower. fn some cases, antennas or antenna arrays
assoctated with a base station 105 may be located in diverse geographic locations. A base
station 105 may multiple use antennas or antenna arrays to conduct beamforming operations

for directional conununications with a UE 115,

0064} In some cases, wireless commumnications system 100 may be a packet-based
network that operate according to a lavered protocol stack. In the user plane, communications
at the bearer or Packet Data Convergence Protocol (PDCP) laver may be IP-based. A radio
link control (RLC) laver may in some cases perform packet segmentation and reassembly to
communicate over logical channcls. A medium access control (MAC) layer may perform
priority handling and multiplexing of logical channels into transport channels. The MAC
laver may also use hybrid automatic repeat request (HARQ) to provide retransmission at the
MAC laver to improve link efficiency. In the control plane, the radio resource control (RRC)
protocol laver may provide establishment, configuration, and maintenance of an RRC
connection between a UE 115 and a network device, or core network 130 supporting radio
bearers for user plane data. At the physical (PHY) laver, transport channels may be mapped

to physical channels.

{6063} In wireless communications system 100, UEs 115 and base stations 105, may

communicate over one or more active beams, which may correspond to a transmit beam used
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at the transmitting device and a receive beam at a receiving device {e.g., a beam pair}.
Furthermore, downlink beams and uplink beams may utilize different beams, 1n which the
uplink beam may not be derived from the downlink beam . In some cases, an active beam
pair, downlink beam, and/or uplink beam may become misaligned (e.g., due to beam switch
failare or signal blockage), a beam may become associated with poor channel conditions, ete.
such that the UE and base station may not be able to commumicate over the obstracted beam
or beam pair. Various techniques as discussed herein provide for identification that a certain
beam has failed. In some cases, a base station 103 may convey information indicative of a
dynamic range of transmission power ratios that may be used for transmission of CSI-RS and
DMRS of a PDCCH (¢ g., or in other examples, a dynamic range of {ransission power
ratios that may be used for transmission of CSI-KS and data transmissions of a PDSCH). A
UE 115 may 1dentify the dynamic range of fransmission power ratios based on the conveved
mformation, and may determine a beam failure status based on the identified range. The base
station 105 and UE 115 may then communicate in accordance with the beam fatlure status, as

all discussed in more detail with reference to the following figures.

[0066] FiG. 2 illustrates an example of a wircless conmunications system 200 that
supports beam fature dentification techmgues in accordance with various aspects of the
present disclosure. Wireless commnunications system 200 includes a base station 105-aand a
UE 113-a, each of which may be an example of the corresponding devices as described with
reference to FIG. 1. UE 115-a and base station 105-3 may communicate using directional
beams and may operate using mmW spectrum, for example. In some cases, the UE and base
station may operate ia a spectnum other than the mmW spectoum {e.g., a spectram with
frequencies below six GHz (sub-6 GHz)). The wircless communications system 200
tHlustrates aspects of identifying beam failure for an active beam pair between UE 113-a and
base station 105-a {e.g., an active beam pair associated with a transmit beam 205 and a

receive beam 210).

{6667} Wireless communications system 200 may operate in frequency ranges that are
associated with beamformed transmissions between base station 105-a and UE 115-a. For
cxample, wircless commumnications system 200 may operate using mmW freguency ranges.
As a result, signal processing techniques, such as beamformuing may be used to combine
energy coherently and overcome path losses. By way of example, base station 105-a may
contain multiple antennas. In some cases, cach antenna may transmit {or receive} a phase-

shifted version of a signal such that the phase-shified versions constructively nterfere
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certain regions and destructively interfere i others. Weights may be applied to the various
phase-shifted versions {e.g., i order to steer the transmissions in a desired direction), to form
transmit beams 205, On a receiver side, the signal from cach antenna may be amplified by a
different weights by analogy. For example, different weighting patterns may be used to
achigve the desired sensitivity pattemns to form receive beams 210. Such technigues (or
similar techiiques) may serve io merease the coverage area |10-a of the base station 105-a or
otherwise benefit wircless communications system 200, The present example may illustrate
an example of downlink transmissions from base station 105-a to UE 115-a. That 1s, {ransmit
beams 205 may refer to beams used by base station 105-a to transmit downlink transmissions
to UE 115-a, and receive beams 210 may refer to beams used by UE 115-a to receive
downlink transmissions from base station 103-a. However, techniques described hercin may
be applied to uplink transmissions {¢.g., where the base station 105-a mav determine a beam
failure}. For example, in uplink transmission scenanos, UE 115-a may use beams 210 to
transmit uplink transmissions, and base station 105-a may use beams 205 to receive uplink
transmissions. That is, beam failure determination techniques deseribed may be applied to an
active beam pair {¢.g., an active beam pair including a transmif beam 205-a and a receive
beam 210-a}, a downlink beam {(c.g., a beam 203), and/or an uplink beam {c.g., abcam 210 mn
scenarios where the UE 115-a 1s transmitting uplink transmissions} by analogy, without

departing from the scope of the present disclosure.

[0668] Transmit beams 205-a, 205-b, ctc. represent examples of beams over which data
{e.g., or control information) may be transmitted. Accordingly, each transmit beam 205 may
be directed from base station 1035-a toward a different region of the coverage area 110-3 and
i some cases, two or more beams may overlap. Transmit beams 205 mayv be used for
simuitaneous transnussions, for beamsweep transmissions, for transmissions at different
times, etc. In etther case, a UE 115-a may be capable of receiving the information in one or
morg receive beams 210, A beam failure may be associated with an active beam pair{e.g.,
transmit beam 205-a and receive beam 2 10-3) becoming masaligned, or a downlink beam or
aplink beam becoming associated with poor channel conditions. As discassed above a
downlink beam or uplink beam may refer to a beam 205 or a beam 210 depending on the

transmission scenario (e.g., whether the base station 105-a or UE 115-a is transmutting).

HEESH! As discussed above, when operating using mmW frequencies, base station 105-a
and/or UE 115-a may utilize beamforming technigues to increase the strength of wireless

signals as a result of additional path loss. For example, base station 105-a may transmit a
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plurality of downlink beamformed signals (e.g., via transmit beam 205) that carry data and/or
control information. For example, base station 165-a may transmit a beam reference signal
{BRS), a beam refincment reference signal (BRRS), a beam measurement reference signal, a
CSI-RS, a beam synchronization signal, an uphink grant, a broadcast signal (e.g., a MIB or
SIB}, or any number of other types of downlink messages. Beamformed signals may be
transmitted in a shaped or directional manner where each beamformed signal is transmitted in
a different direction according to different transmit beams 205, Beamformed signals may be
associated with an antenna port precoder configuration {e.g., an analog and/or digital
beamforming stage that determings the direction and/or shape of cach transmit beam 205} ag
discussed with reference to FIG. 1. For example, transmit beam 205-a may be transmitted in a
first direction or shape, transmit beam 205-b may be transmitted  a second direction or
shape, and transmit beam 205-¢c may be transmitted in a third direction or shape. In some

case, the beamformed signals or transmit beam 2035 mayv be transmitted in a sweeping pattermn.

[807¢] UE 115-a may accordingly determine a beam fatlure {e.g.. by monitoring
reference signals) on transmit beams 205, an active beam pair, ¢tc. For example, UE 115-a
may perform a measurement of the channel (e.g., associated with a beam 205 or active beam
pair} via a CSI-RS transmitted by the base station 105-a. UE 115-a may use the CSI-RS
measurement, along with a transmission power ratio between the CSI-RS and a DMRS of the
PDCCH {e.g.,a P._PDCCH _DMRS ratio), to determunge a hypothetical PDCCH BLER. The
hypothetical PDCCH BLER may then be compared to some predetermined threshold in order
to determine a beam failure status {¢.g., to determine whether the beam is suitable, or

determine a beam falure}.

18671} In some cases, the transmission power ratio {e.g., B._PDCCH_DMRS) between the
CSI-RS and the PDCCH may be preconfigured {¢.g., according to some average power ratio
used or to be used by the base station). However, in actual implementation, the actual power
used by the base station for transmission of the CSE-RS and the PBCCH may be within some
dynamic range (¢.g., in implementation, the power ratic may be associated with some = dB
range). As such, according to techniques described herein, the UE 115-a mayv be made aware
of the dvnamic range of the transmission power ratio used by the base station 105-a in order
to determine a hypothetical PDCCH BLER, or a hypothetical range of PDCCH BLERs. UE
115-a may thus use a hvpothetical maximum PDCCH BLER and/or a hypothetical minimum
PDCCH BLER, along with a predetermined threshold, to determine beam failure status. As

such, wireless communications systems may have increased flexibility i beam failure
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reporting requirements (e.g., by deternuning beam failure based on a range of hypothetical
PBLCH BLERGg), which may be implemented according to svstem needs (e.g., based on

traffic priority, BLER requircments, cic ).

[B072] In the present description, the dynamic range of P._PDCCH_DMRS {e.g., the CSI-
RS and DMRS of PDCCH transmission power ratio} may be based at least in part on some
predetermined mmitial P._PDCCH _DMRS or some P._PDCCH _DMRS average value. As
discussed below, the dynamic range of ._PDCCH_DMRS may be determined based on
mdicated offsets from the P._PDCCH_DMRS (e.g., posifive and negative offsets from some
average P._PDCCH_DMRS value may be used to determine B._PDCCH_DMRS,, . =

P. PDCCH_DMRS + max positive of fset and P._PDCCH_DMRS,,;;, =
P._PDCUH_DMRS + max negative of fset value). In some cases, base station 105-a may
explicitly signal the P._PDCCH_DMRS (c.g., the average B._PDCCH_DMRS) 1o the UE 115-a
via RRC. In other cases, the P._PDCCH _DMRS may be implicitly derived from a power ratio
between CSI-RS and PDSCH {e.g., P. PDCCH_DMRS may be derived from P,_PDSCH) In
vet other cases, B,_PDCCH_DMRS may be preconfigured {¢.g., UE 115-a may assume

P. PDCCH _DMRS = 0dB for a first CSI-RS configuration, £._PDCCH DMRS = 3dB fora
second USE-RS configuration, cte ). In yet other cases, the network {e.g., base station 105-a)
may signal a signal-to-interfercnee plus noisc ratio (SEINR) threshold for beam failure
detection. As discussed above, these B._PDCCH_DMRS may ropresent an average value,
which may be associated with some threshold during actual implementation {e.g., an average
P._PDCCH_DMRS may be assumed by the UE 115-a, but the actual B._PDCUCH _DMRS may
vary within some & dB range}. As now discussed below, the UE 115-a may identify such a

range of transmission power ratios {¢.g., the dynamic range of actual P._PDCCH_DMRS).

{073] In one example, the network {e.z., a base station 105-a) mayv exphlicitly signal or
mdicate the dynamic range of transmission power ratios used for the CSI-RS and the PDCCH
{c.g., the dynamic range of P,_PDCCH_DMRS). In some cases, the network may determine a
power margin, which may include a maximum positive offset from the transmission power
ratio {e.g., the average or predetermined transmission power rafic) and a maximum negative
offset from the transmission power ratio, and signal the power margin along with the power
ratio to the UE. That 1s, the network may determine a power margin that includes a maximum
posttive B,_PDCCH_DMRS offset and a maximum negative P,_PDOCH_DMRS offset. In

some cases, the margin may include one value {c.g., 3 dB) apphied to both the maximum
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positive offset (e.g., +3dB from the average £,_POCCH_DMRS) and the maximum negative
offset (e.g., -3dB from the average B._PDOCH _DMRSE). In other cases the margin may
melude two values (e.g., one applied to the maximum positive offset (+3 dB from the average
P._PDCCH_DMRS) and a second applied to the maximum negative offset (-6dB from the
average B._PDUCH_DMRE)Y). As shown, when the power margin is indicated, the average
P._PDCCH_DMRS may also be mdicated 1o order for the UE 115-a to determine the dynamic
range of the actual B._PDCCH _DMRS {c.g.. as the UE 115-a may apply the indicated power
margin o some F._PDCCH _DMRS valee to determine the dynamic range of

P PDCCH _DMRS).

18074} Additionally or altematively, the network may signal the maximum power ratio
{c.g., P._PDCUCH_DMRS + maximum positive otfset) and the minimum power ratio (¢.g..
B._PDCCH_DMRS + maxamum negative offset) to the UE 115-a (¢ .g., mstead of or in
addition to signaling the power margin}. In cases where the maxinwum P._PDCCH_DMRS and
minimum £._PDCCH_DMRS values are signaled, the UE 115-a may not need an average

B PDCCH DMRS, as the dynamic range of P._PDCCH _DMRS may be explicitly indicated
by the maximun and minimum P._PDCCH _DMRS values. Such network configuration (e.g.,
explicit signaling) of an average P, _PDCCH _DMRS along with an associaied power margin,
maximum and minimum F._PDCCH _DMRS values of a dynamic range of transmission power
ratios, etc. may be conveyed via upper layer signaling (¢ g., RRC, media access contral
{MAC) control element (CE), etc.) or via lower layer signaling (¢.g,. downlink control
mformation {(DCH, ete.}. Further, such information may be per CSI-RS resource, per CSI-RS

resource set, per CSL-RS resource setting, eic.

HETERY! In a second example, the dynamic range of transmission power ratios may be
predeternuned {e.g., and identified by UE 115-a via a lookup table). In such cases, a power
Margin, average power 1afio, MAaximum power ratio, minimum power ratio, etc. may depend
on the configuration of the CSI-RS (¢ g, the CS1-RS usage configuration, measurement
configuration, gtc.). For example, Table 2.1, Table 2.2 and Table 2.3 may ilhustrate lookup
tables or values configured by the network. UE 113-a may be preconfigured with such
mformation. In the following tables, ‘Case A” and “Case B’ may refer to different
configurations of CSI-RS. The configuration may include the guasi-co-location (QCL)
mformation, some measurement configuration, a CSI report setting configuration associated

with the CSI-RS resource, etc. For example, Case A may refer to USRS with QCL type A,
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and Case B may refer to C5E-RS with QCL tvpe B. In other examples, Case A may refer to
{CSI-RS for €SI acquusition, and Case B may refer to USIE-RS used for reference signal
received power (R&RP) measurement, cte. The UE 115-a may be utilize such CSI-RS

resources, and 1mplicitly derive transmission power information, according to different

configurations.
Table 2.1
(ase A Case B
Offset 348 ¢ dB
Table 2.2
Case A Case B
Maximunm Positive Offset +3 dB +6 dB
Maximum Negative Offset -4 dB -8 dB
Table 2.3
Case A Case B
P PDCCH DMRS,,., +6 dB +9 4B
P._PDCCH _DMRS,., -1dB -5dB

6076} Table 2.1 and Table 2.2 illustrate example power margins that may be associated
with different configurations of CSI-RS. Table 2.1 may illustrate a single masgin being

applied to both a maximum positive offset and a maximum negative offset. For example, for

Case A, the maxamum positive offset may be 3 dB and the maximum negative otfset may be
3 dB. Therefore, the UE 115-a may, based on the Case A CSI-RS configuration, determine a
dynamic range of P._PDCCH _DMRS using the power margin (e.g., the P._PDCCH _DMRS
may range from P, PDCCH _DMRS +3 dBto P, PDCCH _DMRS -3 dB). Table 2.2 may
iHustrate a first margin being apphed to a maximum positive offset and a second margin
being applicd to a maximum negative offset. For example, for Case A, the maximum positive
offset may be 3 dB and the maximum negative offset may be -4 dB. Thercfore, the UE 115-a
may, based on the Case A CSI-RS configuration, determine a dynamic range of

P ¢ PDCCH DMRS using the power margin {e.g., the P_¢ PDCCH _DMES may range
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from P,_PDCCH_DMRS,,, =P ¢ PDCCH DMRS +3dBto
B _PDCCH DMRS, ., =P ¢ PDCCH DMRS -4 dB). Table 2.3 may illustrate an example
where the maximum and minimum P._POCCH_DMAS values of the dvnamic range of
B._PDCCH _DMRS are directly indicated or preconfigured. For example, for Case A, the
B PDCCH _DMRS may be directly indicated to range from +6 dB {c.g.,
P, PDCCH DMRS ey to-1dB (eg., B, _PDCCH DMRS 0y}

16677} Therefore, the network may determine the configuration of the CSI-KS resource,
know the associated power margin or maximum and ninimum F._PDCCH_DMRS values,
and signal, to UE 115-a, an mdication of the configuration of the CSI-RS resource. Based on
the configuration of the CSI-RS resource, the UE 115-a be aware of the power margin and/or
maximum and minimum £,_PDCCH _DMRS values according to Table 2.1, Table 2.2, and/or
Table 2.3, The entries and CSI-RS configurations are for illustrative purposes only. Other
offset values, maxamum and minimum B._PDCCH _DMRS values, etc. for different CSE-RS
configurations may be implemented or preconfigured by the network by analogy, without

departing from the scope of the present disclosure.

{6678] in a third example, the dynamic range of power ratios may be implicitly derived
from other parameters. In some cases, the hypothetical PDCCH BLER may be calculated
using the CSI-RS measurement, along with a dynamic range of the B,_PDCCH_DMRS
calculated based on the transmission power ratio between the CSI-RS and a data transnussion
{c.g., the PDSCH). The transmission power ratic between the CSE-RS and the PDSCH (e g,
P, PDSCH) may be included in the CSI-RS configuration, such that when the UE reccives
the CSI-RS configuration, the UE may tmplicitly derive a hypothetical range of BLERs based
onthe F._PDSCH Thatis, the dynamic range of P,_PDCCH _DMRS may be determined by
other parameters such as £,_PDSCH . Ag an exaraple, a UE may receive an indication of both
P PDSCH and P._PDCCH _DMRS . Based on the difference between the received P,_PDSCH
and P._PDCCH _DMRS, the UE may be able to determine an offset value. For example, if

P. PDSCH = 10dB and £._PDCCH DMRS = 7dRB, then the offset value mav be 3dB,
meaning that £,_PDCCH_DMRS,, ... = 10dB and F,_PDCCH _DMRS, ;= 4dB.

[B079] Therefore, the network may signal or indicate a CSI-RS resource configuration to
UE 115-a (e.g.. via base station 103-a), and the configuration may mclude at least P._PDSCH
mformation. The network may be aware of the dynamic range of P._FPDCCH _DMRS based on

the P._ PDSCH and the P._PDCCH _DMRS/configured SINR threshold {e.g., as discussed
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above). The UE 115-a may receive the CSI-RS configuration, and determine the dynamic

range of the P, PDCCH _DMRS accordingly.

HEbdH The examples described above describe methods by which UE 115-a may identify
a dynamic range of P._PDCCH_DMRS. The dynamic range of P._PDCCH _DMRS may be
used along with CS1-RS measurements to determine a range of hypothetical PDCCH BLERs
{e.g., a hypothetical range of PDCCH BLERs}. For example, the hypothetical range of
PDCCH BLERs may be deternuned based oun the himits of the dyvnamic range of the

B PDCCH _DMRS. That is, a upper hvpothetical PDCCH BLER may be determined based on
the measured CSH and the determined B._PDCCH_DMRS,,;,, value, and a lower hypothetical
PDCCH BLER may be determined based on the measured C51 and the determined

B _PDCCH _DMRS,, . value. In some cases, determunation of the hypothetical range of
PDCCH BLERs may refer to such a determination of upper and lower hypothetical PDCCH
BLERs. UE 115-a may then compare the hypothetical range of PDCCH BLERs o a
threshold to determine or identify whether or not a beam has failed, as further deseribed

below with reference to FIG. 4.

{6081} In some cases, upon dentification or detection of a beam farlure, a beam recovery
procedure may be initiated in which an indication of a beam failure may be transmitted using
scheduling request (SR}, a random access channel (RACH) resource, a physical uplink
control channel (PUCCH) resource, etc. In some cases, a base station may transmit an
mdication that one of a set of beams may have failed, and the UE may provide an indication
of which beam of the set of beams failed, such as based on a received reference signal
associated with one of the beams. In other cases, a UE may transmit a beam faihure report to

the base station, indicating the beam fahsre.

{0082] FIG. 3 illustrates an example ot a process flow 300 that supports detcomining
beam failure based on a dynamic range of transmission power ratios in accordance with
various aspects of the present disclosure. In some examples, process flow 300 may
implement aspects of wireless communications system 100 and/or wireless comupunications
system 200, Process flow 300 includes a base station 105-b and a UE 115-b, each of which
may be an example of the corresponding devices as described with reference to FIGs. 1 and
2. UE 115-b and base station 105-b may communicate using directional beams and may
operate using mmW spectrum, for example. In some cases, the UE and base station may

operate in a spectrum other than the mmW spectrum (e.g., a spectrum with frequencies below
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six GHz (sub-6 GHz)). The process flow 300 llustrates aspects of identifying beam failure
associated with communications between UE 115-b and base station 105-b. Further, the
ordering of steps shown is done so for tlustrative purposes only. Steps may be mterchanged,
and steps may be added or removed to process flow 300 without departing from the scope of

the present disclosure.

[0083] At 305, base station 103-b may dentify a dynamic range of a transmission power
ratic between a first reference signal and a second reference signal of a downlink control
channel to UE 1135-b. In the present example, base station 105-b may identify a dynamic
range of a transmission power ratio between a CSI-RS and a DMRS of a PDCCH (e g, a

dynamic range of P._PDCCH_DMRS).

[6384] At 310, base station 105-b may indicate the dynaniic range of the transmission
power ratio {¢.g., the dyvnamic range of P, PDCCH_DMRS). As discussed above, such an
mdication may take several forms. For example, the indication may be an explicit indication
of a maximum value associated with the dynamic range of the transmission power ratio {e.g.,
B._PDCCH_DMRS,, ¢, ), a mmimum value associated with the dynamic range of the
transmission power ratio {c.g., P._PDCCH_DMRS,,:,), an offsct that represents both a
maximum positive offset associated with the dynamic range of the transmission power ratio
and a maximum negative offset associated with the dyvnamic range of the transmission power
ratio, two individual offsets for the maximuam positive offset associated with the dynamic
range of the transmission power rafio and the maximinn negative offset associated with the
dynamic range of the transmission power ratio (e.g., both a maximum positive offsetand a
maximum negative offset associated with P._PDCUH _DMRS), etc. The indication may be
conveyed via upper layer signaling {e.g., RRC, MAC CE, ¢ic.} or via lower laver signaling
{e.g., DCL ete). Further, such B._PDCCH _DMRS information may be per CSI-RS resource,

per £SI-RS resource set, per USI-RS resource setting, etc.

{0085} At 315, the UE 115-b may determine the dynamic range of the transmission power
ratio or the B,_PDCCH_DMRS base on the indication received at 310. For example, if the
mdication included the maxinmum and puntmum transmission power ratios (¢.g.,

P. PDCCH DMRS,, .. and P. PDCCH _DMRS,, ;;,), the UE 115-b may directly determine the
dynamic range of the P._PDCCH _DMRS to be from P, PDCCH _DMRS,, ;.. to
P._PDCCH_DMRS,, ;. In other example, if the mdication include offset information, UE

115-b may apply the offset information to an average or predetermuned P._PDCCH_DMRS in
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order to determine the range. That 1s, if the indication mcluded a maximum posttive offsct
and a maximum negative offset, the UE 115-b may determine the dynamic range of the
P, _PDCCH _DMRS to be from P, PDCCH DMRS,,;,, = B, PDCCH DMRS .5 —
maximum negative of fset to §,_PDOCH _DMRS . = F,_PDCCH_DMRS 45 +

maximum positive of fset.

{0086} In other cases, the dynamic range of the £,_FPDCCH_DMRE may be implicitly
derived. For example, in such cases, the mdication at 3 10 may refer to an indication of a
configuration of the CS5I-RS {¢.g., which may just be the CSI-RS itself). In such cases, the
UE 115-b may mplicitly derive F,_PDCCH_DMRS information (e.g., P, PDCCH_DMRS,,ip
value, B.,_PDCCH _DMRS .. value, maximum positive and negative offsets, etc.) from the
mdication of the configuration (¢.g., as discussed in more detail above with reference to FIG.
2}. In some cases, the CSI-RS configuration meludes QCL mformation, a measurement hnk

configuration related to the CSI-RS, a CS1 report setting associated with the CSI-RS, ete.

16087} At 320, UE 115-b may determine a hypothetical range of PBCCH BLERSs based
on the determined dynamic range of B._PDCCH_DMRS. For example, the hypothetical range
of PDCCH BLERs may be determined based on the limuts of the dyvnamic range of the

B _PDCCH _DMRS That is, a upper hypothetical PDCCH BLER may be detenmained based on
the measured CSI (e.g., received at 317 or 310 depending on the implementation scenario)
and the P._PDUCH_DMRS,,;,, and a lower hypothetical PDCCH BLER may be deternuned
based on the measured CSI and the B._PDCCH_DMRS,, . Determination of the hypothetical
range of PDCCH BLERs may refer to such a determination of upper and lower hypothetical

PDCCH BLERs.

[{3088] At 323, UE may compare the hypothetical range of PDCCH BLERs to a
threshold, determine a beam failure status, and transmit a beam failure status report (o the
base station 105-b. Determination of the beam failure statos {e.g., comparison of the
hvpothetical range of PDCCH BLERs to a threshold) 1s further described below with

reference to FIG. 4.

[B089] At 330, base station 105-b and UE 115-b may comnunicate in accordance with
the beam failure status report. For example, the base station 105-b and UE 115-b may resume
or continge communications via the beam (e g, if no beam failure 1s indicated in the beam

failure status report at 325), the base station 105-b and UE 115-b may inttiate a beam
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recovery procedure {(¢.g., 1t a beam failure 1s indicated in the beam faiture status report at

325), ete.

[3090] FIG. 4 illustrates an example of a flow diagram 400 that supports deternuning
beam failure based on a dynamic range of transmission power ratios in accordance with
various aspects of the present disclosure. In some examples, flow diagram 400 may
mmplement aspects of wircless communications system 100 and/or wireless communications
system 200, Flow diagram 400 may illustrate operations of a UE 115 to determine beam

failure using a dynamic range of B,_PDCCH _DMRS.

{0091 A1 405, a UE 115 may identity a dynamic range of transmission power ratios
between a CSI-RS and a DMRS of a PBCCH usable by a base station 1035, The dynamuc
range of P._PDCCOH_DMRS may refer to a range of transnuission power levels the base station
105 may use to transmit CSI-RS and a DMRS of a PBCCH to the UE 115, The dynamic
range of transmission power ratios may be identified based on P._PDCCH _DMRS
mformation indicated by the base station. Such nformation may be exphicitly indicated (e.g.,
separate from a CSI-RS) or, in some cases, may be implicitly derived by the UE 113 (e g,

based on the configuration of the CSI-RS).

{0092} At 410, the UE 115 may perform a CSI-RS measurement. In cases where the
P._PDCCH_DMRS information is implicitly derived, 405 and 410 may occur at the same time
{cg., the P. PDCCH DMRS mformation may be derived from the USI-RS #tself, or the

P, PDCCH _DMRS information may be identified as a separate step or from a separate

indication).

[8093] At 415, the UE 115 may determine a range of hypothetical PDCCH BLERs based
on the identified dynamic range of transmission power ratios and the measured CSI-RS. For
exarople, a minimum value of the dynamic range of transmission power ratios and the
measured CSERS may be used to determing a maximum hypothetical PBCCH BLER (e.g,
an upper hypothetical PDCCH BLER). Further, a maximum value of the dynamic range of
transmission power ratios and the measured CSI-RS may be used to determine a mintmum

hypothetical PDCCH BLER (¢.g., a lower hypothetical PDCCH BLER).

[06094] At 420, the UE may compare one or more hypothetical PDCCH BLER values
{c.g., an upper hypothetical PDCCH BLER, a lower hypothetical PDCCH BLER, an average
hypothetical PDCCH BLER, etc ) to a threshold to determine a beam fatlure status. Values

within the range of hypothetical PDCCH BLERSs used to compare to a threshold for beam
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fatlure determination may atfect the likelihood of detecting or identifving a beam tailure.
That is, based on which values within the range of hypothetical PDCCH BLERg are
compared to the threshold, the UE may report beam failure more aggressively or more
conservatively, depending on system needs, UE preference, ete. The following may illustrate
an example of conservative beam failore detection techmigues, however other {e.g.,
aggressive or less conservative) technigues may be implemented by analogy {e.g., by
comparing other valucs within the range of hypothetical PDCCH BLERs to a beam failure

tngger threshold}, without departing from the scope of the present disclosure.

[0095] For example, at 425-a, if a UE determines a maximum hvpothetical PDCCH
BLER (e.g., an upper hypothetical PBCCH BLER) is less than some threshold BLER that
would trigger a beam failure, no beam failure may be reported. Such may exemplify
conservative beam failure detection techniques, as the UE is comparnng the worst case
scenario BLER to the beam failure trigger threshold. If the worst case scenario BLER 1s stll
less than some threshold that would tngger beam failure, the UE may report a beam fathure

status of no beam failure {¢.g., the beam 15 suitable under the worst case scenario).

3896} At 425-b 1t a UE determines a minimum hypothetical PDCCHBLER (& g, an
lower hypothetical PDCCH BLER) is greater than some threshold BLER that would trigger a
beam failure, a beam failure may be reported. Such may exemplity conservative beam failure
detection techniques, as the UE is comparing the best case scenario BLER to the beam tailure
trigger threshold. If the best case scenario BLER s still greater than some threshold that
triggers beam failure, the UE may report a beam failure status indicating beam failure (c.g.,

the beam is not suitable under the best case scenario).

13697] At 425-c, if a UE determines a minimur hypothetical PBCCH BLER is less than
a beam failure trigger threshold, vet the beam failure trigger threshold 1s stll less than the
maximum hypothetical PDCCH BLER, the UE may compute an average lower/upper
hypothetical PDCCH BLER (e g, using previcus measurements}. The averaged lower/upper

bypothetical PDCCH BLERs may then be used to determine beam tatlure.

098] Fi{s. 5 shows a block diagram 500 of a wireless device 505 that supports
determining beam failure based on a dynamic range of transmission power ratios in
accordance with aspects of the present disclosure. Wireless deviee 505 may be an example of
aspects of a UE 115 as described herein. Wireless device 505 may include receiver 510, UE

communications manager 515, and transmitter 520. Wireless device 505 may also include a
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processor. Each of these components may be m communication with one ancther (e g., via

one or more buses).

[(3099] Recerver 510 may receive information such as packets, user data, or control
mformation associated with various information channels (e.g., control channels, data
channels, and mformation related to determining beam failure based on a dynamic range of
fransnussion power ratios, ¢tc.). Information may be passed on to other components of the
device. The receiver 510 may be an example of aspects of the transceiver 835 described with

reference to FIG. 8. The receiver 510 may utilize a single antenna or a set of antennas.

{100} UE communications manager 515 may be an example of aspects of the UE
communications manager 815 deseribed with reference to FIG. 8. UE communications
manager 515 and/or at least some of its various sub-components may be implemented in
hardware, software executed by a processor, firmware, or any combination thereof. If
mnplemented in software executed by a processor, the functions of the UE communications
manager 515 and/or at least some of its various sub-components may be executed by a
general-purpose processor, a digital signal processor (DSP), an application-specific integrated
circuit (ASIC), an field-programmable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any combination
thereof designed to perform the functions described m the present disclosure. The UE
communications manager 515 and/or at least some of its various sub-components may be
physically located at various positions, including being distributed such that portions of
functions arc implemented at different physical locations by one or more phvsical devices. In
some examaples, UE communications manager 515 and/or at least some of its vanous sub-
components may be a separate and distinct component in accordance with various aspects of
the present disclosure. In other examples, UE communications manager 515 and/or at least
some of its various sub-componcunts may be combined with one or more other hardware
components, ncluding but not himited to an 0 component, a transceiver, a network server,
another computing device, one or more other components descnbed in the present disclosure,

or a combination thereot in accordance with vanous aspects of the present disclosure.
{0101} UE communications manager 515 may identify a dynamic range of a transmission
power ratio between a first reference signal and a second reference signal of a downlink

control channel received from a base station, determune a beam failure status based on the
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dynamic range of the transmission power ratio, and communicate with the base station in

accordance with the beam failure status.

[3182] Transmuitter 520 may transmit signals generated by other components of the
device. In some examples, the transmitter 520 may be collocated with areceiver 310 ina
transceiver module. For example, the transmitter 520 may be an example of aspects of the
transceiver §35 described with reference to FIG. 8. The transmitter 320 may utilize a single

antenna or a set of antennas.

[3103] FiG. 6 shows a block diagram 600 of a wireless device 605 that supports
determining beam fatlure based on a dynamic range of transmission power ratios in
accordance with aspects of the present disclosure. Wireless device 605 may be an example of
aspects of a wircless device 5035 ora UE 115 as described with reference to FIG. 5. Wircless
device 603 may mclude receiver 610, UE communications manager 615, and transmitter 620,
Wircless device 605 may also include a processor. Each of these components may be in

communication with one ancther {¢.g., via one or more buses).

[(3104] Receiver 610 may receive information such as packets, user data, or control
mformation associated with various information channels {e.g., control channels, data
channels, and mformation related to deternuning beam failure based on a dvnamic range of
transmission power ratios, etc.). Information mayv be passed on to other components of the
device. The receiver 610 may be an example of aspects of the transceiver 835 described with

reference to F1G. 8. The recetver 610 may wtilize a single antcuna or a set of antennas.

{3165] UE communications manager 515 may be an example of aspects of the UE
communications manager 815 deseribed with reference to FIG. . UE communications
manager 615 may also include £,_PDCCH manager 625 {¢.g., a transmission power ratio

manager or £, _PDCCH _DMRS manager) and beam failure manager 630.

{0196} P._PDCCH manager 625 may identify a dyvnamic range of a transmission power
ratic between a first reference signal and a second reference signal of a downlink control
channel received from a base station and determine an upper hypothetical PDCCH BLER and
a lower hypothetical PDCCH BLER. In some cases, the first reference signal is a C51-RS and
the second reference signal is a DMRS of a PDCCH. P._PDCCH manager 625 may determine
the beam failure status based on the upper hypothetical PDCCH BLER, the lower
hypothetical PDCCH BLER, or both. £._PDCCH manager 625 may determine the dynamic

range of the transmission power ratio based on a maximum positive offset, a maximum
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negative offset, and an average transmission power ratio (based on the power ratio between
the CSI-RS and the PDSCH). In some cases, identifying the dynamic range of the
transmission power ratio includes receiving an indication of the dynamic range of the
transmission power ratio from the base station. In some cases, the mdication includes a
maximum value associated with the dynamic range of the transmission power ratio and a
minionum value associated with the dynamic range of the transmission power ratio. In some
cases, the indication includes a maximwum positive offset associated with the dvnamic range
of the transmission power ratio and a maximum negative offset associated with the dynamic
range of the transmission power ratio. In some cases, the mdication includes an offset value
that represents both a maximum posttive offset associated with the dyvnamic range of the
transmission power ratio and a maximum negative offset associated with the dyvnamic range
of the transmission power ratio. In some cases, the indication 1s received via at least one of
RRC, a MAC CE, or DCL In some cases, identifving the dvnamic range of the transmission
power ratio further includes identifying an offset associated with the dynamic range based on
the configuration of the CSI-RS. In some cases, wdentifving the dynamic range of the
transmission power ratio further includes identifying a maximum positive offsct and a
maximum negative offset associated with the dynanic range based on the configuration of
the CSI-RS. In some cases, identifving the dynanuc range of the transmission power ratio
further inclades wentifving a maamum CSI-RS to DMRS power ratio and a munimum CSI-
RS to DMRS power ratio based on the configuration of the CSI-RS. In some cases,
wdentifying the dynamic range of the transmission power ratio includes receiving an
mdication of a power ratic between the CSI-RS and a PBSCH recetved from the base station.
in some cases, the dynamic range of the transmission power ratio is identified per CSI-RS
resource, per CSI-RS resource set, or per CSI-RS resource setting. In some cases, identifying
the dynamic range of the fransmission power ratio further includes identifving a maximum
value associated with the dynamic range of the transmission power ratio and a mimmum
value associated with the dynamic range of the transmission power ratic based on the

configuration of the CSI-RS.

[0107] Beam failure manager 630 may detemmine the beam failure status based on the
upper hypothetical PDCCH BLER, the lower hypothetical PDCCH BLER, the CSI-RS
measurement, or some combination thereof. Beam faiture manager 630 may determine a
beara failure status based on the dynamic range of the transmission power ratio and, in some

cases, determine a beam failure has occurred based on the determined beam failure status.
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Beam failure manager 630 may communicate with the base station in accordance with the

beam failure siatus.

[3108] Transmitter 620 may transmit signals generated by other components of the
device. In some examples, the transmitter 620 may be collocated with areceiver 610 ina
transceiver module. For example, the transmitter 620 may be an example of aspects of the
transceiver §35 described with reference to FIG. 8. The transmitter 620 may utilize a single

antenna or a set of antennas.

{3109} FiG, 7 shows a block diagram 700 of a UE communmnications manager 715 that
supports determining beam faillure based on a dynamic range of transmission power ratios in
accordance with aspects of the present disclosure. The UE communications manager 715 may
be an cxample of aspects of a UE communications manager 515, a UE communications
manager 615, or a UE communications manager 815 described with reference to FIGs. §, 6,
and 8. The UE communications manager 715 may include F,_PDCCH manager 720 (c.g., a
fransnussion power ratio manager or £,_PDCCH _DMRS manager), beam farlure manager
725, CSI-RS manager 730, beam failure report manager 735, and PDCCH BLER manager
740. Each of these modules may communicate, directly or tndirectly, with one ancther (e g,

via one or more buses).

4110} P._PDCCH manager 720 may identify a dynamic range of a transmission power
ratic between a first reference signal and a second reference signal of a downlink control
channel received from a base station and determine an upper hypothetical PBCCH BLER and
a lower hypothetical PDCCH BLER. In some cases, the first reference signal is a CSI-KS and
the second reference signal 1s a DMRS of a PDCCH. £._PDCCH manager 720 may determune
the beam failure status based on the upper hypothetical PDCCH BLER, the lower
hypothetical PDCCH BLER, or both. P._PDCCH manager 720 may determine the dynamic
range of the transmission power ratio based on a maximum positive offset, a maximum
negative offset, and an average transmission power ratio (based on the power ratio between
the CSI-RS and the PDSCH). In some cases, identifving the dynamic range of the
transmission power ratio includes recetving an indication of the dynamic range of the
transmission power ratio from the base station. In some cases, the indication inclades a
maximuim value associated with the dynamic range of the transmission power ratio and a
minimum value associated with the dynamic range of the transmission power ratio. In some

cases, the indication includes a maximum positive offset associated with the dyvnamic range
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of the transmission power ratio and a maximum negative oftset associated with the dynamic
range of the transmission power ratio. In some cases, the mdication includes an offset value
that represents both a maximum posttive offset associated with the dyvnamic range of the
transmission power ratio and a maximum negative offset associated with the dyvnamic range
of the transmission power ratio. In some cases, the indication 1s received via at least one of
RRC, a MAC CE, or DCL. In some cases, identifying the dynamic range of the transmission
power ratio further includes identifying an offset associated with the dynamic range based on
the configuration of the CSI-RS. In some cases, wdentifving the dynamic range of the
transmission power ratio further includes identifying a maximum positive offsct and a
maximum negative offset associated with the dynanic range based on the configuration of
the CSI-RS. In some cases, identifving the dynanuc range of the transmission power ratio
further inclades wentifving a maamum CSI-RS to DMRS power ratio and a munimum CSI-
RS to DMRS power ratio based on the configuration of the CSI-RS. In some cases,
wdentifying the dynamic range of the transmission power ratio includes receiving an
mdication of a power ratio between the CSI-RS and a PDSCH received from the base station.
in some cases, the dynamic range of the transmission power ratio is identified per CSI-RS
resource, per CSI-RS resource set, or per CSI-RS resource setting. In some cases, identifying
the dynamic range of the fransmission power ratio further includes identifving a maximum
value associated with the dynamic range of the transmission power ratio and a mimmum
value associated with the dynamic range of the transmission power ratic based on the

configuration of the CSI-RS.

{0111} Beam failure manager 725 may detenmine the beam failure status based on the
upper hypothetical PDCCH BLER, the lower hypothetical PDCCH BLER, the CSI-RS
measurement, or some combination thereof. Beam faiture manager 725 may determine a
beam failure status based on the dynamic range of the transniission power ratio and, in some
cases, determine a beam failure has occurred based on the determined beam failure status.
Beam failure manager 725 may and communicate with the base station m accordance with

the beam failure status.

{0112} CS1-RS manager 730 may determine the dynamic range of the transmission power
ratio based on the indication of the configuration of the CSI-RS and perform a CSE-RS
measurement. In some cases, identifying the dynamic range of the transmission power ratio

mclhudes: receiving an mdication of a configuration of the CSI-RS. In some cases, the



WO 2019/095299 PCT/CN2017/111701

32

configuration includes QCL nformation, a measurement link configuration related to the

CSI-RS, a C81 report setting associated with the CSE-RS, ete.

j0113] Beam failure report manager 735 may transmit a beam failure report to the base

station.

{0114} PDCCH BLER manager 740 may determine an upper hypothetical PDCCH BLER
and a lower hypothetical PDCCH BLER based on the dynamic range.

[3115] FiG. 8 shows a diagram of a system 800 including a device 805 that supports
determining beam fatlure based on a dynamic range of transmission power ratios in
accordance with aspects of the present disclosure. Device 805 may be an example of or
mclude the components of wireless device 505, wircless device 605, ora UE 115 as
described above, ¢.g., with reference to FIGs. 5 and 6. Device 803 may include components
for bi-directional voice and data communications including components for transmitting and
receiving conumunications, including UE communications manager 8135, processor 820,
memory 825, software 8§30, transceiver 833, antenna 840, and /0 controller 845, These
components may be in electronic communication via one or more buses {¢.g., bus 810},

Device 805 may communicate wirelessly with one or more base stations 105.

[8116] Processor 820 may include an intelligent hardware device, {e.g., a gencral-purpose
processor, a DSP, a central processing umit (CPU), a microcontroller, an ASIC, an FPGA 2
progranunable logic device, a discrete gate or transistor logic component, a discrete hardware
component, or any combination thereof). In some cases, processor 820 may be configured to
operaie a memory arvay using a memory controller. In other cases, a memory controller may
be wtegrated into processor 820, Processor 820 may be configured to execute computer-
readable mstructions stored in a memory to perform varous functions (e.g., functions or tasks

supporting determining beam failure based on a dynamic range of transmission power ratios).

{0117} Memory 8235 may mciude random access memory (RAM) and read only memory
(ROM). The memory 825 may store computer-readable, computer-executable software 830
mcluding nstructions that, when executed, cause the processor to perform various functions
desenibed berein. In some cases, the memory 823 may contain, among other things, a basic
mput/output system (BIOS) which may control basic hardware or software operation such as

the interaction with peripheral components or devices.
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[6118] Software 830 may mclude code to implement aspects of the present disclosure,
mehuding code to support determining beam failore based on a dyvnamic range of transmission
power ratios. Software 830 may be stored in a non-transitory computer-readable medium
such as system memory or other memory. fn some cases, the software 830 may not be
directly executable by the processor but may cause a computer (¢.g., when compiled and

executed) to perform fimetions described herein,

{6119} Transceiver 835 may communicate bi-directionally, via one or more antennas,
wired, or wireless links as described above. For example, the transceiver 835 may represent a
wircless transceiver and may conumunicate bi-directionally with another wircless transceiver.
The transceiver 833 may also include a modem to modulate the packets and provide the
modidated packets to the antennas for transmission, and to demodulate packets received from

the antennas.

{61 28] In some cases, the wireless device may include a single antenna 840, However, in
some cases the device may have more than one antenna 340, which may be capable of

concurrently transmitting or receiving multiple wircless transnussions.

10121} 1/0 controller 845 may manage nput and output signals for device 805 /O
controller 845 may also manage penipherals not integrated into device 805, In some cases, VO
controller 845 may represent a physical connection or port to an external peripheral. In some
cases, 170 controlier 845 may utilize an operating system such as i05®, ANDROID®R, M5~
DOS®R, MS-WINDOWS®R, O5/28, UNIX®, LINUX®, or another known operating system.
In other cases, O controller 843 may represent or interact with a modem, a keyboard, a
mouse, a touchscreen, or a similar device. In some cases, /O controller 845 may be
munplemented as part of a processor. o some cases, a user may imteract with device 805 via

1/0 coutroller 845 or via hardware components controlled by /0 controller 845,

{6122} FiG. 9 shows a block diagram 900 of a wireless device 905 that supports
determining beam failure based on a dvnamic range of transmission power ratios in
accordance with aspects of the present disclosure. Wireless device 903 may be an example of
aspects of a base station 105 as described herein. Wireless device 905 may include receiver
910, base station communications manager 913, and transmitier 920, Wireless devigce 905
may also include a processor. Each of these components may be in communication with one

another (¢.g., via one or more buses}.

=
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{6123} Receiver 910 may receive mformation such as packets, user data, or control
mformation associated with varicus information channels {¢.g., control channels, data
channels, and information related to determining beam failure based on a dynamic range of
transmission power rafios, cte.). Information may be passed on to other components of the
device. The receiver 910 may be an example of aspects of the transceiver 1235 described

with reference to FIG. 12. The receiver 910 may utilize a single antenna or a set of antennas.

[8124] Base station communications manager 915 may be an example of aspects of the

base station communications manager 1215 described with reference to FIG. 12

[3125] Base station communications manager 915 and/or at least some of its various sub-
components may be implemented in hardware, software executed by a processor, firmware,
or any combination thercof. If tuplemented in software executed by a processor, the
funcuions of the base station commumnications manager 915 and/or at least some of its various
sub-components may be executed by a general-purpose processor, a DSP, an ASIC, an FPGA
or other programmable logic device, discrete gate or transistor logic, discrete hardware
coraponents, or any combination thereof designed to perform the functions described 1n the
present disclosure. The base station communications manager 915 and/or at least some of its
varigus sub-components may be physically located at various positions, including being
distributed such that portions of functions are impicmented at different physical locations by
one or more physical devices. In some examples, base station communications manager 915
and/or at least some of its various sub-components may be a separate and distinct component
i accordance with various aspects of the present disclosure. Iir other examples, base station
communications manager 915 and/or at least some of its various sub-~components may be
combined with one or more other hardware components, including but not hmited to an VO
component, a transceiver, a network server, another computing device, one or more other
components described in the present disclosure, or a combination thercof in accordance with

various aspects of the present disclosure.

{6126} Bage station commusications manager 915 may identify a dynamic range of a
transmission power ratio between a first reference signal and a second reference signal of a
downlink control channel to a UE and transmit a signal to a UE that facilitates identification
of the dynamic range of the transmission power ratio by the UE. Base station

communications manager 915 may further receive a beam tatlure status report based on the
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dynamic range of the transmission power ratio, and communicate with the UE in accordance

with the beam failure status report.

{127} Transmitter 920 may transmit signals generated by other components of the
device. In some examples, the transmitter 920 may be collocated with areceiver 910ina
transceiver module. For example, the transmitter 920 may be an example of aspects of the
transceiver 1233 described with reference to FIG. 12, The transmitter 920 may utilize a single

antenna or a set of antennas.

[6128] FiG, 10 shows a block diagram 1000 of a wircless device 1005 that supports
determining beam fatlure based on a dynamic range of transmission power ratios in
accordance with aspects of the present disclosure. Wireless device 1005 may be an example
of aspects of a wireless device 905 or a base station 105 as described with reference to FIG.
9. Wireless device 1003 may mcelade recetver 1010, base station communications manager
1015, and transpntter 1020, Wireless device 1005 may also imclude a processor. Each of these

compenents may be in communication with one another {¢.g., via one or more buses).

3129} Receiver 1010 may receive mformation such as packets, user data, or control
mformation associated with various information channels {e.g., control channels, data
channels, and information related to deternuining beam failure based on a dvnamic range of
transmission power ratios, etc.). Information may be passed on to other components of the
device. The receiver 1010 may be an example of aspects of the transcetver 1235 described

with reference to FIG. 12. The recerver 1010 may utilize a single antenna or a set of antennas.

4130} Base station communications manager 1015 may be an example of aspects of the

base station communications manager 1215 described with reference to FIG. 12.

{0131} Base station communications manager 1015 may also melude £._PDUCH manager
1025 (e g., a transnussion power ratio manager or P._PDCUCH _DMRS manager) and beam

farlure manager 1030.

{0132} P. PDCCH manager 1025 may identify a dynamic range of a transmission power
ratio between a first reference signal and a second reference signal of a downlink control
channel to a UE and transnut a signal to a UE that facilitates identification of the dynamic
range of the transmission power ratic by the UE. In some cases, the first reference signal is a
CS1-RS and the second reference signal is a DMRS ofa PDCCH. In some cases, the signal

mcludes an indication of the dynamic range of the transmission power ratio. In some cases,
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the indication mncludes a maximum value associated with the dyvnamic range of the
transmigsion power ratic and a mintmurn value associated with the dynamic range of the
transmission power ratio. In some cases, the indication includes a maximum positive offset
associated with the dynamic range of the transmigsion power ratio and a maximum negative
offset associated with the dynaniic range of the transmission power ratio. In some cases, the
mdication includes an offset value that represents both a maximum positive offset associated
with the dynamic range of the transmission power ratio and a maximum negative offset
associated with the dynamic range of the transmission power ratio. In some cases, the
dynamic range of the transmission power ratio is determined based on a maximum positive
offset, a maximum negative offsct, and an average transmission power rafio. fu some cases,
the indication is transmutted via at least one of RRC, a MAC CE, or DCI. In some cases, the
dvnamic range of the transmission power ratio is identified per CSI-RS resource, per CSI-RS

resource set, or per C81-RS resource setting.

[8133] Beam fatlure manager 1030 may receive a beam failure status report based on the
dynamic range of the transmission power ratio and commumnicate with the UE in accordance

with the beam fatture status report.

10134} Transmitter 1020 may transmit signals generated by other components of the
device. fn some examples, the transoutter 1020 may be collocated with a receiver 1010 in a
transceiver module. For exampie, the transmitter 1020 may be an example of aspects of the
transceiver 12335 described with reference to FIG. 12, The transmitter 1020 may utihize a

single antenna or a set of antennas.

(41 35] Fi{s. 11 shows a block diagram 1100 of a base station communications manager
1115 that supports determining beam failure based on a dyvnamic range of transmission power
ratios in accordance with aspects of the present disclosure. The base station communications
manager 1115 may be an example of aspects of a base station communications manager 1213
described with reference to FIGs. 9, 10, and 12, The base station communications manager
1115 may include P._PDCCH manager 1120 (c.g., a transmission power ratio manager of

P. PDCCH _DMRS manager), beam failure manager 1125, CSI-RS manager 1130, and
PBCCH BLER manager 1135, Each of these modules may communicate, directly or

mdirectly, with onc another (¢.g., via one or more buses).

[6136] B._PDCCH manager 1120 may dentify a dynamic range of a transmission power

ratic between a first reference signal and a second reference signal of a downlink control



WO 2019/095299 PCT/CN2017/111701

37

channel to a UE and tranamit a signal to a UE that facilitates wdentification of the dynamuc
range of the transmission power ratio by the UE. In some cases, the first reference signal isa
CSI-RS and the second reference signal is a DMES of a PDCCH. In somce cases, the signal
meludes an indication of the dyvnamic range of the transmission power ratio. In some cases,
the indication mcludes a maximum value associated with the dynamic range of the
transmission power ratio and a minimum value asscciated with the dynamic range of the
transmission power ratio. In some cases, the indication includes a maximum positive offsct
associated with the dynamic range of the transmission power ratio and a maximum negative
offset associated with the dynamic range of the transmission power ratic. In some cases, the
mdication includes an offsct value that represents both a maximum positive offset associated
with the dynamic range of the transmission power ratio and a maxinmm negative offset
assoctated with the dyramic range of the transmission power ratic. In some cases, the
dvnamic range of the transmission power ratio is determined based on a maximum positive
offset, a maximum negative offset, and an average transmission power ratio. In some cases,
the indication 1s transmutted via at least one of RRC, a MAC CE, or DCL Tn some cases, the
dynamic range of the transmission power raiio is identified per CS1-RS resource, per CSi-RS

resource set, or per CSI-RS resource setting.

3137} Beam fathure manager 1125 may receive a beam failure status report based on the
dynamic range of the transmission power ratio and communicate with the UE in accordance

with the beam failure status report.

{0138} CSI-RS manager 11306 may transmit an indication of a configuration of the CS1-
RS, where the configuration indicates the dynamic range of the transmission power ratio.
CSI1-RS manager 1130 may transmit an mdication of a power ratic between the CSI-RS and a
PDSCH received from the base station, where the dynamic range of the transmission power
ratio is based on the power ratio between the CSI-RS and the PDSCH. In some cases, the
mdication of the configuration indicates at least onc of an offset associated with the dynamic
range, a maximum positive offset associated with the dynamic range, a maximum negative
offset associated with the dynamic range, a maximum CS51-RS to DMRS power ratio, and a
mintmum CSI-RS to DMRS power ratio. In some cases, the configuration may include QCL
mformation, a measurement link configuration related to the CSI-RS, a CS1 report setting

associated with the CSI-RS, etc.
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86139} PDCCH BLER manager 1135 may identify that the beam failure report 1s base

on an upper hypothetical PBCCH BLER, a lower hypothetical PDCCH BLER, or both,
where the upper hypothetical PDCCH BLER and the lower hypothetical PDCCH BLER are
derived from the dynamic range of the transmission power ratio and determine a beam faiture

has oeccwrred based on the recetved beam failure report.

{63140} FIG. 12 shows a diagram of a system 1200 including a device 12035 that supports
determining beam failure based on a dynamic range of transmission power ratios in
accordance with aspects of the present disclosure. Device 12035 may be an example of or
include the components of base station 105 as described above, ¢.g., with reference to FIG 1.
Device 1205 may include components for bi-directional voice and data communications
mclading components for transmitting and receiving communications, including base station
communications manager 1215, processor 1220, memory 1225 software 1230, transceoiver
1235, antenna 1240, network communications manager 1245, and inter-station
communications manager 1250, These components may be in electronic communtcation via
ong or more buses {¢.g., bus 1210}, Device 1205 may commumnicate wirelessly with ong or

more UEs 115,

3141} Processor 1220 may melude an intelligent hardware device, {¢.g., a general-
purpose processor, a DSP, a CPU, a microcontrolier, an ASIC, an FPGA, a programmable
logic device, a discrete gate or transistor logic component, a discrete hardware component, or
any combination thereof). In some cases, processor 1220 may be configured to operate a
memory array using a memory controlier. In other cases, a memory controller may be
ntegrated mto processor 1220, Processor 1220 may be configured to execute computer-
readable instructions stored in a memory (o perform various functions {g.g., functions or tasks

supporting determining beam failure based on a dynamic range of transmission power ratiog).

{0142} Memory 1225 may include RAM and ROM. The memory 1225 may store
computer-readable, computer-executable software 1230 including mstructions that, when
cxecuted, cause the processor to perform vartous functions described berein. fo somce cases,
the memory 1225 may contain, among other things, a BIOS which may control basic
hardware or software operation such as the mteraction with peripheral components or

devices.

[8143] Software 1230 may include code to implement aspects of the present disclosure,

mehuding code to support determining beam failure based on a dynamic range of transmission
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power ratios. Sottware 1230 may be stored in a non-transitory compuier-readable medium
such as system memory or other memory. In some cases, the software 1230 may not be
directly executable by the processor but may cause a computer (¢.g.. when compiled and

executed) to perform functions described herein,

3144} Transceiver 1235 may communicate bi-directionally, via one or more antoonas,
wired, or wireless links as described above. For example, the transceiver 1235 may represent
a wireless transceiver and may commmumcate bi-divectionally with another wireless
transceiver. The transceiver 1235 may also include a modem to modulate the packets and
provide the modulated packets to the antennas for transmission, and to demodulate packets

received from the antennas.

{0145] in some cases, the wireless device may include a single antenna 1240. However,
m some cases the device may have more than one antenna 1240, which may be capable of

concurrently transmitting or receiving multiple wireless transmissions.

[0146] Network communications manager 1245 may manage communications with the
core network {e.g., via one or more wired backhaul links}. For example, the network
communications manager 245 may manage the transfer of data communications for client

devices, such as one or more UEs 115,

{6147} Inter-station communications manager 1250 may manage communications with
other base station 103, and may include a controller or scheduler for controlling
cornomunications with Uls 113 m cooperation with other base stations 105, For example, the
mter-station communications manager 1250 may coordimate scheduling for transmissions to
UEs 115 for various interference mitigation technigues such as beamforming or joint
transmission. In some examples, imter-station communications manager 1250 may provide an
X2 interface within an Long Term Evolution (LTEYLTE-A wireless commanication network

technology to provide communication between base stations 103,

[148] FIG. 13 shows a flowchart illustrating a method 1300 for determining beam
failure based on a dynamic range of transmission power ratios i accordance with aspects of
the present disclosure. The operations of method 1300 may be mplemented by a UE 115 or
its components as described herein. For example, the operations of method 1300 may be
performed by a UE communications manager as described with reference to FIGs. § through

8. In some examples, a UE 115 may execute a set of codes to control the functional clements
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of the device to perform the functions described below. Additionally or altematively, the UE

115 may perform aspects of the functions described below using special-purpose hardware.

[149] At 1305 the UE 115 may identify a dvnamic range of a transmission power ratio
between a first reference signal and a second reference signal of a downlink control channel
received from a base station. The operations of 1305 may be performed according to the
methods described herein. In certain examples, aspects of the operations of 1305 may be

performed by a F,_PDCCH manager as described with reference to FIGs. 5 through 8.

{0150] At 1310 the UE 115 may determine a beam failore status based af least in part on
the dynamic range of the transmission power ratio. The operations of 1310 may be performed
according to the methods described herein. In certain examples, aspects of the operations of
1310 may be performed by a beam failure manager as described with reference to FIGs. 5

through 8.

[B151] At 1315 the UE 115 may communicate with the base station m accordance with
the beam failure status. The operations of 1315 may be performed according to the methods
described herein. In certain examples, aspects of the operations of 1315 may be performed by

a beam failure manager as described with reference to FIGs. 5 through 8.

{3152} FiG. 14 shows a flowchart illusirating a method 1400 for determining beam
farlure based on a dynamic range of transmission power ratios in accordance with aspects of
the present disclosure. The operations of method 1400 may be implemented by a UE 115 or
its components as described herein. For example, the operations of method 1400 may be
performed by a UE communications manager as descrnibed with reference to FlGs. 3 through
3. In some examples, a UE 1135 may execote a set of codes to control the fumctional elements
of the device to perform the functions described below. Additionally or alternatively, the UE

115 may perform aspects of the functions described below using special-purpose hardware.

{0153] At 1405 the UE 115 may dentify a dynamic range of a transmission power ratio
between a first reference signal and a second reference signal of a downlink control channel
received from a base station. In some cases, the first refercnce signal is a CSI-RS and the
second reference signal is a DMRS of a PDCCH. The operations of 1405 may be performed
according to the methods described herein. In certain examples, aspects of the operations of
1405 may be performed by a £._PDCCH manager as described with reference to FEGs. 5

through 8.
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{0154} At 1410 the UE 115 may determine a beam failure status based at least in part on
the dynamic range of the transmission power ratio. The operations of 1410 may be performed
according to the methods described herein. In certain examples, aspects of the operations of
1410 may be performed by a beam failure manager as described with reference to FIGs. 5

through 8.

[3155] At 1415 the UE 115 may determine a beam failure has occurred based at least in
part on the determined beam failure status. The operations of 1415 may be performed
according to the methods described herein. In certain examples, aspects of the operations of
1415 may be performed by a beam failure manager as described with reference to FIGs. 5

through 8.

[3156] At 1420 the UE 115 may transmit a beam failure report to the base station. The
operations of 1420 may be performed according to the methods described herein. In certain
examples, aspects of the operations of 1420 may be performed by a beam fatture report

manager as described with reference to FIGs. 5 through 8.

(3157} Fis. 15 shows a flowchart illustrating a method 1300 for determiming beam
failure based on a dynamic range of transmission power ratios in accordance with aspects of
the present disclosure. The operations of method 1500 may be mplemented by a UE 115 or
its components as described herein. For example, the operations of method 1500 may be
performed by a UE commumnications manager as described with reference to FIGs. § through
8. In some cxamples, a UE 115 may execute a set of codes to control the functional clements
of the device to perform the fumctions described below. Additionally or altematively, the UE

115 may perform aspects of the functions described below using special-porpose hardware.

{0158] At 1505 the UE 115 may dentify a dynamic range of a transmission power ratio
between a first reference signal and a second reference signal of a downlink control channel
recetved from a base station. The operations of 1503 may be performed according to the
methods described herein. In certain examples, aspects of the operations of 1505 may be

performed by a B._PDCCH manager as described with reference to FIGs. 5 through 8.

[(3159] At 1510 the UE 115 may perform a CSE-RS measurement. The operations of 1510
may be performed according to the methods described herein. In cortain exampies, aspects of
the operations of 1510 may be performed by a CSI-RS manager as described with reference

to F1Gs. 5 through 8.
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{0164] At 1515 the UE 115 may determine an upper hypothetical PDCCH BLER and a
lower hypothetical PDCCH BLER based at least in part on the dynamic range and the CS1-
RS measurement. The operations of 1515 may be performed according to the methods
described heren. In certain examples, aspects of the operations of 1515 may be performed by

a PBCCH BLER manager as described with reference to FIGs. 5 through 8.

{0161} At 1520 the UE 115 may determine the beam failure status based at least in part
on the upper hypothetical PDCCH BLER, the lower hypothetical PDCCH BLER, or both.
The operations of 1520 may be performed according to the methods described herein. In
certain examples, aspects of the operations of 1520 may be performed bv a £,_PDCCH

manager as described with reference to FIGs. 3 through 8.

[4162] At 1525 the UE 115 may communicate with the base station in accordance with
the beam failure status. The operations of 1325 may be performed according to the methods
described herein. In certam examples, aspecis of the operations of 1525 may be performed by

a beam failure manager as described with reference to FIGs. 5 through 8.

{0163} FiG., 16 shows a flowchart illustrating a method 1600 for determining beam
failare based on a dynamic range of transmission power ratios in accordance with aspects of
the present disclosure. The operations of method 1600 may be implemented by a base station
1035 or its components as described herein. For example, the operations of method 1600 may
be performed by a base station communications manager as described with reterence to FiGs.
9 through 12, In some examples, a base station 105 may execute a set of codes to control the
functional elements of the device to perform the functions described below. Additionally or
alternatively, the base station 103 may perform aspects of the functions described below

using special-purpose hardware.

[0164] At 1603 the base station 105 may identify a dynamic range of a transmission
power ratio between a first reference signal and a second reference signal of a downhink
control channel to a UE. The operations of 1605 may be performed according to the methods
described herein. In certain examples, aspects of the operations of 1605 may be performed by

a P._PDCCH manager as described with reference to FIGs. 9 through 12.

[(4165] At 1610 the base station 105 may transmit a signal to a UE that facilitates
wdentification of the dynamic range of the transmission power ratic by the UE. The operations

of 1610 may be performed according to the methods described herein. fn certam examples,
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aspects of the operations of 1610 may be performed by a £,_£DCCH manager as described

with reference to FIGs. 9 through 12

[0166] At 1615 the base station 105 may receive a beam failure status report based at
least in part on the dynamic range of the transnussion power ratio. The operations of 1615
may be performed according to the methods described herein. In cortain examples, aspects of
the operations of 1615 may be performed by a beam failore manager as described with

reference to FiGs. 9 through 12,

{8167} At 1620 the base station 105 may communicate with the UE in accordance with
the beam failure status report. The operations of 1620 may be performed according to the
methods described herein. In cerfain examples, aspects of the operations of 1620 may be

performed by a beam failure manager as described with reference to FIGs. 9 through 12,

[0168] it should be noted that the methods described above deseribe possible
implementations, and that the operations and the steps may be rearranged or otherwise
modified and that other implementations are possible. Further, aspects fron: two or more of

the methods may be combined.

13169} Technigues described herein may be used for various wireless communications
systems such as code division multiple access (CDMA), time division multiple access
{TDMA), frequency division multiple access (FDMA), orthogonal freguency division
multiple access (OFDMA), single carrier frequency division multiple access (SC-FDMA),
and other systems. A CDMA systern may implement a radio technology such as CDMAZ000,
Umiversal Terrestrial Radio Access (UTRA), ete. COMAZO000 covers I8-2000, IS-93, and {5-
356 standards. [5-2000 Releases may be commonly referred to as COMA2000 1X, 1X ete.
15-856 (T1A-856} is commonly referred to as CDMAZ000 IxEV-DO, High Rate Packet Data
{HRPD), etc. UTRA includes Wideband CDMA (WCDMA) and other variants of CDMA. A
TDMA systermn may maplement a radio technology such as Global System for Mobile

Communications {GSM}.

{3170} An OFDMA system may implement a radio technology such as Ulira Mobile
Broadband {UMB}, Evolved UTRA (E-UTRA), Institute of Electrical and Electronics
Enginecers (IEEE) 802 11 (Wi-F1), IEEE 802.16 (WiMAX), IEEE 802 .20, Flash-OFDM, etc.
UTRA and E-UTRA are part of Universal Mobile Telecommumnications System (UMTS).
LTE and LTE-A arc releases of UMTS that use E-UTRA. UTRA, E-UTRA, UMTS, LTE,

LTE-A, NR, and GSM are described 10 documents from the organization named “3rd



WO 2019/095299 PCT/CN2017/111701

44
Generation Partnership Project” (3GPP). CDMAZ2000 and UMB are described in documents
from an organization named “3rd Generation Partnership Project 27 (3GPP2). The technigues
described herein may be used for the systems and radio technologics mentioned above as well
as other systems and radio technologies. While aspects of an LTE or an NR system may be
described for purposes of example, and LTE or NR terminology may be used in much of the

description, the techniques described herein are applicable beyond LTE or NR applications.

[8171] A macro cell generally covers a relatively large geographic arca (¢.g., several
kilometers in radius) and may allow unrestricted aceess by UEs 115 with service
subscriptions with the network provider. A small cell may be associated with a lower-
powered base station 105, as compared with a macro cell, and a small cell may operate n the
same or different {e g, licensed, unlicensed, ete } frequency bands as macro cells. Small cells
may include pico cells, femto cells, and micro cells according to various examples. A pico
cell, for example, may cover a small geographic area and may allow unrestricted access by
UEs 115 with service subscriptions with the network provider. A femto cell may also cover a
small geographic arca (e.g., a home) and may provide restricted access by UEs 115 having an
association with the femto cell {c.g., UEs 115 1n a closed subscriber group {(CSG), UEs 115
for users 1n the home, and the like). An eNB for a macro cell may be referred to as a macro
eNB. An eNB for a small cell may be referred to as a small cell eNB, a pico eNB, a femto
eNB, or ahome eNB. An eNB may support one or multiple {e.g., two, three, four, and the

like) cells, and may also support communications using one or multiple component carmers.

{6172} The wircless communications system 100 or systems described herein may
support synchronous or asynchronous operation. For svnchronous operation, the base stations
105 may have similar frame timing, and transmissions from different base stations 105 may
be approximately aligned in time. For asynchronous operation, the base stations 105 may
have differcut frame timing, and transmissions from different base stations 105 may not be
aligned in time. The techmiques described herein may be used tor either synchronous or

asynchronous operations.

[3173] Information and signals described herein may be represented using any of a
variety of different technologies and techmiques. For example, data, instructions, commands,
mformation, signals, bits, symbaols, and chips that may be referenced throughout the above
description may be represented by voltages, currents, clectromagnetic waves, magnetic fields

or particles, optical ficlds or particles, or any combmation thereof.
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[0174] The various illustrative blocks and modules described in connection with the
disclosure herein may be implemented or performed with a general-purpose processor, a
digital signal processor {(DSP), an application-specific integrated circuit {ASIC), a field-
programmable gate array (FPGA) or other programmable logic device (PLD), discrete gate or
transistor logic, discrete hardware components, or any combination thergof designed to
perform the functions described herein. A general-purpose processor may be a
microprocessor, but in the altemative, the processor may be any conventional processor,
controller, microcontroller, or state machine. A processor may also be implemented as a
combination of computing devices {e.g., a combination of a DSP and a microprocessor,
multiple microprocessors, One OF MOTe MICToprocessors in conjunction with a DSP core, or

any other such configuration),

13175] The functions described herein may be implemented in hardware, software
executed by a processor, firmware, or any combination thereof. If implemented m software
executed by a processor, the functions may be stored on or transmitted over as one or more
mstructions or code on a computer-readable medium. Other examples and implementations
are within the scope of the disclosure and appended claims. For example, due to the nature of
software, functions described above can be implemented usmg software executed by a
processor, hardware, firmware, hardwiring, or combmations of any of these. Features
implementing functions may also be physically located at various positions, including being

distributed such that portions of functions are implemented at different physical locations.

{8176} Computer-readable media includes both non-transitory computer storage media
and communication media inchuding any medium that facilitates transter of a computer
program from one place to another. A non-transitory storage medivm may be any available
mediom that can be accessed by a general purpose or special purpose computer. By way of
exarople, and not limitation, non-transitory compuicr-readable media may comprise random-
access memory (RAM), read-only memory (ROMj}, electricaily erasable programmable read
only memory {EEPROM), flash memory, compact disk {CD} ROM or other optical disk
storage, magnetic disk storage or other magnetic storage devices, or any other non-transitory
medium that can be used to carrv or store desired program code means in the form of
mstructions or data structures and that can be accessed by a general-purpose or special-
purpose computer, or a gencral-purpose or special-purpose processor. Also, any connection is
property termed a computer-readable medium. For example, if the software is transmitted

from a website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
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pair, digital subscriber ling (BSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, D5SL, or wircless
technologics such as infrared, radio, and microwave are included in the definition of medium.
Dnsk and disc, as used herein, include CD, laser disc, optical disc, digital versatile disc
(DVD), floppy disk and Blu-ray disc where disks usually reproduce data magnetically, while
discs reproduce data optically with lasers. Combinations of the above are also included within

the scope of computer-readable media.

{6177} As used herein, including in the claims, “or” as used m a list of items (¢ g, a list
of items prefaced bv a phrase such as “at least one of” or “one or more of ) indicates an
melusive list such that, for example, a list of at least one of A, B.or Cmeans Aor B or C or
ABor ACor BCor ABC {ie., A and B and €. Also, as used herein, the phrase “based on”
shall not be construed as a reference to a closed set of conditions. For example, an exemplary
step that 15 described as “based on condition A” may be based on both a condition A and a
condition B without departing from the scope of the present disclosure. In other words, as
used herein, the phrase “based on” shall be construed m the same manner as the phrase

“based at fcast in part on.”

13178} In the appended figures, similar components or features may have the same
reference label. Further, various components of the same type may be distinguished by
following the reference label by a dash and a second label that distinguishes among the
similar components. If just the first reference label 13 used i the specification, the deseription
is applicable to any one of the similar components having the same first reference iabel

wrespective of the second reference label, or other subsequent reference label.

13179} The descrniption set forth herein, inn conngction with the appended drawings,
descnibes example configurations and does not represent all the examples that may be
mmplemented or that are within the scope of the claims. The term “exemplary” used herein
means “serving as an example, mstance, or iflustration,” and not “preferred” or
“advantageous over other examples.” The detailed description includes specific details for the
purpose of providing an understanding of the described techniques. These techniques,
however, may be practiced without these specific details. In some instances, well-known
structures and devices are shown in block diagram form in order to avoid obscuring the

concepts of the described examples.
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{6184} The description herein is provided to enable a person skilled in the art to make or
use the disclosure. Various modifications to the disclosure will be readily apparent to those
skilled m the art, and the generic principles defined herein may be applied to other variations
without departing from the scope of the disclosure. Thus, the disclosure is not limited to the
examples and designs described herein, but s to be accorded the broadest scope consistent

with the principles and novel features disclosed herein.
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CLAIMS
What is claimed is:
I A method for wireless commumnication, comprising;

identifving a dynamic range of a transmission power ratio between a first
reference signal and a second reference signal of a downlink control channel recetved from a
base station;

deternuning a beam failure status based at least in part on the dynamic range
of the transmission power ratio; and

communicating with the base station in accordance with the beam failture

status.

2. The method of claim 1, wherein the first reference signal is a chanoel
state information reference signal {({CSI-RS) and the second reference signal 15 a demodulation

reference signal (BMRS) of a physical downlink control channel (PBCCH).

3. The method of claim 2, wherein identifving the dynamic range of the
transnussion Power ratio COmprises:
receiving an indication of the dynamic range of the transmission power ratio

from: the base station.

4. The method of claim 3, wherein the indication includes a maximum
value associated with the dvnamic range of the transmission power ratio and a minimum

value associated with the dynamic range of the transmission power ratio,

5. The method of claim 3, wherein the indication includes a maximum
positive offset associated with the dynamic range of the ransmission power ratio and a

maximum negative offset associated with the dynamic range of the transmission power ratio.

6. The method of claim 3, wherein the indication includes an offset value
that represents both a maximum positive offset associated with the dynamic range of the
transmission power ratio and a maxumum negative offset associated with the dynamic range

of the transmission power ratic.

7. The method of ¢lain 3, further comprising:
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determining the dyvnamic range of the transmission power ratio based at least
i part on a maximum positive offset, a maximuom negative offset, and an average

ransmission power ratio.

8. The method of claim 3, wherein the indication is received via at least
one of radio resource control {(RRC), a media access control {MAC) control element (CE), or

downlimk control information (DCI.

9. The method of claim 2, wherem identifying the dynamic range of the
fransmission power ratio comprises:

receiving an indication of a configuration of the CS1-RS; and

determining the dyonamic range of the transmission power ratio based at least

i part on the indication of the configuration of the CSI-RS.

10. The method of claim 9, wherein the configuration includes at least one
of quasi-co-location {QCL) mformation, a measurement link configuration related to the C5I1-

RS, and a CSI report setting associated with the CSI-RS.

It The method of ¢lain 9, wherein identifving the dynamic range of the
transmission power ratio further comprises:

identifying a maximum value associated with the dynamic range of the
transmission power ratio and a minimum value associated with the dynamic range of the

transmission power ratio based at least in part on the configuration of the CSI-RS.

12. The method of ¢lain 9, wherein identifving the dynamic range of the
transmission power ratio further comprises:
identifying an offset associated with the dynamic range based at least in part

on the configuration of the CSI-RS.

3. The method of claim 9, wherein identifyving the dynamic range of the
transnuission power ratio further comprises:

identifying a maximwm positive offset and a maximum negative offset

14, 'The method of claim 9, wherein identifving the dvnanc range of the

transmission power ratio further comprises:
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identifving a maxaimum CSI-RS to DMRS power ratio and a minimum CS8I-RS

to BMRS power ratic based at keast in part on the configuration of the CSI-RS.

15, The method of claim 2, wherem identifying the dvnamic range of the
{ransmission power rafio COMmprises:

receiving an indication of a power ratio between the CS{-RS and a physical
downlink shared channel (PDSCH) received from the base station; and

determining the dynamic range of the transmission power ratio based at least

in part on the power ratio between the CSI-RS and the PDSCH.

i6. The method of claim 2, further comprising:
determining a beam failure has occurred based at least in part onthe
determined beam failure status: and

transmitting a beam failure report to the base station.

I

~3

The method of claim 2, wherein the dynamic range of the transmission
power ratio is identified per USI-RS resource, per CSI-RS resource set, or per CSI-RS

resource setiing,.

18. The method of clainm 2, further comprising:

determuning an upper hypothetical phvsical downhink control channel
(PDCCH) block error rate (BLER} and a lower hypothetical PDCCH BLER based at least in
part on the dynamic range; and

determining the beam fatlure status based at least in part on the upper

hypothetical PDCCH BLER, the lower hypothetical PBCCH BLER, or both.

19 The method of claim 18, further comprising:

performing a C51-RS measurement; and

determuining the beam fathire status based at least in part on the upper
hypothetical physical downlink control channel (PDCCH) BLER, the lower bvpothetical
PBCCH BLER, the CSI-RS measurement, or some combination thereof.

20 A method for wireless communication, comprising:
identifying a dynamic range of a transmission power ratio between a first
reference signal and a second reference signal of a downlink control channel to a user

cquipment (UE);

PCT/CN2017/111701
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transmitting a signal to a UE that facilutates identification of the dynamic
range of the transmuission power ratio by the UE;

receiving a beam tailure status report based at feast in part on the dynamic
range of the transmission power ratio; and

communicating with the UE in accordance with the beam failure status report.

21, The method of claim 20, wherein the first reference signal 1s a channel
state information reference signal {CSE-RS) and the second reference signal is a demodulation

reference signal (DMES) of a physical downlink control channel (PDCCH).

22, The method of claim 21, wherein the signal includes an indication of

the dynamic range of the transmission power ratio.

23. The method of claim 22, wherein the indication includes a maximum
value associated with the dyvnamic range of the transmission power ratio and a minimum

value associated with the dynamic range of the transmission power ratio.

24, The method of ¢laim 22, wherein the indication includes a maximom
positive offset associated with the dynamic range of the ransmission power ratio and a

maximum negative offset associated with the dvnamic range of the transmission power rafio.

25, The method of claim 22, wherein the mdication includes an offset
value that represents both a maximum positive offset associated with the dynanmic range of
the transmission power ratio and a maximum negative offset associated with the dyvnamic

range of the transmission power ratio.

26. The method of claim 22, wherein the dynamic range of the
transmission power ratio 1s determined based at least in part on a maximum positive offset, a

maximum negative offset, and an average transmission power ratio.

27. The method of claim 22, wherein the indication is transmitted via at
teast one of radio resource control (RRC), a media access control {(MAC) control element

{CE), or downlink control information (DCI).

28. The method of claim 21, further comprising:
transmitting an indication of a configuration of the CSI-RS, wherein the

configuration indicates the dynamic range of the transmission power ratio.

PCT/CN2017/111701
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29.  The method of claim 28, wherein the configuration mcludes at least

ong of quasi-co-location (QCL) information, a measurement link configuration related to the

CSI-RS, and a CSI report setting associated with the CSI-RS.

30. The method of claim 28, wherein the indication of the configuration
indicates at least one of an offset associated with the dvnamic range, a maximum positive
offsct associated with the dynamic range, a maximum negative offset associated with the
dynamic range, a maxinum CSI-RS to DMRS power ratio, and a mininum CSE-RS to

DMRS power ratio.

3L The method of claim 21, further comprising:

transmitting an indication of a power ratio between the CS1-RS and a physical
downlink shared channel (PDSCH]} received from the base station, wherem the dynamic
range of the transmission power ratio is based at least in part on the power ratic between the

{CSI-RS and the PDSCH.

32, The method of claim 21, further comprising:

identitving that the beam failure report is based on an upper hypothetical
physical downlink control channel (PDCCH) block error rate (BLER}, a lower hypothetical
PBCCH BLER, or both, wherein the upper hypothetical PDCCH BLER and the lower
bypothetical PRDCCH BLER are derived from the dvoamic range of the transmission power
ratio; and

determuning a beam failure has occurred based at least in part on the received

beam failure report.

33. The method of ¢lainy 21, wherein the dynamic range of the
transmission power ratio is identified per CS{-RS resource, per CSI-RS resource set, or per

CSI-RS resource setting.

34, An apparatus for wireless compunication, comprising:

means for identifying a dynamic range of a transmission power ratio between
a first reference signal and a second reference signal of a downlink control channel received
from a base station;

means for determining a beam failure status based at least in part on the

dynamic range of the transmission power ratio; and



o2

]

EE VS [S]

[\

3

]

EE OS]

WO 2019/095299 PCT/CN2017/111701

W
(U9

means for communicating with the base station 1 accordance with the beam

failure status.

35, 'The apparatas of claim 34, wherein the first reference signal is a
channel state information reference signal {CSI-RS) and the second reference signal is a

demodulation reference signal (DMRS) of a physical downlink control channel (PDCCH).

36.  The apparatus of claim 35, wherein the means for identifying the
dynamic range of the transmission power ratio comprises:
means for receiving an indication of the dynamic range of the transmission

power ratio from the base station.

37. The apparatus of claim 36, wherein the indication includes a maximum
value associated with the dvnamic range of the transmission power ratio and a minimum

value associated with the dvnamic range of the transmission power ratio.

38. The apparatus of claim 36, wherein the indication includes a maximum
positive offset associated with the dynamic range of the transmission power ratio and a

maximum negative offset associated with the dynamic range of the transmission power ratio.

39, 'The apparatas of claim 36, whercin the indication includes an offset
value that represents both a maximum positive offset associated with the dynamic range of
the transmission power ratio and a maximum negative offset associated with the dynamic

range of the transmission power ratio.

4. The apparatus of claim 36, further compnising:
means for determining the dynamic range of the transmission power ratio
based at least in part on a maximum positive offset, a maximum negative offset, and an

average ransmission power ratio.

41.  The apparatus of claim 36, wherein the mdication is received via at
teast one of radio resource control (RRC), a media access control {(MAC) control element

(CE), or downlink control information (DCI).

42. The apparatus of claim 35, wherein the means for identifving the
dynanic range of the transmission power ratio comprises:

means for receiving an indication of a configuration of the CSI-RS; and
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means for determining the dynamic range of the transmission power ratio

based at keast in part on the indication of the configuration of the CSI-RS.

43, The apparatus of claim 42, wherein the configuration imechudes at least
one of guasi-co-location (QCL) information, a measurement link configuration related to the

CSI-RS, and a CSI report setting associated with the CSI-RS.

44, The apparatus of claim 42, wherein the means for identifying the
dynamic range of the transmission power ratio further comprises:

means for identifying a maximum value associated with the dynamic range of
the transmigsion power ratio and a minimum value associated with the dynamic range of the

transmission power ratio based at least in part on the configuration of the CSI-RS,

43. The apparatus of claim 42, wherein the means for identifyving the
dynamic range of the transmission power ratio further comprises:
means for wdentifying an offset associated with the dynamic range based at

least in part on the configuration of the CSI-RS.

46. The apparatus of claim 42, wherein the means for identifving the
dynamic range of the transmission power ratio further comprises:

means for identifving a maximum positive offset and a maximum negative
offset associated with the dynamic range based at least in part on the configuration of the

CS1-RS.

47. The apparatus of claim 42, wherein the means for identifving the

dynamic range of the transmission power ratio further comprises:

minimum TSRS to DMRS power ratio based at least in part on the configuration of the

CSI-RS.

48. The apparatus of claim 35, wherein the means for identifving the
dynamic range of the transmission power ratioc comprises:

means for receiving an indication of a power ratio between the CSE-RS and a
physical downlink shared channel (PDSCH]} received from the base station; and

means for determining the dyvoamic range of the transmission power ratio

based at least in part on the power ratio between the CSI-RS and the PDSCH.
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49, The apparatus of claim 33, further comprising:
means for determining a beam failure has occurred based at least in part on the
determined beam failore status; and

means for transmitting a beam failure report to the base station.

50.  The apparatus of claim 35, wherein the dvnamic range of the
transmission power ratio is identified per CSI-RS resource, per CSI-RS resource set, or per

CSI-RS resource setting.

51, 'The apparatus of claim 35, further comprising:

means for determining an upper hypothetical physical downlink control
channel (PDCCH) block error rate {BLER) and a fower hypothetical PDCCH BLER based at
least in part on the dynamic range; and

means for determuning the beam failure status based at least in part on the

upper hypothetical PDCCH BLER, the lower hypothetical PDCCH BLER, or both.

32.  'The apparatus of claim 31, further compnising:

means for performing a CSI-RS measurement; and

means for determining the beam fatlure status based at least in part on the
upper hypothetical physical downlink control channel (PDCCH) BLER, the lower
hypothetical PDCCH BLER, the CSI-RS measurement, or some combination thereof.

33, Anapparatus for wircless communication, comprising:

means for identifying a dynamic range of a {ransmission power ratio between
a first refercnce signal and a second refercnec signal of a downlink control channel to a user
equipment {UE);

means for transmitting a signal to a UE that facilitates identification of the
dvnamic range of the transmission power ratio by the UE:

means for receiving a beam failure status report based at least in part on the
dynamic range of the transmission power ratio; and

means for communicating with the UE i accordance with the beam fadure

status report.
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54.  The apparatus of claim 53, wherein the first reference signal is a
channel state information reference signal (CSI-RS) and the second reference signal 1s a

demodalation reference signal (BMRS) of a physical downlink control channel (PDCCH).

35, 'The apparatus of claim 34, wherem the signal includes an indication of

the dynamic range of the transmission power ratio.

56. The apparatus of claim 55, wherein the indication mcludes a maximam
value associated with the dynamic range of the transmission power ratic and a minioum

value associated with the dynamic range of the transmission power ratio.

57.  'The apparatus of claim 55, wherein the indication includes a maximum
posttive offset associated with the dynamic range of the transmussion power ratio and a

maximum negative offset associated with the dynamic range of the transmission power ratio.

38, The apparatus of claim 35, wherem the indication includes an offset
value that represents both a maximum positive offset associated with the dynamic range of
the transmission power ratio and a maximum negative offset associated with the dynamic

range of the transmission power ratio.

59, 'The apparatus of claim 55, wherein the dvnamic range of the
transnuission power ratio 18 determined based at least in part on a maximum positive offset, a

maximum negative offset, and an average transmission power ratio.

60. The apparatas of claim 55, wherein the indication s transmitted via at
cast one of radio resource control {RR{), a media aceess control (MAC) control element

(CE), or downlink control information (DC1).

61 The apparatus of claim 54, further comprising
means for fransmitting an mdication of a configuration of the CSI-RS, wherem

the configuration indicates the dynamic range of the transmission power ratio.

62.  'The apparatus of claim 61, wherein the configuration includes at least
ong of guasi-co-location (QCL) information, a measurement link configuration related to the

CSI-RS, and a CSI report setting associated with the CSI-RS.
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63.  The apparatus of claim 61, wherein the indication of the configuration
mdicates at least one of an offset associated with the dynamic range, a maximum positive
offset associated with the dynamic range, a maximum negative offset associated with the
dyvnamic range, a maximum CSI-RS to DMRS power ratio, and a mimimum CSE-RS to

DMES power ratio.

64.  The apparatus of claim 54, further comprsing

means for fransmitting an mdication of a power ratio between the CSE-RS and
a physical downlink shared channel (PDSCH) received from the base station, wherein the
dynamic range of the transmission power ratic is based at least in part on the power ratio

bhetween the CSI-RS and the PDSCH.

65.  The apparatus of claim 54, further comprsing

means for identifying that the beam failure report 1s based on an upper
hypothetical physical downlink control channel (PDCCH) block error rate (BLER), a lower
hypothetical PDCCH BLER, or both, wherein the upper hypothetical PDCCH BLER and the
lower hypothetical PDCCH BLER are derived from the dvnamic range of the transmission
power ratio; and

means for determining a beam faithure has cccurred based at least in part on the

received beam failure report.

66. The apparatus of claim 54, wherein the dvnamic range of the
transmission power ratio is identified per CSI-RS resource, per CSI-RS resource set, or per

CSI-RS resource setting.

67.  An apparatus for wireless communication, comprising:

a4 Processor;

memory in electronic communication with the processor; and

instructions stored in the memory and exccutable by the processor to cause the
apparatus {o:

identify a dynamic range of a transmission power ratic between a first
reference signal and a second reference signal of a downlink control channel received from a
base station;

determine a beam failure status based at least in part on the dynamic range of

the transmigsion power ratio; and
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communicate with the base station 1n accordance with the beam failure status.

6%.  The apparatus of claim 67, wherein the first reference signal is a
channel state information refergnce signal (CSI-RS) and the second reference signal is a

demodulation reference signal {DMRS) of a physical downlink control channel (PRDCCH).

69, The apparatus of claim 68, wherein the instructions to identify the
dynamic range of the transmission power ratio are executable by the processor to cause the
apparatus to:

recetve an indication of the dveamic range of the transmission power ratio

from the base station.

70. The apparatus of claim 69, wherein the indication includes a maximum
value associated with the dynamic range of the transmission power ratio and a minimum

value associated with the dynamic range of the transnussion power ratio.

71.  "The apparatus of claim 69, whercin the indication includes a maximum
positive offset associated with the dynamic range of the transmission power ratio and a

maxtmum negative offset associated with the dynamic range of the transmission power ratio,

72, 'The apparatus of claim 69, whercin the indication inchudes an offset
value that represents both a maximum positive offset associated with the dynanic range of
the transmission power ratio and a maximum negative offset associated with the dyvnamic

range of the transmission power ratio.

73, 'The apparatus of claim 69, wherein the mstructions are further
executable by the processor to cause the apparatus to:

determine the dynamic range of the transmission power ratio based at least in
part on a maximum postitve offset, a maxioum negative offset, and an average transmission

power ratio.

74.  The apparatus of claim 69, whercin the indication is received via at
least one of radio resource control (RRC), a media aceess control (MAC) control element

(CE}, or downlink control information (DC).
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75.  The apparatus of claim 68, wherein the instructions to identify the
dynamic range of the transmission power ratio are executable by the processor to cause the
apparatus to:

recetve an indication of a configuration of the CSI-RS; and

determine the dynamic range of the transmission power ratio based at least in

part on the mdication of the configuration of the CSI-RS.

76.  The apparatus of claim 75, wherein the configuration includes at least
one of guasi-co-location (QCL) information, a measurement link configuration related to the

CSI1-RS, and a CSI report setting associated with the CSI-RS.

77.  The apparatus of claim 75, wherein the instructions to identify the
dynamic range of the transmission power ratio turther are executable by the processor to
cause the apparatus 1o;

identify a maximum value associated with the dynamic range of the
transmission power ratio and a minimum value asscciated with the dynamic range of the

transmission power ratio based at least in part on the configuration of the CSI-RS.

78.  The apparatus of claim 75, wherein the instructions to identify the
dynamic range of the transmission power ratio further are executable by the processor to
cause the apparatus to:

identify an offset associated with the dynamic range based at least in part on

the configuration of the CSI-RS.

79.  The apparatus of claim 75, wherein the instructions to identify the
dynamic range of the transmission power ratio further are executable by the processor to
cause the apparatus to:

identify a maximum posttive offset and a maximum negative offset associated

with the dynamic range based at least 1n part on the contiguration of the CSI-RS.

80.  "The apparatus of claim 75, wherein the instructions to identify the
dynamic range of the transmission power ratio further are executable by the processor to
cause the apparatus to:

identify a maximnum CSI1-RS to BMRS power ratio and a minimum CS§-RS to

DMES power ratio based at least in part on the contiguration of the CSI-RS.

PCT/CN2017/111701
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&1.  "The apparatus of claim 68, wherein the instructions to identify the
dynamic range of the transmission power ratio are executable by the processor to cause the
apparatus to:

receive an indication of a power ratio between the CSI-RS and a physical
downlink shared channel (PDSCH) received from the base station; and

determine the dynannic range of the transmission power ratio based at least in

part on the power ratio between the CSI-RS and the PDSCH.

82.  'The apparatas of claim 68, whercin the instructions are further
oxecutable by the processor to cause the apparatus to:

determine a beam failure has occurred based at least i part on the determined
beam failure status; and

transmit a beara failure report to the base station.

83. The apparatus of claim 68, whercin the dynamic range of the
transmission power ratio is identified per CSI-RS rescurce, per CSI-RS resource set, or per

CSI-RS resource setting.

&4.  "The apparatus of claim 68, wherein the instructions are further
executable by the processor to cause the apparatus to:

determune an upper hypothetical physical downlink control channgl (PDCCH)
block error rate {BLER) and a lower hypothetical PDCCH BLER based at least in part on the
dynamic range; and

determine the beam failure statas based at least in part on the vpper

hypothetical PDCCH BLER, the lower hypothetical PBCCH BLER, or both.

85, The apparatas of claim 84, whercin the instructions are further
oxecutable by the processor to cause the apparatus to:

perforot a CS1-RS measuwrement; and

determine the beam failure status based at least in part on the vpper
hypothetical physical downlink control channel {PDCCH) BLER, the lower hyvpothetical
PDCCH BLER, the C8I-RS measurement, or some combination thereof.

86.  An apparatus for wircless communication, comprising:

a Processor,
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3 memory in electronic communication with the processor; and
4 mstructions stored in the memory and executable by the processor to cause the
5 apparatus to:
6 identify a dynamic range of a transmission power ratio between a first

7 reference signal and a second reference signal of a downlink control channel to a user

8  equipment (UE)

G transnut a signal to a UE that facilitates identification of the dvnamic range of
10 the transmission power rafio by the UE;
1 recetve a beam failure status report based at least in part on the dynamic range

12 of'the transmission power ratio; and

i3 communicate with the UE in accordance with the beam failure status report.
1 87.  'The apparatus of claim 86, whercin the tirst reference signal is a
)

channel state information reference signal (CSI-R5) and the second reference signalis a

3 demodulation reference signal (DMRS) of a physical downlink control channel (PDCCH).

i 88.  The apparatus of claim 87, wherein the signal mncludes an imdication of
2 the dynamic range of the transmission power ratio.

1 &9.  'The apparatus of claim 88, wherein the indication includes a maximum
2 value associated with the dynamic range of the transmission power ratio and a minimum

3 wvalue associated with the dvnamic range ot the transmission power ratio.

1 90.  'The apparatus of claim 88, wherein the indication inchudes a maximum

2 positive offset associated with the dynamic range of the transmission power ratio and a

3 maximum negative offset associated with the dynamic range of the transmission power rafio.
1 01,  The apparatus of claim 88, whercin the indication includes an offset

2 value that represents both a maximum positive offset associated with the dynamic range of

3 the transmission power ratio and a maxinum negative offset associated with the dynamic

4 range of the tranamission power ratio.

] Q2. The apparatus of claim 88, wherein the dynamic range of the

2 transmission power ratio is determined based at least in part on a maximum positive offset, a

3 maxamum negative offset, and an average transmission power rafio.
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93, The apparatus of claim 88, wherein the mdication is transmitted via at
teast one of radio resource control {RRC), a media access control {MAC) control element

(CE), or downlink control information (DCI).

94, The apparatus of claim 87, wherein the instructions are firther
executable by the processor to cause the apparatus to;
transmit an indication of a configuration of the CSI-RS, wherein the

configuration indicates the dynamic range of the transmission power ratio.

95, 'The apparatus of claim 94, wherein the configuration includes at least
one of quasi-co-location (QCL) information, a measurement link configuration related to the

CSI-R5, and a U8 report setting associated with the CSI-RS.

96.  The apparatus of claim 94, wherein the indication of the configuration
indicates at least one of an offset associated with the dynamic range, a maximum positive
offset associated with the dynamic range, a maximum negative offset associated with the

dynamic range, a maximum CSI-RS to DMRS power ratio, and a miimum CSERS to

DMRS power ratio.
97.  'The apparatus of claim 87, whercin the instractions are further

oxecutable by the processor to cavse the apparatus to:

transmit an indication of a power ratio between the CSI-RS and a physical
downlink shared channel (PDSCH]} received from the base station, wherem the dynamic
range of the transmission power ratio 1s based at least in part on the power ratio between the

{CSI-RS and the PDSCH.

98. The apparatus of claim 87, wherein the instractions are further
executable by the processor to cause the apparatus to:

identify that the beam fatlure report is based on an upper hypothetical physical
downlink condrol channel (PDCCH] block error rate (BLER), a lower hypothetical PDCCH
BLER, or both, wherein the upper hypothetical PDCCH BLER and the lower hvpothetical
PDCCH BLER are denved from the dynamic range of the transmission power ratio; and

determine a beam failure has occurred based at least in part on the received

beam failure report.

PCT/CN2017/111701
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99, The apparatus of claim 87, wherein the dynamic range of the
transmission power ratio 1s identified per CSI-RS resource, per C5I-RS resource set, or per

CSL-RS resource setting.

100. A non-transitory computer-readable medium storing code for wireless
communication, the code comprising instructions executable by a processor to:

identify a dynamic range of a transmission power ratio between a first
reference signal and a second reference signal of a downlink control channel received from a
base station:

determine a beam failure status based at least in part on the dynamic range of
the transmission power ratio; and

communicate with the base station in accordance with the beam failure status.

101, The non-transitory computer-readable medium of claim 100, wherein
the first reference signal is a channel state information reference signal (CSI-RS) and the
second reference signal is a demodulation reference signal (BMRS) of a physical downlink

control channel (PDCCH).

102, The non-transitory computer-readable medmum of claim 101, wherein
the mstructions to identify the dynamic range of the transmission power ratio are executable
by the processor to:

receive an indication of the dynamic range of the transmission power ratio

from the base station.

103, The non-transitory computer-readable medum of claim 102, wherein
the mdication includes a maximum value associated with the dynamic range of the
transmission power ratio and a minimum value associated with the dyonamic range of the

{ransimission power ratio.

164.  The non-transitory computer-readable medium of claim 102, wherein
the mdication includes a maximum positive offset associated with the dynamic range of the
transmission power rafio and a maximum negative offset associated with the dvnamic range

of the transnussion power ratio.
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105, The non-transitory computer-readable medum of claim 102, wherein
the mmdication includes an offset value that represents both a maximum positive offset
associated with the dynamic range of the transmission power ratio and a maximum negative

offset associated with the dynamic range of the transmission power ratio.

106.  The non-transitory computer-readable medium of claim 102, wherein
the mstructions are further executable by the processor to:

determune the dynamic range of the transmission power ratio based at jeast in
part on a maximum positive offset, a maximum negative offset, and an average transmission

power ratio.

167.  The non-transitory computer-readable medium of claim 102, wherein
the mdication is received via at least one of radio resource control (RRC), a media access

control (MALC) control element (CE), or downlink control information (BCI).

108, 'The non-transitory compuicr-readable medium of claim 101, wherein
the instructions to identify the dynamic range of the transmission power ratio are executable
by the processor to:

receive an indication of a configuration of the CSI-RS; and

determune the dynamic range of the transmission power ratio based at jeast in

part on the indication of the configuration of the CSI-RS.

108, The non-transitory computer-readable medium of claim 108, wherein
the configuration includes at least one of quasi-co-location (QCL) information, a
measurement link configuration related to the CSI-RS, and a CSI report setting associated

with the CSI-RS.

110, The non-transitory compuicr-readable medium of claim 108, wherein
the instructions to identify the dynamic range of the fransmission power ratio further are
executable by the processor to:

identify a maxinwum value associated with the dyvnamic range of the
transmission power ratio and a nunimum value associated with the dynamic range of the

transmission power ratio based at least in part on the configuration of the C5I-RS.
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111, The non-transitory computer-readable medum of claim 108, wherein
the mstructions to identify the dynamic range of the transmission power ratio further are
executable by the processor to:

identify an offset associated with the dynamic range based at least in part on

the configuration of the CSI-RS.

112, The non-transitory computer-readable medum of claim 108, wherein
the mstructions to identify the dynamic range of the transmission power ratio further are
executable by the processor to:

identify a maximum positive offset and a maximum negative offset associated

with the dynamic range based at icast in part on the contiguration of the CSI-RS.

113, The non-transitory computer-readable medum of claim 108, wherein
the mstructions to identify the dynamic range of the transmission power ratio further are
executable by the processor to:

identify a maximoum CSI1-RS to BMRS power ratio and a minimum CS§-RS to

DMES power ratio based at least in part on the contiguration of the CSI-RS.

114, The non-transitory computer-readable medum of claim 101, wherein
the mstructions to identify the dynamic range of the transmission power ratio are executable
by the processor to:

receive an indication of a power ratio between the CS1-RS and a physical
downlink shared channel (PDSCH) received from the base station; and

determine the dynamic range of the transmission power ratio based at least in

part on the power ratio between the CSE-RS and the PDSCH.

115, The non-transitory computer-readable medium of claim 101, wherein
the instructions are further executable by the processor o

determine a beam failure has occurred based at feast in part on the determined
beam failure status; and

transmit a bearn fatlure report to the base station.

116, The non-transitory computer-readable medium of claim 161, wherein
the dynamic range of the transmission power ratio is identified per CSI-RS resource, per CS1-

RS resource set, or per CSI-RS resource setting,
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117, The non-transitory computer-readable medum of claim 101, wherein
the mstructions are further executable by the processor o

determine an upper hypothetical physical downlink control channel (PDCCH)
block error rate {BLER) and a lower hypothetical PDCCH BLER based at least in part on the
dynamic range; and

determine the beam failure statas based at least in part on the upper

hypothetical PDCCH BLER, the lower hypothetical PBCCH BLER, or both.

118, The non-transitory computer-readable mednim of claim 117, wherein
the instractions are further exccutable by the processor to:

perforo a CSI-RS measurement; and

determine the beam failure statas based at least in part on the upper
hypothetical physical downlink control channel {PDCCH) BLER, the lower hyvpothetical
PDCCH BLER, the CS8I-RS measurement, or some combination thereof.

119, A non-transitory computer-readable medium storing code for wireless
comununication, the code comprising mstructions exccutable by a processor to:

identify a dynamic range of a transmission power ratio between a first
reference signal and a second reference signal of a downlink control channel to a user
cquipment (UE);

transmif a signal 1o a UE that facilitates wdentification of the dynamic range of
the transmission power ratio by the UE;

receive a beam failure status report based at least in part on the dynamic range
of the transmission power ratio; and

communicate with the UE in accordance with the beam failure status report.

120, The non-transitory computer-readable medium of claim 119, wherein
the first reference signal is a channel state information reference signal (CSI-RS) and the
second reference signal is a demodulation reference signal (BMRS) of a physical downlink

control channel (PDCCH).

121, The non-transitory computer-readable medmum of claim 120, wherein

the signal includes an indication of the dynamic range of the transmission power ratio.
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22 The non-transitory computer-readable medium of claim 121, wherem
the mdication includes a maximum value associated with the dynamic range of the
transmission power ratio and a minimum value associated with the dynamic range of the

{ransmission power ratio.

123, The non-transitory computer-readable medium of claim 121, wherein
the mdication includes a maximum positive offset associated with the dynanuc range of the
transmission power rafio and a maximum negative offset associated with the dvnamic range

of the transmission power ratic.

124, The non-transitory computer-readable medium of claim 121, wherein
the mdication includes an offset value that represents both a maximum positive offset
associated with the dynamic range of the transmission power rafio and a maximunt negative

offset associated with the dynamic range of the transmission power ratio.

125, 'The non-trapsitory compuicr-readable medium of claim 121, wherein
the dynamic range of the transmission power ratio is determined based at least in part on a
maximum positive offset, a maximum negative offset, and an average transmigsion power

rato.

126.  'The non-transitory computer-readable medium of claim 121, wherein
the mndication is transmitted via at least one of radio resource control (RRC), a media access

control (MAC) control element {CE), or downhink control information (BCI).

127, The non-transitory computer-readable medium of claim 120, wherein
the mstructions are further executable by the processor to:
transmit an indication of a configuration of the CSI-RS, wherein the

contiguration indicates the dyvnamic range of the transnussion power ratio.

128, The non-transitory computer-readable medium of claim 127, wherein
the configuration includes at Ieast one of guasi-co-location {QCL) mformation, a
measurement link configuration related to the CSI-RS, and a CSI report setting associated

with the CSI-RS.

129, The non-transitory computer-readable medium of claim 127, wherein

the indication of the configuration indicates at least one of an offset associated with the
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dynamic range, a maximum positive offset associated with the dynanuc range, a maximum
negative offset associated with the dynamic range, a maximum CSI-RS to DMERS power

ratio, and a minimum CS1-RS to DMRS power ratio.

130.  'The non-transitory computer-readable medium of claim 120, wherein
the instructions are further executable by the processor to:

transmit an indication of a power ratio between the CSI-RS and a physical
downlink shared channel (PDSCH]) received from the base station, wherein the dynamic
range of the transmission power ratio is based at least in part on the power ratio between the

CSI-RS and the PDSCH.

131, 'The non-transitory compuicr-readable medium of claim 120, wherein
the instructions are further executable by the processor to:

identify that the beam failure report is based on an upper hypothetical physical
downlink control channel (PDCCH) block error rate (BLER), a lower hypothetical PDCCH
BLER, or both, wherein the upper hypothetical PBCCH BLER and the lower hvpothetical
PDCCH BLER are derived from the dynamic range of the transmission power ratio; and

determine a beam failure has occurred based at feast 1n part on the received

heam failure report.

132, The non-transitory computer-readable medmum of claim 120, wherein
the dynamic range of the transmission power ratio 1s identified per CS-RS resource, per CSI-

RS resource set, or per CSE-RS resource setting,
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