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DETERMINING BEAM FAILURE BASED ON A DYNAMIC RANGE OF
TRANSMISSION POWER RATIOS

CROSS REFERENCES

{0001} The present Application for Patent claims priority to International Patent
Application No. PCT/CN2017/111701 to Chenxi et al., titled “Determining Beam Failure
Based on a Dynamic Range of Transmission Power Ratios,” filed November 17, 2017,

assigned to the assignee hercof, which is hereby incorporated by reference in its entirety.
BACKGROUND

[0002] The following relates generally to wircless communication, and more specifically

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

{6003} Wircless communications systems are widely deployed to provide various types of
communication content such as voice, video, packet data, messaging, broadcast, and so on.
These systems may be capable of supporting communication with multiple users by sharing
the available system resources {¢.g., time, frequency, and power). Examples of such multiple-
access systems include fourth generation (4G) systems such as a Long Term Evolution (LTE)
systems or LTE-Advanced (LTE-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 multiple access (OFDMA),
or discrete Fourier transform-spread-OFDM (DFT-S-0OFDM}. A wireless multiple-aceess
communications system may include a number of base stations or network access nodes, cach
simultancously supporting communication for multiple communication devices, which may

be otherwise known as user equipment (UE).

{6004} Some wircless communications systems {¢.g., NR systems) may operate in
frequency ranges that are associated with beamformed transmissions between wireless
devices. For example, transmissions in mullimeter wave (mmW) frequency ranges may be
associated with increased signal attenuation {¢.g., path loss) as compared to transmissions in
non~-mmW frequency ranges. As a result, signal processing techniques such as beamforming
may be used to combine energy coherently and overcome the path losses n these systems. In

Some cases, one or more active beams between two wireless devices may become misaligned,
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a beam may become associated with poor chanuel conditions, etc., which may adversely

affect commumnications.
SUMMARY

[B005] The described techniques relate to improved methods, systems, devices, or
apparatuses that support beam failure deternunation based on a dvnamic range of
transmission power ratios. Generally, the described techniques provide for beam failure
determination based on a dyvnanuc range of transraission power ratios between two reference
signals {e.g., a dynamic range of transmission power ratios a base station may use 1o fransmit
a channel state mformation (CSI) reference signal (CSE-RS) and a demodulation reference
signal (DMRS) of a physical downlink control channel (PDCCH)). A user equipment (UE)
may dentify the dynamic range of transmission power ratios that may be used by the base
station via indications of transmission power ratio information sent from the base station.
Such indications may include information such as a maximum osable transmission power
ratio, @ minimum usable transmission power ratio, information relating to one or more offsets
from some average or predetermined transmission power ratio, etc. The wireless device may
use the identified dynamic range of transmission power ratios, along with a CSI-RS
measurement, to determine a range of hypothetical PDCCH block error rates (BLERS).
Values within the range of hypothetical PDCCH BLERs {(¢.g., an upper hypothetical PDCCH
BLER and/or a lower hypothetical PDCCH BLER) may be compared to a threshold in order

to determine a beam fatture status {e.g., a beam failore).

{0006] A method of wireless commumnication 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 received from a base station,
determining a beam failure status based at least in part on the dynamic range of the
transnussion power ratio, and communicating with the base station in accordance with the

beam failure status.

{0007} Axn apparatus for wireless communication is described. The apparatus may include
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 fatlure status based at least in part on the dynamic
range of the transmission power ratio, and means for conmmunicating with the base station in

accordance with the beam failure status.
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{0008] Ancther apparatus for wireless communication is described. The apparatus may
inchude a processor, memory in electronic communication with the processor, and
mstructions stored in the memory. The mstructions may be operable to cause the processor to
identify a dynamic range of a transnussion 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 conununicate with the base station in accordance with the beam failure status.

{0009} A non-transitory computer-readable medium for wircless communication is
described. The non-transttory computer-readable medium may include instructions operable
to cause a processor fo identify a dynamic range of a transmission power ratio between a first
reference signal and a second reference signal of a downhnk 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 conwnunicate with the base station in accordance with the beam

fahure status.

{0010} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the first reference signal may be a CSI-RS and the second reference

signal may be a DMRS of a PDCCH.

{8011} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, identifying the dynamic range of the transmission power ratio
mcludes recetving an mdication of the dynamic range of the transmission power ratio from

the base station.

[0012] In some examples of the method, apparatus, and non-transitory computer-readable
medium described 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.

[0013] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the mdication includes a maximm 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.

{0014} 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
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maximum posttive 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.

[0015] Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
determining the dynamic range of the transmission power ratio based at least in parton a
maximum posttive offset, a maximum negative offset, and an average transmussion power

ratio.

[0316] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the indication may be received via at least one of radio resource
control {RRC), a medium access control control element (MAC CE), or downlink control

information {DCT).

{0017} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, identifying the dynamic range of the transmission power ratio
meludes recetving an mndication of a configuration of the CSI-RS. Some examples of the
method, apparatus, and non-transitory computer-readable medium described above may
turther include processes, features, means, or instructions for determining the dynamic range
of the tranamission power ratio based at least m part on the indication of the configuration of
the CSI-RS. In some cases, the configuration includes at least one of quasi-co-location (QCL)
mformation, a measurement quantity related to the CSI-RS, and a C8I report setting
associated with the CSI-RS. In some cases, the indication of the configuration of the CSI-RS

1s received via RRC signaling.

{0018} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, identifying the dynamic range of the transmission power ratio
further includes wdentifving a maximum value associated with the dynamic range of the
transmission power ratic and a mininnurn value associated with the dynamic range of the

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

{0019] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, identifving the dynanic range of the transmission power ratio
further includes identifving an offset associated with the dynanuc range based at least in part

on the configuration of the CSI-RS.
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{0024} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, dentifying the dynamic range of the transmission power ratio
further includes identifying 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.

0021] In some examples of the method, apparatus, and non-transitory computer-readable
mediom described above, 1dentifving the dynamic range of the transmission power ratio
further includes identifving a maximum CSI-RS to DMRS power ratio and a mimimum CSI-

RS to DMRS power ratio based at least i part on the configuration of the C5I-RS.

[0022] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, wdentifving the dynamic range of the transmission power ratio
includes receiving an indication of a power ratio between the CSE-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 deseribed above may
further inchide processes, features, means, or instructions for determining the dynamic range
of the transmission power ratio based at least in part on the power ratio between the CSE-RS
and the PDSCH.

{6023 Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or nstructions for
determining a beam failure may have occurred based at least in part on the determined beam
faikure status. Some examples of the method, apparatus, and non-transitory computer-
readable medium described above may further include processes, features, means, or

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

[0024] 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 CSERS resource setting.

[0025] Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, featares, means, or tstructions for
determining an upper hypothetical PDCCH BLER and a lower hypothetical PDCCH BLER
based at lcast in part on the dynamic range. Some exanmples of the method, apparatus, and
non-transitory computer-readable medium described above may further include processes,
features, means, or instructions for deternuning the beam failure status based at least in part

on the upper hypothetical PDCCH BLER, the lower hypothetical PDCCH BLER, or both.
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{0026} Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or mstructions for
performing a CSI-RS measurement. Some examples of the method, apparatus, and non-
transitory computer-readable medium described above may further include processes,
featares, means, or mstructions for determining the beam failure status based at least in part
on the upper hvpothetical PDCCH BLER the lower hvpothetical PDCCH BLER, the CSI-RS

measurement, or some combination thereof,

{0027} A method of wireless communication is described. The method may include
wdentifying 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 to a UE
that facilitates identification of the dynamic 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
transnuission power ratio, and conununicating with the UE in accordance with the beam

failure status report.

{0028] An apparatus for wircless communication is described. The apparatus may include
means for identifying 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, means for
transmitting a signal to a UE that facilitates identification of the dynamic range of the
transniission 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.

[0029] Another apparatus for wireless communication is described. The apparatus may
include a processor, memory in electronic communication with the processor, and
instructions stored in the memory. The instructions may be operable to cause the processor to
identify a dynamic range of a transmission power ratio between a first reference signal and a
second reference signal of a downhink control chamel to a UE, transmit a signal to a UE that
facilitates identification of the dynamic range of the transmission power ratic by the UE,
recetve a beam failure status report based at least i part on the dynamic range of the
transmission power ratio, and communicate with the UE in accordance with the beam failure

status report.

{6639} A non-transitory computer-readable medium for wireless communication 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 failure status report based at feast in part
on the dynamic range of the transmission power ratio, and commaunicate with the UE in

accordance with the beam failure status report.

{8031} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the first reference signal may be a CSI-RS and the second reference

signal may be a DMRS of a PDCCH.

[0032] In some examples of the method, apparatus, and non-transitory compuier-readable
mediun: described above, the signal includes an ndication of the dynamic range of the

transmission power ratio.

{0033} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the indication includes a maximum value associated with the
dynamic range of the fransmission power ratio and a mininwum value associated with the

dynamic range of the transmission power ratio.

18034} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the indication includes a maximam positive offset associated with
the dynamic range of the transmission power ratio and a maximum negative offset associated

with the dvnamic range of the transmission power ratio.

[035] 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 posttive 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.

{0036] In some examples of the method, apparatus, and non-transttory compuicr-readable
medium described above, the dynamic range of the transmission power ratio may be
deternined based at least in part on a maxuwum positive offset, a maximum negative offset,

and an average transmission power ratio.
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{0037} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the mndication may be transnutted via at least one of RRC, a MAC

CE, or DCL

{0038} Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
transnitting an indication of a configuration of the CSI-RS, where the configuration indicates
the dynamic range of the transmission power ratio. In some cases, the configuration includes
at least one of QCL information, a measurement quantity related to the CSI-RS, and a CS1
report setting associated with the CSI-RS. In some cases, the indication of the configuration

of the CSI-RS is received via RRC signaling.

100339] In some examples of the method, apparatus, and non-transitory corputer-readable
medium described 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 dypamic range, a maximum CSI-RS to

DMRS power ratio, and a muunum CSI-RS to DMRS power ratio.

10040] Some examples of the method, apparatus, and non-transttory computer-readable
medium described above may further include processes, features, means, or instructions for
transnuitting an indication of a power ratio between the CSI-RS and a PDSCH received from
the base station, where the dynanic range of the transmission power ratic may be based at

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

{0041} Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, featares, means, or tmstructions for
identifying that the beam fatlure status report may be based on an upper hypothetical PRDCCH
BLER, alower hypothetical PBCCH BLER, or both, where the upper hypothetical PDCCH
BLER and the lower hyvpothetical PDCCH BLER may be derived from the dynamic range of
the transmission power ratio. Some examples of the method, apparatus, and non-transitory
computer-readable medium described above may further include processes, features, means,
ot instructions for determining a beam failure may have occurred based at least in part on the

recetved beam failure status report.

{8042} 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.
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BRIEF DESCRIPTION OF THE DRAWINGS

{0043] FIG. 1 dlustrates an examople of a wircless communications syster that supporis
determining beam failure based on a dynamic range of transmission power ratios in

accordance with aspects of the present disclosure.

{0044} FIG. 2 illustrates an example of a wireless communications system that supports
determining beam failure based on a dynamic range of transmission power ratios in

accordance with aspects of the present disclosure.

[0045] FIG. 3 lustrates 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.

{0046} FIG. 4 illustrates 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.

[0047] FIGs. 5 through 7 show block diagrams of a device that supports determining
beam failure based on a dynamic range of transmission power ratios in accordance with

aspects of the present disclosure.

[0048] FIG. 8 illustrates a block diagram of a system including a UE that supports
determining beam failure based on a dynamic range of transmission power ratios in

accordance with aspects of the present disclosure.

[06049] 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 accordance with

aspects of the present disclosure.

[0058] FIG. 12 ilinstrates a block diagram of a system mncluding a base station that
supports determining beam failure based on a dynamic range of transmission power ratios in
accordance with aspects of the present disclosure.

{0051} FIGs. 13 through 16 ilustrate methods for determining beam failure based on a

dynamic range of transmission power ratios in accordance with aspects of the present

disclosure.
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DETAILED DESCRIPTION

{0052} Some wireless communication systems may operate in frequency ranges that
support beamformed transmissions between wireless devices. For example, communications
m millimeter wave (mmW) frequency bands may experience mcreased signal attenuation
{e.g.. path loss). As a result, signal processing technigues such as beamforming may be used
to combine ¢nergy coberently 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 o a transmit beam used
at the transmitting device and a receive beam at a receiving device {¢.g., a beam pair). In
some cases, the active beam pair(s) may become nusaligned such that the UE and base station
may not be able to communicate over the obstructed beam or active beam pair (¢.g., due to
beam switch failure or signal blockage, a beam may become associated with poor channel

conditions, ¢tc ).

[0053] A UE may accordingly determine a beam failure {¢.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 a channel {e.g., associated with a beam or active beam pair)
via a channel state information (CSI) reference signal (CSI-RS) transmitted by the base
station. The UE may use the CSE-RS measurement, along with a transmission power ratio
between the CSI-RS and a demodulation reference signal {DMRS) of the physical downlink
control channel (PDCCH), to determine a hypothetical PDCCH block ervor rate (RLER). The
hypothetical PDCCH BLER may then be compared to some predetermined threshold {e.g., a
beam failure trigger threshold) in order to determine a beam failure status (¢.g.. to determine

whether the beam 1s suitable, or deternune a beam faillure}.

[0054] In some cases, the transmission power ratio (e.g., F._PDCCH _DMRSE) between the
CSI-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 tmplementation, the
actual power ratio used by the base station for transmission of the CSI-RS and the PDCCH
may be within some dynamic range {¢.g., = 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
hypothetical PDCCH BLERs. The UE may thus use values within the determined range of
hypothetical PDCCH BLERSs {e.g, hypothetical maximum PDCCH BLER and/or a
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hypothetical mmmum PDCCH BLER), along with a beam failure trigger threshold of some
predetermined value, to determine beam failure status. As such, wircless communications
systerns may have mcreased flexibility in beam tailure reporting requirements {e.g., by
determating beam failure based on a range of hypothetical PDCCH BLERs), which may be
implemented according to system needs {¢.g., based on traffic priority, BLER requirements,

etc.).

[B055] In one example, the network (e.g., a base station) may explicitly signal the
dynamic range of transmission power ratios used for the CSI-RS and the PDCCH. In some
cases, the network may determine a power margin, which includes a maximuin positive offset
and a maximum negative offset and signal the power margm along with the power ratio (e.g.,
an average power ratio) 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 ratio {(¢.g., the
power ratio + maximun negative offset) to the UE. In a second example, the dynamic range
of power ratios mayv be predetermined (e.g., and identified via a lookup table). In such cases,
4 POWET Margin, average POWer ratio, maximuam power ratio, mimmum power ratio, ete. may
depend on the use case of the CSI-RS (e.g., the CSI-RS contiguration). In a third example,
the dynamic range of power ratios may be implicitly derived from other parameters. In some
cases, the hypothetical PBCCH BLER may be calculated using the CSI-RS measurement,
along with a transmission power ratio between the CSI-RS and a data transmission (e ., the
physical downlink shared channcl (PDSCH)). The transmission power ratio between the CSI-
RS and the PDSCH may be included in 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 tigures.

[0056] Aspects of the disclosure are mnitially described in the context of a wireless
conununications svstem. An example process flow and flow diagram dllustrating discussed
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
1o determining beam failure based on a dynamic range of transmission power ratios.

{0057} FIG. 1 illustrates an example of a wireless communications system 100 in
accordance with various aspects of the present disclosure. The wireless commumications

system $00 includes base stations 105, UEs 115, and g core network 1390, In some examples,
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the wireless commnmnications system 100 may be a Long Term Evolution (LTE), LTE-
Advanced (LTE-A) network, or a New Radio (NR) network. In some cases, wireless
communications system 100 may support enhanced broadband communications, ultra-
rehiable (3.c., mission critical} communications, low latoncy communications, and
communications with low-cost and low-complexity devices. Wireless communications

system 100 may support beam failure identification and recovery technigues.

{0058} Base stations 105 may wirelessly communicate with UEs 115 via one or more
base station antennas. Each base station 105 may provide communication coverage fora
respective geographic coverage area 110. Communication links 125 shown in wireless
comuunications system 100 may include uplink transmissions from a UE 115 to a base
station 105, or downlink transmissions, from a base station 103 to a UE 113, Control
information and data may be multiplexed on an uplink channel or downlink according to
various techniques. Control information and data may be multiplexed on a downlink chaonel,
for example, using time division multiplexing (TDM) technigues, frequency division
multiplexing (FDM) techniqaes, or hybrid TOM-FDM technigues. In some examples, the
control information transmitted during a transmission time interval (T11) 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-specific control regions}.

{0059} UEs 115 may be dispersed throughout the wircless communications systern 100,
and each UE 115 may be stationary or mobile. A UE 115 may also be referred to as a mobile
station, a subscriber station, a mobile unit, a subscriber umt, a wireless umit, a remote unit, a
mobile device, a wireless device, a wireless communications device, a remote device, a
mobile subscriber station, an access terminal, a mobile termnal, a wireless termnal, 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 wireless
modem, a wircless communication device, a handheld device, a tablet computer, a laptop
computer, a cordless phone, a personal electronic device, a handheld device, a personal
computer, a wireless local Ioop (WLL) station, an Internet of things (TIoT) device, an Internet
of Everything (IoE) device, a machine type communication (MTC) device, an appliance, an

automobile, or the like.

10060} The core network 130 may provide user authentication, access authorization,

tracking, Internet Protocol (IP) connectivity, and other aceess, routing, or mobility functions.
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At least some of the network devices, such as a base station 105 may include subcomponents
such as an access network entity, which may be an example of an access node controller
{ANC}. Each access network entity may conmumunicate with a nuomber of UEs 115 through a
number of other access netwark transmission entitics, cach of which may be an example of a
smart radic head, or a transmission/reception point (TRP). In some configurations, various
functions of each access network entity or base station 103 may be distributed across various
network devices {¢.g., radio heads and access network controllers) or consolidated mto a

single network device {¢.g., a base station 105).

{0061} Wireless communications system 100 may operate in an ultra~hugh frequeney
(UHEF) frequency region using frequency bands from 700 MHz to 2600 MHz (2.6 GHz),
although in some cases wireless local area networks (WLANs) may use frequencies as high
as 4 (GHz. This region may also be known as the decimeter band, since the wavelengths range
from approximately one decimeter to one meter in length. UHF waves may propagate mainly
by line of sight and may be blocked by buildings and environmental features. However, the
waves may penetrate walls sufficiently to provide service to UEs 115 located indoors.
Transmission of UHF waves is characterized by smaller antennas and shorter range {e.g., less
than 100 km) compared to transmission using 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 utilize extremely high frequency (EHF)
portions of the spectrum {e.g.. from 30 GHz to 300 GHz). This region may also be known as
the mithimeter band, since the wavelengths range from approximately one millimeter to one
centimeter in length. Thus, EHF antennas may be even smaller and more closely spaced than
UHF antennas. In some cases, this may facilitate use of antenna arravs withina UE 115 (e g..
for directional beamforming). However, EHF transmissions may be subject to even greater

atmospheric attenuation and shorter range than UHF transmissions.

[0062] Wircless communications systema 100 may thus support oW communications
between UEs 115 and base stations 105, Devices operating in mmW or EHF bands may have
multiple antennas to allow beamforming. That 15, a base station 103 may use multiple
antennas of 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) is a signal processing technigue that may be used at a
transmitter {(e.g. a base station 103) to shape and/or steer an overall antonna beam in the

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

constructive mterference while others experience destructive interference.

{0063} Multiple-input multiple-output (MIMO) wircless systems use a transmission
scheme between a transmitier {(¢.g. a base station 103} and a receiver {e.g. a UE 1135}, where
both transmitter and receiver are equipped with multiple antennas. Some portions of wireless
comumunications 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
multiple times in difforent directions (¢ .g., cach transmission may be beamformed
differently). A mmW receiver {e.g., a UE 115) may try multiple beams (¢.g., antenna

subarrays) while receiving the synchronization signals.

[0064] in some cases, the antennas of a base station 105 or UE 115 may be located within
one or more antenna arrays (e.g., panels), 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
associated 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 communications with a UE 115.

{0065} In some cases, wireless communications system 100 may be a packet-based
network that operate according to a layered protocol stack. In the user plane, communications
at the bearer or Packet Data Convergence Protocol (PDCP) layer may be 1P-based. A radio
tink control (RLC) layer may in some cases perform packet segmentation and reassembly to
communicate over logical channels. A medium access control (MAC) layer may perform
priority handling and multiplexing of logical channels into transport channels. The MAC
layer may also use hybrid automatic repeat request (HARQ) to provide retransnussion at the
MAC layer to improve link efficiency. In the control plane, the radio resource control (RRC)
protocol layer 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 ) layer, transport channels may be mapped

to physical channels.

{0066} In wireless communications systern 100, UEs 115 and base stations 103, 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 recerve beam at a receiving device {e.g., a beam pair).
Further, downlink beams and uplink beams may utilize different beams, i 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 musaligned {c.g., due to beam switch failure
or signal blockage}, a beam may become associated with poor channel conditions, etc. such
that the UE 115 and base station 105 may not be able to communicate over the obstructed
beam or beam patr. 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 CS8I-RS
and DMRS of a PDCCH (¢ g, or in other examples, a dynamic range of transmission power
ratios that may be used for transmission of CSI-RS and data transmissions of a PDSCH). A
UE 115 may identify the dynamic range of transmission power ratios based on the conveyed
mformation and may determine a beam faiture status based on the identified range. The base
station 105 and UE 115 may then communicate in accordance with the beam failure status, as

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

{0067} In some cases, a UE 115 may use an average or predetermined transmission power
ratto of a CSI-RS and a DMRS of PDCCH to determine a beam fatlure status. However, the
actual transmission power of the PDCCH may be changed or may vary from slot to slot,
meaning that the actual BLER may vary from the hypothetical BLER. Thus, a hypothetical
BLER derived from the average or predetermined transmission power ratio alone may not
accurately determine a beam fathure, as the actual BLER may be lower or higher than the
hypothetical BLER. Utilizing a dynamic range of transmission power ratios may mitigate this
problem by allowing the UE 115 to derive a best-case scenario hypothetical BLER and a
worst-case scenario hypothetical BLER, which may better determine a beam fatlure status.
For instance, if the worst-case hypothetical BLER is below a threshold BLER mdicating a
beam failure, the chance of a beam failure may be less than if only the BLER derived from
the average or predetermined power ratio is below the threshold (c.g., due to the vanance
between the hypothetical BLER value and the actual one). The UE 115 may thus more
accurately determine the beam failure status based on the best-case scenario BLER and/or

worst-case scenario BLER.

[0068] UE 115 may determine the dynamic range of the transmission power ratio via
explicit signaling from a base station 105, Such explicit signaling may indicate a maximum

Transmission power ratio, a mintmum transmission power ratio, a positive and negative offset
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{c.g., either transmitied as separate values or as a single value that can be applied positively
or negatively), an average or a predetermined power transmission ratio, or a combination
thereof. One advantage of explicit signaling in this case is that the parameter types sent to the
UE 115 may be varied. For instance, the UE 115 may mitially receive a maximum
transmission power ratio and a minimum fransmission power ratio, but may later receive
positive offsets, negative offsets, and an average power transmission ratio. Another advantage
is that the parameter values sent to the UE 1135 may be varied. For cxample, the UE 115 may
inttially receive a positive offset value of 3 dB but may later receive a positive oftset value of

4 dB.

[(069] In some cases, the UE 115 may receive a single offset value that can represent
both a maxtmuam positive offset value and a maximum negative offset value. One advantage
of using a single offset value is that there may be minimal overhead associated with
transmitting a single value. In other cases, the UE 115 may receive a positive offset value and
anegative offset value. One advantage of using a maximum positive offset and a maximum
negative offset is that the maximum positive and maximum negative offset values may be

case and worst-case hypothetical BLER values.

[0070] In some cases, the UE 115 may receive the explicit signaling via an RRC ora
MAC control element (CE). One advantage of signaling via an RRC or a MAC CE 1s that
signaling via the RRC and MAC CE may be associated with low overhead {e.g., due to their
low periodicity}. In other cases, the UE 115 may receive the explicit signaling via a DCL One
advantage of utilizing DCT 15 that DCI may be able to be sent each slot, meaning that the UE

115 may be able to receive updated values of parameters more often.

10071} The UE 115 may also determine the dynamic range of the transmission power
ratio based on a CSI-RS configuration associated with the UE 115, For example, a particular
CSI-RS configuration may be associated with a particular look-up table which may indicate
values for a maximom transmission power ratio, a minimum transmission power ratio, a
posttive or negative offset (¢.g., either listed separately or as one value that may be applied
posttively or negatively), or a combination thereof. One advantage of determiming the
dvnamic range based on the CSI-RS configuration is that 2 UE may be able to derive

hypothetical BLER values without external guidance.
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{0072} FIG. 2 iliustrates an example of a wireless communications system 200 that
supports beam fatlure identification techniques in accordance with various aspects of the
present disclosure. Wireless commumications system 200 includes a base station 105-aand a
UE 115-a, cach of which may be an example of the corresponding devices as described with
reference to FIG. 1. UE 115-a and base station 105-a may commanicate asing directional
beams and may operate using mmW spectram, for example. In some cases, UE 115-a and
base station 105-a may operate in a spectrum other than the mmW spectrum {e.g ., a spectrum
with frequencies below six GHz {sub-6 GHz}). The wireless communications system 200
itlustrates aspects of identifying beam fathire for an active beam pair between UE 115-a and
base station 105-a (e.g., an active beam pair associated with a transmit beam 205 and a

receive beam 210).

{0073] 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
example, wireless communications system 200 may operate using mumW frequency ranges.
As a result, signal processing techniques, such as beamforming, may be used to combine
energy coherently and overcome path losses. By way of example, base station 103-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-shifted versions constructively mterfere in
certain regions and destructively interfere in others. Weights may be applied to the various
phase-shifted signals (e.g., in order to steer the transnussions in a desired direction), which
may form transmit beams 205. On a receiver side, the signal from each antenna may also be
amplified by different weights (¢.g., by analogy to the transmitting case}. For example,
receive beams 210, Such technigues {or similar techniques) may serve to increase the
geographic coverage area 110-a of the base station 103-a or otherwise benefit wireless
communications system 200. The present example may ilhustrate an example of downlink
transmissions from base station 105-a to UE 115-a. That is, transout beams 2035 may referto
beams used by base station 105-a to transmit downlink transmissions to UE §15-a, and
receive beams 210 may refer to beams used by UE 115-a to receive downlink transmissions
from base station 105-a. However, techaigues described herein may be applied to uplink
transmissions {¢.g., where base station 105-a may determine a beam failure}. For example, in
uplink transmission scenarios, UE 115-a may use transmit beams similar or identical to

receive beams 210 to transmit uplink transmissions, and base station 105-a may use receive
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beams similar or identical to transmit beams 205 to receive uplink transmissions. That 1s,
beam failure determination techniques described may be applied to an active beam pair {e.g.,
an active beam pair including a transmit beam 205-a and a receive beam 210-a}, a downlink
beam {e.g.. a transout beam 2035), and/or an uplink beam (e.g., a transmit beam similar or
identical to a receive beam 210 in seenartos where UE 115-a 1s transmitting aplink

transmissions} by analogy, without departing from the scope of the present disclosure.

{8074} Transmit beams 205-a, 205-b, ctc. represent examples of beams over which data
{c.g., or control information} may be transmitted. Accordingly, each transmit beam 205 may
be directed from base station 103-a toward a different region of the geographic coverage area
110-a and 1n some cases, two or more beams may overlap. Transmit beams 205 may be used
for simultaneous transmissions, beamsweep transmissions, transmissions at different times,
etc. In either case, a UE 115-a may be capable of receiving the information in one or more
receive beams 210. A beam faitlure may be associated with an active beam pair {c.g., transmit
beam 205-a and recetve beam 210-a) becoming musaligned, or a downlink beam or uplink
beam becoming associated with poor channel conditions. In some cases, the transmission
scenarto may be swapped {¢.g., UE 115-a may be transmitting data which base station 105-a
may be receiving). In such cases, a transmit beam 205 may be considered a recetve beam and
areceive beam 210 may be considered a transmit beam. As such, the techniques described
herein may be used in an uplink scenario without departing from the scope of the present

disciosure.

{8075} As discussed above, when operating using mmW frequencies, base station 105-a
and/or UE 115-a may utilize beamforming techniques to increase the strength of wireless
signals and mitigate additional path loss. Beamforming techniques may involve base station
105-a transmutting muldtiple downlink beamformed signals (e.g., via transmit beam 203) that
carry data and/or control information. For example, base station 105-a may transmit a beam
reference signal (BRS), a beam refinement reforence signal (BRRS), a beam measurement
reference signal, a CSI-RS, a beam synchromization signal, an uplink grant, a broadcast signal
{¢.g., a master information block (MIB}) or system information block (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 1s transmiited in a different divection
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

determines the direction and/or shape of cach transmit beam 2035) as discussed with reference
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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 in a second direction or shape, and transmit beam
205-¢c may be transnutted in a third direction or shape. In some case, the beamformed signals

or transmit beam 205 may be transmitted in a sweeping pattern.

{0076] in some cases, UE 115-a may determine a beam failure {e.g., by monitoring
reference signals) on transmit beams 205 or an active beam pair. For example, UE 115-a may
perform a measurement of a channel {¢.g.. associated with a beam 205 or active beam pair)
via a CSI-RS transmitted by base station 105-a. UE 115-a may use the CSI-RS measurcment,
along with a transmission power ratio between the CSI-RS and a DMRS of the PDCCH (e g,
aP,_PDCCUH_DMRS ratio), to determine a hypothetical PDCCH BLER. The hypothetical
PDCCH BLER may then be compared to some predetermined threshold in order to determine
a beam failure status {c.g., to determine whether the beam 1s suitable or unsuitable, the latter

being a beam failure).

{0677} In some cases, the transmission power ratio {(¢.g., P._PDCCH_DMRS) between the
CSI-RS and the PDCCH may be preconfigured (e.g., according to some average power ratio
used or to be used by base station 105-a). However, in actual implementation, the actual
power used by base station 105-a for transmission of the CSI-RS and the PDCCH may be
within some dynamic range (e.g., the power ratio may be associated with some = dB range).
As such, according to techniques described herein, UE 115-2 may be made aware of a
dynamic range of a transmission power ratio used by base station 105-a1n order to determine
a hypothetical PDCCH BLER or a hypothetical range of PDCCH BLERs. UE 115-a may, for
mstance, use a hypothetical maximum PDCCH BLER and/or a hypothetical minimur
PDCCH BLER, along with a predetermined threshold, to determine beam failure status. As
such, wireless communications systems may have increased flexability in beam failure
reporting requirerments {¢.g., by determining beam failure based on a range of hypothetical
PDCCH BLERSs), which may be implemented according to svstem needs {¢.g., based on

traffic priority, BLER requirements, etc.}.

{0078] In the present description, the dynamic range of £,_PDCCH_DMRS (e.g., the CSI-
RS and DMRS of PDCCH transmission power ratio) may be based at least in part on some
predetermined witial B,_PDCCH _DMRS or some P._PDCCH_DMRS average value {e.g., an
average value of the CSI-RS to DMRS of PDCCH transmission power ratio), which, for the
purposes of the discussion, will be labeled as F,_PDCCH_DMRS, ;. As discussed below, the
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dynamic range of P._PDCCH_DMRS may be determined based on indicated offsets from
F,_PDCCH_DMRS, ¢ (e.g.. positive and negative offsets from £,_PDCCH_DMRS,, may be
used to determine P,_PDCCH DMRS,,, = B, PDCCH DMRS, ¢ + max positive of fset
and £, _PDCCH DMRS = F,_PDCCH_DMRS, .5 -+ max negative of fset value). In
sorne cases, base station 105-a may explicitly signal P, PDCCH _DMRS, ¢ to the UE 115-a
via RRC. In other cases, F,_PDCCH_DMRS, ..y may be mplicitly derived from a power ratio
between CSI-RS and PDSCH (e.g., P._PDCCH DMRS,, ¢ may be derived from P,_PDSCH).
In other cases, F,_PDCCH_DMRS, . may be preconfigured (c.g., UE 115-a may assume
E,_PDCCH_DMRS, ¢y = 0dB for a first CSI-RS configuration, i, PDCCH_DMRS, . = 3dB
for a second CSI-RS configuration, ete.). In vet other cases, the network (e.g., base station
105-a) may signal a signal-to-interference plus noise ratio (SINR) threshold for beam failure
detection. As discussed herein, P._PDCCH_DMRS, ., may represent an average value, which
may be associated with some threshold doring actual implementation {(¢.g., an average
F._PDCCH _DMRS, such as F,_PDCCH _DMRS, ¢, may be assumed by the UE 115-a, but the
actual £,_PDCCH_DMRS may vary within some = dB range). As discussed below, the UE
115-a mav identify such a range of transmission power ratios (e.g., the dynamic range of

actual F,_PDCCH_DMRS).

{0879} In one example, the network {¢.g., base station 105-a) may explicitly signal or
indicate the dynamic range of transmission power ratios used for the CSI-RS and the PDCCH
{c.g., the dynamic range of £,_PDCCH_DMRES). Tn some cases, the network may deternine a
power margin, which may include a maximum positive offset from the transmission power
ratio {e.g., the average or predetermined transmission power ratio) and a maximam negative
offset from the transmission power ratio, and signal the power margin along with the power
ratio to UE 115-a. That is, the network may determine a power margino that includes a
maxinwum positive £._PDCCH_DMRS offset and a maximum negative B,_PDCCH_DMRS
offset. In some cases, the margin mav include one value (e.g., 3 dB) applied 1o both the
maxinum positive offset (¢ g, +3 dB from P,_PDCCH_DMRS, ¢} and the maximum
negative offset (¢ g, -3 dB from B, PDCCH _ DMRS, ). In other cases the margin may
include two values {e.g., one applied to the maximum positive offset (+3 dB from
F._PDCCH DMRS, ) and a second apphed to the maximum negative offset (-6 dB from the
B _PDCCH_DMRS,¢5}). As shown, when the power margin is indicated,

P, PDCCH DMRS,,; may also be indicated in order for the UE 113-a to deternune the
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dynamic range of the actual P,_PDCCH_DMRS {(c.g., as the UE 115-a may apply the
indicated power margin to some F_PDCCH_DMRS value, such as F,_PDCCH_DMRS, ;. to
determine the dynamic range of B._PDCCH _DMRS).

{0080] Additionally or alternatively, the network may signal the maxtmum power ratio
{e.g., B_PDCCH_DMRS, o + maximum positive offset) and the minimum power ratio (¢.3.,
F._PDCCH _DMRS,¢; + maximum negative offset) to the UE 115-a{e.g., instead of or in
addition to signaling the power margin). In cases where the maximum P._PDCCH_DMRS and
minimum P,_PDCCH_DMRS values are signaled, the UE 115-a may choose to not use
E,_PDCCH _DMRS,¢f. as the dynamic range of F,_FDCCH_DMRS may be explicitly
indicated by the maximum and minimum P._PDCCH_DMRES values. Such a network
contiguration {¢.g., explicit signaling) of F,_PDCCH_DMRS, . ; along with an associated
power margin, maximum and minimam £, PDCCH _DMRS values of a dynanuc range of
transmission power ratios, etc. may be conveved via upper layer signaling (¢.g.. RRC, MAC
CE, etc.) or via lower layer signaling {e.g., downlink control information (DCI), etc.).
Further, such information may be per CSI-RS resource, per CSI-RS resource set, per CSI-RS

resource setting, otc.

{0081} In a second example, the dynamic range of transmission power ratios may be
predetermined {(e.g., and identified by UE 115-a via a lookup table}. In such cases, a power
margin, average power ratio, maximum power ratio, minumhum power ratio, etc. may depend
on the contfiguration of the CSI-RS (e.g., the CSI-RS usage configuration, measurement
configuration, etc.}. For example, Table 2.1, Table 2.2, and Table 2.3 may iHustrate lookap
tables or values configured by the network. UE 115-a may be preconfigured with such
information. In the following tables, ‘Case A’ and ‘Case B’ may refer to different
configurations of CSI-RS. The configuration may include the quasi-co-tocation (QCL)
nformation, a measurement configuration, a CSI report setting configuration associated with
the CSI-RS resource, ctc. For example, Case A may refer to CSI-RS with QCL type A, and
Case B may refer to CSI-RS with QCL type B. In other examples, Case A may refer to CSI-
RS for CSI acquisition, and Case B may refer to TUSI-RS used for reference signal received
power (RSRP) measurement, ¢tc. The UE 115-a may utilize such CSI-RS resources, and

implicitly derive transmission power information, according to different configurations.

Table 2.1
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Case A Case B
Offset 3dB 6 dB
Table 2.2
Casec A Case B
Maximnm Positive Offset +3 dB +6 4B
Maximum Negative Offset -4 dB -8 dB
Table 2.3
Casc A Casc B
B PDCCH_DMRS, 0 +6 dR +4 dR
P _PDCCH DMRS i -1d8 -5 dB

[082] Table 2.1 and Table 2.2 iHustrate example power margins that may be associated
with different configurations of CSI-RS. Table 2.1 may illustrate a single margin being
applied to both a maximuom positive offset and a maximum negative offset. For example, for
Case A, the maxinwm positive offsct mayv be 3 dB and the maximuro negative oftset may be -
3 dB. Therefore, the UE 115-a may, based on the Case A CSI-RS configuration, determuine a
dynamic range of F,_PDCCH _DMRS using the power margin (e.g., the P, PDCCH _DMRS
may range from (F,_PDCCH _DMRS,.; + 3} dB to (F,_PDCCH_DMRS, .z — 3) dB)Table
2.2 may illustrate a first margin being applied to a maximum positive oftset and a sccond
margin being applied to a maximum negative offset. For example, for Case A, the maximum
posttive offset may be 3 dB and the maximum negative offset may be -4 dB. Therefore, the
UE 115-a may, based on the Case A CSI-RS configuration, determine a dynamic range of
B._PDCCH_DMRS using the power margin {e.g., the P._PDCCH_DMRS may range from

B, _PDCCH DMRS gy = (F,_PDCCH DMRS, .+ 3) dBto P, PDCCH _DMRS,;,, =
(F,.PDCCH DMRS, .y — 4} dB). Table 2.3 may tllustrate an example where the maximum
and sunimum P._PDCCH_DMRS values of the dynanuc range of P._PDCCH_DMRS are
directly indicated or preconfigured. For example, for Case A, the £,_PDCCH_DMRS may be
directly indicated to range from +6 dB {(e.g., P._PDCCH DMRS, .y to-1dB {eg.,

P. PDCCH _DMRS,:).
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{0083} Therefore, the network may deteroune the configuration of the CSI-RS resource,
know the associated power margin or maximum and nunimum £._PDCCH_DMRS values,
and signal, to UE 115-a, an mdication of the configuration of the CSI-RS resource (e.g., via
RRC signaling}. Based on the configuration of the CSI-RS resource, the UE 115-a be aware
of the power margin and/or maximum and minimum P,_PDCCH_DMRS values according to
Table 2.1, Table 2.2, and/or Table 2.3. The entrics and CSI-RS configurations are for
illustrative purposes onlv. Other offset values, maximum and miniomwum P._PDCCH_DMRS
values, ete. for different CSI-RS contigurations may be implemented or preconfigured by the

network by analogy, without departing from the scope of the present disclosure.

[0084] In a third example, the dynamic range of power ratios may be implicitly denived
from other parameters. In some cases, the hvpothetical PDCCH BLER may be caleunlated
using the CSI-RS measurement, along with a dvnamic range of the P._PDCCH_DMRS
calculated based on the transmission power ratio between the CSE-RS and a data transmission
{c.g., the PDSCH]). The transmission power ratio between the CSI-RS and the PDSCH (e g,
P._PDSCH) may be included in the CSI-RS configuration, such that when UE 115-a receives
the CSI-RS configuration, UE 115-a may implicitly derive a hypothetical range of BLERs
based on the P._PDSCH. That is, the dvnamic range of B._PDCCH_DMRS may be detcomined
by other parameters such as £._PDSCH. As an example, UE 115-a may receive an indication
ofboth B._PDSCH and P. PDCCH DM RSper {e.g., an average P, _PDCCH DMRS value ora
predeternuned one). Based on the difference between the received B._PDSCH and

F._PDCCH _DMRS, . r, UE 115-a may be able to deternune an offset value. For example, if
F,_PDSCH =10 dB and P, PDCCH_DMRS,.; = 7 dB, then the offsct value may be 3 dB
{¢.g., because F,_PDSCH — F,_PDCCH_DMRS, . = 3 dB), meaning that
P._PDCCH_DMRS,,,, = 10 dB and P._PDCCH_DMRS,;,, = 4 dB.

[085] Therefore, the network may signal or indicate a CSI-RS resource configuration to
UE 115-a{e.g., via base station 105-a}, and the configuration may include at least P._PDSCH
mformation. The network may be aware of the dynamic range of B._PDCCH_DMRS based on
the P._PDSCH and the P._PDCCH_DMRS/configured SINR threshold {¢.g., as discussed
above). UE 115-a may receive the CSI-RS configuration and determine the dynamic range of

the P._PDCCH_DMRS accordingly.

{0086] The examples described above describe methods by which UE 115-a may identify
a dynamic range of £,_PDCCH_DMRS. The dynamic range of B._PDCCH _DMRS may be
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used along with CSI-RS measurements to determuine a range of hypothetical PDCCH BLERs
{¢.g., a hypothetical range of PDCCH BLERS). For example, the hypothetical range of
PDCCH BLERs may be determined based on the Hmits of the dynamic range of the
P._PDCCH_DMRS. That 1s, an upper hypothetical PDCCH BLER may be deternuned based
on the measured CSI and the determined B._PDCCH _DMRS,,;,, value, and a lower
hypothetical PDCCH BLER may be deternined based on the measured CSI and the
determined P._PDCCH_DMRS,, . value. In some cases, deternunation 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 to a
threshold to determine or identity whether or not a beam has failed, as further described

below with reference to FIG. 4.

{0087} In some cases, upon identification or detection of a beam failure, 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, cte. In some cases, base station 105-a may transmit an
indication that one of a set of beams may have failed, and UE 115-a may provide an
mdication of which bear of the set of beams failed, such as based on a received reference
signal assoctated with one of the beams. In other cases, UE 115-a may transmit a beam

failure report to base station 105-a, indicating the beam faibure.

[088] FIG. 3 iliustrates an example of a process flow 300 that supports determining
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 wircless communications systern 100 and/or wireless communications
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, UE 115-b and base station 105-b
may operate in a spectrum other than the mmW spectrum (e.2., a spectrum with frequencies
below six GHz (sub-6 GHz)). The process flow 300 illustrates aspects of identifying beam
fatlure associated with communications between UE 115-b and base station 105-b. Further,
the ordering of steps shown is done so for iHlustrative 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 disclosuare.
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{6089} At 305, base station 105-b may 1dentify a dynamic range of a transnussion power
ratio between a first reference signal and a second reference signal of a downlink control
channel to UE 115-b. In the present example, base station 105-b may identify a dynamic
range of a fransmission power ratio between a CSI-RS and a DMRS of a PDCCH (e g a

dynamic range of P._PDCCH_DMRS).

[0090] At 310, base station 105-b may mdicate the dynamic range of the transmission
power ratio {e.g., the dvnamic range of P,_PDCCH _DMRS). As discussed above, such an
indication may take several forms. For example, the indication may be an explicit indication
of a maximurm value associated with the dynamic range of the transmission power ratio {(e.g.,
P._PDCCH_DMRS,, ..} and/or a minimum value associated with the dynamic range of the
transnussion power ratio {e.g., P._PDCCH_DMRS,,;» ). In other cases, the mdication may be
an explicit indication of an offset 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. fn other cases, the
ndication may be an explicit indication of two individual oftsets for the maxiroum positive
offset associated with the dynamic range of the transmission power ratio and the maximum
negative offset associated with the dynamic range of the transmission power ratio (e.g., both
a maxinwuim positive offset and a maximurm negative offset associated with
B._PDCCH_DMRS). The indication may be conveyed via upper laver signaling (e.g.. RRC,
MAC CE, ete)) or via lower layer signaling {e.g., DCL etc.). Further, such P, PDCCH _DMRS
information may be per CSI-RS resource, per CSI-RS resource set, per CSI-RS resource

setting, etc.

{0091} At 315, UE 115-b may determine the dynamic range of the transmission power
ratiy or the P,_PDCCH_DMRS based on the indication received at 310, For example, if the
indication included the maximum and minimum transnuission power ratios (¢.3.,
P._PDCCH_DMRS . and P._PDCCH_DMRS, i), UE 115-b may dircctly determine the
dynamic range of the B._PDCCH_DMRS to be from B._PDCCH_DMRS,,;,, to

P. PDCCH_DMRS,,;,,. In other exaraple, if the indication includes offset information, UE
115-b may apply the offset information to an average or predetermined P._PDCCH _DMRS
value {e.g., B,_PDCCH _DMRS, ;) in order to determine the range. That is, if the indication
mcluded a maximum positive offset and a maximum negative offset, the UE 115-b may

determine the dynamic range of the P,_PDCCH_DMRS 10 be from P._PDCCH _DMRS,,;, =
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F,_PDCCH_DMRS, o5 — maximum negative of fset 10 F,_PDCCH_DMRS,;, ., =
B, _PDCCH _DMRS,,; + maximwm positive of fset.

[B092] In other cases, the dynamic range of the P._PDCCH_DMRS may be implicitly
derived. For example, in such cases, the indication at 310 may refer to an indication of a
configuration of the CSI-RS (e.g.., which may just be the CSI-RS itself). In such cases, the
UE 115-b may implicitlv derive £,_PDCCH_DMRS information (¢.g., P._PDCCH_DMRS, i,
value, £._PDCCH _DMRS,,,, value, maximum positive and negative offsets, ete.) from the
indication of the contiguration (¢ .g., as discussed in more detail above with reference to

FIG. 2). In some cases, the CSI-RS configuration includes QCL information, a measurement
quantity (¢.g., a link configuration) related to the CSI-RS, a CSI report setting associated with
the CSI-RS, etc. In some cases, the indication of the configuration of the CSI-RS is received

via RRC signaling.

[6093] At 317, base station 105-b may transmit a CSI-RS. UE 115-b may receive the
CSI-RS from base station 105-b.

{0094} At 320, UE 115-b may determine a hypothetical range of PDCCH BLERSs based
on the determined dynamic range of P._PDCCH _DMRS . For example, the hypothetical range
of PDCCH BLERs may be determined based on the limits of the dynamie range of the
P._PDCCH_DMRS. That is, a upper hypothetical PBCCH BLER may be determined based on
the measured CSI {c.g., received at 317 or 310 depending on the implementation scenario)
and the P,_PDCCH_DMRS,,;,,, and a lower hypothetical PDCCH BLER may be determined
based on the measured CS8T and the P._PDCCH_DMRS,,,,.. Determination of the hvpothetical
range of PDCCH BLERs may refer to such a deternunation of upper and lower hypothetical
PDCCH BLERs.

{0095] At 325, UE 115-b may compare the hypothetical range of PDCCH BLERsto a
threshold, determine a beam failure status, and transnut a beam fatlure status report o the
base station 105-b. Determunation of the beam failare status (e.g., comparison of the
hypothetical range of PDCCH BLERS to a threshold) is further described below with

reference to FIG. 4.

[(096] At 330, base station 105-b and UE 115-b may communicate in accordance with
the beam failure status report. For example, the base station 103-b and UE 115-b may reswme

or continue communications via the beam (e.g., if no beam fatkure is mdicated in the beam
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fatlure status report at 323). Additionally or alternatively, the base station 103-b and UE
115-b may initiate a beam recovery procedure (¢.g., if a beam failare is indicated in the beam

failure status report at 323), etc.

{0097} FIG. 4 illustrates an example of a flow diagram 400 that supports determining
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
implement aspects of wireless communications systerm 100 and/or wireless communications
systern 200. Flow diagram 400 may illustrate operations of a UE 115 o determine beam

failure using a dynamic range of F,_PDCCH_DMRS.

(098] At 405, the UE 113 may identifv a dynamic range of transnussion power ratios
between a CSI-RS and a DMRS of a PDCCH usable by a base station 105, The dynamic
range of P._PDCCH _DMRS may refer to a range of transmission power levels the base station
105 may use to transmit CSI-RS and a DMRS of a PDCCH to the UE 115. The dynamie
range of transmission power ratios may be identified based on P._PDCCH _DMRS
nformation indicated by the base station 105, Such information may be explicitly mdicated
{c.g., separate from a CSI-RS) or, in some cases, may be implicitly derived by the UE 115

{¢.g., based on the configuration of the CSE-RS).

{0099] At 410, the UE 115 may perform a CSI-RS measurement. In cases where the
P._PDCCH_DMRS wformation is implicitly derived, 405 and 410 may occur at the same time
{c.g.,the P._PDCCH_DMRS mtormation may be dertved from the CSI-RS itself, or the

P. PDCCH_DMRS information may be identified as a separate step or from a separate

indication}.

{0100} At 415, the UE 113 may determine a range of hypothetical PDCCH BLERSs based
on the identified dynamic range of transmission power ratios and the measured CSI-RS. For
example, a nunimum value of the dynamic range of transmission power ratios and the
measured CSI-RS may be used to determine a maxinum hypothetical PDCCH 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 minimum

hypothetical PDCCH BLER {(e.g., a lower hypothetical PDCCH BLER).

0101} At 420, the UE 115 may compare one or more hypothetical PDCCH BLER values
{¢.g., an upper hypothetical PDCCH BLER, a lower hypothetical PDCCH BLER, an average

hypothetical PDCCH BLER, etc.) to a threshold to determine a beam failure status. Values
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within the range of hypothetical PDCCH BLERs used to compare 1o a threshold for beam
failure determination may affect the likehhood of detecting or identifying a beam faitare.
That is, based on which values within the range of hypothetical PDCCH BLERs are
compared to the threshold, the UE 115 may report beam failure more aggressively or nore
conservatively, depending on system needs, UE preference, ete. The following may illustrate
an example of conservative beam fatlure detection techniques. however other (e.g.,
aggressive or less conservative) techuigques may be implemented by analogy {e.g., by
comparing other values within the range of hypothetical PDCCH BLERS to a beam failure

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

{0102} For example, at 423-a, if the UE 115 determines a maximum hypothetical PDCCH
BLER (e.g., an upper hypothetical PDCCH 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 115 may be comparing the worst-
case scenario BLER to the beam failure trigger threshold. If the worst-case scenario BLER i3
still less than some threshold that would trigger beam failure, the UE 115 may report a beam

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

{0103} At 425-b, if the UE 115 determines a minimum hypothetical PDCCH BLER (e.g.,
alower hypothetical PDCCH BLER} is greater than some threshold BLER that would trigger
a beam failure, a beam failure may be reported. Such may exeraphify conservative beam
failure detection techniques, as the UE 115 may be comparing the best-case scenario BLER
1o the beam failure trigger threshold. If the best-case scenario BLER is still greater than some
threshold that triggers beam fature, the UE 115 may report a beam failure status indicating

beam failare {e.g., the beam is not suitable under the best-case scenario).

10104} At 423-¢, if a UE 115 determines a miniraum hypothetical PDCCH BLER is less
than a beam failure trigger threshold, vet the beam failure trigger threshold is still less than
the maximum hypothetical PBCCH BLER, the UE 115 may compute an average lower/upper
hypothetical PDCCH BLER (e g., using previous measurements). The averaged lower/upper
hypothetical PDCCH BLERs may then be used to determine beam failure. For example, if the
average upper hypothetical PDCCH BLER 1s less than a beam failure tngger threshold, no
beam failure may be reported, bt if the average lower hypothetical PDCCH BLER 15 greater
than the threshold, then a beam failure may be reported. If the average upper hypothetical

PDCCH BLER is greater than the threshold, but the average lower hypothetical PDCCH
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BLER is below the threshold, UE 115-a may recompute the averages using other values (e.g.,
using more values or using different values than the one used to compute the initial average

upper and lower hypothetical PDCCH BLERs).

{0105] FIG. 8 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 device 505 may be an example of
aspects of a UE 115 as descnibed herein. Wireless device 505 may include receiver 510, UE
communications manager 315, and transmitter 520. Wircless device 505 may also nclude a
processor. Each of these components may be in comnunication with one another {e.g., via

one or more buses).

{0106} Receiver 510 may receive information such as packets, user data, or control
mformation associated with various information channels {¢.g.. control channels, data
channels, and nformation related to determining beam fatlure based on a dynamic range of
transmission power ratios, etc.}. Information may be passed on to other components of the
device. The recetver 510 may be an example of aspects of the transceiver 835 described with

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

{6107} UE communications manager 515 may be an example of aspects of the UE
communications manager 815 described 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 It
implemented in software executed by a processor, the functions of the UE conununications
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 ficld-programmable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any combination
thercof designed to perform the functions described i the present disclosure. The UE
communications manager 315 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 are implemented at different physical locations by one or more physical devices. In
some examples, UE communications manager 515 and/or at least some of its various 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
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some of its various sub-components may be combined with one or more other hardware
components, incloding but not hinuited to an /O 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.

{3108} UE communications manager 515 may identify a dynamic range of a transmission
power ratio between a first reference signal and 3 second reference signal of a downbink
controt channel received from a base station 103; determine a beam failure status based on
the dynamic range of the transmission power ratio; and communicate with the base station

105 m accordance with the beam failure status.

[109] Transmitter 5320 may transmit signals generated by other components of the
device. In some examples, the transmitter 520 may be collocated with areceiver 310 in a
transceiver module. For example, the transmitter 320 may be an example of aspects of the
transceiver 833 described with reference to FIG. 8. The transmitter 5320 may utilize a single

antenna or a set of antennas.

[0119] FIG. 6 shows a block diagram 600 of a wireless device 605 that supports
determining beam failure 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 wireless device 505 or a UE 115 as described with reference to FIG. 5. Wireless
device 605 may include 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 another (e.g., via one or more buses).

{0111} Receiver 610 may receive information such as packets, user data, or control
information associated with various information chanunels {¢.g., control channels, data
channels, and information related to determining beam failure based on a dvnamic range of
transpuission power ratios, ¢fc.). Information may 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 FIG. 8. The receiver 610 may utilize a single antenna or a sct of antennas.

{0112} UE communications manager 613 may be an example of aspects of the UE
communications manager 815 described with reference to FIG. &, UE communications
manager 615 may also include £,_PDCCH manager 625 {e.g., a transmission power ratio

manager or £,_PDCCH _DMRS manager) and beam fatlure manager 630,
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{0113] F._PDCCH manager 625 may identify a dynamic range of a transiuission power
ratio between a first reference signal and a second reference signal of a downlink control
channel received from a base station 105 and determine an upper hypothetical PDCCH BLER
and a lower hypothetical PDCCH BLER. In some cases, the first reference signal is a CSI-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
bypothetical PDCCH BLER, or both. £._PDCCH manager 625 may deternune the dynamic
range of the transmission power ratio based on a maximum positive offsct, 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, identifying the dynamic range of the
transmission power ratio includes receiving an indication of the dynamic range of the
transnuission power ratio from the base station 105, In some cases, 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 transmission power ratio. In some
cases, 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 dvnamic
range of the transmission power ratio. In some cases, the mdication inchudes an offset value
that represents both a maximum positive offset associated with the dynamic range of the
transnuission power ratio and a maxumum negative offset associated with the dynamic range
of the transmission power ratio. In some cases, the indication is received via at least one of
RRC, a MAC CE, or BCL In some cases, identifving the dynamic range of the transmission

o¢ based on

power ratio further includes identifving an offset associated with the dynamic ran
the configuration of the CSI-RS. In some cases, ideniifying the dynamic range of the
transmission power ratio further includes dentifying a maximum positive offset and a
maximum negative offset associated with the dyvnamic range based on the configuration of
the CSI-RS. In some cases, identifying the dyvnamic range of the transmission power ratio
further inchudes identifying a maximam CSI-RS to BMRS power ratio and a minimum CSI-
RS to BMRS power ratio based on the configuration of the CSI-RS. In some cases,
identifying 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
105. In some cases, the dynamic range of the transmission power ratio is identified per CS1-
RS resource, per CSI-RS resource set, or per CSI-RS resource setting. In some cases,

identifying the dynamic range of the transmission power ratio further imcludes identitving a
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maximum value associated with the dynamic range of the transnussion power ratio and a
muntmum value assoctated with the dynamic range of the transmission power ratio based on

the configuration of the CSI-RS.

{0114} Beam failure manager 630 may determine the beam failure status based on the
upper hypothetical PDCCH BLER, the lower hypothetical PDCCH BLER, the CSI-RS
measurcment, or some combination thereof. Beam fatlure manager 630 may determine a
beam failure status based on the dvnamic range of the transmission power ratio and, in some
cases, determine a beam fathire has occurred based on the determined beam failure status.
Beam failure manager 630 may convnunicate with the base station 105 i accordance with

the beamn failure status.

0115} Transmaitter 620 may transmit signals generated by other components of the
device. In some examples, the transmitter 620 may be collocated with arecetver 610 m a
transceiver module. For example, the transmitler 620 may be an example of aspects of the
transceiver 835 described with reference to FIG. 8. The transmitter 620 may utilize a single

antenna or a set of antconas.

0116} FIG. 7 shows a block diagram 700 of a UE communications manager 715 that
supports deternuning beam failure 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 example of aspects of a UE communications manager 315, a UE communications
manager 615, or a UE communications manager 815 described with reference to FIGs. 5, 6,
and 8. The UE communications manager 715 may include F._PDCCH manager 720 (e.g., a
transmission power ratic manager or P._PDCCH _DMRS manager), beam failure manager
725, CSE-RS manager 730, beam faiture report manager 735, and PDCCH BLER manager
740. Each of these modules may communicate, directly or indirectly, with one another (e.g.,

via ong or more buses).

[0117] P._PDCCH manager 720 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 105 and determune an upper hypothetical PDCCH BLER
and a lower hypothetical PDCCH BLER. In some cases, the first reference signal is a CSI-RS
and the second reference signal is a DMRS of a PDCCH. P._PDCCH manager 720 may
determine the beam failare status based on the upper hypothetical PDCCH BLER, the lower
hypothetical PDCCH BLER. or both. P._PDCCH manager 720 may determine the dynamic
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range of the transmission power ratio based on a maximurm 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, identitving 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 105, In some cases, the indication inclades 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. In some
cases, the indication ncludes a maximum 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 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 mdication is 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, identifving the dynamic range of the
transmission power ratio further includes identifving a maximum positive offsetand a
maxuvum negative offset associated with the dynamic range based on the configuration of
the CSI-RS. In some cases, identifying the dynamic range of the transmission power ratio
further includes identifying a maxamum CSI-RS to BMRS power ratio and a munimum C81-
RS to DMRS power ratio based on the configuration of the CSI-RS. In some cases,
identifying the dynamic range of the transmission power ratio includes receiving an
indication of a power ratio between the CSI-R5 and a PBSCH received from the base station
105, In some cases, the dynamic range of the transmission power ratio is identified per CS1-
RS resource, per CSI-RS resource set, or per CSI-RS resource setting. In some cases,
identifving the dynamic range of the transnussion power ratio further mcludes identifymng a
maximum valoe associated with the dynamic range of the transmission power ratio and a
mintum value associated with the dynamic range of the transnussion power ratio based on

the configuration of the CSE-RS.

{0118} Beam failure manager 725 may determine the beam failure status based on the
upper hypothetical PDCCH BLER, the lower bypotbetical 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 transmission power ratio and, m some
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cases, determune a beam fathure has occurred based on the deternuned beam failure status,
Beam failure manager 725 may and communicate with the base station 105 in accordance

with the beam failure status.

[0119] CSI-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 CSI-RS
measurement. In some cases, identifying the dynamic range of the transmission power ratio
includes: recerving an indication of a configuration of the CSI-RS. In some cases, the
configuration includes QCL information, a measurement quantity {e.g., a link configuration)
related to the CSI-RS, a CSI roport setting associated with the CSI-RS, ete. Tn some cases, the

mdication of the configuration of the CSI-RS 1s received via RRC signaling.

0120} cam failure report manager 735 may transmit a beam failure status report to the

base station 105,

{0121} PDCCH BLER manager 740 may determine an upper hypothetical PDCCH BLER
and a lower hypothetical PDCCH BLER basced on the dynamic range.

{0122} FIG. 8 shows a diagram of a system 800 including a device 805 that supports
determining beam failure 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
mechude the components of wireless device 503, wireless device 603, ora UE 115 as
described above, e.g., with reference to FIGs. 5 and 6. Device 805 may mclude components
for bi~directional voice and data communications including components for transmitting and
receiving communications, including UE communications manager 815, processor 820,
memory 825, software 830, transceiver 835, anienna 840, and /O controller 845, These
components may be in clectronic conununication via one or more buses {¢.g., bus 810).

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

{0123] Processor 820 may include an intelligent hardware device, {¢.g., a general-purpose
processor, a DSP, a central processing unit (CPU), a microcontrolier, an ASIC, an FPGA, a
programmable logic device, a discrete gate or transistor logic component, a discrete hardware
component, or anv combination thereof}. In some cases, processor 820 may be configured to
operate a memory array using a memory controdler. In other cases, a memory controller may
be integrated into processor 820. Processor 820 may be configured to execute computer-
readable instroctions stored in a memory to perform various functions (e.g.. functions or tasks

supporting determining beam failure based on a dynamic range of transmission power ratios}.
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{0124} Memory 825 may include random access memory (RAM) and read only memory
{ROM}. The memory 825 may store computer-readable, computer-executable software 830
mehuding mstructions that, when executed, cause the processor to perform vartous functions
described herein. In some cases, the memory 825 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.

[0125] Software 830 may inchide code to wmplement aspects of the present disclosure,
mehuding code to support determining beam failure based on a dynamic range of transmission
power ratios. Software 830 may be stored in a non-transitory computer-readable medium
such as system memory or other memory. In some cases, the software 830 may not be
directly executable by the processor but may cause a computer (e.g., when compiled and

gxecuted) to perform functions described herein.

{8126} Transcetver 835 may communicate bi-directionally, via one or more antenmas,
wired, or wireless links as described above. For example, the transceiver 35 may represent a
wireless transceiver and may communicate bi-directionally with another wireless transcetver.
The transceiver 835 may alse include a modem to modulate the packets and provide the
modulated packets to the antennas for transmission, and to demodulate packets recetved from

the antennas.

{8127} In some cases, the wireless device may include a single antenna 840, However, in
some cases the device may have more than one antenna 840, which may be capable of

concurrently transmitting or receiving multiple wireless transmissions.

{0128] ¥/O controller 845 may manage input and output signals for device 805, VO
controller 845 may also manage peripherals 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, 1/0 controller 845 may utilize an operating system sach as i0S®, ANDROID®, MS-
DOS®, MS-WINDOWS®, 05/2®, UNIX®, LINUX®, or another known operating system.
In other cases, /O controller 845 may represent or interact with a modem, a keyboard, a
mouse, a touchscreen, or a similar device. In some cases, IO controller 845 may be
implemented as part of a processor. In some cases, a user may interact with device 805 via

/0 controller 845 or via hardware components controlled by /0O controlier 845

{8129} FIG. 9 shows a block diagram 900 of a wireless device 905 that supports

determining beam failure based on a dynamic range of fransmission power ratios in
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accordance with aspects of the present disclosure. Wireless device 905 may be an example of
aspects of a base station 105 as described herein. Wireless device 905 may include receiver
G190, base station communications manager 915, and transmitter 920. Wireless device 905
may also include a processor. Each of these components may be in communication with one

another {¢.g., via one or more buses).

{0130] Receiver 910 mayv receive information such as packets, user data, or control
mformation associated with various information channels {¢.g., control channels, data
channels, and information related to determining beam failure based on a dynamic range of
transmission power ratios, etc.). 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.

[0131] Base station communications manager 915 may be an example of aspects of the

base station commumications manager 1215 described with reference to FIG. 12,

{0132} Base station comumunications 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 thereof. If implemented in software executed by a processor, the
functions of the base station communications manager 915 and/or at least some of s 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
components, or any combination thereof designed to perform the fimctions descrnibed in the
present disclosure. The base station communications manager 915 and/or at least some of its
various sub-components may be physicaliv located at various positions, including being
distributed such that portions of functions are implemented at different physical locations by
one or more physical devices. In some examples, base station conununications 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. In 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, ncluding but not himited 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 thereof in accordance with

various aspects of the present disclosure.
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{0133} Base station communications manager 9135 may identifv a dynamic range of a

transpuission power ratio between a first reference signal and a second reference signal of a
downlink control channel to a UE 115, Base station communications manager 915 may
further transmit a signal to the UE 115 that facilitates identification of the dynanuc range of
the transmission power ratio by the UE 115, Base station communications manager 915 may
turther receive a beam failure status report based on the dynamic range of the transmission
power ratio and communicate with the UE 115 in accordance with the beam failure status

report.

[0134] Transmitier 920 may transmit signals generated by other components of the
device. In some examples, the transmitter 920 may be collocated with areceiver 910 ina
transceiver module. For example, the transmutter 920 may be an example of aspects of the
transceiver 1235 described with reference to FIG. 12. The transmitter 920 may untilize a single

antenna or a set of antennas.

[0135] FIG. 10 shows a block diagram 1000 of a wireless device 1003 that supports
determining beam failure based on a dynamic range of transmission power ratios in
accordance with aspects of the present disclosure. Wireless device 1003 may be an example
of aspects of a wireless device 903 or a base station 105 as described with reference to

FIG. 9. Wireless device 1005 may include receiver 1010, base station communications
manager 1013, and transoutter 1020, Wireless device 1005 may also mchude a processor.
Each of these components may be in communication with one another {¢.g., via one or more

buses).

{0136} Recerver 1010 may receive information such as packets, user data, or control

nformation associated with various information chanunels {e.g., control channels, data
channels, and information related to determining beam failure based on a dynamic range of
transmission power ratios, eic.). Information may be passed on to other components of the
device. The receiver 1010 may be an example of aspects of the transeeiver 1235 deseribed

with reference to FIG. 12. The receiver 1010 may utilize a single andenna or a set of antennas.
{03137} Base station communications manager 1015 may be an example of aspects of the
base station communications manager 1215 described with reference to FIG. 12

{0138} Base station conununications manager 1015 may also include P,_PDCCH manager
1025 {(c.g., a transmission power ratic manager or F,_PDCCH_DMRS manager) and beam

fatlure manager 1030,
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[0139] 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 115. P._PDCCH manager 1025 mayv further transmit a signal to the UE 115
that facilitates identification of the dynamuc range of the transmission power ratio by the UE
115, In some cases, the first reference signal is a CSI-RS and the second reference signal is a
DMRS of a PDCCH. In some cases, the signal includes an indication of the dynamic range of
the transmission power ratio. In some cases, the mdication mcludes a maximum value
assoctated 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
mdication includes a maximum positive offset associated with the dynamic range of the
transnussion power ratio and a maxumum negative offset associated with the dynamic range
of the transmission power ratio. In some cases, 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 tramsmigsion power ratio. In some cases, the dynamic range of the transmission power
ratio is determined based on a maximum positive offset, a maximum negative offset, and an
average transnussion power tatio. o some cascs, the indication is transmitted via at least one
of RRC, a MAC CE. or DCL. In some cases, the dynamic range of the transmission power
ratio 1s identified per CSI-RS resource, per CSE-RS resounrce set, or per CSI-RS resource

setting.

{1140} Beam failure manager 1030 may receive a beam failure status report based on the
dynamic range of the transmission power ratio and communicate with the UE 115 1n

accordance with the beam fatlure status report.

{0141} Transmitter 1020 may transmit signals generated by other components of the
device. In some examples, the transmitter 1020 may be collocated with a receiver 10101in a
transceiver module. For example, the transnutter 1020 may be an example of aspects of the
transceiver 1235 deseribed with reference to FIG. 12. The transmitter 1020 may utilize a

single antenna or a set of antennas.

{8142} FIG. 11 shows a block diagram 1100 of a base station communications manager
1115 that supports deternmining beam failure based on a dynamic 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
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described with reference to FIGs. 9, 10, and 12, The base station communications manager
{115 may include P,_PDCCH manager 1120 {e.g., a transmission power ratio manager or
P._PDCCH_DMRS manager), beam fathure manager 1125, CSE-RS manager 1130, and
PDCCH BLER manager 1135, Each of these modules may communicate, directly or

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

[0143] B._PDCCH manager 1120 may identify a dynamic range of a transmission power
ratio between a first reference signal and a second reference signal of a downhnk control
channel to a UE 115, F._PDCCH manager 1120 may further transmit a signal to the UE 115
that facilitates identification of the dynamic range of the transmission power ratio by the UE
115. In some cases, the first reference signal is a CSI-RS and the second reference signal 1s a
DMRS of a PDCCH. In some cases, the signal jncludes an indication of the dynamic range of
the transmission power ratio. In some cases, the indication inchides a maximum value
assoctated 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
mdication includes a maximmm 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 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. In some cases, the dynamic range of the transmission power
ratio is determined based on a maximum positive offset, a maximum negative offset, and an
average transioission power ratio. In some cases, the indication is transmitted via at least one
of RRC, a MAC CE, or DCL In some cases, 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.

{0144} Beam failure manager 1125 may receive a beam failure status report based on the
dynamic range of the transmission power ratio and communicate with the UE 115 in

accordance with the beam failure status report.

[0145] CSI-RS manager 1130 may transmit an indication of a configuration of the CSI-
RS, where the configuration indicates the dynamic range of the transmission power ratio.
CSI-RS manager 1130 may transmit an indication of a power ratio between the CSI-RS and a

PDSCH received from the base station 105, where the dynamic range of the transmission
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power ratio is based on the power ratio between the CST-RS and the PDSCH. In some cases,
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 mintmum CSI-RS to DMRS power ratio. In some cases, the configuration may
inclade QCL information, a measurement guantity {e.g., a link configuration) related to the
CSI-RS, a CS1 report setting associated with the CSI-RS, etc. In some cases, the indication of

the configuration of the CSI-RS 1s received via RRC signaling.

{0146] PDCCH BLER manager 1135 may identify that the beam failure status report is
based on an upper hypothetical PDCCH 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. PDCCH BLER manage
1135 may further determine a beam failure has occurred based on the received beam status

failure report.

{0147} FiG, 12 shows a diagram of a system 1200 including a device 1205 that supports
determining beam failure based on a dynamic range of transmission power ratios in
accordance with aspects of the present disclosure. Device 1205 may be an example of or
include the components of base station 105 as described above, e.g., with reference to FIG. 1.
Device 1205 may include components for bi-directional voice and data conununications
including components for transmutting and receiving communications, including base station
communications manager 1215, processor 1220, memory 1225, software 1230, transceiver
1235, antenna 1240, network communications manager 1245, and inter-station
comununications manager 1250 These components may be in electronic communication via
one or more buses {e.g., bus 1210). Device 1205 may communicate wirelessly with one or

more UEs 115,

{0148} Processor 1220 may inclade an intelligent hardware device, {(e.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, ot
any combination thereof). In some cases, processor 1220 may be configured to operate a
memory array asing a memory controller. In other cases, a memory controller may be

integrated indo processor 1220. Processor 1220 may be configured to execute computer-
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readable instructions stored in a memory to perform vanous functions (e.g., functions or tasks

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

{04149} Memory 1225 may nclude RAM and ROM. The memory 1225 may store
computer-readable, computer-executable software 1230 mcluding mstructions that, when
executed, cause the processor to perform various functions described herein. In some cases,
the memory 1225 may contain, among other things, a BIOS which may control basic
hardware or software operation such as the nteraction with peripheral components or

devices.

{0150} Software 1230 may mnclude code to implement aspects of the present disclosure,
including code to support determining beam faihure based on a dynamic range of transmission
power ratios. Software 1230 may be stored in a non-transitory computer-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 compulter (¢.g., when compiled and

executed) to perform functions described herein.

[0151] Transceiver 1235 mayv communicate bi-directionally, via one or more antennas,
wired, or wireless links as described above. For example, the transceiver 1235 may represent
a wireless transceiver and may communicate bi-directionally with another wireless
transceiver. The transceiver 1235 may also mclude a modem to modulate the packets and
provide the modulated packets to the antennas for transmission, and to demodulate packets

received from the antennas.

[0152] In some cases, the wircless device may inchude a single antenna 1240. However,
it some cases the device may have more than one antenna 1240, which may be capable of

concurrently transmitting or receiving nwltiple wireless transmissions.

{8153} 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 1245 may manage the transfer of data communications for chient

devices, such as one or more UEg 115.

{0154] Inter-station conununications manager 1250 may manage commumnications with
other base station 103 and may include a controlier or scheduler for controliing
communications with UEs 115 in cooperation with other base stations 103. For example, the

inter-station comnunications manager 1250 may coordinate scheduling for transmissions to
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UEs 115 for various interference nutigation techniques such as beamforming or joint
transmission. In some examples, inter-station communications manager 1250 may provide an
X2 mterface within a Long Term Evolution (LTEYLTE-A wireless communication network

technology to provide conununication between base stations 103,

{3155} FIG. 13 shows a flowchart iHustrating a method 1300 for determining beam

fatlure based on a dynamic range of transmission power ratios in accordance with aspects of
the present disclosure. The operations of method 1300 may be implemented by a UE 11S or
its components as described herein. For example, the operations of method 1300 may be

performed by a UE conununications manager as described with reference to FIGs. 5 through
8. In some examples, a UE 113 may execute a set of codes to control the functional 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.

{0156} At 1305 the UE 113 may identify a dynamic range of a transmission power rafio

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

received from a base station 105, 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 P,_PDCCH manager as described with reference to FIGs. 5 through §.

{0157] At 1310 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 1310 may be performed
according to the methods described herein. In certain examples, aspects of the operations of
1310 may be perfornied by a beam fathire manager as described with reference to FlGs. 5

through 8.

[158] At 1315 the UE 115 may communicate with the base station 105 in 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 deseribed with reference to F1Gas. 5 through 8.

{0159] F1G. 14 shows a tlowchart illustrating a method 1400 for determining beam
failure 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
petformed by a UE communications manager as described with reference to FiGs. 5 through

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

115 may perform aspects of the fimctions described below asing special-purpose hardware.

{3160} At 1405 the UE 115 may identify a dynanuc 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 105. In some cases, the first reference 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 P,_PDCCH manager as described with reference to FiGs. 5

through 8.

{0161} At 1410 the UE 115 may determine a beam failure status based at least i 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 &.

[06162] 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. 3

through 8.

{0163} At 1420 the UE 115 may transmit a beam failure report to the base station 105,
The operations of 1420 may be perforned according to the methods described herein. In
certain examples, aspects of the operations of 1420 may be performed by a beam failure

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

{8164} FIG. 15 shows a flowchart iHustrating a method 1500 for determuning 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 implemented by a UE 115 or
its components as described herein. For example, the operations of method 1500 may be
performed by a UE communications manager as described with reference to F1Gs. 5 through
3. In some examples, a UE 113 may execute a set of codes to control the fimctional 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.
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{0165} At 1505 the UE 115 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 105, The operations of 1505 may be performed according to the
methods described herem. In certain examples, aspects of the operations of 1505 may be

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

{0166} 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 certain examples, aspects of
the operations of 1510 may be performed by a CSI-RS manager as described with reference

to FIGs. 5 through 8.

{0167} 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 CSI-
RS measurement. The operations of 1515 may be performed according to the methods
described herein. Tn certain examples, aspects of the operations of 15135 may be performed by

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

{0168] At 1520 the UE 115 may determine the beam failure status based at least in part
on the upper hvpothetical PDCCH BLER, the lower hypothetical PDCCH BLER, or both.
The operations of 1520 may be performed according to the methods descnbed herein. In
certamn examples, aspects of the operations of 1520 may be performed by a P._PDCCH

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

[0169] At 1525 the UE 115 may commumicate with the base station 105 in accordance
with the beam failure status. The operations of 1525 may be performed according to the
methods described herein. In cortain examples, aspects of the operations of 1525 may be

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

{6170} FIG. 16 shows a flowchart iHlustrating a method 1609 for determining beam
fatlure 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
105 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 reference to
FiGs. 9 through 12. In some examples, a base station 105 may exccute a set of codes 1o
control the functional elements of the device to perform the functions described below.
Additionally or alternatively. the base station 105 may perform aspects of the functions

described below using special-purpose hardware.
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{0171} At 1605 the base station 103 may 1dentify 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 115. The operations of 1605 may be performed according to the
methods described herein. In cortain examples, aspects of the operations of 1605 may be

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

0172} At 1610 the base station 105 may transmit a signal to the UE 115 that facilitates
identification of the dynamic range of the transmission power ratio by the UE 115, The

operations of 1610 may be performed according to the methods desenbed herein. In cortain
examples, aspects of the operations of 1610 may be performed bv a P._PDCCH manager as

described with reference to FIGs. 9 through 12,

{0173} At 1615 the base station 103 may receive a beam fatlure status report based at
least i part on the dynanuc range of the transmission power ratio. The operations of 16135
may be performed according to the methods described herein. In certain examples, aspects of
the operations of 1615 may be performed by a beam fatlure manager as described with

reference to FIGs. 9 through 12,

{0174} At 1620 the base station 105 may communicate with the UE 115 in accordance
with the beam faulure status report. The operations of 1620 may be performed according to
the methods described herein. In certain examples, aspects of the operations of 1620 may be

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

{0175} It should be noted that the methods described above deseribe possible
implementations, and that the operations and the steps may be rearranged or otherwise
madified and that other implementations are possible. Further, aspects from two or more of

the methods may be combined.

{0176} Techniques described herein may be used for various wireless communications
systems such as code division multipie access (CDMA), time division multiple access
(TDMA), frequency division maltiple access (FDMA), orthogonal frequency division
multiple access (OFDMA), single carrier froquency division multiple access {(SC-FDMA),
and other systems. A CDMA systemn may implement a radio technology such as CDMAZ000,
Umiversal Terrestrial Radio Access (UTRA), ete. CBMAZ2000 covers IS-2000, 15-95, and 18-
856 standards. IS-2000 Releases may be commonly referred to as CBMA2000 1X] X etc.
18-856 (T1A-856) is commonly referred to as CDMAZO00 IxEV-DO, High Rate Packet Data
(HRPD), etc. UTRA includes Wideband CDMA (WCDMA) and other variants of CDMA. A
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TDMA system may implement a radio technology such as Global System for Mobile

Communications (GSM}.

{0177} An OFDMA system may implement a radio technology such as Ulira Mobile
Broadband (UMB), Evolved UTRA (E-UTRA), Institute of Electrical and Electronics
Engineers (IEEE) 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802 20, Flash-OFDM, etc.
UTRA and E-UTRA are part of Universal Mobile Telecommunications System (UMTS).
LTE and LTE-A are releases of UMTS that use E-UTRA. UTRA, E-UTRA, UMTS, LTE,
LTE-A, NR, and GSM are described in documents from the organization named “3rd
Generation Partoership Project” (3GPP). CDMAZ000 and UMB are described in documents
from an organization named “3rd Generation Partnership Project 27 (3GPP2). The techuiques
descnbed herein may be used for the systems and radio technologies 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 technigues described herein are applicable bevond LTE or NR applications.

{0178} A macro cell generally covers a relatively large geographic area {(¢.g., several
kilometers in radius) and may allow unrestricted access 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 in the
same or different {¢.g., licensed, unlicensed, ctc.) frequency bands as macro cells. Small cells
may include pico cells, femto cells, and micro cells according to various examples. A pico
cel, for example, may cover a small geographic area and may allow unrestricted access by
UEs 1135 with service subscriptions with the network provider. A femto cell may also covera
small geographic area {¢.g., a home} and may provide restricted access by UEs 115 having an
association with the femto cell (e.g., UEs 115 in a closed subscriber group (CSG), UEs 113
for users in the home, and the like). An eNB for a macro cell may be referred to as a macro
¢NB. An eNB for a small cell may be referred to as a small cell eNB, a pico eNB, a femio
e¢NB, or a home eNB. An eNB may support one or multiple (e.g., two, three, four, and the

hike) cells, and may also support communications using one or multiple component carners.

[0179] The wireless communications system 100 or systems described herein may
support synchronous or asyvachronous 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 asvachronous operation, the base stations 105 may
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have different frame timing, and transmissions from different base stations 105 may not be
aligned in time. The techniques described herein may be used for either synchronous or

asynchronous operations.

{0180} Information and signals described herein may be represented using any of a
variety of different technologies and techniques. For example, data, instructions, commands,
mformation, signals, bits, symbols, and chips that may be referenced throughout the above
description may be represented by voltages, currents, electromagoetic waves, magnetic fields

or particies, optical fields or particles, or any combination thereof.

{0181} 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 thereof designed to
perform the functions described herein. A general-purpose processor may be a
nicroprocessor, but in the alternative, 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.2., a combination of 3 DSP and a microprocessor,
multiple microprocessors, one of MOTe MILIOProcessors in conjunction with a DSP core, or

any other such configuration).

{0182} The functions described herein may be implemented in hardware, software
executed by a processor, firmware, or any combination thercof If implemented in 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 using software executed by a
processor, hardware, fitmware, hardwinng, or combinations 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.

{0183} Computer-readable media includes both non-transitory computer storage media
and communication media including any medium that facilitates transfer of a computer
program from one place to another. A non-transttory storage medium may be any available

medium that can be accessed by a general purpose or special purpose computer. By way of
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example, and not limitation, non-transitory computer-readable media may comprise RAM,
ROM, electrically 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 meduum that can be used to carry or
store desired program code means in the form of instractions or data structures and that can
be accessed by a general-purpose or special-purpose computer, or a general-purpose or
special-purpose processor. Also, any connection is properly termed a computer-readable
medium. For example, if the software 1s transmitted from a website, server, or other remote
source using a coaxial cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and microwave, then the coaxial cable, fiber
optic cable, twisted pair, DSL, or wircless technologies such as infrared, radio, and
microwave are included in the definition of mediom. Digk and disc, as used herein, include
CD, laser disc, optical disc, digital versatile disc {(BVD), floppy disk and Bhu-ray disc where
disks usually reproduce data magnetically, while discs reproduce data optically with lasers.

Combimations of the above are also included within the scope of computer-readable media.

{0184} As used herein, including in the claims, “or” as used in a list of items {¢.g., a list
of items prefaced by a phrase such as “at least one of” or “one or more of ) indicates an
mclasive list such that, for example, alistof at least one of A, B,orCmeans AorBor Cor
ABor ACor BCor ABC{ic., 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 1s 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 disclosare. In other words, as
used herein, the phrase “based on” shall be construed in the same manner as the phrase

“based at feast in part on.”

{0185} 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 is used in the specification, the description
is applicable to any one of the similar components having the same first reference label

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

{0186} The description set forth herein, in connection with the appended drawings,

describes example configurations and does not represent all the examples that may be
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implemented or that are within the scope of the claims. The term “exemplary”™ used herein
means “serving as an example, instance, or illustration,” and not “preferred” or
“advantageous over other examples.” The detailed description cludes specific details for the
purpose of providing an understanding of the described techniques. These technigues,
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 exaniples.

{0187} 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 in the art, and the generic principles defined herein may be applied to other vanations
without departing from the scope of the disclosure. Thus, the disclosure is not limited to the
examples and designs described herein, but is 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 communication, comprising;

identifying a dynamic range of a transmuission 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 past on the dynamic range
of the transmission power ratio; and

communicating with the base station in accordance with the beam failure

status.

s}

2. The method of claim 1, 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).

3 The method of claim 2, whercin identifying the dvnanuce range of the
transmission 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 dynamic range of the transmission power ratio and a nunimum

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

5. The method of claim 3, wherein the indication mcludes a maxinnim
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.

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

of the transmission power rafic.

7. The method of claim 3, further comprising:

PCT/CN2018/111978
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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

transmission power ratio.

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

CE), or downhink control information (DCI).

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

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

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

in 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 guasi-co-location {QGCL) mformation, a measurement quantity related to the CSI-RS, and a

€SI report setting assoctated with the CSE-RS.

11, The method of claim 9, wherein the indication of the configuration of

the CSI-RS is received via radio resource control {RRC) signaling,.

12, The method of claim 9, wherein identifying the dynamic range of the
transmission power ratio further comprises:

identifying a maximum value associated with the dynamic range of the
transpuission power ratio and a minamum value associated with the dynamic range of the

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

I3, The method of claim 9, wherein identifying the dynamic range of the
transmission power ratio further comprises:
identifying an offsct associated with the dynamic range based at least in part

on the configuration of the CSE-RS.

14, The method of claim 9, wherein identifying the dynamic range of the
transmission power ratio further comprises:
identifying a maximuem positive offset and a maximum negative offset

associated with the dynamic range based at least in part on the configuration of the CSI-RS.
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15. The method of claim 9, wherein identifying the dynamie range of the

transmission power ratio further comprises:
identifying a maximuom CSI-RS to DMRS power ratio and a minimum CSI-RS

to DMRS power ratio based at feast in part on the contiguration of the CSI-RS.

16.  The method of claim 2, wherein identifying the dynamic range of the
transmission power ratic comprises:

receiving an indication of a power ratio between the CSI-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.

17.  The method of claim 2, further comprising:
determuning a beam failure has occurred based at least in part on the
determined beam failure status; and

transmitting a beam failare report to the base station.

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

reSouUrce setting.

I9. The method of claim 2, further comprising:

determining an upper hyvpothetical PDCCH block error rate (BLER) and a
lower hypothetical PDCCH BLER based at least in part on the dynamic range; and

determining the beam failure status based at least in part on the upper
hypothetical PDCCH BLER, the lower hypothetical PDCCH BLER, or both.

20. The method of claim 19, further comprising:

perfornung a CSI-RS measurement; and

determining the beam failure status based at least in part on the upper
hypothetical PDCCH BLER, the lower hypothetical PDCCH BLER, the CSI-RS

measurement, or some combination thereof.

21 A method for wireless comnumication, comprising:
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dentifying 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);

transmitting, to the UE, a signal that factittates identification of the dynamic
range of the fransmission 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 in accordance with the beam failure status report.

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

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

23, The method of claim 22, wherein the signal inclades an indication of

the dynamic range of the transmission power ratio.

24, The method of claim 23, 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 transmission power ratio.

25. The method of claim 23, wherein 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.

26. The method of claim 23, wherein the indication includes an offset
value that represents both a maximum positive offset associated with the dyramic range of
the transmission power ratio and a maximum negative offset associated with the dynamic

range of the transmission power ratio.

27, The method of claim 23, whercin the dynamic range of the
transpussion power ratio is determined based at least in part on a maximum positive offset, a

maximum negative offset, and an average transmission power ratio.

28, The method of claim 23, wherein the indication is transmitted via at
cast one of radio resource control {RRC), a medium access control (MAC) control element

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

PCT/CN2018/111978
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29. The method of claim 22, further comprising:
transmitting an indication of a configuration of the CSE-RS, wherein the

configuration indicates the dynamic range of the transmission power ratio.

30.  The method of claim 29, wherein the configuration mcludes at least
one of quasi-co-location {QCL) information, a measurement quantity related to the C5I-RS,

and a CS1 report setting associated with the CSI-RS.

31, 'The method of claim 29, wherein the indication of the configuration of

the CSI-RS 1s received via radio resource control (RRC) signaling,

32, The method of claim 29, wherein the indication of the configuration
indicates at least one of an offset associated with the dynamic range, a maxuoum positive
offset associated with the dynamic range, a maximum negative offset associated with the
dynamic range, a maximom CSI-RS to DMRS power ratio, and a munimam CSE-RS to

DMRS power ratio.

33. The method of claim 22, further comprising:
transmitting an indication of a power ratio between the CSI-RS and a physical
downlink shared channel (PDSCH), wherein the dynamic range of the transnission power

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

34, The method of claim 22, further comprising;

identifying that the beam failure status report is based on an upper
hypothetical PRCCH block crror 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 dynamic range of the transmission power ratio; and

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

beam fatlure status report.

35 The method of claim 22, wherein the dynamic range of the
transmission power ratio s identified per CSI-RS resource, per CSI-RS resource set, or per

CSI-RS resource setting.

36, Anapparatus for wircless communication, comprising:
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means tor 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;
raeans for determining a beam fatlure status based at least in part on the
dvnamic range of the transmission power ratio; and
means for communicating with the base station in accordance with the beam

failure status.

37.  The apparatus of claim 36, wherein the first reference signalis a
channel state mformation reference signal (CSI-RS) and the second reference signal is a
g 2

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

38 The apparatus of claim 37, wherein the means for identifving the

dynamic range of the transmission power ratis Comprises:

means for recetving an indication of the dynamic range of the transnussion

power ratio from the base station.

39. The apparatus of claim 38, 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 transmission power ratio.

40.  The apparatus of claim 38, 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.

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

range of the transmission power ratio.

42, The apparatus of claim 38, further comprising:
means for determining the dynamic range of the transmission power ratio
based at least in part on a maxium positive offset, a maximum negative offset, and an

average transmission power ratio.
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43, The apparatus of claim 38, wherein the indication is received via at
least one of radio resource control (RRC), a medium access control (MAC) control clement
{(MAC CE), or downlink control information (DCT).

44, The apparatus of claim 37, wherein the means for identifying the
dynaniic range of the transmission power ratio comprises:

means for receiving an indication of a configuration of the CSI-RS; and

means for determining the dynamic range of the transnussion power ratio

based at least o part on the indication of the configuration of the CSI-RS.

45, The apparatus of claim 44, wherein the configuration mncludes at least
one of quasi-co-location {QCL) information, a measurement quantity related to the C5I-RS,

and a CS1 report setting associated with the CSI-RS.

46.  The apparatus of claim 44, wherein the indication of the configuration

of the CSI-RS is received via radio resource control (RRC) signaling.

47.  The apparatus of claim 44, wherein the means for identifving the
dynamic range of the transmission power ratio further comprises:

means for 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.

48.  The apparatus of claim 44, wherein the means for identifving the
dynamic range of the transoussion power ratio further comprises:
means for identifying an offset associated with the dvnamic range based at

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

49.  The apparatus of claim 44, wherein the means for identifyving the
dynamic range of the transmission power ratio further comprises:

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

CSI-RS.

50.  The apparatus of claim 44, wherein the means for identifving the

dynamic range of the transmission power ratio further comprises:
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means tor wdentifying a maximum CSI-RS to DMRS power ratic and a
mintmum CSI-RS to DMRS power ratio based at least in part on the configuration of the
CSI-RS.

51, The apparatus of claim 37, wherein the means for identifying the
dynamic range of the transmission power ratio comprises:

means for receiving an indication of a power ratio between the CSI-RS and a
physical downlink shared channcl (PDSCH) received from the base station: and

means for 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.

52, The apparatos of claim 37, further comprising:
means for determining a beam failure has occurred based at least in part on the

determined beam failure status; and
means for transmitting a beam failure report to the base station.

53, The apparatos of claim 37, wherein the dynamic range of the
transmission power ratio is identified per CSI-RS resource, per CSE-RS resource set, or per

CSI-RS resource setting.

54.  The apparatus of claim 37, further comprising:

means for determining an upper hypothetical PDCCH block error rate (BLER)
and a lower hypothetical PDCCH BLER based at least in part on the dynamic range; and

means for determining the beara failure status based at least in part oo the

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

55, The apparatus of claim 54, further comprising:

means for performing a CSI-RS measurement; and

means 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

measurement, or some combination thereof,

56, An apparatus for wircless conununication, 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 to a user

equipment (UE);
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means tor transmitting, to the UE, a signal 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
dvnamic range of the transmission power ratio; and
means for communicating with the UE in accordance with the beam failure

status report.

37.  The apparatus of claim 36, wherein the first reference signalis a
channel state information reference signal (CSI-RS) and the second reference signal is a

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

38,  The apparatus of claim 37, whercin the signal includes an indication of

the dynamic range of the transmission power ratio.

59, The apparatus of claim 58, wherein the indication includes a maximum
value associated with the dvnamic range of the transnussion power ratio and a minimum

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

60.  The apparatus of claim 58, wherein the indication includes a maximum
positive offset associated with the dynamic range of the transmission power ratio and a
maximum negative offsct associated with the dynanuc ran

g¢ of the transmission power ratio.

61.  The apparatus of claim 38 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 maximum negative offset associated with the dynamic

range of the transmission power ratio.

62.  The apparatus of claim 58, whercin the dynamic range of the
transmission power ratio is determined based at least in part on a maximum positive offset, a

maximum negative oftset, and an average transmission power ratio.

63, The apparatus of claim 58, wherein the mdication is transmitted via at
least one of radio resource control (RRC), a medium access control (MAC) control element

(MAC CE), or downlink control information (BCI}.

64.  The apparatus of claim 57, further compnsing:



(393

53

o

2

[#5]

U

[Se)

[#5]

U

[ S N S T ]

)

WO 2019/095963 PCT/CN2018/111978

39
means tor transmitting an indication of a configuration of the CSI-RS, wherein

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

65.  The apparatos of claim 64, wheren the configuration inchudes 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.

66.  The apparatus of claim 64, wherein the indication of the configuration

of the CSI-RS 1s received via radio resource control (RRC) signaling,

67.  The apparatus of claim 64, whercin the indication of the configuration
indicates at least one of an offset associated with the dvnamic range, a maxinnum posttive
offset associated with the dynamic range, a maximum negative offset associated with the
dynamic range, a maximum (SI-RS to DMRS power ratio, and a minimnum CSE-RS to

DMRS power ratio.

68.  The apparatus of claim 57, further comprising:

means tor transmitting an indication of a power ratio between the CSI-RS and
a physical downlink shared chamnel (PDSCH), wherein the dynamic range of the
transmisston power ratio is based at least in part on the power ratio between the CSI-RS and
the PDSCH.

69.  The apparatus of claim 57, further comprising:

means tor wdentifving that the beam farlure status report is based on an upper
hypothetical 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 dynamic range of the transmission power ratio; and

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

received beam failure status report.

70.  The apparatus of claim 57, wherein the dynamic range of the
transmission power ratio is identified per CSE-RS resource, per CSE-RS resource set, or per

CSI-KS resource setting.



