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(57) Abstract: Methods, systems, and devices for wireless communication are
described. Some wireless communication networks may improve communica-
tion reliability and/or throughput using multiple input, multiple output (MIMO)
schemes. MIMO operation may in turn be supported by the use of channel state in-
formation reference signals (CSI-RS), which may allow communicating devices
to estimate and leverage multipath channel conditions. However, the signaling
used to support such communications may consume significant resources. In ac-
cordance with the described techniques, a user equipment (UE) may identify one
or more zero-power beams based on received CSI-RS. The zero-power beams
may not contribute to the final precoding vector. Accordingly, rather than trans-
mitting beam coetficients relating to these zero-power beams, the UE may instead
indicate a presence of these zero-power beams to the base station (e.g., by indicat-
ing a number of non-zero-power beams). Such techniques may reduce overhead
of the communications or otherwise benefit the system.
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TECHNIQUES FOR NON-ZERG-POWER BEAMS IN WIRELESS SYSTEMS
BACKGROUND

(60601} The following relates generally to wireless communication, and more specifically

to techniques for non-zero-power beams in wireless systems.

[0002] Wireless communications systems are widely deploved 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 compmunication with multiple users by sharing
the available system resources {e.g., time, frequency, and power). Examples of such multiple-
access systemns 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 erploy technologies such as
code division mulitiple access (CDMA), time division multiple access (TDMA), frequency
division muitiple access (FBMA), orthogonal frequency division multiple access (OFDMA),
or discrete Fourier transform-spread-OFDM (DFT-S-OFDM). A wireless nultiple-access
communications systern may include a number of base stations or network access nodes, each
simultancously supporting communication for multiple communication devices, which may

be otherwise known as user equipment (UE).

[00603] Some wireless communications systerns may support the use of linear
combination codebooks {e.g., to support multiple-input, multiple-cutpwt (MIMO)
communications). In some cascs, linear combination codebooks may alternatively be referred
to as Type I codebooks. For example, MIMO comounications may rely on transmission of
channel state information reference signals (CSI-RS) over one or more antenna ports. Each
CSI-RS may be transmitted over a corresponding beam, where cach beam is formed based on
a weighted (e.g., phase and amplitude-modulated) combination of antenna elements within a
two-dimensional antenna array. Alternatively, CSI-RS transmissions may not be beamformed
(e.g., the CSI-RS corresponding to a given antenna port may be mapped to antenna elements
of the antcnna array without precoding). In cither case, the linecar combination codebook may
cnable selection of a linear combination of beams for communicating devices. For example,
the beams may be sclected based at least in part on CSI feedback from a receiving device
{e.g., a UE}. That is, the UE may report the selected beams and associated coefficients to

allow the network to learn about the communication channel (e.g., for scheduling, multi-user
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pairing, multi-user precoder calculations, etc.). Such reports may consume significant uplink
time-frequency resources. Improved techniques to reduce the overhead of these reports may

be desired.

SUMMARY

[6004] The described technigues relate to improved methods, systems, devices, or
apparatuses that support technigues for non-zero-power beams in wircless systems.
Generally, the described techniqgues provide for reducing the payload of channel state
information (CSI) reports for MIMO communications. In accordance with the described
technigues, a wireless node (e.g.. a base station) may configure a UE to report CS1 for a
nummber of beams (¢.g., four (4) beams) over one or more spatial lavers. The base station may
then transmit CSI-RS over a set of antenna ports (e.g., eight (8) antenna ports). In some cases,
precoding may be applied to each antenna port {e.g., such that the CSI-RS may be
beamformed). Alternatively, the CSI-RS may be transmitted over each antenna port without

precoding.

00605 Upon receiving the CSI-RS, the UE may perform channel measurements and
compute CS1 for reporting. For example, in the case that CSI-RS is not beamformed, the UH
may estimate the non-precoded channel between itself and the base station and perform beam
selection (e.g., from a codebook known to the UE and the network). Alternatively, if the CSI-
RS is beamformed, the UE may estimate the composite channel {e.g., the channel including
various multipath effects) between itself and the base station. For example, based on the
channel estimates, the UE may identify which beams provide the greatest spectral efficiency
across one or more spatial fayers and indicate the identified beams in the TSI report.
However, in some cases a given spatial layer may use fewer than the configured number of
heams (e.g., may only use three (3) bearns). That is, the contribution of the fourth beam to the
given spatial layer may be relatively low (e.g., or non-existent). In such an example, the given
spatial layer may be said to comprise three non-zero-power beams and one zero-power beani.
In accordance with the described techniques, a UE may include in the CSI report an indicator
of the non-zero-power beam(s) for the given spatal layer {e.g., and may omit beam
coetficients for the zero-power beam). Various indicator configurations are considered and
discussed below. Such techniques may reduce the payload of the CSI report, which may in

tirn improve throughput or otherwise benefit a wireless communications system.
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(60061 A method of wireless commumication is described. The method may include
recetving a configuration indicating a number of beams to be reported in a TSI veport,
receiving a set of reference signals, identifying, for one or more spatial layers, a set of beams
corresponding to the number of beams for reporting in the CSI report, wherein the set of
beams comprises at least one non-zero-power beam, generating the CSI veport comprising
beam coefficients for each of the at least one non-zero-power beam for cach of the one or
more spatial layers and an indicator of the at least one non-zero-power beam, and

rransmitting the CS1 report.

100607] An apparatus for wircless communication is described. The apparatus may include
means for receiving a configuration indicating a number of bearns o be reported in a CSI
report, means for receiving a set of reference signals, means for idendfying, for one or more
spatial layers, a set of beams corresponding to the number of beams for reporting in the €51
report, wherein the set of beams comprises at least one non-zero-power beam, means for
generating the TSI report comprising beam coefficients for each of the at least one non-zero-
power beam for each of the one or more spatial layers and an indicator of the at least one

non-zZero-power beam, and means for transmitting the CS1 report.

[00G08] 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
recetve a configuration indicating a number of beams to be reported in a CS1 report, receive a
st of reference signals, identify, for onc or more spatial layers, a sct of beams corresponding
to the number of bearos for reporting in the CSI report, wherein the set of bearas comprises at
least one non-zero-power beam, generate the CSI report comprising beam coefficients for
cach of the at least one non-zero-power beam for cach of the one or more spatial layers and

an indicator of the at least one non-zero-power beam, and transmit the CS1 report.

[60609] A non-transitory computer readable medium for wireless communication is
described. The non-transitory computer-readable medium may include instructions operable
to cause a processor to receive a configuration indicating a number of heams to be reported in
a C5I report, receive a set of reference signals, identify, for one or more spatial layers, a set
of beams corresponding to the number of beams for reporting in the CSI report. wherein the
set of heams comprises at least one non-zers-power beam, generate the CSI report

comprising beam coefficients for each of the at least one non-zero-power bearn for cach of
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the one or move spatial layers and an indicator of the at least one non-zero-power bearn, and

transmit the CS1 report.

[0010] In some examples of the method, apparatus, and non-trapsitory computer-readable
mediom described above, identifying the set of beams comprises identifying the at least one
non-zero-power bearn for at least one of a first polarization and a second polarization for the

one or more spatial layers.

(0611} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the indicator comprises a set of bits indicating a number of non-
zero-power beams in the set of beams, each non-zero-power beam of the number of non-zero-
power bearns applying to the first polarization and the second polarization on each of the one
or more spatial layers. In some examples of the method, apparatus, and non-transitory
computer-readable medium described above, the indicator comprises a set of bits indicating a
set of non-zerg-power beams in the set of heams, cach non-zero-power beam of the set of
non-zero-power beams applying to the first polarization and the second polarization on cach
of the one or more spatial layers. In some examples of the method, apparatus, and non-
transitory computer-readable medium described above, the set of bits indicating the set of
non-zero-power bearns in the set of beams comprisces a power indicator bit for each beam of

the set of non-zero-power beams.

[6612] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the indicator comprises a first sct of bits indicating a first number
of non-zero-power beams for the first polarization and the second polarization for a first
spatial layer of the one or more spatial layers and a second set of bits indicating a second
number of non-zero-power beams for the first polarization and the second polarization for a
second spatial layer of the one or more spatial layers. In some examples of the methed,
apparatus, and non-transitory coraputer-readable medium described above, the indicator
comprises a first set of bits indicating a first set of non-zero-power beams for the first
polarization and the sccond polarization for a first spatial layer of the one or more spatial
tayers and a second set of bits indicating a second set of non-zero-power beams for the first
polarization and the second polarization for a second spatial layer of the one or more spatial
layers. In some examples of the method, apparatus, and non-transitory computer-readabie
medivm described above, cach set of hits comprises a power indicator bit for each beam of

the set of non-zero-power beams.
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[0613] in some examples of the method, apparatus, and non-transitory computer-readable
medinm described above, the indicator comprises a first set of bits indicating a first mumber
of non-zero-power beams in the set of heams having the first polarization and a second set of
bits indicating a second number of non-zero-power bearms in the set of beams having the
second polarization, each non-zero-power beam of the first number of non-zerg-power beams
aind each non-zero-power beam of the second number of non-zero-power beams applying to
cach of the one or more spatial lavers. In some examples of the method, apparatus, and non-
transitory computer-readable mediom deseribed above, the indicator comprises a first set of
bits indicating a first set of non-zero-power beams in the set of beams having the first
polarization and a sccond set of bits indicating a second set of non-zero-power beams in the
set of beams having the second polarization, each non-zero-power beam of the first set of
non-zero-power beams and each non-zero-power beam of the second set of non-zero-power
beams applying to cach of the one or more spatial layers. In some examples of the method,
apparatus, and non-transitory computer-readable medium described above, the first set of bits
comprises a power indicator bit for each beam of the set of non-zero-power beams over the
first polarization and the second set of bits comprises a power indicator bit for each beam of

the set of non-zero-power bearns over the second polarization.

[0014] In some examples of the method, apparatus, and non-transitory computer-readable

wedium described above, the one or more spatial layers comprises a plurality of spatial
layers, and wherein the indicator comprises a respective set of bits indicating a respective
number of non-zero-power beams for each of the first polarization and the second
polarization for each of the plurality of spatial layers. In some examples of the method,
apparatus, and non-transitory computer-readable medium described above, the one or more
spatial layvers comprises a plurality of spatial layers, and whervein the indicator comprises a
respective set of bits indicating a respective set of non-zero-power beams for cach of the first
polarization and the second polarization for each of the plurality of spatial layers. In some
examples of the method, apparatus, and non-transitory computer-readable medium described
above, cach of the respective sets of bits comprises a power indicator bit for cach beam of the
set of non-zero-power beams for a corresponding polarization and a corresponding spatial

fayer.

(30315 In some examples of the method, apparatus, and non-transitory computer-readable

medium described above, the sct of reference signals may be associated with a first set of
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antenna ports for the first polarization and a second set of antenna ports for the second

polarization.

[0016] In some examples of the method, apparatus, and non-trapsitory computer-readable
mediom described above, the first and second sets of antenna ports cach comprise a first
number of antenna ports in a first direction, the first number of antenna ports being associated
with a first oversampling ratio and a second number of antenna ports in a second direction,

the second number of antenna ports being associated with a second oversampling ratio.

10G17] Soeme examples of the method, apparatus, and non-transiiory computer-readable
mediom described above may further include processes, featares, means, or instructions for
comparing a weight of the at lcast one non-zero-power beam for at least one of the one or
more spatial layers and at least one of the first polarization or the second polarization to a
threshold, wherein the at least one non-zero-power beam may be wdentified based at least in

part on a result of the comparing.

[0018] In some examples of the method, apparatus, and non-trapsitory computer-readable
medium described above, the TSI report further comprises a rank indication (RI). In some
examples of the method, apparatus, and non-transitory computer-readable medium described

above, the Ri and the indicator may be encoded separately.

[0G19] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the Rl and the indicator may be jointly encoded, the joint encoding
comprising one of: divectly cascading the payload of the RI and the indicator or jointly

quantizing the RI and the indicator.

(06201 Some examples of the rethod, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
jointly quantizing the R based at least in part on a subsampling of at least one of the R or

the indicator or a lookup table of a combination of the Rl and the indicator.

(6621 In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the beam cocfficients for cach non-zero-power beam of the set of
heams comprise a wideband beam amplitude, a subband beam amplitude, a subband beam

phase, or a combination thereof.
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[0622] in some examples of the method, apparatus, and non-transitory computer-readable

power beam of the sct of beams may be based at least in part on the indicator.

[0023] In some examples of the method, apparatus, and non-transitory computer-readable
redium described above, the configuration may be received via radio resource control (RRC)
signaling, a medivm access control (MAC) control element (CE), or downlink control

signaling, the configuration further comprising a reporting setting.

10G24] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the indicator comprises a set of bits, and a size of the set of bits

1ay be based at feast in part on the number of beams or may be fixed.

[0625] in some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the CSI veport further comprises an index of each beam of the set
of beams, each index corresponding to a beam position in a codebook or to a reference signal
position n the set of reference signals. In some examples of the method, apparatus, and non-
traxsitory computer-readable medium described above, the index of cach beam and the

indicator may be jointly encoded.

[00626] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, receiving the set of reference signals comprises receiving a set of
non-precoded reference signals, wherein cach beam of the set of beams corresponds to a

codeword of a codebook.

106271 In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, receiving the set of reference signals comprises receiving a set of
precoded reference signals, cach precoded reference signal corresponding to a respective
antenna port, wherein cach beam of the set of bearns corresponds to the respective antenna

porL.

[6028] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the configuration further comprises a triggering condition, and the
CS1 report is generated based at least in part on the triggering condition. Some exarmples of
the method, apparatus, and non-transitory computer-readable medium described above may
further include processes, features, means, or instructions for determining a format of the

indicator based at least in part on the triggering condition. Some exaroples of the method,
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apparatus, and non-transitory computer-readable medium described above may further
include processes, features, means, of instructions for determining that the triggering
condition is satisfied, wherein a format of the C5{ report is based at least in part on the
determining whether the triggering condition is satisfied. Some examples of the method,
apparatus, and non-transitory computer-readable medium described above may further
include processes, features, means, or instructions for determining that the triggering
condition is not satisficd, wherein a format of a second CSI report is based at least in part on

the determining that the triggering condition is not satisfied.

{0029 A method of wireless communication is described. The method may include
transmitting, o a UE, a configuration indicating a number of bears to be reported in a CS}
report, transmitting a set of reference signals, receiving the CSI report from the UE, wherein
the CS1 report indicates a set of beams corresponding to the number of beams for reporting in
the CSI report, the CS1 report further comprising a set of beam coefficients for each non-
zero-power beam of the set of beams for cach of one or more spatial layers and an indicator
of at feast one non-zero-power beam in the set of bearns, and parsing the set of beam

coefficients based at least in part on the indicator of the non-zero-power beams.

{3030] An apparatus for wireless communication is described. The apparatus may include
means for transmitting, to a UE, a configuration indicating a number of beams to be reported
in a CS1 report, means for transmitting a set of reference signals, means for receiving the CS1
report from the UE, wherein the CS1 report indicates a set of beams corresponding to the
number of beamns for reporting in the CS1 report, the C51 report further comprising a set of
beam coctficients for cach non-zero-power beam of the set of bearns for each of one or more
spatial layers and an indicator of at least one non-zero-power beam in the set of beams, and
seans for parsing the set of beam coefficients based at least in part on the indicator of the

NON-Zero-power beams.

(6631} Another apparatus for wireless communication is described. The apparatus may
include a processor, memory in clectronic communication with the processor, and
instructions stored in the memory. The instructions may be operable to cause the processor to
transmit, to a UE, a configuration indicating a number of beams to be reported in a CSI
report, transmit a set of reference signals, receive the CSI report from the UE, wherein the
C51 report indicates a set of beams corresponding to the number of beams for reporting in the

CS1 report, the TSI veport further comprising a set of bearn coefficients for cach non-zero-
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power bearn of the set of beams for each of one or more spatial layers and an indicator of at
least one non-zero-power beam in the set of beams, and pars the set of beam cocfficients

based at least in part on the indicator of the non-zero-power beams.

[0632] A nou-transitory computer readable medium for wireless communication is
described. The non-transitory computer-readable medium may inchude instructions operable
10 cause a processor to transniit, o a UE, a configuration indicating a number of beams to be
reported in a TSI report, transmit a set of reference signals, receive the TSI report from the
UE, wherein the CSI report indicates a sct of beams corresponding to the number of beams
for reporting in the CStreport, the TSI report further comprising a set of bean coefficients
for each non-zero-power beam of the set of beams for each of one or more spatial layers and
an indicator of at least one non-zerg-power beam in the set of beams, and pars the set of beam

coetficicnts based at fcast in part on the indicator of the non-zero-power beams.

[6633] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the sct of beams applics to a first polarization and a second

polarization.

130334 In some examples of the method, apparatus, and non-transitory computer-readable
medium described ahove, the indicator comprises a set of bits indicating a number of non-
zero-power beams in the set of bearns, each non-zero-power beam of the number of non-zero-
power beams applying to the first polarization and the sccond polarization on cach of the one
or more spatial layers. In some examples of the method, apparatus, and non-transitory
computer-readable medium described above, the indicator comprises a set of bits indicating a
set of non-zero-power beams in the set of beams, each non-zero-power beam of the set of
non-zero-power beams applying to the first polarization and the second polarization on each
of the one or more spatial lavers. In some examples of the method, apparatus, and non-
transitory computer-readable mediom deseribed above, the set of bits indicating the set of
non-zero-power beams in the set of beams comprises a power indicator bit for cach beam of

the set of non-zero-power bears.

[0(35] In some examples of the method, apparatus, and non-transitory computer-readable
wedium described above, the indicator comyprises a first sct of bits indicating a tirst number

of non-zero-power beams for the first polarization and the second polarization for a first

spatial layer of the one or more spatial layers and a second set of bits indicating a second

number of non-zero-power beams for the first polarization and the second polarization for a
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second spatial layer of the one or more spatial layers. In some examples of the method,
apparatus, and non-transitory computer-readable medium described above, the indicator
comprises a first set of bits indicating a first set of non-zero-power heams for the first
polarization and the second polarization for a first spatial layer of the one or more spatial
tayers and a second set of bits indicating a second set of non-zero-power beams for the first
polarization and the second polarization for a second spatial layer of the one or more spatial
layers. In some examples of the roethod, apparatus, and non-transitory computer-readable
medium described above, cach set of bits comprises a power indicator bit for each beam of

the set of non-zero-power bearns.

[0036] In some examples of the method, apparatus, and non-trapsitory computer-readable
medium described above, the indicator comprises a {irst set of bits indicating a first number
of non-zero-power beams in the set of beams having the first polarization and a second set of
hits indicating a second nomber of non-zero-power beams in the set of beams having the
second polarization, each non-zero-power beam of the first nomber of non-zero-power beams
and each non-zero-power beam of the sccond number of non-zero-power bearns applying to
cach of the one or more spatial layers. In some examples of the method, apparatus, and non-
transitory computer-readable medium described above, the indicator coraprises a first set of
bits indicating a first set of non-zero-power beams in the set of beams having the first
polarization and a second set of bits indicating a second set of non-zero-power beas in the
set of beams having the second polarization, cach non-zero-power beam of the first set of
non-zero-power beams and each non-zero-power beam of the second set of non-zero-power
beams applying to each of the one or more spatial layers. In some examples of the method,
apparatus, and non-transitory computer-readable medium described above, the first set of bits
compriscs a powet indicator bit for each beam of the set of non-zero-power beams over the
first polarization and the second set of bits comprises a power indicator bit for each beam of

the set of non-zero-power beams over the second polarization.

[6637] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the one or more spatial layers comprises a plurality of spatial
layers, and wherein the indicator comprises a respective set of bits indicating a respective
number of non-zero-power beams for each of the {ivst polarization and the second
polarization for each of the plurality of spatial layers. In some examples of the method,
apparatus, and non-transitory computer-readable medium described above, the one or more

spatial layers comprises a plurality of spatial layers, and wherein the indicator comprises a
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respective set of bits indicating a respective set of non-zero-power beams for each of the first
polarization and the second polarization for cach of the plurality of spatial layers. In some
exampies of the method, apparatus, and non-transitory compuier-readable medium described
above, cach of the respective sets of bits comprises a power indicator bit for each beam of the
set of non-zero-power beams for a corresponding polarizason and a corresponding spatial

layer.

[0638] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the one or more spatial layers comprises a plurality of spatial
layers, and wherein the indicator comprises a respective set of bits indicating a respective
number of non-zero-power beams for each of the first polarization and the second
polarization for each of the plurality of spatial layers. In some examples of the method,
apparatus, and non-transitory computer-readable mediurm described above, each of the
respective sets of bits comprises a beam index and a power indicator bit for each beam of the

set of beams for a corresponding polarization and a corresponding spatial layer.

10G39] In some examples of the method, apparatus, and non-transitory computer-readable
mediom described above, the set of reference signals may be associated with a first set of
antenna ports for the first polarization and a second set of antenna ports for the second

polarization.

[6040] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the first and second sets of antenna ports cach comprise a first
number of antenna ports in a first direction, the first number of antenna ports being associated
with a {irst oversampling ratio, and a second number of antenna ports in a second direction,

the second number of antenna ports being associated with a second oversampling ratio.

(0041} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the CSI report further comprises a RI. In some examples of the
method, apparatus, and non-transitory computer-readable medium described above, the RI

and the indicator may be encoded separately.

100421 In some examples of the method, apparatus, and non-transitory cormputer-readable
medium described above, the RT and the indicator may be jointly encoded, the joint encoding
comprising one of divectly cascading the payload of the RI and the indicator or jointly

quantizing the RI and the indicator.
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[0043] Some examples of the rethod, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
jointly quantizing the R based at feast in part on a subsampling of at least one of the Rl or

the indicator or a lookup table of a combination of the RI and the indicator.

(0044 In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the beam coefficients for each non zero-power beam of the subset
comprise a wideband beam amplitude, a subband beam amplitude, a subband beam phase, or

a combination thereof.

[0045] In some examples of the method, apparatus, and non-transitory computer-readable
sedium described above, a reporting payload size of the beam coefficients for each non-zero-

power bear of the set of beams may be based at least in part on the indicator.

[0046] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the configuration may be transmitied via downlink control

signaling, the configuration further comprising a reporting setting.

160347 In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the indicator comprises a sct of bits, and a size of the set of bits

may be based at least in part on the number of beams or may be fixed.

[00G48] In some examples of the method, apparatus, and non-transitory computer-readable
medium desecribed above, the CSI report further comprises an index of each beam of the set
of beams, cach index corresponding to a beam position in a codebook or to a reference signal

position in the set of reference signals.

[0049] In some exampies of the method, apparatus, and non-transitory computer-readable
medium described above, the index of each beam and the indicator may be jointly encoded.
In some examples of the method, apparatus, and non-transitory computer-readable medium
described above, transmitting the set of reference signals comprises transmitting a set of non-
precoded reference signals, wherein each beam of the set of beams corresponds to a

codeword of a codebook.

R R In some examples of the method, apparatus, and non-transitory computer-readable
mediur described above, transiitting the set of reference signals comprises transiitting a

set of precoded reference signals, each precoded veference signal corresponding to a
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respective antenna port, wherein cach beam of the set of beams corresponds to the respective

antenna port.

[0051] In some examples of the method, apparatus, and non-trapsitory computer-readable
medium described above, the configuration further comprises a triggering condition. Some
examples of the method, apparatus, and non-transitory computer-readable medium described
above may further include processes, features, means, or instractions for determining a
format of the indicator based at least in part on the triggering condition. Some examples of
the method, apparatus, and non-transitory computer-readable medium described above may
further include processes, features, means, or instructions for determining that the triggering
condition is satisfied, wherein a format of the CS1 report is based at least in part on the
determining whether the triggering condition is satisfied. Some examples of the method,
apparatus, and non-transitory computer-readabie medium described above may further
include processes, features, means, or instructions for determining that the triggering
condition is not satisfied, wherein a format of a second C31 report is based at least in part on

the determining that the triggering condition is not satisfied.

BRIEF DESCRIPTION OF THE DRAWINGS

[00652] FIG. 1 illustrates an example of a system for wireless communication that
suapports techniques for non-zero-power beams in accordance with aspects of the present

disclosure.

[0053] FIGs. 2 and 3 illustrate example wireless communication systems that support
techniques for non-zero-power beams in wireless systems in accordance with aspects of the

present disclosure.

[0654] FIG. 4 dlustrates an example of a process flow that supports technigues for non-

zero-power heams in wircless systems in accordance with aspects of the present disclosure.

[0055] FiGs. 5 through 7 show block diagrams of a device that supports technigues for
non-zero-power heams in wircless systems in accordance with aspects of the present

disclosure.

[00636] FIG. B illustrates a block diagram of a system including a UE that supports
technigques for non-zero-power beams in wireless systems in accordance with aspects of the

present disclosure.
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[0657] FIGs. 9 through 11 show block diagrams of a device that supports techniques for
non-zero-power beams in wireless systems in accordance with aspects of the present

disclosure.

[0058] FIG. 12 illustrates a block diagram of a system including a base station that
supports techniques for non-zero-power beams in wireless systems in accordance with

aspects of the present disclosure.

[0639] FiGs. 13 through 14 illustrate methods that support technigues for non-zero-power

beams in wireless systems in accordance with aspects of the present disclosure.
DETAILED DESCRIPTION

[6060] MIMO communications are widely employed (o improve communication
throughput in a wircless system. As described below, MIMO comnunications may refer to
transmission of signals from antenna elements of a transmitting device such that the signals
coherently combine at antenna elements of a reeciving device (i.e., which may be referred to
as receive diversity). Such transmissions may improve the reliability of the communications
(e.g., may boost a signal to noise ratio (SNR), reduce 2 block error rate, ete.). Additionally or
alternatively, MIMO communications may employ spatial moltiplexing in which multiple
parallel data streams are transmitted over distinct spatial layers. Spatial multiplexing depends
on the correlation between the transmitted beams. If signals of two transmitied beams
expericnce similar multipath effects, the received versions of the signals may be highly
correlated and the available spatial multiplexing gain relatively low {(e.g., or non-existent).
However, in a rich multipath environment, spatial multiplexing may significantly boost

system throughput.

[0061] MIMO operations may employ beamforming, which is a signal processing
technique that may be used to shape an antenna beam. Beamforming may be achieved by
combining antenna clements of an antenna array such that signals propagating at particular
orientations with respect to the array experience constructive interference while others
gxperience destructive interfercnce. Amplitude and phase offsets may be applied to the
antenna elements through the use of precoding applied over antenna ports to generatc a
desired interference pattern. Precoding may be defined by a beamforming weight set

associated with a particular orientation.
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[0062] To support MIMO communications, a base station may transmit reference signals
over multiple antenna ports, where each antenna port 1s associated with one or more physical
antennas {(¢.g., which may rcfer to a combination of antenna clements in an antenna array). A
UE receiving some or all of the reference signals may perform channel measurements to
determine characteristics of the communication environment. In some cases, the UE may be
configured to determine and report beam weighting coefficients for a number of beams {e.g.,
where each beam is formoed by a given precoding vector) for one or more spatial lavers.
However, as described further below, not all of the spatial layers may require the full
complement of beams. In accordance with the desecribed techniques, a UE may efficiendy
report (51 feedback by indicating a number of non-zero-power beams {(e.g., rather than

including coefficients for the zero-power beams in the CSI feedback).

[630363] Aspects of the disclosure are initially described in the context of a wireless
communications systerm. Aspects of the disclosure are then described with reference to beam
diagrams and process flows. Aspects of the disclosure are further illustrated by and described
with reference to apparatus diagrams, system diagrams, and flowcharts that relate to zero-

power-beam indication for a linear combination codebook.

[G064] FiG. 1 illustrates an cxample of a wireless communications system 10 in
accordance with various aspects of the present disclosure. The wireless conununications
system 100 includes base stations 105, UEs 115, and a core network 130. In some examples,
the wireless communications system 100 may be a LTE, LTE-Advanced (LTE-A) network,
or an NR network. In some cases, wircless communications system 100 may support
enhanced broadband communications, ultra-reliable {¢.g., mission critical) communications,
tow latency commumcations, and communications with fow-cost and low-complexaty
devices. Wireless communications system 100 may support technigues for non-zero-power

beams.

[0065] Base stations 105 may wirelessly communicate with UEs 115 via one or more
base station antennas. Base stations 105 described hercin may include or may be referred to
by those skilled in the art as a base transceiver station, a radio base station, an access point, a
radio transceiver, a NodeB, an eNodeB (eNB), a next-generation Node B or giga-nodeB
(either of which may be referred to as a gNB}, a Home NodeB, a Home eNodeB, or some
other suitable terminology. Wireless communications system 100 may inchude base stations

105 of different types {¢.g., macro or small cell base stations). The Ubs 113 described herein
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may be able to communicate with various types of base stations 105 and network cquipment

including macro ¢eNBs, small cell eNBs, gNBs, relay base stations, and the like.

[0066] Each base station 105 may be associated with a particular geographic coverage
area §10 in which communication with various UEs 115 is supported. Each base station 105
1ay provide communication coverage for a respective geographic coverage arca 110 via
communication hinks 125, and communication links 125 between a base station 105 and a UE
115 may utilize one or more carriers. Communication links 125 shown in wireless
communications system 100 may include uplink transmissions from a UE 115 to a base
station 105, or downlink transmissions, from a base station 105 to a UE 115, Downlink
transmissions may also be called forward link transmissions while uplink transroissions may

also be called reverse hink transmissions.

[0067] The geograpbic coverage area 110 for a base station 105 may be divided into
sectors making up only a portion of the geographic coverage area 110, and each sector may
be associated with a cell. For example, each base station 105 may provide communication
coverage for a macro cell, a small cell, a hot spot, or other types of cells, or various
combinations thereof. In some examples, a base station 105 may be movable and therefore
provide communication coverage for a moving geographic coverage area 110. In some
examples, different geographic coverage areas 110 associated with different technologies
may overlap, and overlapping geographic coverage areas 110 associated with different
technologies may be supported by the same base station 105 or by different base stations 105.
The wireless communications system 100 may include, for example, a heterogeneous
LTE/ATE-A or NR network in which different types of base stations 105 provide coverage

for various geographic coverage areas 110.

100681 UEs 115 may be dispersed throughout the wireless 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 unit, a wireless unit, a remote unit, a
mobile device, a wireless device, a wireless commuiications device, a remote device, a
mobile subscriber station, 4n access terrpinal, a mobile terminal, a wirveless terminal, a remote
terminal, a handset, a user agent, a mobile client, a cliens, 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
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computer, a wireless ltocal loop (WLL) station, an Internet of things (JoT) device, an Internet
of Everything (IoE) device, a machine type communication (MTC) device, an appliance, an

automobile, or the like.

[0069] In some cases, a UE 115 may also be able to communicate directly with other UEs
115 (e.g., using a peer-to-peer (P2P) or device-to-device {D2D) protocol). One or more of a
group of UEs 115 utilizing D20 communications may be within the geographic coverage
area 110 of a base station 103. Gther UEs 113 in such a group may be outside the geographic
coverage area 110 of a base station 105, or be otherwise unable to receive transmisstons from
a basc station 105. In some cases, groups of UHs 115 communicating via D2D
communications may uftfize a one-to-many {(1:M) system in which each UE 115 transmits to
every other UE 115 in the group. In some cases, a base station 105 facilitates the scheduling
of resources tor D2D comumunications. In other cases, D2D communications are carried out

between UEs 115 without the involvement of a base station 105.

{66701 Base stations 105 may communicate with the core network 130 and with one
another. For exarople, base stations 105 may interface with the core network 130 through
backhaul links 132 (e.g., via an 51 or other interface). Base stations 105 may communicate
with one another over backhaul links 134 (2.g.. via an X2 or other interface) either divectly

(e.z., directly between base stations 105) or indirectly {e.g., via core network 130).

(6671} The core network 130 may provide user authentication, access authorization,
tracking, Internet Protocol (1P} connectivity, and other access, routing, or mobility functions.
The core network 130 may be an evolved packet core (EPC), which ray include at least one
mobility management entity (MME), at least one serving gateway (8-GW), and at least one
Packet Data Network (PDN) gateway (P-GW). The MME may manage non-access stratum
(e.g., control planc) functions such as mobility, authentication, and bearer management for
UEs 115 served by base stations 105 associated with the EPC. User IP packets may be
transferred through the S-GW, which itself may be connected to the P-GW. The P-GW may
provide IP address allocation as well as other functions. The P-GW may be connected to the
network operators IP services. The operators 1P services may include access to the Internet,
Intranect(s}, an IP Multimedia Subsystem (IM3), or a Packet-Switched (PS) Streaming

Service.

[06G72] At least some of the network devices, such as a base stagon 103, may inchude

subcomponents such as an access network entity, which may be an example of an access
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node controlier (ANC). Each access network entity may comwnunicate with UEs 115 through
a number of other access network transmission entities, which may be referred to as a radio
head, a smart radio head, or a transmission/reception point { TRP). In some configurations,
various functions of cach access network entity or base station 103 may be distributed across
varipus network devices {e.g., radio heads and access network controliers) or consolidated

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

[6673] Wireless communications system 10 may operate using one or more frequency
bands, typically in the range of 300 MHz to 300 GHz. Generally, the region from 300 MHz to
3 GHz is known as the ultra-high frequency (UHF) region or decimeter band, since the
wavelengths range from approximately one decimeter to one meter in length. UHF waves
may be blocked or redirected by butldings and environmental featores. However, the waves

1ay penctrate structures sufficiently for a macro cell to provide service to UEs 115 located
indoors. Transmission of UHF waves may be associated with 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 below 300 MHz.

10074} Wircless communications system 100 may also operate in a super high frequency
(SHF) region using frequency bands from 3 GHz to 30 GHz, also known as the centimeter
band. The SHF region includes bands such as the 5 GHz industrial, scientific, and medical
{ISM) bands, which may be used opportanistically by devices that can tolerate interference

from other users.

[0075] Wireless communications system 100 may also operate in an extremely high
frequency (EHF) region of the spectrum {(e.g.. from 30 GHz to 300 GHz), also known as the
millimeter band. In some exammples, wireless communications sysiem 100 may support
mifliroeter wave (mmW) corominications between UEs 115 and base stations 105, and EHF
antennas of the respective devices may be even smaller and more closely spaced than UHF
antennas. In some cases, this may facilitate use of antenna arrays within a UE 115, However,
the propagation of EHF transmissions may be subject to even greater atrmospheric attenuation
and shorter range than SHF or UHF transmissions. Techniques disclosed herein may be
cmployed across transmissions that use one or more different frequency regions, and
designated use of bands across these frequency regions may differ by country or regulating

hody.



WO 2019/028878 PCT/CN2017/097206
19

[0676] in some cases, wircless communications system 100 may utilize both licensed and
unlicensed radio frequency spectrom bands. For example, wireless communications system
100 may employ License Assisted Access (LAA)Y, LTE-Unlicensed (LTE-U) radio access
technology, or NR technology in an unlicensed band such as the 5 GHz ISM band. When
operating 0 unlicensed radio frequency specirum bands, wireless devices such as base
stations 105 and UEs 115 may employ listen-before-taltk (LBT) procedures to ensure a
frequency channel is clear before transmitting data. In some cascs, operations in unlicensed
bands may be based on a CA configuration in conjunction with CCs operating in a licensed
band (e.g., LAA). Operations in unlicensed spectrum may include downlink transrnissions,
uplink transmissions, peer-to-peet ransmissions, or a combination of these. Duplexing in
unlicensed spectrum may be based on frequency division duplexing (FDD), time division

duplexing (TDD), or a combination of both.

106771 The term “carrier” refers to a set of radio frequency spectrum resources having a
detined physical layer stucture for supporting communications over a commaunication hink
125. For example, a carrier of a comumunication link 125 may include a portion of a radio
frequency spectrum band that is operated according to physical layer channels for a given
radio access technology. Each physical layer channel may carry user data, control
information, or other signaling. A carrier may be associated with a pre-defined frequency
channel (¢.g., an E-UTRA absolute frequency channel number (EARFUN)), and may be
positioned according to a channel raster for discovery by Uls 115. Carriers may be downlink
or uplink {e.g., in a frequency division duplexed (FDD) mode), or be configured to carry
downlink and uplink communications {e.g., in a time division duplexed (TDD) mode). In
some cxamples, signal waveforms transmitted over a carrier may be made up of multiple sub-
carriers {e.g., using multi-carrier modulation (MCM) techniques such as OFDM or DFT-s-

OFDM).

[0678] The organizational structure of the carriers may be different for different radio
access technologies {e.g., LTE, LTE-A, NR, etc.). For example, commumnications gver a
carrier may be organized according to TTls or siots, each of which may include user data as
well as control information or signaling to support decoding the user data. A carrier may also
include dedicated acquisition signaling (e.g., synchronization signals or system information,
ete.) and controf signaling that coordinates operation for the carrier. In some examples {¢.g.,
in a carricr aggregation configuration), a carricr may also have acquisition signaling or

control signaling that coordinates operations for other carriers.
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[0679] Physical channels may be mutltiplexed on a carrier according to various
techniques. A physical control channel and a physical data channel may be multiplexedon a
downlink carrier, for example, using time division multiplexing (TDM) techniques,
frequency division multiplexing (FDM) techniques, or hybrid TDM-FDM technigues. In
some examples, control information transmitted 1n a physical control channel may be
disiributed between different control regions in a cascaded manner {¢.g., between a common
control region or common search space and one or more UE-specific control regions or UE-

specific search spaces).

100G80] A carrier may be associated with a particular handwidth of the radio frequency
spectrum, and in some examples the carrier bandwidth may be referred to as a “system
bandwidth” of the carrier or the wireless communications system 100. For example, the
carrier bandwidth may be one of a number of predetermined bandwidths tor carriers of a
particular radio access technology {e.g., 1.4, 3, 5, 10, 15, 20, 40, or 80 MHz). In some
examples, each served UE 115 may be configured for operating over portions or all of the
carrier bandwidth. In other examples, some UEs 115 may be configured for operation using a
narrowband protocol type that is associated with a predefined portion or range {(¢.g., sct of
subcarriers or RBs) within a carrier {e.g., “in-band” deployment of a narrowband protocol

type).

(0081} In a system employing MCM techniques, a resource element may consist of one
symbol period {e.g., a duration of one modulation symbol) and one subcarrier, where the
syrabol period and subcarrier spacing are inversely related. The number of bits carried by
each resource elernent may depend on the modulation scheme {e.g., the order of the
modulation scheme). Thus, the more resource elements that a UE 115 receives and the higher
the order of the modulation scheme, the higher the data rate may be for the UE 115. In
MIMO systems, a wireless conumunications resource may refer to a combination of a radio
frequency spectrum resource, a time resource, and a spatial resource {e.g., spatial layers), and
the use of multiple spatial layers may further increase the data rate for communications with a

UE 115,

[0082] Devices of the wireless communications system {00 {e.g., base stations 105 or
UEs 115) may have a hardware configuration that supports communications over a particttfar
carrier bandwidth, or may be configurable to support comnnmunications over one of 3 set of

carrier bandwidths. In some examples, the wireless communications system 100 may include



WO 2019/028878 PCT/CN2017/097206
21

base stations 105 and/or UEs that can support simultaneous communications via carriers

associated with more than one different carrier bandwidth.

[0083] Wireless commmunications system 100 may support communication with a UE 115

on multiple cells or carriers, a feature which may be referred to as carvier aggregation (CA) or
wlti-carrier operation. A UE 115 may be configured with multiple downlink CCs and one or

more uplink CCs according to a carricr aggregation configuration. Carrier aggregation may

be used with both FDD and TDD component carriers.

10G84] In some cases, wircless communications system 100 may utilize enhanced
component carriers (eCCs). An eCC may be characterized by one or more features including
wider carrier or frequency channel bandwidth, shorter symbol duration, shorter TTT duration,
or modified control channel configuration. In some cases, an CC may be associated with a
carrier aggregation configuration or a dual connectivity configuration (e.g., when musltiple
serving cells have a suboptimal or non-ideal backhaul link). An eCC may also be configured
for use in uniicensed spectrum or shared spectrui (c.g., where more than one operaior is
allowed to use the spectrum). An e¢CC characterized by wide carrier bandwidth may include
one or more segments that may be utilized by UEs 115 that are not capable of monitoring the
whole carrier bandwidth or are otherwise configured to use a limited carrier bandwidth (e.g.,

{0 Cconserve p()“"ﬁf).

[0085] In some cases, an eCC may utilize a different symbol duration than other CCs,
which may include use of a reduced symbol duration as compared with symbol durations of
the other CCs. A shorter symbol duration may be associated with increased spacing between
adjacent subcarriers. A device, such as a UE 115 or base station 103, utilizing eCCs may
transmit wideband signals (e.g., according to frequency channel or carrier bandwidths of 20,
44, 60, 80 MHz, ctc.} at reduced symbol durations (e.g., 16.67 microseconds). A TTL in eCC
may consist of one or multiple symbol periods. In some cases, the TT1 duration (that is, the

number of symbuol periods in a TTE) may be variable.

[0086] Wireless communications systems such as an NR system may utilize any
combination of Hcensed, shared, and unlicensed spectrum bands, among others. The
tflexibility of eCC symbol duration and subcarrier spacing may allow for the use of ¢C{C
across multiple spectrurns. In some examples, NR shared spectrum may increase spectium
ptihization and spectral efficiency, specifically through dynamic vertical {e.g., across

frequency) and horizontal (e.g., across time) sharing of resources.
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[0087] in some examples, base station 105 or UE 115 may be equipped with multiple
antennas, which may be used to employ technigues such as ransmit diversity, receive
diversity, multiple-input multiple-output (MIMO) conununications, or beamforming. For
example, wireless conumunication system may use a transmission scheme between a
transmitting device (e.g., a base station 105) and a veceiving device (e.g., a UE 115), where
the transmitting device is equipped with multiple antennas and the receiving devices are
equipped with one or mwore antennas. MIMO commmunications may erploy multipath signal
propagation to increase the spectral efficiency by transmitting or receiving multiple signals
via different spatial layers, which may be referred to as spatial multiplexing. The multiple
signals may, for example, be transmitted by the transmitting device via different antennas or
different combinations of antennas. Likewise, the muhtiple signals may be received by the
receiving device via different antennas or different combinations of antennas. Each of the
wiltiple signals may be referred to as a separate spatial stream, and may carry bits associated
with the same data stream (e.g., the same codeword) or different data streams. Different
spatial lavers may be associated with different antenna ports used for channel measurement
and reporting. MIMO techniques include single-user MIMO (SU-MIMO) where multiple
spatial layers are transmitted to the same recetving device, and multiple-user MIMO (MU-

MIMO) where multiple spatial layers are transmitted to multiple devices.

(G088 Beamtforming, which may also be referred to as spatial filtering, directional
transmission, ot directional reception, is a signal processing technique that may be used at a
wansmitting device or a receiving device (e.g., a base station 105 or a UE 115) to shape or
steer an antenna beam {e.g., a transmit beam or receive beam) along a spatial path between
the fransmitting device and the receiving device. Bearaforming may be achieved by
combining the signals communicated via antenna clements of an antenna array such that
signals propagating at particelar orientations with respect to an antenna array experience
constructive interference while others experience destructive interference. The adjustment of
signals communicated via the antenna elements may include a transmitting device or a
receiving device applying certain amplitude and phase offsets to signals camied via each of
the antenna elements associated with the device. The adjustinents associated with each of the
antenna clements may be defined by a beanmforming weight sct associated with a particular
oricutation (e.g., with respect to the antenna array of the wransmitting device or receiving

device, or with respect to some other orientation).
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[0089] in one example, a base station 105 may use multiple antennas or antenna arrays to
conduct beamforming operations for divectional communications with a UE 115, For
mstance, some signals (e.g., synchronization signals, reference signals, beam sclection
signals, or other conirol signalsy may be transmitted by a base station 105 multiple times in
different divections, which may include a signal being transmitted according to different
beamforming weight sets associated with different directions of transmission. Transmissions
in different beam directions may be used to identify (e.g., by the base station 105 or a
recetving device, such as a UE 115) a beam direction for subsequent transmission and/or
reception by the base station 103. Some signals, such as data signals associated with a
particular receiving device, may be transmitted by a base station 105 in a single beam
direction {e.g., a direction associated with the receiving device, such as a UE 115). In some
cxamples, the beam divection associated with transinissions along a single beam direction
1ay be determined based at least in in part on a signal that was transmitted in different beam
directions. For example, a UE 115 may receive one or more of the signals transmitted by the
base station 105 in different divections, and the UE 113 may report to the base station 105 an
indication of the signal it received with a highest signal quality, or an otherwise acceptabic
signal quality. Although these techniques are described with reference to signals transmitted
in one or more directions by a base station 105, a UH 115 may employ sunilar techniques for
transmitting signals muldple times in different directions {e.g., for idenufying a beam
direction for subsequent ransmission or reception by the UE 113), or transmitting a signal in

a single direction {¢.g., for transmitting data fo a receeiving device).

[6694G] A receiving device (e.g., a UE 115) may try multiple receive beams when
receiving various signals from the base station 103, such as synchronization signals, reference
signals, beam selection signals, or other control signals. For example, a receiving device may
try multiple receive divections by receiving via different antenna subarrays, by processing
received signals according to different antenna subarrays, by receiving according {o different
receive beamforming weight sets applied to signals received at a plurality of anteona
clements of an antenna array, or by processing received signals according to different receive
beamforming weight sets applicd to signals received at a plurality of antenna elements of an
antenna array, any of which may be referred to as “listening” according to different receive
beams or receive directions. In some examples a receiving device may use a single receive
beam to rcceive along a single beam direction {¢.g., when receiving a data signal). The single

receive beam may be aligned in a heam direction determined based at least in part on
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listening according to different receive beam directions {e.g., a beam direction determined to
have a highest signal sirength, highest signal-to-noise ratio, or otherwise acceptable signal

quality based at least in part on listening according to multiple beam dircctions).

160917 In some cases, the antennas of a base station 105 or UE 115 may be located within
one or more antenna arrays, which may support MIMO operations, or fransmit or receive
beamforming. For example, one or more base station antennas or antenna arrays may be co-
located at an antenna assembly, such as an antenna tower. In some cases, anfennas or antenna
arrays associated with a base station 105 may be located in diverse geographic locations. A
base station 105 may have an antenna array with a number of rows and columms of antenna
ports that the base station 108 may use to support beamforming of communications with a
UE 115. Likewise, a UE 115 may have one or more antenna arrays that may support various

MIMO or beamforming operations.

[6692] To support MIMO operations, a base station 105 may configure a UE 115 to
report €S feedback. The CS§1 feedback may comprise beam coefficients for a number of
beams identified using channel estimates based on the CSI-RS. In some cases, a UE 115 may
idexntity at least one non-zerg-power beam for one or more spatial layers. As described finther
below, the UE 115 may reduce a payload of the CSI feedback by including an indicator of a
number of non-zero-power heams (e.g., and omitting beam cocfficients for zero-power
beams). Such a payload reduction may reduce power consumption of UE 1135, improve

throughout, or otherwise benefit wireless communications system 100.

[0093] FIG. 2 illustrates an example of a wireless communications system 200 that
supports non-zero-power-beam mdication for a linear combination codebook in accordance
with various aspects of the present disclosure. Wireless comumunications system 200 includes
a base station 105-a and a UE 115-2, each of which may be an exaraple of the corresponding

devices as described with reference to FIG. 1.

10G94] To support MIMO communications, base station 105-a may configure UE 115-a
to report CSI for a number of beams (e.g., or antenna ports) to be used for a lincar
combination codebook. To factlitate CSI reporting, base station 105-a may transmit CSI-RS
215 to UE 115-a. For example, base station 105-a may transmit a plurality of CSI-RS
sequences over respective antenna ports 205 (e.g., with or without precoding). Each antenna
port 205 may drive a subset of antenna elements at base station 105-a (e.g., each antenna port

may be associated with one or more antenna elements). Upon receiving the CSI-RS 215, UE
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115-a may estirnate the channel 220 between itself and base station 105-a and generate a C51
report based on the estimate. By way of example, base station 105-a may transmit eight (8)
CSI-RS sequences (with FIG. 2 showing two of the cight antenna ports 205-2 and 205-h),
each associated with a respective antenna port 205. Each antenna port 205 may in tam drive
one or more antenna element groups (e.g., one or more antennas 2i0) of base station 105-a.
Accordingly, a respective non-precoded CSI-RS 215-a, 215-b may be transmitted from the
group of antennas 210 corvesponding to antenna ports 205-a, 205-b, respectively. UE 115-a
may in turn receive the CSI-RS 215 over one or more antennas and estimate channel

characteristics (e.g., fading, channel delay, ctc.).

[0095] In aspects, UE 115-a may identify beam(s) for a lincar combination codebook that
match the channel estimates. For example, the UE 115-a may estimate the raw {(unprecoded)
channel (e.g.. H) and may use the channel estimates based on the CSI-R5 215 to identify a set
of beams (e.g., corvesponding to beams of a codehook) which contribute to a precoding

vector for one or more spatial layers.

10096] For each of the one or more spatial layers, UE 115-a may report CS1 feedback
indicating a lincar combination of a subset of pre-coding vectors or matrices in a given pre-
coding codebook. As an example, for each spatial layer, the precoding matrix may be given

W, . L .
by [W1 l] where wy.; 1s the precoder on the - polarization for the I tayer. The precoding

vector w,.; may be obtained by a linear combination (i.e., a weighted sum) of transmit beams.
For example:

A We . . 5B
Wey = b WD X Prgi ™ Prii % G

Gy
AS
L.Ai:@ fey7 ks

where L is the number of beams for which UE 115-a is configured to report €SI feedback,

bk(i)

1

wWh
i

L 18 a two-dimensional DFT beam, and ppj; X pi¥. X ¢, ; vepresents the weight of the
4%

WwB

.th h . . . . . .
i beamofthe I layer. In this equation, p,.;; is the wideband beam amplitude, which may be

drawn from a finite set {e.g., {1, V0.5,4/0.25,v0.125,v0.0625,+/0.0313,v/0.0156, 01 ﬁf‘?

is the subband beam amplitude, which may be drawn from another finite set (e.g., {1, V0.5

and ¢, ; 18 the subband beam phase, which may be drawn from a third finite set (¢.g.,

e n=0123}or{e s, n=012..7}
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(06971 Base station 105-a {e.g., or some other suitable network entity) may configure the
number of beams L, the mumber of antenna ports 205 in a first and second divection (N, N2},
and the oversampling ratio for each direction (¢}, (J,). For example, the number of antenna
ports 205 and the oversampling ratic may be configured in the case that CSI-RS 215 is not
beamformed (e.g., but may not be used in the case of beamformed CSI-RS 215, which may
only require a configuration of the mumber of beams/antenna ports L), The feedback payload
for the lincar combination codebook may in some cascs include 24 sets of coefficients for
cach spatial layer (c.g., for L beams cach with 2 polarizations). For example, the report may
include the wideband beam amplitude, subband beam amplitude, and subband beam phase of
2L-1 coefficients along with the beam index. The coefficients may be quantized to reduce
signaling overhead. Accordingly, the wideband amplitude may be signaled using three (3)
bits per coefficient (1.e., 3x(2L — 1) bits in total) to indicate one of the eight (8) quantized
levels in the finite set above. Similarly, the subband beam amplitude may be signaled using
one (1) hit per coefficient per subband for the strongest K -1 cocfficients out of the 2L 1
coefficients (i.e., and zero (0) bits for the remaining 2L — K coefficients) for a total of X — 1
bits per subband. In onc cxample: when L=2, K =4, when L =3, K=4;and when L =4, K =
6. The subband beam phase may include two (2) or three (3) bits per cocfficient per subband

(i.e., depending on which finite set is used).

{3098] By way of example, the rank 1 payload for a CSlreport with Ny =Ny =0y = O =

4 and 10 subbands may be given by:

Table 1: Rank 1 Pavload (in bits)

L Rotation; L~beam Sirongest | WB Total 2B 5B Total
- selection | coefficient: | amp: WEB arap: | phase: | payload
Hogz (010231 [loga ("] payload
B flog, 2L} ’
per layer

2 4 7 2 @ 22 3 9 142

3 4 10 3 15 32 3 13 192

4 4 11 3 21 39 5 19 279
(60699 As can be seen from Table 1, the payload of TSI report increases dramatically as

~ . . YA L o .
the number of beams Z increases. However, beams with zero power (e.g., pi effectively
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zero or less than some threshold) may not contribute to the final precoder (e.g., the final
precoder may be formed by the L7 beams (L7 < L) with p,Wﬁ greater than the threshold).
Accordingly, the payload of the CSI report may be reduced in accordance with the described
techniques by removing the bits corresponding fo the cocfficients of zero-power beams (e.g.,
including information indicating of which bearns are zero-power and which beams are non-
zero-power ). That is, because the zero-power beam does not contribute {(e.g., significantly} (o
the final precoder, the wideband amplitude, subband amplitude, and subband phase of the

zero-power beam{s} may be omitted from the CS1 report.

[0104G] For example, if the network (e.g.. base station 105-a) is aware of the existence of
zero-power hearns, UE 115-a can report the wideband amplitude, subband amplitude, and
subband phase as if there are L’ beams to be used in the linear combination codebook. That
is, if L = 4 and there is one zero-power beam, the feedback payload size for the rank 1 (ie.,
one spatial layer) report may be reduced from 279 bits to 192 bits (e.g., along with a
relatively small number of bits to indicate the presence of the zero-power beam as describex
further below}. Further, the more zero-power beams and the higher the rank of the feedback,

the more the overhead can be reduced.

(0161} FIG. 3 llustrates an example of a wireless communications systemn 300 that
supports non-zero-power-beam indication for a linear combination codebook in accordance
with various aspects of the present disclosure. Wireless communications system 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. Wireless communications system 300
may operate in frequency ranges that are associated with beamformed transmissions between
base station 1053-b and UE 115-b (e.g., mmW frequency ranges, sub-6GHz frequency ranges,

etc.).

[0162] in aspects of the present disclosure, signal processing techniques such as
beamforming may be used to combine encrgy coherently and overcome path lfosses. By way
of example, base station 105-b may contain multiple antennas. In some cases, each antenna
may transmit (or receive) a phase-shifted version of a signal such that the phase-shifted
versions constructively interfere in certain regions and destructively interfere in others.
Weights may be applied to the various phase-shifted versions, e.g., in order o steer the

transmissions in & desired direction. Such techniques (or similar techniques) may serve to
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increase the coverage area 110-b of the base station 105-b or otherwise benefit wireless

communications system 300.

[0103] Transmit beams 205 represent examples of beams over which data {¢.g., or control
information) may be transmitted. Accordingly, each transmit beam 305 may be directed from
base station 105-b toward a different region of the coverage area 110-b and in some cases,
two or more beams may overlap. Transmit bearos 305 may be transmitted sumultaneously or
at different times. In either case, a UE 115-b may be capable of receiving the information in
one or more transmit bears 305 via receive beams. In some cases, cach receive beam may
correspond to a given transmit beam 305 {(e.g., or antenna port), or a receive beam may
correspond to muultiple fransroit bearos 305 (i.e., the UE 115-b may receive a signal sent over

multiple transmit beams 305 in a wansmit diversity scheme).

[0104] As described above, MIMO operations may be supported through transmission of
{SI-RS over transmit beams 305. Base station 105-b s illustrated with seven (7) transmut
beams 305, though any suitable number of transmit beams may be employed. In aspects, cach
transmoit beam 305 may be resolved into polarized component beams. That is, base station
105-b may have an antenna array {e.g., a one-dimensional or two-dimensional array)
constructed from multiple dual-polarized antenna clements, where transmit beams are formed
hy phase control of antenna clements and each hcam may correspond to an antenna port. The
polarized components of a given transmit beam 305 may be treated independently or
collectively, as described further below. Base station 105-b may configuwre UE 115-b 1o

identify a subset of the transmit beams 305 to be used for a linear combination codebook.

[0105] The precoders used to form transmit beams 305 may be selected from a codebook
(e.g., which may be known to base station 105-b and UE 115-b). That is, each transmit beam
305 may be formed based on bearmforming parameters contained in a codebook.
Alternatively, the precoder may be based on a non-codebook method (e.g., may be based on
an uplink sounding reference signal via beam reciprocity). In each case, the precoder may be
transparent to UE 115-b (e.z., UE 115-b may only estimate the composite channel without
knowledge of the exact precoder used to form the transmit beam 305). Each transmit beam
305 may carry a CSI-RS sequence. Upon receiving the CSI-RS, UE 115-b may estimate the
channel (e.g., H*b) for the transmit beam 305 based on the CSI-RS. The UE 115-b may test
one or more receive heams for each of the transmit beams 305 to identify transmit/receive

heam pairs providing the best channel conditions for communication. That is, UE 115-b may
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estimate the beamformed (e.g., composite) channel for a plurality of transmit/receive beam
pairs (e.g., rather than or in addition to the non-beamformed channel as described with

reference to FIG. 2).

[0106] Aspects of the techniques described with reference to FIG. 2 may apply to
beamformed CSI-RS as well. For example, for each spatial layer 310, UE 115-a may report
51 feedback indicating a lincar combination of beamas. For example, base station 105-b may
configure UE 115-b to report CS1 feedback for L transmit beams 3035 (e.g., corresponding to
L antenna ports). Accordingly, UE 115-b may transmit a CS1 report 315 which includes an
indication of the L selected antenna ports (¢.g., a port selection matrix) as well as the beam
coefficients used to combine them. In some cases, the weights (e.g., beam coefficients) may
be polarization-specific and/or spatial fayer 310-specific {e.g.. as described further below).
The L reported antenna ports may in some cases be common to all polarizations and all
spatial layers 310. The non-zero-power beam indication may be polarization-specific and/or
spatial layer-specific {e.g., or may be common to all polarizations and spatial layers 313). As
described above, the beam coefficients (c.g., the widcband beam amplitude, the subband
beam amplitude, and the subband beam phase) may cach be drawn from a respective finite

set.

101671 As further described above, the payload of the CSI report 315 increases
dramatically as the number of beams Z increases. However, because beams with zero power
(e.g., piff‘; less than some threshold) may not contribute to the final precoder {(e.g., the final
precoder may be formed by the L7 beams (L7 < L) with p,WlBl above the threshold), the payload
of the CS1 report 315 may be reduced by removing the bits corresponding to the coctficients

of zero-power beams (e.g., and instead including an indicator of non-zero-power beams).

(6108 Various formats for the payload of the CS1 report 315 are considerad below.
Aspects of these formats may be combined such that the examples discussed below are not
necessarily limiting of scope. Aspects of the following are described using L =4 (e.g., base
station 105-b may configure UE 115-b to report feedback for four transmit beams 305) and
rank 2 (e.g., the four transmit bearns 305 form two spatial layers 310-a, 310-b when received
by UE 115-b}. It is to be understood that the described concepts may be applied to any
suitable L and rank. Additionally, various aspects of the described formats may be applicable

to both beamformed CSI-RS and non-beamformed CSI-RS.
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[0109] in the following exampiles, the contribution of each transmit beam 305 to a given
precoding vector is identified over two polarizations, though the described concepts apply o
single polarization transmissions as well. Based on a configuration received from base station
105-b, UE 115-b reports TSI based on four transoit bearos 305 {e.g., L= 4). UE 115-b may
select ransmit beams 305-a, 305-b, 305-c, and 305-d for the two spatial layers 310-a, 310-b.
For example, UE 115-b may select the £ beams based on the received power for the
heamformed CSIE-RS, the relative contributions to the precoding vector for one or more
spatial layers 310, ete. Alternatively (e.g., if the CSI-RS is not beamformed), UE 115-b may
emulate a DET codebook {e.g., may evaluate candidates from the codebook in order to find
the L beams which match the channel). In vet other examples, UE 115-b may select the L
beams based on a spectral efficiency for some or all possible precoders. For example, UE
115-b may emulate all possible precoders formed by the possible combinations (e.g.,
amplitude factors and phase factors) of antenna ports or transmit beams 305 {e.g., for both
precoded CSE-RS and non-precoded CSI-RS). Accordingly, UE 115-b may select the L

beams which match the channel estimates.

10110] In some cases, UE 113-b {e.g., and/or base station 105-b) may identify a
triggering condition for including a non-zero-power beam indicator in a CSIreport. For
example, the wiggering condition may be included in the configuration indicating the number
of beams to be reported in the CS1 report 315. For example, the triggering condition may
include a cornmuumication quality (e.g., an SNR, supported rank, etc.), a device capability
{e.g., a battery level), a network condition {e.g., a3 number of communicating devices), a
configuration setting, etc. UE 115-b (2.g., and/or base station 105-b) may determine whether
the triggering condition is satisfied (e.g., whether the comumunication quality exceeds a
certain threshold) and determine a format of the CSI report 313 based on the triggering
condition satisfying the threshold or failing to satisfy the threshold. As an example, UE 113-b
way default to including the non-zero-power beamn indicator, but may in some cases identify
a triggering condition and adjust the format of the CST report 315 to include beam
coefficients for all beams/antenna ports (e.g., including zero-power beams). Accordingly, UE
115-b may switch {e.g., dynamically or semi-statically) between using a non-zero-power
beam indicator and omitting the non-zero-power heam indicator in a CSI report 315, In some
cases, a format of the indicator in the CS1report 315 may be based at least in part on the

triggering condition. In some cases, the format of the CSI report 315 (e.g., the reporting
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setting) may be fixed; alternatively the reporting setting ray be dynamically updated (e.g.,

configured by the network based on the triggering condition).

[0111] The contribution of transmit beams 305 to a final precoding vector for a given
spatial layer 310 may vary {e.g., due to channel characteristics such as obstacles, fading,
interference, etc.). For example, there may be variance between different transmit beams 305
for a given spatial layer or for the same transmit beam 305 across different spatial layers
and/or polarizations. UE 115-b may evaluate transmit beams 305 (e.g., for each polarization

and/or spatial layer 310).

[0112] For example, UE 115-b may compare the contribution of each transmit beam 305
to a threshold (e.g., a wideband amplitude factor). Other metrics are considered. The
comparisons may be spatial layer 310-specific and/or polarization specific. UE 115-b may
identify the subset of transmit beams 305 to be included in the CS1 report and {(e.g., based on
the comparison) may classify transmit beams 305 as zero-power beams {e.g., for beams with
a wideband armaplitude factor below the threshold) or non-zero-power beams (e.g., for beams

with a widchand amplitude factor above the threshold).

101131 By way of example, the contribution of transmit beam 305-a to the final precoding
matrix may be greater than the threshold over both polarizations for spatial layer 310-a and
spatial layer 310-b. In some cases, the contributions of a transmit beam 305 to the final
precoding matrix may be compared to polarization-specific and/or layer-specific thresholds.
The contribution of transmit beam 305-b to the final precoding matyix may be greater than
the threshold over both polarizations for spatial layer 310-a and lower than the threshold over
both polarizations for spatial layer 310-b (i.e., may be a zero-power beam for spatial layer
310-b). The contribution of transmit beam 303-¢ to the final precoding matrix may be greater
than the threshold over one polarization of spatial layer 310-a {e.g., but the contribution of
transmit beam 305-¢ for a second polarization of spatial layer 310-a may be below the
threshold). Similarly, the contribution of transmit beam 305-c to the final precoding matrix
for spatial layer 310-b may be greater than the threshold over the second polarization (e.g.,
but lower than the threshold for the first polarization). Transmit beam 205-d may represent a
zero-power beam for both spatial layers 310-a, 310-b (e.g., its contribution to the final
precoding matrices may be below the threshold over both polarizations for spatial layer 310-a

and spatial layer 310-b),



WO 2019/028878 PCT/CN2017/097206
32

(61141 For the sake of tlustration, four {4) transmmt beams 3305 are abeled 1 FIG. 3.
However, it shouid be understood that the base station 103-b may transmit additional beams
{e.g., nou-shaded beams 305). These bearas may also be received, for exarople, with
respective beamforming contributions below the threshold over both polarizations and spatial
tayers 310. It is to be understood that each spatial layer 310 may contain transmit beams 303
of each polarization. Spatial layers 310-a and 310-b are illustrated as being formed by linear
combinations of four transmit beams 305 for a given polarization {e.g., the first polarization
described above). Accordingly, the final precoding matrix for the first polarization of spatial
layer 310-a has non-zero contributions from three wansmit beams 303 (e.g., corresponding to
transmit beams 305-a, 305-b, and 305-¢, which are indicated as shaded boxes in spatial layer
310-a) and one zero-power transimit bearn 305 (e.g., corresponding to transmoit bearn 305-d,
which is indicated as an unshaded box in spatial layer 310-a). Sumilarly, the final precoding

ratrix for the first polarization of spatial layer 310-b has non-zero contributions from
transnt beams 305-a and 305-c and two zero-power transmit beams 305 (e.g., corresponding
to transmit beams 305-b and 305-d). 1t is to be understood that these illustrations are included
for explanation only {e.g., such that polarization-specific contributions to the precoding

matrices may not be computed in all reporting settings described below).

[0115] In a first reporting setting, UE 115-b may report the number of non-zero-power
beams applied to all polarizations and layers. As described above, transmit beam 305-d
represents an example of a zero-power bear for both polarizations and both spatial layers
310 (e.g., because its wideband amplitude factor may be zero or below a threshold after
spectral efficiency evaluation, as described above). In accordance with the described
techniques, UE 115-b may therefore include an indication of three non-zero-power beams
applying to both polarizations and both spatial layers. In some cases, UE 115-b may convey
the indication using {log, L] bits (e.g., because the possible values of the number of non-
zero-power beams for a given layer are 0, 1, 2, ..., L — 1}. In such an approach, the format of
the report depends on the configuration of L. Alternatively, UE 115-b may convey the
indication using [log, Ly, | bits, where £, is the maximal possible value of £ for the
network (e.g., such that each CS1 report 315 has the same format regardiess of the
configuration of L for a given UE 115). In the present example, UE 115-b indicates to base
station 103-b that one of the four beams is a zero-power beam for all polarizations and spatial
tayers 310. In aspects, the CSI report 315 of the present example may indicate that only one

transroit beam {(e.g.. transmit beam 305-a) is a non-zero-power beam (e.g., because the
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contribution of the other three transmit beams 305 to the final precoding vector of one or both
spatial layers 310 is relatively low). The threshold may be statically, semi-statically, or
dynamically configured {e.g.. by a network entity such as base station 105-b) or may be
autonomously deterrained by UE 115-b {(e.g., based on a factor applied to the highest power
travsmit beam 303). As an example, f Ny =4, Ny =4, and L = 4, and UE 115-b deterniines
that there are two (2) non-zero-power beams, it may use two (2) bits to indicate the number of
non-zero-power beams or may use {log, 4x4] bits. Additionally, the CS1 report 315 may
include beam cocfficients (e.g., as well as a strongest coefficient indication). Accordingly,
CS1report 315 may be transmitted with a payload size as if L = 2 and K = 4 (i.e., rather than

L=4and K = 6).

{011s] In some exaroples of the first reporting setting, UE 115-b may convey the nurober
and indices of non-zero-power beams {e.g., the indices relative to the L beams rather than the
absolute beam index corresponding to a beam position in the beam set) applied to all
polarizations and spatial layers 310 in CS1 report 315 using an £-bit bitmap. For example,

by, By, -+, b 4 may be the indication for the £ beams, and b; = ( means that the power of
beam i {c.g., where 7 corvesponds to the index relative to the L beams) on all polarizations and
spatial layers 210 is zevo (ie., pg%l‘f = pi’”ﬁ =0 vVi=01 . R~ 1 where R is the selected
vank). Accordingly, 8; may be an exampie of a power indicator bit {e.g., such that the valae
of b; indicates whether a given beam has zero-power or non-zero-power). After determining
the bitmap, UE 115-b may report bearn indices of the non-zero-power beams {e.g., but may
not report indices of the zero-power beams). The beam coefficients included in CSI report
315 may then correspond to the indicated non-zero-power beams. As an example, for L = 4,
UE 115-b may inchide in the CS1 report 315 four (4) beam indices (e.g., [4, 7, 9, 13]). CS1
report 315 may include a non-zero-power beam indication (e.g., ‘0101"), indicating that the
beams with indices 4 and 9 are zero power beams for all spatial layers 310 and polarizations
while the beams with indices 7 and 13 are non-zero-power bearns for all spatial layers 310
and polarizations. CS1 report 315 may include beam cocfficients corresponding to the beams
with indices 7 and 13 {e.g., where the beam coefficients may in some cases be polarization-
specific and/or spatial layer specific). Alternatively, in some cases {e.g., based on a triggering
condition), UE 115-b may mnclude beam indices of all the L beams (i.e., where the beam

indices correspond to the absolute beam position in the set of transmit beams 305).

10117] In a sccond reporting setting, UE 115-b may report polarization-specific non-zero-

power beams (e.g., applied to all spatial layers 310). For example, UE 115-b may report the
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nurnher of non-zero-power beams per polarization. The possible values of the number of non-
zero-power beams per polarization are €, 1, 2, .., L — 1. Similarly to the first reporting
setting, UE 115-b may convey the indication using 2 % flog, L] bits or 2 %X [log, L4} bits.
In the former case, the first flog, L] bits may be used for the first polarization while the
remaining bits may be used for the second polarization. Accordingly, in the present cxampile,
UE 115-b may inform the network (e.g., or base station 103-b) that, for the first and second
polarizations, there is one non-zero-power beam for each spatial layer 310-4, 310-b (e.g.,
transmit beam 305-a). If the contribution of transmit beam 305-b, 305-¢ to a precoding mafrix
for a given spatial layer 310 and a given polarization exceeds a threshold (e.g., which may be
configured or autonomously determined as described above), these beams may be considered
non-zero-power beams for that polarization {¢.g.. regardiess of the contribution of the

transmit beam 305 on the given polarization for the other spatial layers 310).

[0118] Alternatively, in the second reporting setting UE 115-b may convey the number
and indices (e.g., indices relative tw the L identified bearns) of non-zero-power beams per
polarization in TS report 315 using a 24-bit bitmap. In this example, by, by, -+, b, _; may be
used for the first polarization and b;, by, 4, <+, by may be used for the second polarization.
Accordingly, b, = 0 means that the power of beam i = mod({y, L) with polarization r =

[{-J + 1 is zero (i.c., pvf,’B =(,¥l =0,1,--, R~ 1) As an example, for L =4, UE

L l-,-E* Limed(v,L)

115-b may inchude in the CSI report 315 four (4) beam indices {e.g., [4, 7. 9, 13]}. CSI repout
315 may include a non-zero-power heam indication (e.g., ‘010100117), indicating that, for the
first polarization, the beams with indices 4 and 9 are zero power beams for all spatial layers
310 while the beams with indices 7 and 13 are non-zero-power beams for all spatial layers
310 and, for the second polarization, the beams with indices 4 and 7 are zero power beams
for all spatial tayers 310 while the beams with indices 9 and 13 are non-zero-power bearns for
all spatial tayers 310. CS1 report 313 may include beam coefticients corresponding to the
non-zero power bears (e.g., beams with indices 7 and 13 for the first polarization and beam

coefficients corresponding to the beams with indices 11 and 13 for the second polarization).

[0119] In a third reporting setting, UE 115-b may report layer-specific non-zero-power

hears (e.g., applicd to both polarizations). For example, UE 115-b may report the nurnber of
non-zero-power beams per spatial layer 310. The possible values of the number of non-zero-
power beams per spatial layer 310 are 0, 1, 2, ..., L — 1. Accordingly, UE 115-b may convey

the indication using R x [log, L] bits where the first {log, L] bits are for the spatial layer 310-
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a and the remaining {logs L] are for spatial layer 310-b. Aliernatively, UE 115-b may convey
the indication using R % [1og; Lyq. | bits. In the present example, UE 115-b may indicate that
spatial laver 210-a includes two out of four (e.g., the maximum number of non-zero-power
beams for reporting) non-zero-power beams {e.g., the two non-zero-power beams are the
same for both polarizations). In this example, the two beams correspond to transmit beams
305-a, 305-b. Similacly, UE 115-b may indicate that spatial layer 310-b includes one out of
four non-zero-power beams {(e.g., transmit beam 305-a). As with the first two reporting
settings, UE 115-b may decide whether to tnclude a beam i associated with zero-power on
layer { on a first polarization while it is associated with non-zero-power on laver { of the
second polarization (e.g., based on a threshold comparison). For example, transmit beam 305-
¢, which contributes to the final precoding matrix on each spatial layer 310 over only one
polarization, may be indicated as a zero-power beam or a non-zero-power beam based on a
threshold comparison. If the contribution of transmit beam 305-c on spatial layer 310-a for
the first polarization exceeds the threshold, transmit beam 205-¢ may not be considered a
zero-power beam for spatial layer 310-a, and the CSI report 313 may indicate that spatial

layer 310-a includes three out of four non-zero-power beams.

[6120] Alternatively, in the third reporting setting UE 115-b may convey the number and
indices of non-zero-power beams per spatial layer 310 1n CS1 report 315 using a K X L-bit
bitmap. In this example, by, by, -+, by are for the fivst layer, by, by 4, By 4 ave for the
second layer, etc. and b, = 0 means that the power of beam 1 = mod(y, L} with the layer

w.

v PR . W5
I = H + 1iszero (e, p v = =
L (ie.7 0.'%—§+1,m0d(v,i,) b +1,mod{v,L)

(01214 in a fourth reporting setting, UE 115-b may report layer-polarization-specific non-
zero-power beams. For example, UE 113-b may report the number of non-zero-power beams
per spatial layer 310 per polarization. Accordingly, UE 115-b may use 2R x [log, L] bits to
indicate the number of non-zero-power beams or 2R % [log, L., 1 bits. In such a reporting
setting, UE 115-b can indicate to base station 105-b the nurober of non-zero-power beams for

a given layer-polarization pair.

[0122] Alternatively, in the fourth reporting setting UE 115-b may convey the number
and indices of non-zero-power beams per layer-polarization pair using a 2R X L-bit bitmap in

which by, by, -, by 4 ave for the first polarization of spatial layer 310-a; by, By 4, By 4

polarization of spatial layver 310-b, and by, bgpq, -+, Bap 4 are for the second polarization of
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spatial layer 310-b. In this example, b, = 0 indicates that the power of beam | = mod (v, L)

) v - vi. . WB
for the mod (H ,2) of laverl = |—-—] is zero (d.e. sy = {J).
L] : 2L (ie., pmod([ﬂ,:ﬁ),i}zj,mad(v,L} )

[0123] In some cases, UE 115-b may be configured {e.g., by base station 105-b or some
other suitable network entity) to use a given reporting setting for CSI report 315, For
example, the configuration may be received via RRC signaling or other downlink control
signaling. In some cases, UE 115-b may identify a triggering condition for a given reporting
setting for CS1 report 315 (e.g., as described above). For example, UE 115-b may default to
reporting using a non-zero-power beam indication {(¢.g., using one of the reporting settings
described above). In such an example, there may not be any signaling from the network to
trigger the non-zero-power beam indication. Additionally or alternatively, UE 115-b may
identify a condition (2.g., or may be signaled by the network} such that the non-zero-power
beam indication is not used for CS1 report 315, In such an example, UE 115-b may report
beam coefficients for all beams in CSIreport 315 {e.g., including beams whose contribution
to the final precoding vector is relatively low). Accordingly, in some cases a UE 115-b may
dynamically or semi-statically switch between CSHI report 315 formats (e.g., based on some

triggering condition or network signaling).

(01241 Additionally or alternatively, various possible reporting cncoding schemes for
generating CS1 report 315 are considered within the scope of the present disclosure. In some
cases, UE 115-b may jointly encode the indicator of the number of zero-power beams with
the rank indication (RI). For example, the payload for the indicator may be directly cascaded
with the payload of the RI (c.g., using {log, rank,, .| + [log, L., | bits). Alternatively, the
RYT and indicator may be jointly quantized based on a lookup table. An example lookup table
is provided below in which the total nuomber of hits for the jointly quantized payload is four
{4). Alternatively, in some examples, the RI and indicator may be separately encoded and

transmitied in separate control fields or messages.

Table 2: Example Lookup Table

|y 1 2 3 4 3 6 7 8

ox
=3
oo

Rank 1-2 1-2 3-4 3-4 5-6 5-6 7-

[0125] FIG. 4 illustrates an example of a process flow 400 that supports non-zero-power-

beam indication for a linear combination codebook in accordance with vartous aspects of the
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present disclosure. Process flow 400 includes a base station 105-c and a UE 115-¢, each of
which may be an exampie of the corresponding devices as described with reference to FIGs.

1 through 3.

[0126] At 405, base station 105-c (e.g., or some other suitable network entity) may
transmit a configuration to UE 115-c. The configuration may include a number of beams {e.g.
or antenna ports) to be included in a CS51 report (e.g., a number of beams/ports to be used for
linear combination). In some cases {e.g., when CS5I-R3 is not precoded), the configuration
may include a number of CSI-RS ports per polarization in the horizontal direction and the
vertical direction. In other cases (e.g., when CSI-RS is precoded), the configuration may
include a mumber of C51-RS ports per polarization. In some cases {e.g., when CSI-RS is not
precoded), the configuration may further include an oversampling ratio for the CSI-RS ports
in the horizontal direction and the vertical direction. In some cases, the configuration may
include a CS1 report setting (e.g., which may indicate one of the reporting settings described
above with reference to FIG. 3), a TSI resource setting, or any combination thereof. The
configuration may be transmitted via RRC signaling or downlink control signaling. In some
cases, the configuration indicates a format of a CS report (e.g., corresponding o a reporting
setting as described with reference to FIG. 3). UE 115-c may in some cases determine that a
noi-7ero-power beam indicator is triggered based at least in part on the format of the CSI

report.

[6127] At 410, UE 115-c may receive CSI-RS wransmitted by base station 135-c. The
CSI-RS may include a set of CSI-RS transmitted over multiple antenna ports, where the CSI-
RS may be precoded or non-precoded. Each antenna port may be associated with one or more

polarizations.

101281 At 415, UE 115-c may perform channel measurements based at feast in part on the
CSI-RS. For example, UE 115-¢ may estimate a commuunication channel based on the CS1-
RS (e.g., may estimate frequency-fading characteristics, mulii-path availability, etc.). Based
on the channel measurements, UE 115-c may dentify relevant CS1 parameters for one or

more spatial layers.

(6129 At 420, UE 115-¢c may determine the number of non-zero-power bearns and their
indices based on the derived CSI parameters {e.g., may cormnpare beams to a threshold). In
some cases the zero-power beams may be identified based at least in part on the configuration

received at 405. Table 3 illustrates an cxample beam classification scheme. In this example,
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four beams are transmitted (indexed 0 through 3). The contribwtion {(e.g., wideband
amplitude} of each bearm over each of two spatial layers is determined for a first polarization
and a second polarization. Based on comparing the wideband amplitude factor to a threshold
(V0.1 in the present example), UE 115-¢ determines a power indicator bit to be inchuded in a
CSireport. Accordingly. the present example may represent aspects of the fourth veporting
setting described above (e.g., reporting layer-polarization-specific non-zero-power beams
using a hitmap comprising power indicator bits), though the described technigues may be
extended to the other reporting settings. As shown, the layer-polarization-specific beams may
be classified as zero power (e.g., indicated by a power indicator bit of '(}) or non-zero-power
{e.g., indicated by a power indictor bit of *17) based on comparing the wideband aroplitude to

a threshold.

Table 3: Beam Classification

Beam Spatial Layer | Polarization Wideband Power Indicator Bit
Index Amplitude
Factor

V0.0625
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V0.0625
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[6136G] At 425, UE 115-¢ may transmit a S report (e.2., according to the configuration
received at 4035). The CSI report may include a non-zero-power-beam indication, Rl non-
zero-power beam selection (e.g., an index of each beam where the index corresponds to a
beam position in the precoded CSI-RS beam set), beam coefficients associated with the non-
Zero-power beams, or a combination thereof. In some cases, the non-zero-power-beam

indication and Rl may be jointly encoded. For example, jointly encoding the RI and indicator
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may include directly cascading the payload of the RI and the indicator or may include jointly
quantizing the RI and the indicator. In the case that the RI and indicator are jointly quantized,
the payload may be based at least in part on a subsampling of at least one of the Ri or the
indicator or may be based on a lookup table of a combination of the RI and the indicator (e.g.,
Table 2). Alternatively, RI and the indicator may be separately encoded as described above.
In some cases, the number of bits in the non-zero-power beam indicator may be fixed or may
depend on the number of beams indicated for CSI-RS reporting. In some cases, the beam
coefficients for each non-zero-power beam of the subset comprise a wideband heam
amplitude, a subband beam amplitude, a subband beam phase, or a combination thereof. In
some cases, the non-zero-power beam selection (€.g., beam index) and the beam coefficients
(i.e., wideband power, subband power, and subband phase) may be jointly encoded. Various

formats for the CSI report are described with reference to the reporting settings of FIG. 3.

(0131} At 430, base station 105-c may decode the CSI report. For example, base station
105-c may first decode the RI and non-zero-power-beam indicator. Based on the non-zero-
power beam indicator, base station 105-c may determine the payload size of the CSI report,
Subsequently, base station 105-c may decode the beam selection and coefficients for the non-

Zero-po wer-beams.

[6132] At 435, basc station 103-¢ may transmit a downlink data transmission to UE 115-¢
using the beam configuration indicated in the CSI report. Various uses for the CSI report
recetved at 425 are considered within the scope of the present disclosure. For example, the
CS1 report may allow the network {e.g., base station 105-¢) to learn about a compmunication
channel. After obtaining the report, base station 103-c may use the information for
scheduling, mulu-oser patring, mula-user precoder calculation, ete. In some cases, the

network may transmit data to UE 115-¢ without basing the transmission on the TSI report.

[0133] FIG, 5 shows a block diagram 500 of a wireless device 505 that supports
techniques for non-zero-power beams in wireless sysiems in accordance with aspects of the
present disclosure. Wireless device 505 may be an example of aspects of a UE 115 as
described herein. Wireless device 505 may include receiver 510, UE communications
manager 515, and transmitter 520. Wireless device 505 may also include a processor. Each of

these components may be in communication with onc another (e.g., via one or more buses).

[0134] Receiver 510 may receive information such as packets, user data, or control

information associated with various information channels {e.g., control channels, data
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channels, and information related to techniques for non-zero-power bearns in wireless
systems, etc.). Information may be passed on to other components of the device. The receiver
5310 may be an example of aspects of the transceiver 835 described with reference to F1G. 8.

The receiver $10 may utilize a single antenna or a set of antennas.

[6135] UE communications manager 315 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. If
implemented in software executed by a processor, the functions of the UE communications
manager 515 and/or at least some of its various sub-components may be executed by a
general-purpose processor, a digital signal processor (DSP), an application-specific integrated
circuit (ASIC), an field-programmable gate array {(FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any combination

thereof designed to perform the fanctions described in the present disclosure.

[0136] The UE communications manager 515 and/or at least some of its various sub-
components may be physically located at varicus 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 comumunications manager
515 and/or at least some of its various sub-components may be combined with one or more
other hardware coraponents, including but not limited to an I/O component, a fransceiver, 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.

[6137] UE communications manager 515 may receive a configuration indicating a
number of beams to be reported in a CS1 report. UE commmunications manager 515 may
receive a set of reference signals. UE communications manager 515 may identify, for one or
more spatial layers, a set of beams corresponding to the number of beams for reporting in the
C51 report, where the set includes at least one non- zero-power beam for at least onc of the
one or more spatial layers and one or more polarizations. UE communications manager 515

may generate the CS1 report inchuding beam coefficients for each of the at least one non-zero-
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power bearn for each of the one or more spatial layers and an indicator of the at least one

BON-ZEIra-power beam.

[0138] Transmitter 320 may transmit signals generated by other components of the
device. For example, transmitter 520 may transmit the TS report. In some examples, the
transmitter 520 may be collocated with a receiver 510 in a transceiver module. For example,
the transmitter 520 may be an example of aspects of the transceiver 835 described with

reference to FIG. 8. The transmitter 520 may utilize a single antenna or a set of antennas.

10139] F1G. 6 shows a block diagram 600 of a wireless device 605 that supporis
technigues for non-zero-power beams in wireless systems in accordance with aspects of the
present disclosure. Wireless device 603 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 cornmunications manager 615, and transmitter 620. Wireless device 605
may also inchude a processor. Each of these components may be in communication with one

another (e.g., via one or morc buses).

[0140] Receiver 610 may receive information such as packets, user data, or control
information associated with various information channels {e.g., control channels, data
channels, and information related to technigues for non-zero-power bearns in wireless
systems, etc.). 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 recetver 610 may utilize a single antenna or a set of antennas.

[0141] UE communications manager 615 may be an example of aspects of the UE
commumnications manager 815 described with reference to FIG. 8. UE communications
manager 615 may also include configuration component 623, reference signal component

630, beam identifier 633, and C5{ generator 640.

10142] Configuration component 625 may recetve a configuration indicating a number of
beams to be reported in a CS1 report. In some cases, the configuration component includes a
triggering condition, where the CS1 report is generated based on the triggering condition.
Configuration component 625 may determine a format of the indicator based at least in part
on the triggering condition. Configuration component 625 may determine that the triggering
condition is satistied, wherein a format of the CSIreport is based at least in part on the
determining whether the riggering condition is satistied. Configuration component 625 may

determine that the triggering condifion is not satisfied, wherein a format of a second €51
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report is based at least in part on the determining that the triggering condition 18 not satisfied.
In some cases, the sct of reference signals is associated with a first set of antenna ports for the
first polarization and a second set of antenna ports for the second polarization. In some cases,
the first and second sets of antenna ports each include a first number of antenna ports in a
first divection and a second number of anlenna ports in a second direction. The first divection
1ay be associated with a first oversampling ratio and the second divection may be associated
with a second oversamopling ratio. In some cases, the configuration is received via RRC
signaling, a MAC CE, or downlink control signaling, the configuration firther incleding a

reporting setting.

[0143] Reference signal component 630 may receive a set of reference signals. In some
cases, recetving the set of reference signals includes receiving a set of non-precoded
reference signals, where each beam of the set of beams corresponds to a codeword of a
codebook. In some cases, receiving the sct of reference signals includes receiving a set of
precoded reference signals, cach precoded reference signal corresponding to a respective

antenna port, where cach beam of the sct of beams corresponds to the respective antenna port.

[0144] Beam dentifier 635 may identify, for one or more spatial layers, a set of beams
corresponding to the number of beams for reporting in the CSI report, where the set of beams
includes at least one non-zero-power beam. In some cases, the set of beams applics to a first

polarization and a second polarization.

[0145] St generator 640 may geunerate the CS] report including beam coefficients for
cach of the at least one non-zero-power beam for each of the one or more spatial layers and
an indicator of the at least one non-zero-power beam. In some cases, the CS1 report further
inciudes an index of cach beam of the set of beams, cach index corresponding to a beam
position in a codebook or to a reference signal position in the set of reference signals. In some
cases, the set of bits indicating the number (e.g., or set) of non-7ero-power beams in the set of
beams inchides a power indicator bit for each bearm of the set of beams. In some cases, the
indicator includes a first set of bits indicating a first number {c.g., or set) of non-zero-power
beams for the first polarization and the second polarization for a first spatial layer of the one
or more spatial layers and a second set of bits indicating a second number {e.g., or sei) of
non-zero-power bearns for the first polarization and the second polarization for a second
spatial layer of the one or more spatial layers. {n some cases, each set of bits includes a power

indicator bit for each beam of the set of beams. In some cases, the indicator includes a first
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set of bits indicating a first number {e.g., or sct) of non-zero-power beams in the set of beams
having the first polarization and a second set of bits indicating a second number {(e.g., Or set)
of non-zero-power beams in the set of beams having the second polarization, cach non-zero-
power beam of the first number (e.g., or set) of non-zero-power beams and each non-zero-
power beam of the second number {g.g., or set) of non-zero-power beams applying to each of

the one or more spatial layers.

[31d6] in some cases, the first set of bits imchides a power indicator bit for each beam of
the set of beams over the first polarization and the sccond set of bits includes a power
indicator bit for each beam of the set of beams over the second polarization. In some cascs,
the indicator includes a set of bits indicating a number {¢.g., or set) of non-zero-power beams
in the set of beams, each non-zere-power beam of the number {e.g., or set} of non-zero-power
beams applying to the first polarization and the second polarization on cach of the onc or
more spatial layers. In some cases, cach of the respective sets of bits includes a power
indicator bit for each beam of the set of beams for a corresponding polarization and a
corresponding spatial layer. In some cases, the CSI report further includes a RE In some
cases, the beam coefficients for each non-zero-power bearm of the set of beams include a
wideband beam amplitude, a subband beam amplitude, a subband beam phase, or a
combination thereof. In some cases, a reporting payload size of the beam coefficients for each
non-zero-power beam of the sct of beams is based on the indicator. In some cases, the
indicator includes a set of bits, and a size of the set of bits 1s based on the mumber of beams or
is fixed. In some cases, the one or more spatial layers includes a set of spatial layers, and the
indicator includes a respective set of bits indicating a respective number of non-zero-power
beams for cach of the first polarization and the second polarization for cach of the set of

spatial layers.

101471 Transrmoitter 620 may transmit signals generated by other components of the
device. In some examples, the transmitter 620 may be collocated with a receiver 610 in a
wansceiver module. For example, the transmitter 620 may be an example of aspects of the
transceiver 835 described with reference to FI(. 8. The transmitter 620 may utilize a single

antenna or a set of antennas.

[148] FiGs. 7 shows a block diagram 700 of a UE communications manager 715 that
supports techniques for non-zero-power beams in wireless systems in accordance with

aspects of the present disclosure. The UE communications manager 715 may be an example
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of aspects of a UE coramunications manager 5135, a UE communications manager 615, or a
UE communications manager 815 described with reference to FIGs. 3, 6, and 8. The UE
communications manager 715 may include configuration component 720, reference signal
component 725, beam identifier 730, CSI genevator 735, polarization component 740, and
encoder 745, Hach of these modules may communicate, directly or indirecily, with one

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

[0149] Configuration component 720 may receive a configuration indicating a number of
beains to be reported in a TSI report. In some cases, the configuration component includes a
triggering condition, where the US{ report is generated based on the triggering condition.
Configuration component 720 may determine a format of the indicator based at least in part
on the triggering condition. Configuration component 720 may determine that the friggering
condition is satisfied, wherein a format of the CSI report is based at least in part on the
determining whether the triggeving condition is satisfied. Configuration component 720 may
determine that the triggering condition is not satisfied, wherein a format of a second C5I
report is based at {east in part on the determining that the triggering condition is not satistied.
In some cases, the sct of reference signals is associated with a first set of antenna ports for the
first polarization and a second set of antenna ports for the second polarization. In some cases,
the first and second sets of antenna ports each include a first number of antenna ports in a
first direction and a second number of antenna ports in a second direction. The first direction
may be associated with a first oversampling ratio and the second direction may be associated
with a second oversampling ratio. In some cases, the configuration is received via RRC
signaling, a MAC CE, or downlink control signaling, the configuration further including a

reporting setting.

101501 Reference signal component 725 may reccive a set of reference signals. In some
cases, receiving the set of reference signals includes receiving a set of non-precoded
reference signals, where each beam of the set of beams corresponds to a codeword of a
codebook. In some cases, receiving the set of reference signals includes receiving a set of
precoded (e.g., beamntormed) reference signals, cach precoded reference signal corresponding
to a respective antenna port, where cach beam of the set of beams corresponds to the

respective antenna port.

10151} Beam identificr 730 may identify, for one or more spatial layers, a sct of beams

corresponding to the number of beams for reporting in the CSI report, where the set includes
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at least one non-zero-power beam for at least one of the one or more spatial layers. In some
cases, cach beam of the set of beams corresponds to a codeword of a codebook. Alternatively,
cach beam of the set of beams may correspond to a respective antenna port associated with a

given precoded reference signal.

10152} (S generator 735 may generate the CS1 report including beam coefficients for
cach of the at least one non-zero-power beam for each of the one or more spatial lavers and
an indicator of the at least one non-zero-power beam. In some cases, the C51 report further
includes an index of cach beam of the set of beams, each index corresponding to a beam
position in a codebook or to a reference signal position in the set of reference signals. In some
cases, the set of bits indicating the number (e.g., or set) of non-zero-power beams in the set of
beams inclades a power indicator bit for cach beam of the set of beams. In some cases, the
indicator includes a first set of bits indicating a first number (e.2., or set) of non-zero-power
beams for the first polarization and the second polarization for a first spatial layer of the one
or more spatial Iayers and a second set of bits indicating a sccond number {(e.g., or set) of
non-zero-power beams for the first polarization and the second polarization for a second
spatial layer of the one or more spatial layers. In some cases, each sct of bits includes a power
mndicator bit for each beam of the set of beams. 1n some cases, the mdicator includes a first
set of bits indicating a first pumber {e.g., or set} of non-zero-power beams in the set of heams
having the first polarization and a second set of bits indicating a second number {e.g., or st}
of non-zero-power beams in the set of beams having the second polarization, each non-zero-
power beam of the first mumber (o.g.. or set) of non-zero-power beams and each non-zero-
power beam of the second nurmber {e.g., or set} of non-zero-power bearas applying to each of

the one or more spatial layers.

[0153] In some cases, the first set of bits includes a power indicator bit for cach beam of
the set of beams over the first polarization and the second set of bits includes a power
indicator bit for each beam of the set of beams over the second polarization. In some cases,
the indicator inchudes a set of bits indicating a number {e.g., or set) of non-zero-power beams
in the set of beans, cach non-zero-power beam of the number (e.g., or set) of non-zero-power
beams applying to the first polarization and the second polarization on cach of the one or
more spatial layers. In some cases, each of the respective sets of bits includes a power
indicator bit for cach beam of the set of beams for a corresponding polarization and a
corresponding spatial layer. In some cases, the US! report further includes a RE In some

cases, the beam coefficients for each non-zero-power beam of the set of beams include a
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widehand beam amplitude, a subband beam amplitude, a subband beam phase, or a
combination thereof. In some cases, a reporting payload size of the beam coefficients for each
non-zero-power beam of the set of beams is based on the indicator. In some cases, the
ndicator includes a set of bits, and a size of the set of bits is based on the number of beams or
is fixed. In some cases, the one or more spatial Iayers includes a set of spatial layers, and the
indicator includes a respective set of bits indicating a respective number of non-zero-power
heams for cach of the first polarization and the second polarization for each of the set of

spatial layers.

10154] Comparator 840 may compare a weight of the at least one non-zero-power beam
for at least one of the one or more spatial layers and at least one of the first polarization or the
second polarzation to a threshold, where the at least one non-zero-power beam is identified

based on a result of the comparing.

[0155] Encoder 845 may jointly encode RI and the indicator. In some cases, the R and
the indicator are encoded separately. In some cases, the joint encoding includes one of
directly cascading the payload of the RI and the indicator or jointly quantizing the Rl and the
indicator. In some cases jointly quantizing the RI is based on a subsampling of at least one of
the RI or the indicator, or a lookup table of a combination of the RI and the indicator. In some

cases, the index of cach beam and the indicator are jointly encoded.

[0156] FIG, 8 shows a diagram of a system 800 including a device 305 that sapporis
techniques for non-zero-power beams in wireless systems in accordance with aspects of the
present disclosure. Device 805 may be an example of or include the components of wireless
device 505, wireless device 605, or a UE 115 as described above, e.g., with reference to
FiGs. 3 and 6. Device 805 may include 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, antenna 840, and 1O controller 845, These components may be in electronic
commmunication via one ot moore buses (e.z., bus 810). Device 805 may communicate

wirelessly with one or more base stations 105.

101571 Processor 8§20 may include an intelligent hardware device, {e.g., a general-purpose
processor, a DSP, a central processing unit (CPLU), a microcontroller, an ASIC, an FPGA, a
programmable logic device, a discrete gate or transistor logic component, a discrete hardware

component, of any combination thereot). In some casces, processor 820 may be configured {o
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operate a memory array using a meroory controller. In other cases, a memory controller roay
be integrated into processor 820. Processor 820 may be configured to execute computer-
readable instructions stored in a memory to perform various functions {¢.g., functions or tasks

supporting techniques for non-zero-power beams i wireless systerns).
supporting techniques for non-zero-power beams in wireless systems)

[3158] Memory 825 may include random access memory (RAM) and read only memory
{ROM). The memory 825 may store computer-readable, computer-executable software 830
inchuding instructions that, when executed, cause the processor to perform various 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 opcration such as

the interaction with peripheral components or devices.

101591 Software 830 may include code to implement aspects of the present disclosure,
inchuding code to support technigues for non-zero-power beams in wireless systems.
Software 830 may be stored in a non-transitory computer-readable mediom 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 compuier {e.g., when compiled and executed) to perform

functions described herein.

101601 Transceiver 835 may communicate bi-directionally, via one or more antenmas,
wired, or wireless links as described above. For example, the transceiver 8§35 may represent a
wireless ransceiver and may communicaie bi-directionally with another wireless transceiver.
The transceiver 835 may also include a modent to modulate the packets and provide the
modulated packets to the antennas for transmission, and to demodulate packets received from

the antennas.

[01s1] 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.

[0162] /G controller 845 may manage input and ountput signals for device 835. /O
controller 845 may also manage peripherals not integrated into device 805. In some cases, /O
controtler 845 may represent a physical connection or port to an external peripheral. In some
cases, /O controller 845 may utilize an operating system such as i05®, ANDROID®, M5-
DOS®, MS-WINDOWS®, O5/2®, 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, O controller 843 may be



WO 2019/028878 PCT/CN2017/097206
48

imaplemented as part of a processor. In some cases, a user may interact with device 803 via

1/G controller 845 or via hardware components controlled by /0 controller 843.

[0163] FIG. 9 shows a block diagram 900 of a wireless device 905 that supports
technigues for non-zero-power beams in wireless systems in 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 910, 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 (e.g., via

one or more buses).

10164} Receiver 910 may receive information such as packets, user data, or control

information associated with various information channels (¢.g., control channels, data

channels, and information related to techniques for non-zero-power bearos in wireless

systems, etc.). Information may be passed on to other components of the device. The receiver
Q

©10 may be an example of aspects of the transceiver 1235 described with reference to FIG.

12. The receiver 910 may utilize a single antenma or a set of antcnnas.

10165} Base station communications manager 915 may be an example of aspects of the
hase station cormnmunications managey 1215 described with reference to FIG. 12. Base station
communications manager 915 and/or at least some of 1ts 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
commurnications manager 915 and/or at least some of its various sub-compounents may be
executed by a general-purpose processor, a D8P, 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 functions described in the present disclosure.

[0166] The base station comumunications manager 915 and/or at least sorae 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, base station communications manager 915 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, base station
communications manager 915 and/or at [east some of its various sub-components may be

combined with one or more other hardware components, including but not limited to an VO
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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.

[0167] Base station communications manager 915 may transmit, to a UE, a configuration
indicating a number of beams to be reported in a CS1 report. Base station communications
manager 915 may transmit a set of reference signals. Base station communications manager
815 may receive the C51 report from the UE, where the CSI veport indicates a set of beams
corresponding to the number of beams for reporting in the CSI report, the CS1 report further
mcluding a set of beam coetficients for cach non-zero-power beam of the set of beams for
cach of one or more spatial layers and an indicator of at least one non-zero-power beam in the
set of beamns. Base station communications manager 915 may parse the set of beam

coetficicnts based on the indicator of the non-zero-power beams.

[0168] Transmitter 20 may transmit signals genevated by other components of the device.
In some examples, the transmitter 20 may be collocated with a receiver 10 in a fransceiver
module. For example, the transmitter 20 may be an example of aspects of the transceiver 35
described with reference to FIG. . The wransmitter 20 may utilize a single antenna or a set of

anfennas.

[0169] FIG. 19 shows a block diagram 1000 of a wireless device 1005 that supports
techniques for non-zero-power beams in wireless sysiems in accordance with aspects of the
present disclosure. Wireless device 1005 may be an example of aspects of a wircless device
1005 or a base station 103 as described above . Wireless device 1003 may inchude receiver
1010, base station communications manager 1015, and transmitter 1020, Wireless device
1003 may also include a processor. Each of these components may be in communication with

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

[6170] Receiver 1010 may receive information such as packets, user data, or control
mformation associated with various information channels (¢.g., control channels, data
channels, and information related to techniques for non-zero-power beams in wircless
systems, etc.). Information may be passed on o other components of the device. The receiver
1010 may be an example of aspects of the transceiver 1235 described with reference to FIG.

12. The receiver 1010 may utilize a single antenna or a set of antennas.

[6171] Base station communications manager 1015 may be an example of aspects of the

base station conununications manager 1215 described with reference to FIG. 12, Base station
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communications manager 1015 may also inchide configuration component 1025, reference

signal component 1030, CS1 report component 1035, and beam coefficient component 1040,

[0172] Configuration component 1025 may transmit, to a UE, a configuration indicating
a number of beams to be reported in a C31 report. In some cases, the configuration
componcent includes a riggering condition, where the CSI report is generated based on the
riggering condition. Configuration component 1025 may determine a format of the indicator
based at least in part on the triggering condition. Configuration component 1025 may
determine that the triggering condition is satisfied, wherein a format of the CSI report is
based at least in part on the determining whether the triggering condition is satisfied.
Configuration component 1025 may determine that the triggering condition is not satisfied,
wherein a format of a second CSI veport is based at least in part on the determining that the
triggering condition is not satisticd. In some cases, the set of reference signals is associated
with a first set of antenna ports for the first polarization and a second set of antenna ports for
the second polarization. In some cases, the first and second sets of antenna ports each include
a first number of antenna ports in a first direction and a sccond number of antenna potts in a
second direction. The first direction may he associated with a first oversaropling ratio and the
second direction may be associated with a second oversampling ratio. In some cases, the

configuration is transmitted via downlink control signaling.

[0173] Reference signal coraponent 1030 may transmit a set of reference signals. In some
cases, the set of beams applies to a first polarization and a second polarization. In some cases,
transmitting the set of reference signals includes transmitting a sct of non-precoded reference
signals, where cach beam of the set of heams corresponds to a codeword of a codebook. In
some cases, ransputting the set of reference signals inclodes transmitting a set of precoded
reference signals, each precoded reference signal corresponding to a respective antenna port,

where cach beam of the set of beams corresponds to the respective antenna port.

[6174] C51 report component 1035 may receive the CSI report from the UE, where the
CS1 report indicates a set of beams corresponding to the number of beams for reporting in the
CS1 report, the CS1 report further including a set of beam coefficients for each non-zero-
power beam of the set of beams for each of one or more spatial layers and an indicator of at
least one non-zero-power beam in the set of beains. In some cases, the Rl and the indicator
are encoded separately. Alternatively, the RI and the indicator may be jointly encoded. In

some cases, the joint encoding includes one of directly cascading the pavload of the Ri and
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the indicator or jointly quantizing the RI and the indicator. In some cases jointly quantizing
the R is based on a subsampling of at least one of the RI or the indicator, or a lookup table of
a combination of the R and the indicator. In some cases, the mdex of cach beam and the
indicator are jointly encoded. In some cases, the set of bits indicating the number of non-
zero-power beams in the set of beams includes a power indicator hit for each beam of the set

of beams.

[3175] i1 some cases, the CS1 report further inchudes an index of each beam of the set of
beams, each index corresponding to a beam position in a codebook or to a reference signal
position in the set of reference signals. In some cases, the set of hits indicating the number
{e.g.. or set) of non-zero-power beams in the set of beams includes a power indicator bit for
cach beam of the set of beams. In some cases, the indicator includes a first set of bits
indicating a first number (e.g., or set) of non-zero-power bears for the first polarization and
the sceond polarization for a first spatial layer of the one or more spatial layers and a second
set of bits indicating a second nomber {e.g., or set) of non-zerc-power beams for the first
polarization and the second polarization for a second spatial layer of the one or more spatial
tayers. In some cases, each set of bits inchudes a power indicator bit for each beam of the set
of bearns. In some cases, the indicator inchudes a first set of bits indicating a first number
{e.g., or set) of non-zero-power beams in the set of beams having the {ivst polarization and a
second set of bits indicating a second number {e.g., or set) of non-zero-power beams in the
set of beams having the second polarization, cach non-zero-power beam of the fivst number
{e.g., or set) of non-zero-power beams and each non-zero-power beam of the second number

{e.g., or set) of non-zero-power beams applying to each of the one or more spatial layers.

[0176] In some cases, the first set of bits includes a power indicator bit for cach bearn of
the set of beams over the first polarization and the second set of bits includes a power
indicator bit for cach beam of the set of beams over the second polarization. In some cases,
the indicator inchudes a set of bits indicating a number (e.g., or set) of non-zero-power beams
in the set of beams, cach non-zero-power beam of the number (e.g., or set} of non-zero-power
beams applying to the first polarization and the second polarization on each of the ong or
more spatial layers. In some cases, each of the respective sets of biis includes a power
indicator bit for cach beam of the set of beams for a corresponding polarization and a
corresponding spatial layer. In some cases, the CSI report further includes a RE In some
cases, the beam cocfficients for each non-zero-power beam of the sct of beams include a

wideband beam amplitude, a subband beam amplitude, a subband beam phase, or a



WO 2019/028878 PCT/CN2017/097206
52

combination thereof. In some cases, a reporting payload size of the beam coefficients for each
non-zero-power beam of the set of bearns is based on the indicator. In some cases, the
indicator includes a set of bits, and a size of the set of bits is based on the number of beams or
is fixed. In some cases, the one or more spatial layers includes a set of spatial layers, and the
indicator includes a respective set of hits indicating a respective mumber of non-zero-power
beams for each of the first polarization and the second polarization for each of the set of

spatial layers.

[6177] In some cases, a reporting payload size of the beam coefficients for each non-
zero-power beam of the sct of beams is based on the indicator. In some cases, the indicator
mnclodes a set of bits, and a size of the set of bits 1s based on the number of beams or is fixed.
In some cases, the CS1 report further includes an index of each beam of the set of beams,
cach index corresponding to a beam position in a codebook or to a reference signal position

in the set of reference signals.

[0178] Beam coetficient component 1040 may parse the set of beam coefficients based
on the indicator of the non-zero-power beams. In some cases, the beam cocfficients for each
non zero-power beam of the subset include a wideband beam araplitude, a subband beam

amplitude, a subband beam phase, or a combination thereof.

[0179] Transmitter 1020 may transmit signals generated by other components of the
device. In some examples, the transmitter 1020 may be collocated with a receiver 1010in a
transceiver module, For example, the ransmitier 1020 may be an example of aspects of the
transceiver 1235 described with reference to FIG. 12. The transmitter 1020 may utilize a

single antenna or a set of anlennas.

[0180] FIG. 11 shows a block diagram 1100 of a base station communications manager
1115 that supports techniques for non-zero-power beams in wireless systems in accordance
with aspects of the present disclosure. The base station comamunications manager 1115 may
be an example of aspects of a base station communications manager 1215 described with
veference to FiGs. 9, 10, and 12. The base station communications manager 1115 may
include configuration component 1124, reference signal component 1125, CSI report

component 1130, and beam coefficient component 1135. Each of these modules may

communicate, directly or indirectly, with one another (e.g., via one or more buses).

(0181} Configuration component 1125 may transmit, to a UE, a configuration indicating

a number of beams to be reported in a CS] report. In some cases, the configuration
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component includes a triggering condition, where the CSI report is generated based on the
triggering condition. Configuration component 1125 may determine a format of the indicator
based at least in part on the triggering condition. Configuration component 1125 may
determine that the triggering condition is satisfied, wherein a format of the CSI report is
based at least in part on the determining whether the triggering condition is satisfied.
Configuration component 1125 may determine that the triggering condition is not satistied,
wherein a format of a second TS5 report is based at least in part on the determining that the
triggering condition is not satisfied. In some cases, the set of reference signals 1s associated
with a first set of antenna ports for the first polarization and a sccond set of antenna ports for
the second polarization. In some cases, the first and second sets of antenna ports each include
a first nurober of antenna ports in a fivst direction and a second number of antenna ports in a
second direction. The first direction may be associated with a first oversampling ratio and the
second direction may be associated with a second oversampling ratio. In some cases, the

configuration is transmitted via downlink control signaling.

[0182] Reference signal component 1130 may transmit a set of reference signals. In some
cases, the set of bearns applies to a first polarization and a second polarization. In some cases,
transmitting the set of reference signals includes transmitting a set of non-precoded reference
signals, where each beam of the set of beams corresponds to a codeword of a codebook. In
some cases, transmitting the set of refercnce signals includes transmitting a set of precoded
reference signals, each precoded reference signal corresponding to a respective antenna port,

where each beam of the set of beams corresponds to the respective antenna port.

[0183] CS1 report component 1135 may receive the CS1 report from the UE, where the
CS1 report indicates a set of beams corresponding to the number of beams for reporting in the
CS1 report, the CSI report further including a set of beam coefficients for each non-zero-
power bear of the set of beams for each of one or more spatial layers and an indicator of at
feast one non-zero-power beam in the set of beams. In some cases, the Rl and the indicator
are encoded separately. Alternatively, the RI and the indicator may be jointly encoded. In
some cases, the joint encoding includes one of divectly cascading the payload of the Rf and
the indicator or jointly quantizing the Rl and the indicator. In some cases jointly quantizing
the RI is based on a subsampling of at least one of the RI or the indicator, or a lockup table of
a combination of the RI and the indicator. In some cases, the index of each beam and the

indicator are jointly cncoded. In some cases, the set of bits indicating the number of non-
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zero-power beams in the set of bearns includes a power indicator bit for each heam of the set

of beains.

[0184] In some cases, the CSI report further includes an index of each beam of the set of
bearms, cach index corresponding to a beam position in 2 codebook or (o a reference signal
position in the set of reference signals. In some cases, the set of bits indicating the number
{e.g., or set) of non-zero-power beams in the set of beams includes a power indicator bit for
each beam of the set of beams. In some cases, the indicator includes a first set of bits
indicating a first number (e.g., or set) of non-zero-power beams for the first polarization and
the second polarization for a first spatial layer of the one or more spatial layers and a second
set of bits indicating a second number (e.g., ot set) of non-zero-power beams for the first
polarization and the second polarization for a second spatial layer of the one or more spatial
layers. In some cascs, each set of bits includes a power indicator bit for cach beam of the set
of beams. In some cases, the indicator inclades a first set of bits indicating a first number
{e.g., or set) of non-zero-power beams in the set of beams having the first polarization and a
second set of bits indicating a second number {e.g., ot scf} of non-zero-power beams in the
sct of beams having the second polarization, each non-zero-power beam of the first number
{e.g.. or set) of non-zero-power beams and each non-zero-power beam of the second number

{e.g., or set) of non-zero-power beams applying to cach of the one or more spatial layers.

[6185] In some cases, the first set of bits inchides a power indicator bit for each beam of
the set of beams over the first polarization and the second set of bits includes a power
indicator bit for each beam of the set of beams over the second polarization. In some cases,
the indicator includes a set of bits indicating a nuraher {e.g., or set) of non-zero-power bearos
in the set of beams, each non-zero-power beam of the number {e.g., or set) of non-zero-power
beams applying to the first polarization and the second polarization on cach of the onc or
more spatial layers. In some cases, each of the respective sets of bits includes a power
indicator bit for each beam of the set of beams for a corresponding polarization and a
corresponding spatial layer. In some cases, the C51 report further includes a RI In some
cases, the beam coefficients for each non-zero-power bearn of the set of beams include a
wideband beam amplitude, a subband beam amplitude, a subband beam phase, or a
combination thereof. In some cases, a reporting payload size of the beam coefficients for each
non-zero-power beam of the sct of beams is based on the indicator. In some cases, the
indicator includes a set of bits, and a size of the set of bits is based on the number of beams or

is fixed. In some cases, the one or more spatial lavers includes a set of spatial layers, and the
18 Bix y 3
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indicator includes a respective set of bits indicating a respective number of non-zero-power
beams for cach of the first polarization and the second polarization for each of the set of

spatial layers.

[0186] In some cases, a reporting payload size of the beam coefficients for each non-
zero-power beam of the set of beams is based on the indicator. In some cases, the indicator
inchides a set of hits, and a size of the set of bits 1s based on the number of beams or 15 fixed.
In some cases, the TSI report further inclodes an index of each beam of the set of beams,
cach index corresponding to a beam position in a codebook or to a refercnce signal position

in the set of reference signals.

101871 Beam coefficient component 1140 may parse the set of beam coetficients based
on the indicator of the non-zero-power beams. In some cases, the beam cocfficients for each
non zero-power beam of the subset include a wideband beam amplitude, a subband beam

amplitude, a subband beam phase, or a combination thereof.

[0188] FIG. 12 shows a diagram of a systern 1200 including a deviee 12035 that supports
technigues for non-zero-power beams in wireless systems in accordance with aspects of the
present disclosure. Davice 1205 may be an example of or include the components of base
station 105 as described above, ¢.g., with reference to FIG. 1. Device 1205 may include
components for hi-directional voice and data communications inchiding components for
transitting and receiving conmumunications, including base station communications manager
1215, processor 1220, memory 1223, software 1230, transceiver 1235, antenna 1240,
network communications manager 1245, and inter-station communications manager 1250.
These components may be in electronic commmunication via one or more buses {e.g., bus

1210}). Device 1205 may communicate wirelessly with one or more UEs 115,

[0189] Processor 1220 may include an intelligent hardware device, {e.g., a general-
purpose processor, a DSP, a CPU, a microcontroller, an ASIC, an FPGA, a programmable
logic device, a discrete gate or transistor logic component, a discrete hardware component, or
any combination thereof). In some cases, processor 1220 may be configured to operate a
MEemory mray using a memory controller. In other cases, a memory controller may be
integrated into processor 1220. Processor 1220 may be configured to execute computer-
readable instructions stored in a memory to perform various functions {e.g., functions or tasks

supporting techniques for non-zero-power beams in wireless systems).
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[0194] Memory 1225 may include RAM and ROM. The memory 1225 may store
computer-readable. computer-executable software 1230 including tustructions that, when
executed, cause the processor to perform various functions described berein. In some cases,
the memory 1225 may contain, among other things, a BIOS which may control basic
hardware or software operation such as the interaction with peripheral components or

devices.

(6191} Software 1230 may include code to implement aspects of the present disclosure,
including code to support techniques for non-zero-power beams in wireless systems.
Software 1230 may be stored in a non-transifory computer-readable medium such as system
memory or other memory. In some cases, the software 1230 may not be divectly executable
by the processor but may cause a computer (e.g., when compiled and executed) to perform

tunctions described herein.

[6192] Transceiver 1235 may communicate bi-directionally, via one or more antennas,
wired, or wireless links as described above. For example, the transceiver 1235 may represent
a wircless transceiver and may communicate bi-directionally with another wircless
transceiver. The transceiver 1235 may also include a modem to modulate the packets and
provide the modulated packets to the antennas for transmission, and to demodulate packets
received from the antennas. In some cases, the wireless device may include a single antenna
12490. However, in some cascs the device may have more than one antenna 1240, which may

be capable of concwrently fransmitting or receiving multiple wireless transmissions.

[0193] Network comrnunications manager 1245 may manage coramunications with the
core network {e.g., via one or more wired backhaul inks}). For example, the network
commumications manager 1245 may manage the transfer of data communications for client

devices, such as one or more UEs 115,

(0194} Inter-station communications manager 1250 may manage communications with
other base station 105, and may include a controller or scheduler for controlling
communications with Uls 115 in cooperation with other base stations 105. For example, the
inter-station conumunications manager 1250 may coordinate scheduling for transmissions o
UEs 115 for various interference mitigation technigues such as beamforming or joint
transmission. In some examples, inter-station communications manager 1250 may provide an
X2 interface within an LTE/LTE-A wireless communication network technology to provide

commuiication between base stations 105.
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[0195] FIG. 13 shows a flowchart ilhustrating a method 1300 for techniques for non-zero-
power beams in wireless systems in accordance with aspects of the present disclosare. The
operations of method 1300 may be implemented by 2 UE 113 or its components as described
hercin. For example, the operations of method 1300 may be performed by a UE
comrmunications manager as described with reference to FIGs. 5 through &. In some
examples, a UE 115 may execute a set of codes to control the functional clements of the
device to perform the functions described below. Additionally or aliernatively, the UE 115

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

10196] At block 1305 the UE 115 may receive a configuration indicating a number of
beams to be reported in a CS1 report. The operations of block 1305 may be performed
according to the methods described herein. In certain examples, aspects of the operations of
block 1305 may be performed by a configuration component as described with reference to

FiGs. 3 through 8.

[6197] At block 1310 the UE 115 may receive a set of reference signals. The operations
of block 1310 may be performed according to the methods described herein. In certain
examples, aspects of the operations of block 1310 may be performed by a reference signal

componcnt as described with reference to Fi(Gs. 5 through 8.

[0198] At block 1315 the UE 115 may identify, for one or move spatial iayers (e.g., and
one or more polarizations), a set of beams corresponding to the number of beams for

reporting in the CS1report, wherein the set of beams comprises at least one non-zero-power
beam. The operations of block 1315 may be performed according to the methods described
herein. In certain examples, aspects of the operations of biock 1315 may be performed by a

beam identifier as described with reference to FIGs. 5 through &.

[6199] At block 1320 the UE 115 may generate the C51 report comprising beam
coefficients for cach of the at least one non-zero-power beam for cach of the one or more
spatial layers (¢.g., and cach of the one or more polarizations) and an indicator of the at least
one non-zero-power beam. The operations of block 1320 may be performed according to the
methods described herein. In certain examples, aspects of the operations of block 1320 may

be performed by a CSI generator as described with reference to FEGs. 3 through 8.

[02040] At block 1325 the UE 115 may transmit the CSi report. The operations of block

1325 may be performed according to the methods described herein. In certain examples,
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aspects of the operations of block 1325 may be performed by a transmitter as described with

reference to FIGs. 5 through &.

[0201] FiG. 14 shows a flowchart illustrating a method 1400 for techniques for non-zero-
power beams in wireless systems in accordance with aspects of the present disclosure. The
operations of method 1400 may be implemented by a base station 105 or its components as
described herein. For example, the operations of method 1400 may be performed by a base
station communications manager as described with reference to FIGs. § through 12. In some
cxamples, a base station 105 may executc a set of codes to 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.

[0202] At block 1405 the base station 105 may transmit, to a user equipment (UE), a
configuration indicating a mumber of beams to be reported in a channel state information
{CSI} report. The operations of block 1405 may be performed according to the methods
described herein. In certain examples, aspects of the operations of block 1405 may be

performed by a configuration component as described with reference to FIGs. 9 through 12.

102031 At block 1410 the base station 105 may ransmit a set of reference signals. The
operations of block 1410 may be performed according to the methods described herein. In
certain examples, aspects of the operations of block 1410 may be performed by a reference

signal component as described with reference to FIGs. 9 through 12.

[0204] At block 1415 the base station 105 may receive the C51 report from the UE,
wherein the CS1 report indicates a set of beams corresponding to the number of beams for
reporting in the CS1 report, the TSI report further coraprising a set of beam coefficients for
cach non-zero-power beam of the set of beams for each of one or more spatial layers {e.g.,
and each of one or more polarizations) and an indicator of at least one non-zero-power beam
in the set of beams. The operations of block 1415 may be performed according to the
methods described herein. In certain examples, aspects of the operations of block 1415 may
be performed by a CS1 report component as described with reference to FIGs. 9 through 12.
[0205] At block 1420 the base station 103 may pars the set of beam coefficients based at

least in part on the indicator of the non-zero-power beams. The operations of block 1420 may

be performed according to the methods described herein. In certain examples, aspects of the
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operations of block 1420 may be performed by a beam coefficient corponent as described

with reference to FI(3s. 9 through 12.

[0206] it should be noted that the methods described above describe possible
tmplementations, and that the operations and the steps may be rearvanged or otherwise
wodified and that other implementations are possible. Further, aspects from two or more of

the methods may be combined.

[6267] Techniques described herein may be used for various wireless communications
systems such as code division multiple access (CDMA), tirne division multiple access
(TDMA), frequency division mulaple access (FDMA), orthogonal frequency division

wltiple access (OFDMA), single carrier frequency division mulitiple access (SC-FDMA),
and other systems. A COMA system may implement a radio technology such as CDMAZ009,
Universal Terrestrial Radio Access (UTRA}Y, ete. CDMA2000 covers {5-2000, I5-95, and 1S-
856 standards. I5-2000 Releases may be commonly referved to as CDMAZO00 IX, 1X etc.
IS-856 (TIA-856) is commonly referred to as COMAZ2000 1xEV-DO, High Rate Packet Data
(HRPD), etc. UTRA includes Wideband CDMA (WCDMA) and other varianis of CDOMA. A
TDMA system may implement a radio technology such as Global System for Mobile

Communications {(GSM).

[0208] An OFDMA system may implement a radio technology such as Ultra Mobile
Broadband (UMB), Evolved UTRA (E-UTRA), Institute of Electrical and Electronics
Engincers (IEEE) 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM, etc.
UTRA and E-UTRA are part of Universal Mobile Telecornmunications 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 Partnership Project” (3GFP). COMA2000 and UMB are described in documents
from an organization named “3rd Generation Partnership Project 27 (3GPP2). The techniques
described herein may be used for the systems and radio technologies mentioned above as well
as other systems and radio technologics. While aspects of an LTE or an NR systcm may be
described for purposes of exarmople, and LTE or NR terminology may be used in much of the
description, the technigues described herein are applicable beyond LTE or NR applications.
1020491 A macro cell generally covers a relatively large geographic arca (e.g.. several
kilometers in radius) and may allow umrestricted aceess by UEs 115 with service

subscriptions with the network provider. A small cell may be associated with a lower-
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powered base station 105, as compared with a macro cell, and a small cell may operate in the
same or different {e.g., licensed, unlicensed, etc.} frequency bands as macro cells. Small cells
may include pico cells, femto cells, and micro cells according to various examples. A pico
cell, for example, may cover a small geographic area and may allow unrestricted access by
UEs 115 with service subscriptions with the network provider. A femto cell may aiso cover a
small geographic area (e.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), UHs 115
for users in the home, and the like). An eNB for a macro cell may be referred to as a macro
cNB. An ¢NB for a small cell may be referred to as a small cell eNB, a pico eNB, a fomto
eNNB, or a home eNB. An cNB may support one or multiple (e.g., two, three, four, and the

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

102191 The wireless communications system 100 or systems described herein may
support synchronous or asynchronous operation. For synchronous operation, the base stations
165 may have similar frame timing, and transmissions from different base stations 103 may
be approximately aligned in time. For asynchronous operation, the base stations 105 may
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.

(0211} Information and signals described herein may be represented asing any of a
variety of different technologies and technigues. For example, data, instructions, commands,
information, signals, bits, symbols, and chips that may be referenced throughout the above
description may be represented by voltages, currents, clectromagnetic waves, magnetic fields

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

[6212] The various tlustrative blocks and modules described in connection with the
disclosure herein may be tmplemented or perforrmed with a general-purpose processor, a
digital signal processor (DSP), an application-specific integrated circuit (ASIC), a field-
programimable gate array {FPGA) or other programmable logic device (PLDY), 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
microprocessor, but in the alternative, the processor may be any conventional processor,
controller, microcontrolier, or state machine. A processor may also be implemented as a

combination of coraputing devices {e.g., a combination of a DSP and a microprocessor,
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multiple microprocessors, o1e O IOTe MICTOProcessors in conjunction with a DAP core, or

any other such configuration).

[0213] The functions described herein may be implemented in hardware, software
executed by a processor, finnware, or any combination thereof. If implemented in software
executed by a processor, the functions may be stored on or transmitted over as ong or more
instroctions or code on a computer-readable mwedium. Gther examples and implementations
are within the scope of the disclosure and appended claims. For example, due to the natore of
software, functions described above can be implemented using softwarce cxecuted by a
processor, hardware, firmware, hardwiring, 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.

[0214] Computer-readable media includes both non-transitory computer storage media
and comununication media inchuding any medinm that facilitates transfer of a computer
program from one place to another. A non-transitory storage medium may be any available
medium that can be accessed by a general purpose or special purpose computer. By way of
example, and not limitation, non-transitory computer-readable media may comprise random-
access memory (RAM), read-only memory (ROM), elecirically erasablc programmable read
only memory (EEPROM), flash memory, compact disk (CDD) ROM or other optical disk
storage, magnetic disk storage or other magnetic storage devices, or any other non-transitory
medium that can be used to carry or store desired program code means in the form of
instructions 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 medivm. For example, if the software is transmitted
from a website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (IDSL), or wircless technologics such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies such as infrared, radio, and microwave are included in the definition of medium.
Disk and disc, as used herein, inciude CD, laser disc, optical disc, digital versatile disc
(DVD), floppy disk and Blu-ray disc where disks usually reproduce data magnetically, while
discs reproduce data optically with lasers. Combinations of the above are also included within

the scope of computer-readable media.
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[6215] As used herein, including in the claims, “or” as used in a list of ttems (e.g., a list
of items prefaced by a phrase such as “at least one of” or “one or more of”) indicates an
inclusive list such that, for example, a list of at least onc of A, B, or Cmeans Aor Bor Cor
AB or ACor BC or ABC (i.e, A and B and O). 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 is described as “bascd on condition A” may be based on both a condition A and a
condition B without departing from the scope of the present disclosure. In other words, as
used herein, the phrase “based on” shall be construed in the same manner as the phrase

“based at least in part on.”

[0216] In the appended figures, sirnilar 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
simailar coroponents. I 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 veference label

irrespective of the second retference label, or other subsequent reference label

[6217] The description set forth herein, in connection with the appended drawings,
describes cxample configurations and does not represent all the examples that may be
implemented or that are within the scope of the claims. The term “exerplary” used herein
means “serving as an example, instance, or ithistration,” and not “preferved” or
“advantageous over other examples.” The detailed description mncludes specific details for the
purpose of providing an understanding of the described techniques. These techniques,
however, may be practiced without these specific details. In some instances, well-known
structures and devices are shown in block diagram form in ovder to avoid obscuring the

concepts of the described examples.

[0218] The description herein is provided to enable a person skilled in the art to make or
usc 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 variations
without departing from the scope of the disclosure. Thus, the disclosure is not limited to the
exarmples 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 ciaimed is:
1. A method tor wireless communication, comprising:

receiving a configuration indicating a nurmber of bearos to be reported ina
channel state information (CS) report;

receiving a set of reference signals;

identifying, for one or more spatial layers, a set of beams corresponding to the
nurober of beams for reporting in the U8 report, wherein the set of bearns comprises at least
one non-zero-power beam;

generating the U5 report comprising beam coetficients for each of the at least
one non-zero-power beam: for cach of the one or more spatial layers and an indicator of the at
least one non-zero-power bheam; and

transmitting the CS report.

2. The method of clairm 1, whercin identifving the set of beams
comprises:
identifying the at least one non-zero-power beam for at least one of a first

polarization and a second polarization for the one or more spatial layers.

3. The method of claim 2, wherein the tndicator comprises a set of bits
indicating a number of non-zero-power beams in the set of beams, each non-zero-power
beam of the number of non-zero-power bears applying to the first polarization and the

second polarization on each of the one or more spatial layers,

4. The method of claim 2, wherein the indicator comprisces a set of bits
indicating a sct of non-zero-power beams in the set of beams, cach non-zero-power beam of
the set of non-zero-power beams applying to the first polarization and the second polarization

on cach of the one or more spatial layers.

5. The method of claim 4, wherein the set of bits indicating the set of
non-zero-powet beams in the set of beams comprises a power indicator bit for each beam of

the set of non-zero-power beams.
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. The method of claim 2, wherein the indicator comprises a first set of
bits indicating a first nurnbher of non-zero-power beams for the first polarization and the
second polarization for a first spatial layer of the one or more spatial layers and a second set
of bits indicating a sccond number of non-zero-power beams for the first polarization and the

second polarization for a second spatial layer of the one or more spatial layers.

7. The method of claim 2, wherein the indicator comprises a first set of
bits indicating a first set of non-zero-power beams for the first polarization and the second
polarization for a first spatial layer of the one or more spatial fayers and a second set of bits
indicating a second set of non-zero-power beams for the first polarization and the second

polarization for a second spatial layer of the one or moore spatial layers.

8. The method of claim 7, wherein each set of bits comprises a power

indicator bit for cach beam of the set of non-zero-power bearms.

9. The method of claimm 2, wherein the indicator comprises a first set of
bits indicating a first number of non-zero-power beams in the set of beams having the first
polarization and a second set of bits indicating a second number of non-zero-power beams in
the set of bearmns having the second polarization, cach non-zero-power beam of the first
number of non-zero-power beams and each non-zero-power beam of the second number of

non-zero-power beams applying to each of the one or more spatial layers.

16. The method of claim 2, wherein the indicator comprises a first set of
bits indicating a first set of non-zero-power beams in the set of beams having the first
polarization and a second set of bits indicating a second sct of non-zero-power beams in the
set of beams having the second polarization, each non-zero-power heam of the first set of
non-zero-power beams and each non-zerg-power beam of the second set of non-zero-power

beams applying to cach of the onc or more spatial layers.

i1 The method of claim 10, wherein the first set of bits comprises a power
indicator bit for each beam of the set of non-zero-power beams over the first polarization and
the second set of hits comprises a power indicator bit for each beam of the set of non-zero-

power heams over the second polarization.
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12 The method of claim 2, wherein the one or more spatial layers
compriscs a plurality of spatial layers, and wherein the indicator comprises a respective set of
bits indicating a respective number of non-zero-power beams for each of the first polarization

and the second polarization for cach of the plurality of spatial layers.

13. The method of claim 2, wherein the one or more spatial layers
compriscs a plurality of spatial layers, and wherein the indicator compriscs a respective set of
bits indicating a respective set of non-zevo-power beams for each of the first polarization and

the second polarization for each of the plurality of spatial layers.

14 The method of claim 13, wherein each of the respective sets of bits
comprises a power indicator bit for each beam of the set of non-zero-power beams tor a

corresponding polarization and a corresponding spatial layer.

5. The method of any of claims 2-14, wherein the set of reference signals
are associated with a first set of antenna ports for the first polarization and a second set of

antenna ports for the second polarization.

16. The method of claim 15, wherein the fivst and second sets of antenna
ports each comprise:

a first number of antenna poris in a first direction, the first number of antenna
ports being associated with a first oversampling ratio; and

a second mumber of antenna ports in a second direction, the second number of

antenna ports being associated with a second oversampling ratio..

i7. The method of any of claims 2-16, further comprising:

comparing a weight of the at least one non-zero-power beam for at least one of
the one or more spatial layers and at feast onc of the first polarization or the second
polarization to a threshold, wherein the at least one non-zero-power beam is identified based

at feast in part on a result of the comparing.

8. The method of any of claims 1-17, wherein the CSI report further

comprises a rank indication (RI).

1%, The method of claim 18, wherein the RI and the indicator are encoded

scparately.
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0. The method of claim 18, wherein the RI and the indicator are jointly
encoded, the joint encoding comprising one of:
directly cascading the payload of the RI and the indicator; or

jointly quantizing the Rl and the indicator.

21 The method of claim 20, wherein jointly quantizing the RI is based at
least in part on:
a subsampling of at least one of the R or the indicator; or

a lookup table of a combination of the RY and the indicator.

22. The method of any of claims 1-21, wherein the beam coefficients for
cach non-zero-power beam of the set of beams comprise a wideband beam amplitude, a

subband beam amplitude, a subband beam phase, or a combination thercof.

23 The method of any of claims 1-22, wherein a reporting payioad size of
the beam coefficients for cach non-zero-power beam of the set of beams is based at least in

part on the indicator.

24 The method of any of claims §-23, wherein the configuration is
received via radio resource control {RRC) signaling, a medium access control (MAC) control
clement (CE), or downlink control signaling, the configuration further comprising a reporting

setting.

25, The method of any of claims 1-24, wherein the indicator compriscs a
set of bits, and wherein a size of the set of bits is based at least in part on the number of

beams or is fixed.

26. The method of any of claims 1-25, wherein the CSI veport further
comprises an index of each beam of the set of beams, each index corresponding to a beam

position in a codebook or to a refercnce signal position in the set of reference signals.

27. The method of claim 26, wherein the index of each beam and the

indicator are jointly encoded.

28 The method of any of claims 1-27, wherein receiving the set of

reference signals comprises:
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receiving a set of non-precoded reference signals, wherein each beam of the

sct of beams corresponds to a codeword of a codebook.

29 The method of any of claims 1-27, wherein receiving the set of
reference signals comprises:

receiving a set of precoded reference signals, cach precoded reference signal
corresponding to a respective antenna port, wherein each beam of the set of beams

corresponds to the respective antenna port.

36. The method of any of claims {-29, wherein the configuration further
comprises a triggering condition, and wherein the CSI report is generated based at least in

part on the friggering condition.

31 The method of claim 30, further comprising:
determining a format of the indicator based at least in part on the triggering

condition.

32. The method of claim 30, further comprising:
determining that the triggering condition is satisfied, wherein a format of the
CS1report is based at least in part on the determining whether the triggering condition is

satisfied.

33. The method of any of claims 30-32, further comprising:
determining that the triggering condition is not satisfied, wherein a format of a
second CSI report is based at least in part on the determining that the triggering condition is

not satisfied.

34. A method for wireless communication, comprising:

transmitting, to a user equipment (UE), a configuration indicating a mumber of
beams to be reported in a channel state information (CSI) report;

fransmitting a set of refercnce signals;

receiving the CSI report from the UE, wherein the TSI report indicates a set of
beams corresponding to the nurmnber of beams for reporting in the CS1 report, the CS1 report
further comprising a set of beam coefficients for each non-zero-power beam of the set of
beams for each of one or more spatial layers and an indicator of at least one non-zero-power

beam in the set of beams; and
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10 parsing the set of beam coefficients based at least in part on the indicator of
i1 the non-zero-power bearns.
i 35. The method of claim 34, wherein the set of beams applies to a first
2 polarization and a second polarization.
1 36. The method of claim 35, wherein the indicator comprises a set of bits
2 indicating a number of non-zero-power bears in the set of beams, cach non-zero-power
3 beam of the mumber of non-zero-power beams applying to the first polarization and the
4 second polanzation on each of the one or more spatial layers.
i 37 The method of claim 35, wherein the indicator comprises a set of bits
2 indicating a set of non-zero-power beams in the set of beams, each non-zero-power beam of
3 the set of non-zero-power bearms applying to the first polarization and the second polarization
4 on cach of the one or more spatial layers.
1 38. The method of claim 37, wherein the set of bits indicating the set of
2 non-zero-power beams in the set of beams comprises a power indicator hit for cach beam of
3 the set of non-zero-power beams.
i 39. The method of claim 35, wherein the indicator comprises a first set of
2 bits indicating a first number of non-zero-power beams for the first polarization and the
3 second polarization for a first spatial layer of the one or more spatial layers and a second set
4  of bits indicating a second number of non-zero-power beams for the first polarization and the
5 sccond polarization for a second spatial layer of the one or more spatial layers.
i 44, The method of claim 35, wherein the indicator comprises a first set of
2 bits indicating a first set of non-zero-power beams for the first polarization and the second
3 polarization for a first spatial layer of the one or more spatial layers and a second set of bits
4  indicating a second set of non-zero-power beams for the first polarization and the second
5 polarization for a second spatial layer of the one or more spatial layers.
i 41. The method of claim 40, wherein each set of bits comprises a power
2 indicator bit for each beam of the set of non-zero-power beams.
1 42 The method of claim 35, wherein the indicator comprises a first set of

2 bits indicating a first number of non-zero-power beams in the set of beams having the first
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polarization and a second set of bits indicating a second murnber of non-zero-power beams in
the set of beams having the second polarization, cach non-zero-power beam of the first
number of non-zero-power beams and cach non-zero-power beam of the second number of

non-zero-power beams applying to cach of the one or more spatial layers.

43. The method of claim 35, wherein the indicator compriscs a first set of
bits indicating a first set of non-zero-power beams in the set of beams having the first
polarization and a second set of bits indicating a second set of non-zero-power beams in the
sct of beams having the second polarization, each non-zero-power heam of the first set of
non-zero-power beams and each non-zero-power beam of the second set of non-zero-power

bearns applying to cach of the one or more spatial layers.

44 The method of claim 43, wherein the first set of bits comprises a power
indicator bit for each beam of the set of non-zero-power beams over the first polarization and
the second set of bits comprises a power indicator hit for each beam of the sct of non-zero-

power beams over the second polarization.

45, The method of clamn 35, wherein the one or more spatial layers
cormprises a plurality of spatial layers, and wherein the indicator comprises a vespective set of
bits indicating a respective number of non-zero-power beams for cach of the first polarization

and the second polarization for cach of the plurality of spatial layers,

46. The method of claim 35, wherein the one or more spatial layers
comprises a plurality of spatial layers, and wherein the indicator comprises a respective set of
bits indicating a respective set of non-zero-power beams for each of the first polarization and

the second polarization for each of the plurality of spatial layers.

47. The method of claim 46, wherein each of the respective sets of bits
comprises a power indicator bit for each beam of the set of non-zero-power bears for a

corresponding polarization and a corresponding spatial layer.

48. The method of any of claims 35-47, wherein the set of reference
signals are associated with a first set of antenna ports for the first polarization and a second

set of antenna ports for the second polarization.
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4% The method of claim 48, wherein the first and second sets of antenna
ports each comprise:

a first number of antenna ports in a first divection, the first number of antenna
ports being associated with a first oversampling ratio; and

a sccond number of antenna ports in a second direction, the second number of

antenna ports being associated with a second oversampling ratio.

50. The method of any of claims 34-49, wherein the C51 report further

comprises a rank indication {R).

51 The method of claim 50, wherein the RI and the indicator are encoded

scparately.

52. The method of claim 50, wherein the RI and the indicator are jointly
encoded, the joint encoding comprising onc of:
dircctly cascading the payload of the RI and the indicator; or

joindy guantizing the RI and the indicator.

53 The method of claim 52, wherein jointly quantizing the R is based at
least in part on:
a subsampling of at least one of the R or the indicator; or

a lookup table of a combination of the Ri and the indicator.

54. The method of any of claims 34-53, wherein the beam coefficients for
each non zero-power beam of the subset comprise a wideband beam amplitude, a subband

bearn amplitude, a subband beam phase, or a combination thereof.

35 The method of any of claims 34-34, wherein a reporting payload size
of the beam coetfficients for each non-zero-power beam of the sct of beams is based at least in

part on the indicator.

36. The method of any of claims 34-55, wherein the configuration is
transmitted via downlink control signaling, the configuration further comprising a reporting

setting.
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57. The method of any of claims 34-56, wherein the indicator comprises a
set of bits, and wherein a size of the set of bits is based at least in part on the number of

beams or is fixed.

58. The method of any of claims 34-57, wherein the CS1 report further
comprises an index of each beam of the set of beams, each index corresponding to a beam

position in a codebook or to a refercnce signal position in the set of reference signals.

59, The method of claim 58, wherein the index of each beam and the

indicator are jointly cncoded.

6.  The method of any of claims 34-59, wherein transmitting the set of
reference signals comprises:
fransmiiting a set of non-precoded reference signals, wherein each beam of the

set of beams corresponds to a codeword of a codebook.

61. The method of any of claims 34-59, wherein transmitting the set of
reference signals comprises:

franamitting a set of precoded reference signals, ecach precoded reference
signal corresponding to a respective antenna port, wherein each beam of the set of beams

corresponds to the respective antenna port.

62. The method of any of claims 34-61, wherein the configuration further

compriscs a triggering condition.

63. The method of claim 62, further comprising:
determining a format of the indicator based at least in part on the friggering

condition.

64. The method of claim 62, further comprising:
determining that the triggering condition is satisfied, wherein a format of the
CH1report is based at least in part on the determining whether the triggering condition is

safisfied.

65, The method of any of claims 62-64, further comprising:

PCT/CN2017/097206
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determining that the triggering condition is not satisfied, wherein a format of a
second CSE report is based at least in part on the determining that the triggering condition is

not satisfied.

66. An apparatus for wireless communication, comprising:

means for receiving a configuration indicating a number of bearas to be
reported n a channel state nformation (CSD) report;

means for receiving a set of reference signals;

means for identifying, for one or more spatial layers, a sct of beams
corresponding to the number of beams for reporting in the CSI report, wherein the set of
bearns comprises at least one non-zero-power beam;

means for gencrating the CSI report comprising beam coefficients for each of
the at least one non-zero-power beam for each of the one or more spatial layers and an
indicator of the at least one non-zero-power beam; and

means for transmitting the CSI report,

67. The apparatus of claim 67, wherein the means for identifying the set of
beams identifics the at least one non-zero-power beam for at least one of a first polarization

and a second polarization for the one or more spatial layers,

68, The apparatus of claim 67, whercin the indicator comprises a set of bits
indicating a mumber of non-zero-power beams in the set of beams, each non-zero-power
beam of the mimber of non-zero-power beams applying to the first polarization and the

second polarization on each of the onc or more spatial layers.

6%, The apparatus of claim 67, wherein the indicator comprises a set of bits
indicating a sct of non-zero-power beams in the set of beams, each non-zero-power beam of
the set of non-zero-power bearns applying to the first polarization and the second polarization

on each of the one or more spatial layers.

76. The apparatss of claim 69, wherein the set of bits indicating the set of
non-zero-power beams in the set of beams comprises a power indicator bit for cach beam of

the set of non-zero-power bearns.

71 The apparatus of claim 67, wherein the indicator comprises a first set

of bits indicating a first number of non-zero-power bears for the first polarization and the
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second polarization for a fivst spatial layer of the one or more spatial layers and a second set
of bits indicating a second number of non-zero-power beams for the first polarization and the

seccond polarization for a second spatial layer of the one or more spatial lavers.

72 The apparatus of claim 67, wherein the indicator comprises a first set
of bits indicating a first set of non-zero-power beams for the first polarization and the second
polarization for a first spatial layer of the one or morve spatial layers and a second sct of bits
indicating a second set of non-zero-power beams for the first polarization and the second

polarization for a second spatial layer of the one or more spatial layers.

73. The apparatus of claim 72, wherein each set of bits comprises a power

indicator bit for each beam of the set of non-zero-power beams.

74, The apparatus of claim 67, wherein the indicator comprises a first set
of bits indicating a first number of non-zero-power beams in the set of beams having the first
polarization and a second set of bits indicating a second number of non-zero-power beams in
the set of beams having the second polarization, cach non-zero-power beam of the first
number of non-zero-power beams and cach non-zero-power beam of the second number of

non-zerg-power beams applying 1o each of the one or more spatial layers.

75. The apparatus of claim 67, whercin the indicator comprises a first set
of bits indicating a first set of non-zero-power beams in the set of beams having the first
polarization and a second set of bits indicating a second set of non-zero-power beaas in the
set of heams having the second polarization, cach non-zero-power beam of the first set of
non-zerg-power beams and each non-zero-power beam of the second set of non-zerg-power

beams applying to each of the one or more spatial layers.

76. The apparatus of claim 75, wherein the first set of bits comprises a
power indicator bif for each beam of the set of non-zero-power beams over the first
polarization and the second set of bits comprises a power indicator bit for cach beam of the

set of non-zero-power beams over the second polarization.

77. The apparatus of claim 67, wherein the one or more spatial layers
comprises a plurality of spatial layers, and wherein the indicator comprises a respective set of
bits indicating a respective number of non-zero-power beams for cach of the first polarization

and the second polarization for cach of the plurality of spatial layers.



£ W N

[UR

WS e

EE S N ]

|94

6

FE R NP,

EN

WO 2019/028878

74

78. The apparatus of claim 67, wherein the one or more spatial layers
compriscs a plurality of spatial layers, and wherein the indicator comprises a respective set of
bits indicating a respective set of non-zero-power beams for each of the first polarization and

the second polarization for each of the plurality of spatial layers.

7% The apparatus of claim 78, wherein each of the respective sets of bits
compriscs a power indicator bit for cach heam of the set of non-zero-power beams for a

corresponding polarization and a corresponding spatial layer.

80. The apparatus of any of claims §7-79, wherein the set of reference
signals are associated with a {irst set of antenna ports for the first polarization and a second

sct of antenna ports for the second polarization.

81 The apparatus of claim 80, wherein the first and second sets of antenna
ports each conmprise:

a first number of antenna ports in a first direction, the first number of antenna
ports being associated with a first oversampling ratio; and

a second murnber of antenna ports in a second direction, the second number of

antenna ports being associated with a second oversampling ratio.

82. The apparatus of any of claims 67-81, further comprising:

means for comparing a weight of the at least one non-zero-power bearm for at
least one of the one or more spatial layers and at least one of the first polarization or the
second polarization to a threshold, wherein the at least one non-zero-power beam is identified

based at least in part on a restlf of the comparing.

83. The apparatus of any of claims 67-82, wherein the CSI report further

comprises a rank indication (RI).

84, The apparatus of claim 83, wherein the RI and the indicator are

encoded separately.

85, The apparatus of claim 83, wherein the RI and the indicator are jointly
encoded, the joint encoding comprising one of:
directly cascading the payload of the RI and the indicator; or

jointly quantizing the Rl and the indicator.

PCT/CN2017/097206
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86. The apparatus of claim 85, whercin jointly quantizing the RI is based
at Jeast in part on:
a subsampling of at least one of the RI or the indicator; or

a lookup table of a combination of the RI and the indicator.

87. The apparatus of any of claims 66-86, wherein the beam coefficients
for cach non-zero-power beam of the set of beams comprise a wideband beam amplitude, a

subband beam amplitude, a subband beam phase, or a combination thercof.

88, The apparatus of any of claims 66-87, wherein a reporting payload size
of the beam cocfficients for cach non-zero-power beam of the set of beams is based at least in

part on the indicator.

89. The apparatus of any of claims 66-88, wherein the configuration is
received via radio resource control (RRC) signaling, a medium access control (MAC) control
eleraent (CB), or downlink control signaling, the configuration further comprising a reporting

seiting.

a4, The apparatas of any of claims 66-89, wherein the indicator corprises
a set of bits, and wherein a size of the set of bits is based at least in part on the number of

beams or is fixed.

91 The apparatus of any of claims 66-90, wherein the CSI report further
comprises an index of cach beam of the sct of beams, cach index corresponding to a beam

position in a codebook or to a reference signal position in the set of reference signals.

92. The apparatus of claim 91, wherein the index of each beam and the

indicator are jointly encoded.

a3, The apparatus of any of claims 66-92, further comprising:
means for receiving a set of non-precoded reference signals, wherein each

beam of the set of beams corresponds to a codeword of a codebook.

94, The apparatus of any of claims 66-92, further comprising:
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means for receiving a set of precoded reference signals, cach precoded
reference signal corresponding to a respective antenna port, wherein each beam of the set of

beams corresponds to the respective antenna port.

g5. The apparatus of any of claims 66-94, wherzin the configuration
further comprises a triggering condition, and wherein the TSI report is generated based at

least in part on the triggering condition.

46. The apparatas of claim 95, further comprising:
means for determining a format of the indicator based at least in part on the

triggering condition.

97 The apparatus of claim 95, further comprising:
means for determining that the triggering condition is satisfied, whercin a
format of the C5§ report is based at least in part on the determining whether the triggering

condition 18 satisfied.

g8, The apparatus of any of claims 95-97, further comprising:
means for determining that the triggering condition is not satisfied, wherein a
format of a second CS1 report is based at least in part on the determining that the triggering

condition 18 not satisfied.

499, An apparatus for wircless communication, comprising:

means for transmitting, to a user equipment (UE), a configuration indicating

any

number of beams o be reported in a channel state information (CS1} report;

means for transmitting a set of reference signals;

roeans for receiving the CSI report from the UE, wherein the TSI report
indicates a set of beams corvesponding to the number of beams for reporting in the CS1
report, the TSI report further coraprising a set of beam coctficients for each non-zero-power
beam of the set of beams for each of one or more spatial layers and an indicator of at lcast
one non-zero-power beam in the set of beams; and

means for parsing the set of beam cocfficients based at least in part on the

indicator of the non-zero-power bearns.

186, The apparatus of claim 99, whercin the set of beams applies to a first

polarization and a second polarization.

PCT/CN2017/097206
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161, The apparatus of claim 100, wherein the indicator comprises a set of
bits indicating a number of non-zero-power beams in the set of bearns, each non-zevo-power
beam of the mimber of non-zero-power beams applying to the first polarization and the

second polarization on each of the onc or more spatial layers.

162,  The apparatus of claim 100, wherein the indicator comprises a set of
bits indicating a set of non-zero-power beams in the set of beams, cach non-zero-power beam
of the set of non-zero-power beams applying to the first polarization and the second

polarization on each of the one or more spatial layers.

163,  The apparatus of claim 102, wherein the set of bits indicating the set of
non-zero-power beams in the set of bearas comprises a power indicator bit tor each beam of

the set of non-zers-power bears.

184. The apparatus of claim 100, wherein the indicator comprises a first set
of bits indicating a first number of non-zero-power beams for the first polarization and the
second polarization for a first spatial layer of the one or more spatial layers and a second set
of bits indicating a second number of non-zero-power beams for the first polarization and the

sccond polarization for a sccond spatial layer of the one or more spatial layers.

185, The apparatus of claim 100, wherein the indicator comprises a first set
of bits indicating a first set of non-zero-power beams for the first polarization and the second
polarization for a first spatial layer of the one or more spatial fayers and a second set of bits
indicating a second set of non-zero-power beams for the first polarization and the second

polarization for a second spatial layer of the one or more spatial layers.

186. The apparatus of claim 105, wherein each set of bits comprises a

power indicator bit for cach beam of the set of non-zero-power beams.

167,  The apparatus of claim 100, wherein the indicator comprises a first st
of bits indicating a first number of non-zero-power beams in the set of beams having the first
polarization and a second set of bits indicating a second number of non-zero-power beams in
the set of beams having the second polarization, cach non-zero-power beam of the first
number of non-zero-power beams and each non-zero-power beam of the second number of

non-zerg-power beams applying 1o each of the one or more spatial layers.
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108,  The apparatus of claim 100, wherein the indicator comprises a first st
of bits indicating a first set of non-zero-power beams in the set of beams having the first
polarization and a second set of bits indicating a second set of non-zero-power beams in the
set of beams having the second polarization, each non-zero-power beam of the first set of
non-zero-power beams and cach non-zero-power beam of the second set of non-zero-power

beams applying to each of the one or more spatial layers.

109, The apparatus of claim 108, wherein the first set of bits comprises a
power indicator bit for each beam of the set of non-zero-power beams over the first
polarization and the second set of bits comprises a power indicator bit for cach beam of the

set of non-zero-power beams over the second polarization.

116, The apparatus of claim 100, wherein the one or more spatial layers
comprises a plurality of spatial layers, and wherein the indicator comprises a respective set of
bits indicating a respective number of non-zerg-power beams for each of the first polarization

and the second polarization for cach of the plurality of spatial layers.

111,  The apparatus of claim 100. wherein the one or more spatial layers
comprises a plurality of spatial layers, and wherein the indicator comprises a respective set of
bits indicating a respective set of non-zero-power beams for each of the first polarization and

the second polarization for each of the plurality of spatial layers.

112, The apparatus of claim 111, wherein each of the respective sets of bits
comprises a power indicator bit for each beam of the sct of non-zero-power beams for a

corresponding polarization and a corresponding spatial layer.

113, The apparatus of any of claims 100-112, wherein the set of reference
signals is associated with a first set of antenna ports for the first polarization and a sccond set

of antenna ports for the second polarization.

114, The apparatus of claim 113, wherein the first and second sets of
antenna ports each comprise:
a first number of antenna ports in a first direction, the first number of antenna

ports being associated with a first oversampling ratio; and
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a second number of antenna ports in a second direction, the second number of

antenna ports being associated with a second oversampling ratio.

113, The apparatus of any of claims 99-114, wherein the TSI report further

comprises a rank indication (RI).

116. The apparatus of claim 115, wherein the Ri and the indicaior are

encoded separately.,

117. The apparatus of claim 115, wherein the RI and the indicator are
jointly encoded, the joint encoding comprising one of:
directly cascading the payload of the RI and the indicator; or

jointdy guantizing the Rl and the indicator.

118. The apparatus of claim 117, wherein jointly quantizing the Rl is based
at feast in part on:
a subsampling of at least one of the RI or the indicator; or

a lockup table of a combination of the R and the indicator.

119, The apparatus of any of claims 99-118, wherein the beam coefficients
for each non zero-power beam of the subset comprise a wideband beam amplitude, a subband

beam amplitude, a subband beam phase, or a combination thereot.

120. The apparatus of any of claims 99-119, wherein a reporting payload
size of the beam coctficients for cach non-zero-power beam of the sct of beams is based at

least in part on the indicator.

121.  The apparatus of any of claims 99-120, wherein the configuration is
transmitted via downlink control signaling, the configuration fither comprising a reporting

setting.

122,  The apparatus of any of claims 99-121, wherein the indicator
comprises a set of bits, and wherein a size of the sef of bits is bascd at least in part on the

nurnber of beams or 18 fixed.
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123, The apparatus of any of claims 99-122, wherein the CSI report further
compriscs an index of each beam of the set of beams, each index corresponding to a beam

position in a codebook or to a reference signal position in the set of reference signals.

124,  The apparatus of claim 123, wherein the index of each beam and the

indicator are jointly encoded.

123, The apparatus of any of claim 99-124, further comprising:
means for transmitting a sct of non-precoded reference signals, wherein each

heam of the set of beams corresponds to a codeword of a codehook.

126. The apparatus of any of claim 99-124, further comprising:
roeans for transmitting a set of precoded reference signals, cach precoded
reference signal corresponding to a respective antenna port, wherein cach beam of the set of

beams corresponds to the respective antenna port.

127. The apparatus of any of claims 99-126, wherein the configuration

further comprises a triggering condition.

128.  The apparatus of claim 127, further comprising:
means for determining a format of the indicator based at least in part on the

wiggering condition.

12%.  The apparatus of claim 127, further comprising:
means for determining that the triggering condition is satisfied, wherein a
format of the CSI report is based at least in part on the determining whether the friggering

condition is satisfied.

130.  The apparatus of any of claims 127-129, further comprising:
roeans for determining that the triggering condition is not satisfied, wherein a
format of a second C51 report is based at least in part on the determining that the triggering

condition is not satistied.

131,  An apparatus for wireless communication, comprising:
& Processor;

memory in electronic communication with the processor; and
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nstructions stored in the memory and operable, when executed by the
processor, to cause the apparatus to:

reccive a configuration indicating a number of beams to be reported in
a channel state information (CS1) report;

receive a set of reference signals;

tdentify, for one or more spatial layers, a set of beams corresponding to
the number of bearos for reporting in the CSI report, wherein the set of beams
comprises at least one non-zero-power bearg;

generate the CS1 report comprising bearn coefficients for each of the at
least one non-zero-power beam for cach of the one or more spatial layers and an
indicator of the at least one non-zero-power beam; and

transmit the CSI report.

132, The apparatus of claim 131, wherein the instructions are funther
cxecuiable by the processor to:
identify the at lcast one non-zero-power beam for at [east one of a first

polarization and a second polarization for the one or more spatial layers.

133.  The apparatus of claim 132, wherein the indicator comprises a set of
bits indicating a number of non-zero-power beams in the set of beams, each non-zero-power
beam of the rumber of non-zero-power beams applying to the first polarization and the

second polarization on each of the one or more spatial layers,

134. The apparatus of claim 132, wherein the indicator comprises a set of
hits indicating a set of non-zero-power bearns in the set of beams, each non-zero-power beam
of the set of non-zero-power bearns applying to the first polanzation and the second

polarization on each of the one or more spatial layers.

133, The apparatus of claim 134, wherein the set of bits indicating the set of
non-zero-power bearns in the set of beams comprisces a power indicator bit for each beam of

the set of non-zero-power beams.

136. The apparatus of claim 132, wherein the indicator comprises a first set
of bits indicating a first number of non-zero-power beams for the first polarization and the

second polarization for a first spatial layer of the one or more spatial layers and a second set



(94}

S e b2

|94

[\

NI hema

Ut e W

[ " T )

S BN

£ W N

WO 2019/028878 PCT/CN2017/097206

82

of hits indicating a second number of non-zero-power beams for the first polarization and the

second polarization for a second spatial layer of the one or more spatial layers.

137.  The apparatas of claim 132, wherein the indicator comprises a first set
of bits indicating a first set of non-zero-power beams for the first polarization and the second
polarization for a first spatial layer of the one or more spatial layers and a sccond set of bits
indicating a second set of non-zero-power beams for the first polarization and the second

polarization for a second spatial layer of the one or more spatial layers.

138. The apparatus of claim 137, wherein each set of bits comprises a

power indicator bit for each beam of the set of non-zero-power beams.

13%.  The apparatus of claim 132, wherein the indicator comprises a first set
of bits indicating a first number of non-zero-power beams in the set of beams having the first
polarization and a second set of bits indicating a second number of non-zero-power beams in
the set of beams having the second polarization, cach non-zero-power beam of the first
number of non-zero-power beams and each non-zero-power beam of the second number of

non-zero-power beams applying to each of the one or more spatial fayers.

140. The apparatus of claim 132, wherein the indicator comprises a first st
of bits indicating a first set of non-zero-power heams in the set of beams having the first
polarization and a second set of hits indicating a second st of non-zero-power beams in the
set of beams having the second polarization, each non-zero-power beam of the first set of
non-zero-power beams and cach non-zero-power beam of the second set of non-zero-power

beams applying to each of the one or more spatial layers.

141. The apparatus of claim 140, wherein the first set of bits comprises a
power indicator bit for each beam of the set of non-zero-power beams over the first
polarization and the second set of bits comprises a power indicator bit for cach beam of the

set of non-zero-power beams over the second polarization.

142. The apparatus of claim 132, wherein the one or more spatial layers
compriscs a plurality of spatial layers, and wherein the indicator comprises a respective set of
bits indicating a respective number of non-zero-power beams for each of the first polarization

and the seccond polarization for cach of the plurality of spatial layers.
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143.  The apparatus of claim 132, wherein the one or more spatial layers
compriscs a plurality of spatial layers, and wherein the indicator comprises a respective set of
bits indicating a respective set of non-zero-power beams for each of the first polarization and

the second polarization for each of the plurality of spatial layers.

144. The apparatus of claim 143, wherein each of the respective sets of bits
compriscs a power indicator bit for cach heam of the set of non-zero-power beams for a

corresponding polarization and a corresponding spatial layer.

145, The apparatus of any of claims 132-144, wherein the set of reference
signals is assoctated with a fivst set of antenna ports for the {ivst polanzation and a second set

of antenna ports for the second polarization.

146. The apparatus of claim 145, wherein the first and second sets of
antenna ports each comprise:

a first number of antenna ports in a first direction, the first number of antenna
ports being associated with a first oversampling ratio; and

a second murnber of antenna ports in a second direction, the second number of

antenna ports being associated with a second oversampling ratio.

147. The apparatus of any of claims claim 132-146, wherein the instructions
are further executable by the processor to:

compare a weight of the at least one non-zerg-power beam for at least one of
the one or more spatial layers and at least one of the first polarization or the second
polarization to a threshold, wherein the at [east one non-zero-power beam is identified based

at feast in part on a result of the comparing.

148.  The apparatus of any of claims 131-147, wherein the CS1 report further

comprises a vank indication (RI).

149.  The apparatus of claim 148, wherein the RI and the indicator are

encoded separately.

150. The apparatus of claim 148, wherein the RI and the indicator are
jointly encoded, the joint encoding comprising one of:

directly cascading the payload of the Rl and the indicator; or
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jointly guantize the Ri and the indicator.

151,  The apparatus of claim 150, wherein jointly quantizing the Rl is based
at least in part on:
a subsampling of at least one of the R or the indicator; or

a lookup table of a combination of the Ri and the indicator.

152. 'The apparatus of any of claims 131-151, wherein the beam cocfficients
for each non-zero-power beam of the set of beams comprise a wideband beam amplitude, a

subband beam amplitude, a subband beam phase, or a combination thereof.

153,  The apparatus of any of claims 131-152, wherein a reporting payload
size of the beam cocfficients for each non-zero-power beam of the set of beans is based af

least in part on the indicator.

154, The apparatus of any of claims 131-153, wherein the configuration is
received via radio resource control (RRC) signaling, a medium access control (MAC) control

element {CE), or downlink control signaling, the configuration further comprising a reporting

setiing.

155, The apparatus of any of claims 131-154, wherein the indicator
comprises a set of bits, and wherein a size of the sef of bits is bascd at least in part on the

number of beams or is fixed.

156. The apparatus of any of claims 131-153, wherein the CS{ report further
comprises an index of each beam of the set of beams, cach index corresponding to a beam

position in a codebook or o a reference signal position in the set of reference signals.

157, The apparatus of claim 136, wherein the index of each beam and the

indicator arc jointly encoded.

158. The apparatus of any of claims 131-157, wherein the instructions are
further executable by the processor to:
receive a set of non-precoded reference signals, wherein each beam of the set

of beams corresponds to a codeword of a codebook.
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15%.  The apparatus of any of claims 131-157, wherein the instructions are
further executable by the processor to:

receive a set of precoded reference signals, each precoded reference signal
corresponding to a respective antenna port, wherein cach beam of the sct of beams

corresponds to the respective antenna port.

160. The apparatus of any of claims 131-159, wherein the configuration
further comprises a triggering condition, and wherein the CSIreport is generated based at

least in part on the mggering condition.

161,  The apparatus of claimn 160, wherein the instructions are further
cxecuiable by the processor to:
determine a format of the indicator based at least in part on the triggering

condition.

162. The apparatus of claim 160, wherein the instructions are further
execuiable by the processor to:

determine that the triggering condition is satisficd, wherein a format of the
CS1 report is based at least in part on the determining whether the triggering condition is

satisfied.

163.  The apparatus of any of claims 160-162, wherein the instructions are
further executable by the processor to:

determine that the triggering condition is not satisfied, wherein a format of a
second CSF report is based at least in part on the determining that the triggering condition is

not satistied.

164. An apparatus for wircless communication, comprising:
& Processor;
memory in electronic communication with the processor; and
instructions stored in the memory and operable, when exccuted by the
processor, to cause the apparatus to:
transmit, to a user equipment {UE), a configuraton indicating a
number of beams to be reported in a channel state information (TSI report;

transmit a set of reference signals;
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G receive the C51 report from the UE, wherein the CSIreport indicates a
10 set of beams corresponding to the number of beams for reporting in the CSIreport,
11 the CS1 report further comprising a set of beam coefficients for cach non-zero-power
12 bearm of the set of beams for each of one or more spatial layers and an indicator of at
13 least one non-zero-power beam in the set of beams; and
14 parse the sct of beam cocfficients based at Icast in part on the indicator
15 of the non-zero-power bearms.

1 165,  The apparatus of claim 164, wherein the set of beams applies to a first

2 polarization and a second polarization.

1 166. The apparatus of claim 1653, wherein the indicator comprises a set of
2 bits indicating a number of non-zero-power beams in the set of beams, each non-zero-power
3 beam of the number of non-zero-power beams applying to the first polarization and the

4 second polarization on each of the one or more spatial layers,

1 167. The apparatus of claim 165, wherein the indicator comprises a set of

2 bits indicating a set of non-zero-power bearos in the set of beams, each non-zero-power beam
3 of the set of non-zero-power beams applying to the first polarization and the second

4  polarization on cach of the one or more spatial layers.

i 168. The apparatus of claim 167, wherein the set of bits indicating the set of

[\

non-zero-power beams in the set of beams comprisces a power indicator bit for each beam of

3 the set of non-zero-power beams.

1 16%.  The apparatus of claim 165, wherein the indicator comprises a first set
of bits indicating a first number of non-zero-power beams for the first polarization and the
second polarization for a first spatial layer of the one or more spatial layers and a second set

of bits indicating a second number of non-zero-power beams for the first polarization and the

B L\

second polarization for a second spatial layer of the one or more spatial layers.

1 170. The apparatus of claim 165, wherein the indicator comprises a first st
of bits indicating a first set of non-zero-power heams for the first polarization and the second
polarization for a first spatial layer of the one or more spatial layers and a second set of bits

indicating a second set of non-zero-power beams for the first polarization and the second

B L\

polarization for a second spatial layer of the one or moore spatial layers.
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171.  The apparatus of claim 170, wherein each set of bits comprises a

power indicator bit for each beam of the set of non-zero-power beams.

172.  The apparatus of claim 163, wherein the indicator comprises a first set
of bhits indicating a first number of non-zero-power beams in the set of beams having the first
polarization and a second set of bits indicating a second number of non-zero-power beams in
the set of heams having the second polarization, cach non-zero-power beam of the first
number of non-zero-power beams and each non-zero-power beam of the second number of

non-zero-power beams applying to each of the one or more spatial layers.

173.  The apparatus of claimn 165, wherein the indicator comprises a first set
of bits indicating a first set of non-zero-power beams in the set of beams having the first
polarization and a second set of bits indicating a second sct of non-zero-power beams in the
set of beams having the second polarization, each non-zero-power heam of the first set of
non-zero-power beams and each non-zerg-power beam of the second set of non-zero-power

beams applying to cach of the onc or more spatial layers.

174. The apparatus of claim 173, wherein the first set of bits comprises a
power indicator bit for cach beam of the set of non-zero-power beams over the first
polarization and the second set of bits comprises a power indicator bit for cach bearn of the

set of non-zero-power beams over the second polarization.

175, The apparatus of claim 165, wherein the one or more spatial layers
comprises a plurality of spatial layers, and wherein the indicator comprises a respective set of
bits indicating a respective nurber of non-zero-power beams for each of the first polarization

and the second polarization for cach of the plurality of spatial layers.

176.  The apparatus of claim 163, wherein the one or more spafial layers
cormprises a plurality of spatial layers, and wherein the indicator comprises a vespective set of
bits indicating a respective sef of non-zero-power beams for cach of the first polarization and

the second polarization for cach of the plurality of spatial layers.

177. The apparatus of claim 176, wherein cach of the respective sets of bits
comprises a power indicator bit for each beam of the set of non-zero-power beams for a

corresponding polarization and a corresponding spatial layer.
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178.  The apparatus of any of claims 165-177, wherein the sct of reference
signals is associated with a first set of antenna ports for the first polarization and a second set

of antenna ports for the second polarization.

179, The apparatus of claimn 178, wherein the first and second sets of
antenna ports cach comprise:

a first number of antenna ports in a first direction, the first number of antenna
ports being associated with a first oversampling ratio; and

a second nuamber of antenna ports in a second divection, the second number of

antenna ports being associated with a second oversampling ratio.

180. The apparatus of any of claims 164-179, wherein the CS1 report further

comprises a rank indication (Ri).

181. The apparatus of claim 180, wherein the RI and the indicator are

encoded separately.

182. The apparatus of claim 180, wherein the instructions are further
executable by the processor to jointly encode the RI and the indicator, the joint encoding
comprising one of:

directly cascading the payload of the RI and the indicator; or

jointy guantizing the Rl and the indicator.

183. The apparatus of claim 182, wherein jointly quantizing the RI is based
at feast in part on:
a subsampling of at least one of the RI or the indicator; or

a lookup table of a combination of the RI and the indicator.

184. The apparatus of any of claims 164-183, wherein the beam coefficients
for each non zero-power beam of the subset comprise a wideband beam amplitude, a subband

beam amplitude, a subband beam phase, or a comnbination thereof.

185, The apparatus of any of claims 164-184, wherein a reporting pavioad
size of the beam coefficients for each non-zero-power beam of the set of beams i3 based at

least in part on the indicator.
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186. The apparatus of any of claims 164-185, wherein the configuration is
transaitted via downlink control signaling, the configuration further comprising a reporting

seting.

187.  The apparatus of any of claims 164-186, wherein the indicator
comprises a set of bits, and wherein a size of the set of bits is based at least in past on the

number of beams or is fixed.

188. The apparatus of any of claims 164-187, wherein the CS1 report further
comprises an index of each beam of the set of beams, cach index corresponding to a beam

position in a codebook or to a reference signal position in the set of reference signals.

189, The apparatus of claim 188, wherein the index of each bearg and the

indicator are jointly encoded.

190.  The apparatus of any of claims 164-189, wherein the instructions are
further executable by the processor to:
fransmoit & set of non-precoded reference signals, wherein each bear of the set

of bearns corresponds to a codeword of a codehook.

191.  The apparatus of any of claims 164-189, wherein the instructions are
further executable by the processor to:

fransmit a set of precoded reference signals, each precoded reference signal
corresponding to a respective antenna port, wherein cach beam of the set of beams

corresponds to the respective antenna port.

192.  The apparatus of any of claims 164-191, wherein the configuration

further comprises a triggering condition.

193, The apparatus of claim 192, wherein the instructions are further
executable by the processor to:
determine a format of the indicator based at least in part on the triggering

condition.

194,  The apparatus of claim 192, wherein the instructions are further

executable by the processor to:
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determine that the triggering condition is satisficd, wherein a format of the
(S report is based at least in part on the determining whether the triggering condition is

satisfied.

195, The apparatus of any of claims 192-194, wherein the instructions are
further executable by the processor to:

determine that the triggering condition is not satisfied, wherein a format of a
second CSE report is based at least in part on the determining that the triggering condition is

not satisfied.

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

receive a configuration indicating a mumnber of beams to be reported in a
channel state information (CSI) report;

receive a set of reference signals;

identify, for one or more spatial layers, a set of beams corresponding to the
number of beams for reporting in the CSI report, wherein the set of beams comprises at least
One non-zero-power beam;

generate the U5 report comprising beam coefficients for each of the at least
one non-zero-power beam for each of the one or more spatial layers and an indicator of the at
least one non-zero-power beam; and

fransmit the CSIreport.

197. The non-transitory computer-readable medivm of claim 172, wherein
the instructions are further executable by a processor to:
identify the at least one non-zero-power beam for at least one of a first

polarization and a second polarization for the one or more spatial layers.

198. The non-transitory computer-readable medium of claim 197, wherein
the indicator compriscs a set of bits indicating a number of non-zero-power beams in the set
of beams, cach non-zero-power beam of the number of non-zero-power bearns applying to

the first polarization and the second polarization on each of the one or more spatial layers.

198,  The non-transitory computer-readable medium of claim 197, wherein

the indicator comprises a set of bits indicating a set of non-zero-power beams in the set of
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beams, each non-zero-power beam of the st of non-zero-power beams applying to the first

polarization and the sccond polarization on cach of the one or more spatial layers.

208, The non-transitory computer-readable medium of claim 199, wherein
the set of bits indicating the set of non-zero-power bearns in the set of beams comprises a

power indicator bit for cach beam of the set of non-zero-power beams.

201,  The non-transitory computer-readable medium of claim 197, wherein
the indicator comprises a first set of bits indicating a first number of non-zero-power beams
for the {ivst polarization and the second polarization for a first spatial layer of the one or more
spatial layers and a second sct of bits indicating a second number of non-zero-power beains
for the first polarization and the second polarization for a second spatial layer of the one or

more spatial layers.

232, The non-transitory computer-readable medium of claim 197, wherein
the indicator comprises a first set of bits indicating a first set of non-zero-power beams for the
first polarization and the second polarization for a first spatial layer of the one or more spatial
layers and a second set of hits indicating a second set of non-zero-power beams for the first
polarization and the second polarization for a second spatial layer of the one or more spatial

layers.

203, The non-transitory computer-readable medium of claim 202, wherein
each set of bits comprises a power indicator bit for cach beam of the set of non-zero-power

beams.

204. The non-transitory computer-readable medium of claim 197, wherein
the indicator comprises a first set of bits indicating a first number of non-zero-power beams
in the set of beams having the first polarization and a second set of bits indicating a second
number of non-zero-power beams in the set of beams having the second polarization, each
non-zero-power heam of the first number of non-zero-power beams and each non-zero-power
beam of the second munber of non-zero-power beams applying o cach of the one or more

spatial lavers.

205, The non-transitory computer-readable medium of claim 197, wherein
the indicator compriscs a first set of bits indicating a first set of non-zero-power beams in the

set of heams having the first polarization and a second set of bits indicating a sccond set of
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non-zero-power beams in the set of beams having the second polarization, each non-zero-
power beam of the first set of non-zero-power beams and each non-zero-power beam of the

second set of non-zero-power bearns applying to cach of the one or more spatial layers.

206. The non-trausitory computer-readable medivm of claim 205, wherein
the first set of hits comprises a power indicator bit for each beam of the set of non-zero-
power bearas over the first polarization and the second set of bits comprises a power indicator

bit for cach beam of the set of non-zero-power beams over the second polarization.

207, The non-transitory computer-readable medium of claim 197, wherein
the one or more spatial layers comprises a plurality of spatial layers, and wherein the
indicator comprises a respective set of hits indicating a respective number of non-zero-power
beams for cach of the first polarization and the second polarization for each of the plurality of

spatial lavers.

208.  The non-transitory computer-readable medium of claim 197, wherein
the one or more spatial layers comprises a plurality of spatial layers, and wherein the
indicator comprises a respective set of bits indicating a respective sct of non-zero-power
beams for cach of the first polarization and the second polarization for each of the plurality of

spatial layers.

208 The non-transitory computer-readable medium of claim 208, wherein
each of the respective sets of bits comprises a power indicator bit for each beam of the set of

non-zero-power beams for a corresponding polarization and a corresponding spatial fayer.

216, The non-transitory computer-readable medium of any of claims 197-
209, wherein the set of reference signals is associated with a first set of antenna ports for the

first polarization and a second set of antenna ports for the second polarization.

211. 'The non-transitory computer-readable medium of claim 210, wherein
the first and second sets of antenna potts cach comprise:

a first number of antenna ports in a first direction, the first number of antenna
ports being associated with a first oversampling ratio; and

a second number of antenna ports in a second divection, the second number of

antenna ports being associated with a second oversampling ratio.



B L\

N

EE S N ]

[y BSOWN PR TS  \)

FE R NP,

EN

WO 2019/028878 PCT/CN2017/097206

93

212, The non-transitory computer-readable medium of any of claims 197-
211, wherein the instructions are further executable by the processor to:

compare a weight of the at least one non-zero-power beam for at least one of
the one or more spatial layers and at least onc of the first polarization or the second
polarization to a threshold, wherein the at least one non-zero-power heam is identified based

at feast in part on a result of the comparing.

213, The non-fransitory computer-readable medium of any of claims 196-

212, wherein the CSI veport further comprises a rank indication (RI).

214.  The non-transitory computer-readable medium of claim 213, wherein

the R and the indicator are encoded separately.

215 The non-transitory computer-readable medium of claim 213, wherein
the R and the indicator are jointly encoded, the joint cncoding comprising one of:
dircctly cascading the payload of the RI and the indicator; or

joindy guantize the R and the indicator.

216. The non-transitory computer-readable medium of claim 215, wherein
jointly quantizing the RI is based at Ieast in part on:
a subsampling of at least one of the RI or the indicator; or

a lookup table of a combination of the Ri and the indicator.

217, The non-transitory computer-readable medium of any of claims 196-
216, wherein the beam coefficients for each non-zero-power beam of the set of beams
comprise a wideband beam amplitude, a subband bearn amplitude, a subband beam phase, or

a combination thereof.

218 The non-transitory computer-readable medium of any of claims 196-
217, wherein a reporting payload size of the beam coefficients for each non-zero-power beam

of the set of beams is based at least in part on the indicator.

218.  The non-transitory computer-readable medivm of any of claims 196-
2138, wherein the configuration is received via radio resource control (RRC) signaling, a
medium access control (MAC) control element (CE), or downlink control signaling, the

configuration further comprising a reporting setting.



N N S

N N S

Ik

WO 2019/028878 PCT/CN2017/097206

94

228, The non-transitory computer-readable medium of any of claims 196-
219, wherein the indicator comprises a set of bits, and wherein a size of the set of bits is

based at least in part on the nomber of beams or is fixed.

221, The non-transitory computer-readable medium of any of claims 196-
228, wherein the CSI report further comprises an index of each beam of the set of beams,
cach index corresponding to a beam position in a codebook or to a reference signal position

in the set of reference signals.

222. 'The non-transitory computer-readable medium of claim 221, wherein

the index of each beam and the indicator are jointly encoded.

223, The non-fransitory computer-readable medium of any of claims 196-
222, wherein the instructions are further executable by the processor to:
receive a set of non-precoded reference signals, wherein each beam of the set

of beams corresponds to a codeword of a codehook.

224 The non-transitory computer-readable medium of any of claims 196-
222, wherein the instructions are further executable by the processor to:

receive a set of precoded reference signals, each precoded reference signal
corresponding to a respective antenna port, wherein cach beam of the set of beams

corresponds to the respective antenna port.

225, The non-transitory computer-readable medium of any of claims 196-
224, wherein the configuration further comprises a triggering condition, and wherein the CS1

report is gencrated based at least in part on the triggering condition.

226.  The non-transitory computer-readable medium of any of claim 225,
wherein the instructions are further executable by the processor to:
determine a format of the indicator based at [east in part on the triggering

condition.

227.  The non-transitory computer-readable medium of claim 223, wherein

the instructions are further executable by the processor to
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determine that the triggering condition is satisficd, wherein a format of the
4  Slreport is based at feast in part on the determining whether the triggering condition is

satisfied.

W

1 228.  The non-transitory computer-readable mediom of any of claims 225-
2 227, wherein the instructions are further executable by the processor to:

3 determine that the triggering condition is not satisfied, wherein a format of a
4 second CSI report is based at least in part on the determining that the triggering condition is

5 not satisfied.

1 228, A non-transitory computer readable medinm storing code for wireless
2 communication, the code comprising instructions executable by a processor o
3 transmit, to a user equipment {UE), a configuration indicating a number of

4  beams to be reported in a channel state information (CS1) report;

5 fransmit a set of reference signals;
6 receive the CS1 report from the UE, wherein the CS1 report indicates a set of
7 beams corresponding to the number of beams for reporting in the CS5I report, the TSI report

&  further comprising a set of beam coefficients for each non-zero-power beam of the set of

9 beams for cach of one or more spatial layers and an indicator of at least one non-zero-power
10 beam in the set of beams; and
i1 parse the set of beam coefficients based at least in past on the indicator of the

12 non-zero-power beams.

1 238, The non-trausitory computer-readable medivm of claim 201, wherein

2 the sct of beams applies to a first polarization and a second polarization.

1 231, The non-transitory computer-readable medium of claim 230, wherein
the indicator comprises a set of bits indicating a number of non-zero-power beams in the set

of beams, each non-zero-power beam of the number of non-zero-power beams applying o

£ W N

the first polarization and the second polarization on each of the one or more spatial layers.

[UR

232, The non-transitory computer-readable medium of claim 230, wherein

NS

the indicator comprises a set of bits indicating a set of non-zero-power beams in the set of

beams, cach non-zero-power beam of the set of non-zero-power beams applying to the first

4w

polarization and the second polarization on each of the one or more spatial layers.
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233, The non-transitory computer-readable medium of claim 232, wherein
the set of bits indicating the set of non-zero-power beams in the set of beams comprises a

power indicator bit for each beam of the set of non-zero-power beams.

234,  The non-transitory computer-readable medium of claim 230, wherein
the indicator comprises a first set of bits indicating a first number of non-zero-power beams
for the first polarization and the second polarization for a first spatial layer of the one or more
spatial lavers and a second set of bits indicating a second number of non-zero-power heams
for the first polarizaton and the second polarization for a second spatial layer of the one or

more spatial layers.

235 The non-transitory computer-readable medium of claim 230, wherein
the indicator compriscs a first sct of bits indicating a first set of non-zero-power beams for the
first polarization and the second polarization for a fivst spatial layer of the one or more spatial
layers and a second set of bits indicating a second set of non-zero-power beams for the fivst
polarization and the second polarization for a second spatial layer of the one or more spatial

fayers.

236. The non-transitory computer-readable medium of claim 235, wherein
cach set of bits comprises a power indicator bit for each beam of the set of non-zero-power

beams.

237.  'The non-transitory computer-readable medium of claim 230, wherein
the indicator comprises a first set of bits indicating a first number of non-zero-power beams
in the set of beams having the first polarization and a second set of bits indicating a second
number of non-zero-power beams in the set of bearns having the second polarization, cach
non-zero-power beam of the first number of non-zero-power beams and each non-zerg-power
beam of the second number of non-zero-power bearas applying to cach of the one or more

spatial layers.

238,  The non-transitory computer-readable medium of claim 230, wherein
the indicator comprises a first sct of bits indicating a first set of non-zero-power beams in the
set of beams having the first polarization and a second set of bits indicating a second set of

non-zero-powet beams in the set of beams having the second polarization, each non-zero-
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power bearn of the first set of non-zero-power bearns and each non-zero-power beam of the

second set of non-zero-power bearas applying to each of the one or more spatial layers.

-

238 The non-transitory computer-readable medium of claim 238, wherein
the first set of bits comprises a power indicator bit for each beam of the set of non-zero-
power bearas over the first polarization and the second sct of bits comprises a power indicator

hit for each beam of the set of non-zero-power beams over the second polarization.

246.  The non-transitory computer-readable medium of claim 230, wherein
the one or more spatial layers comprises a plurality of spatial layers, and wherein the
indicator comprises a respective set of bits indicating a respective number of non-zero-power
beams for cach of the first polarization and the second polarization for each of the plurality of

spatial layers.

241. The non-transitory computer-readable medium of claim 230, wherein
the one or more spatial layers comprises a plurality of spatial layers, and wherein the
indicator comprises a respective sct of bits indicating a respective sct of non-zero-power
beams for cach of the first polarization and the second polarization for each of the plurality of

spatial layers.

242, The non-transitory computer-readable medium of claim 241, wherein
each of the respective sets of bits comprises a power indicator bit for each beam of the set of

non-zero-powet beams for a corresponding polarization and a corresponding spatial layer.

243 The non-transitory computer-readable medium of any of claims 230-
2472, wherein the set of reference signals is associated with a first set of antenna ports for the

first polarization and a second sct of antenna ports for the second polarization.

244. 'The non-transitory computer-readable medium of claim 243, wherein
the tirst and second sets of antenna ports each comprise:

a first number of anfenna ports in a first direction, the first number of antenna
ports being associated with a first oversampling ratio; and

a second number of antenna ports in a second divection, the second number of

anfenna ports being associated with a second oversampling ratio.
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245 The non-transitory computer-readable medium of any of claims 229-

244, wherein the CSI veport further comprises a rank indication (RID).

246.  The non-transitory computer-readable medium of claim 245, wherein

the RI and the indicator are encoded separately.

247.  The non-transitory computer-readable medium of claim 245, wherein
the R and the indicator are jointly encoded, the joint encoding comprising one of:
directly cascading the payload of the RI and the indicator; or

jointly guantizing the Rl and the indicator.

248. The non-transitory computer-readable medium of claim 247, wherein
jointly quantizing the RI is based at Ieast in part on:
a subsampling of at least one of the RI or the indicator; or

a lookup table of a combination of the RI and the indicator.

249 The non-transitory computer-readable medium of any of claims 229-
248, wherein the beam coefficients for cach non zero-power beam of the subset comprise a
wideband beam amplitude, a subband beam amplitude, a subband beam phase, or a

combination thereof.

259.  The non-transitory computer-readable medium of any of claims 229-
249, wherein a reporting payload size of the beam coetficients for each non-zero-power beam

of the set of beams is based at least in part on the indicator.

251. The non-transitory computer-readable medivm of any of claims 229-
250, wherein the configuration is transmitied via downlink control signaling, the

configuration further comprising a reporting setiing.

252, The non-transitory computer-readable medium of any of claims 229-
251, wherein the indicator comprises a set of bits, and wherein a size of the set of bits is

based at feast in part on the number of beams or is fixed.

253 The non-transitory computer-readable medium of any of claims 229-

252, wherein the CS1 report further comprises an index of ecach beam of the set of beams,
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cach index corresponding to a beam position in a codebook or to a reference signal position

in the set of reference signals.

254, The non-transitory computer-readable medium of claim 253, wherein

the index of each beam and the indicator are jointly encoded.

255 The non-transitory computer-readable medium of any of claims 229-
254, wherein the instructions are further executahle by the processor to:
tranamit a set of non-precoded reference signals, wherein cach bearm of the set

of beams corresponds to a codeword of a codebook.

256. The non-transitory computer-readable medium of any of claims 229-
254, wherein the instructions are further executable by the processor to:

fransmit a set of precoded reference signals, each precoded reference signal
corresponding to a respective antenna port, wherein each heam of the set of beams

corrgsponds to the respective antenna port.

2587,  'The non-transitory computer-readable medium of any of claims 229-

256, wherein the configuration further comprises a triggering condition.

258. The non-transitory computer-readable medium of claim 257, wherein
the instructions are further executable by the processor to:
determine a format of the indicator based at least in part on the triggering

condition.

=

258, The non-transitory computer-readable medium of claim 257, wherein
the instructions are further executable by the processor to:

determine that the triggering condition is satisfied, wherein a format of the
USRSl report is based at least in part on the determining whether the triggering condition is

satisfied.

268, The non-transitory computer-readable medium of any of claims 257-
259, wherein the instructions are further executable by the processor to:

determine that the triggering condition is not satisficd, wherein a format of a
second CSI report is based at lcast in part on the determining that the triggering condition is

not satisfied.
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