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TECHNIQUES FOR NON-ZERQG-POWER BEAMS IN WIRELESS SYSTEMS
CROSS REFERENCES
HEED ] The present Application for Patent claims priority to International Patent
Application No. PCT/CN2017/097206 to HAQ et.al,, titled “TECHNIQUES FOR NON-

ZERO-POWER BEAMS IN WIRELESS SYSTEMS,” filed August 11, 2017, assigned to the

assignee hereof, which is hereby incorporated by reference herein in its entirety.
BACKGROUND

{6002} The following relates generally to wireless communication, and more specifically

to techniques for non-~zero-power beams in wireless systeros.

[06003] Wircless 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 communication with multiple users by sharnng
the available system resources {e.g., time, frequency, and power}. Examples of such multiple-
access systems include fourth generation (4G) systems such as a Long Term Evolution (LTE)
systems or LTE-Advanced (L TE-A) systems, and fifih generation (5G) systems which may
be referred to as New Radio (NR) systems. These systems may employ technologies such as
code division multiple access (CBMA), time division multiple access (TDMA), frequency
division multiple access (FDMA), orthogonal frequency division multiple access (OFDMA),
or discrete Fourier transform-spread-OFDM (DFT-s-OFDM). A wireless multiple-aceess
communications svstem may include a number of base stations or network access nodes, each
simultancously supporting communication for multiple communication deviees, which may

be otherwise known as user equipment (UE).

16004) Some wircless communications systems may support the use of lincar
combination codebooks {(¢.g., to support multiple-input, multiple-output (MIMO)
communications). In some cases, linear combination codebooks may alterativelv be referred
to as Type I codebooks (e.g., or Type I port selection codebooks). For example, MIMO
communications may rely on transmission of channel state information reference signals
{CSI-RS) over onc or more antenna ports. Each CSI-RS may be transmitted overa
corresponding beam, where each beam is formed based on a weighted (e.g., phase and

amplitede-modulated) combination of antenna elements within a two-dimensional antenna
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array. Alternatively, CSI-RS transmussions may not be beamformed (e g, the CSI-RS
corresponding to a given antenna port may be mapped to antenna elements of the antenna
array without precoding}. In cither case, the lincar combination codebook may enable
selection of a linear combination of beams for communicating devices. For example, the
beams may be sclected based at least in part on C51 feedback from a recetving device (e.g., a
UE). That is, the UE may report the sclected beams and associated coefficients to allow the
network to learn about the comnunication channel {¢.g., for scheduling, nulti-user pairing,
multt-user precoder caleulations, ete.). Such reports may consume significant uplink time-
frequency resources. Improved technigques to reduce the overhead of these reports may be

desired.
SUMMARY

{0005} The described techmiques relate to improved methods, systems, devices, or
apparatuses that support techniques for non-zero-power beams in wircless systems.
Generally, the described techniques provide for reducing the payload of channel state
mformation (CSI) reports for multiple-input, multiple-output (MIMO) comomunications. In
accordance with the described technigues, a wireless node {¢.g., a base station) may configure
a user equipment (UE} to report CSI for a number of beams {(¢.g., four (4} beams) over one or
more spatial layers. The base station may then transmit CSI-RS over a set of antenna ports
{e.g., cight {8) antenna ports). In some cases, precoding may be applied to each antenna port
{c.g., such that the CSE-RS mayv be beamformed). Alternatively, the CSI-RS may be

transmitted over each antenna port without precoding.

{00086} Upon recetving the CSI-RS, the UE may perform channel measurements and
compute CS1 for reporting. For example, in the case that CSI-RS 13 not beamtormed, the UE
may estimate the channel between itself and the base station and perform beam selection
{c.g., from a codebook known to the UE and the network). Alternatively, if the CSI-RS 1s
beamformed, the UE may estimate the composite channel {¢.g., the channel including various
multipath cffects) between itself and the base station. For example, based on the channel
estimates, the UE may wdentify which beams provide the greatest spectral etficiency across
one or more spatial layers and indicate the identified beams in the CSI report. However, in
somge cases a given spatial layer may use fower than the configured number of beams {(e.g.,
may only use three (3) bears). That is, the contribution of the fourth beam to the given

spatial laver may be relatively low (e.g., or non-existent}. In such an example, the given
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spatial layer may be said to compnise three non-zers-power beams and one zero-power beam.
In accordance with the described techniques, a UE may incluade in the TSI report an indicator
of the non-zero-power beam(s) for the given spatial laver (¢.g., and may omit beam
cocfficients for the zero-power beam). Various indicator configurations are considered and
discussed below. Such technigues may reduce the pavlcad of the TSI report, which may in

turn improve throughput or otherwise benefit a wireless commumications system.

{8007} A method of wireless communication is described. The method may include
receiving a configuration indicating a number of bearas to be reported in a USE report,
receiving a set of reference signals, identifying, for one or more spatial layers and based at
fcast in part on the set of reference signals, a set of beams corresponding to the number of
beams for reporting in the CSI report, generating the CS1 report comprising at least one beam
cocflicient for each non-zero-power beam in the set of beams for each of the one or more
spatial lavers and an mdicator of at least one non-zero-power beam, and transmutting the €SI

report.

[0008] A apparatus for wireless communication 15 described. The apparatus may include

report, means for receiving a set of reference signals, means for identifving, for one or more
spatial layers and based at lcast in part on the set of reference signals, a set of beams
corresponding to the number of beams for reporting in the CSI report, means for generating
the CSI report comprising at least one beam coefficient for cach non-zero-power beam in the
set of beams for each of the one or more spatial layers and an indicator of at least one non-

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

{6009) Another apparatus for wireless communication is described. The apparatus may
mchude a processor, memory in electronic communication with the processor, and
mstructions stored mn the memory. The instructions may be operable to cause the processor to
receive a configuration indicating a number of beams to be reported in a CSI report, receive 3
set of reference signals, identify, for one or more spatial layers and based at least in part on
the set of reference signals, a sct of beams corresponding to the number of beams for
reporting in the CS1 report, generate the CSI report comprising at least one beam coefficient
for each non-zero-power beam in the set of beams for cach of the one or more spatial layers

and an ndicator ot at least one non-~zero-power beam, and transmit the CSI report.
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0634} A non-transitory computer readable medium for wireless communication is
described. The non-transitory computer-readable medum may include instructions operable
to cause a processor o receive a configuration indicating a nwber of beams to be reported in
a CSI report, receive a set of reference signals, identify, for one or more spatial layers and
based at feast in part on the set of reference signals, a set of beams corresponding to the
number of beams for reporting in the CSI report, generate the €81 report comprising at least
one beam cocfficient for cach non-zero-power beam in the st of beams for cach of the one or
more spatial layers and an indicator of at least one non-zero-power beam, and transmit the

CS1 report.

[oBi 1} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the configuration indicates a port-selection codebook and the set of

beams comprises a set of non-zero-power antenna ports.

{8012} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the indicator of the at least one non-zero-power beam comprises an
mdicator of zero-power beams, and a set of non-zero-power beams is determined based on

the mdicator and the set of beams

{0013} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, identifving the set of beams comprises identifving the at least one
non-zerg-power beam for at least one of a first set of antenna ports or a second set of antenna
potts for the one or more spatial layers. The first set of antenna poits or the second set of
antenna ports may correspond to a same polarization, or a same antenna panel, ora

combination thereof.

[0014] 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 the non-
zero-power beams in the set of beams, each non-zero-power beam of the number of the non-
zero-power beams applying to the first set of antenna ports and the second set of antenna
portts 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 sot of beams, cach non~zero-power
beam of the set of non-zero-power beams applying to the first set of antenna ports and the
second set of antenna ports on each of the one or more spatial layers. In some examples of the

method, apparatus, and non-transitory computer-readable medivm described above, the set of
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bits indicating the set of non-zerc-power beams in the set of beams comprises a power

mdicator bit for each beam of the set of non-zero-power bearms.

{81 5] 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 mumber
of non-zero-power beams for the first set of antenna ports and the second set of antenna ports
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 set of antenna ports and the second set
of antenna ports for a 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
mdicator comprises a first set of bits indicating a first set of non-zero-power beams for the
first set of antenma ports and the second set of antenna ports for a first spanal 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 set of antenna ports and the second set of antenna ports for a second spatial
laver of the one or more spatial layers. In some examples of the method, apparatus, and non-
transitory computer-readable medium described above, each set of bits comprises a power

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

HEHEY] In some examples of the method, apparatus, and non-transitory compuier-readable
medium described above, the indicator comprises a first set of bits indicating a first number
of non-zero-power beams in the set of beams for the fivst set of antenna ports and a second set
of bits indicating a second number of non-zero-power beams in the set of beams for the
second set of antenna ports, each non-zero-power beam of the first mymber of non-zero-
power beams and each non-zero-power beam of the sccond number of non-zero~-power beams
applving 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 indicator
comprises a first set of bits indicating a first set of non-zero-power beams in the set of beams
for the first set of antenna ports and a second set of bits indicating a second set of non-zero-
power beams in the set of beams for the second set of antenna ports, 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 set of antenna ports and the second set of bits comprises a
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power indicator bit for cach beam of the set of non-zero-power beams over the second set of

antenna ports.

{817} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the one or more spatial lavers comprise a plarality 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 set of antenna ports and the second set of antenna
ports for cach 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 comprise 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 cach of the first set of
antenna ports and the second set of antenna ports for cach 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 mdicator bit for cach
beam of the set of non-zero-power beams for a corresponding set of antenna ports and a

corresponding spatial fayer.

[6018] In some examples of the method, apparatus, and non-transitory computer-readable
medium deseribed above, the CSI 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.

{0619} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, 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 thereof.

{08029} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, a reporting payload size of the beam coefficients for each non-zero-

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

0021} In some examples of the method, apparatus, and non-transttory compuicr-readable
medium described above, the configuration may be received via radio resource control {RRC)
signaling, a medium access control (MAC) countrol element (CE), or downlink control

signaling, the configuration further comprising a reporting setting.
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{6622} A method of wireless communication is described. The method may include
transmitting, to a UE, a configuration indicating a number of beams to be reported in a €Sl
report, transmitting a set of reference signals, receiving the CST report from the UE, wherein
the CSI report indicates a set of beams corresponding to the number of beams for reporting in
the CSI report, the TSI report further comprising at least one beam coefficient for cach non-
zero-power beam of the set of bearas for each of one or more spatial layers and an indicator
of a nurber of the beam coctficients, and parsing the set of bean coefficients based at lcast

m part on the CSI report.

{0023} An apparatus for wireless communication 15 described. The apparatus may include
means for transmitting, to a UE, a configuration indicating a number of beas to be reported
i a CSI report, means for transmitting a set of refercnee signals, means for recetving the C51
report from the UE, wherein the CSl report indicates a set of beams corresponding to the
number of beams for reporting in the CS8I report, the ST report further comprising at least
one beam coefficient 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-zers-power beam, and means for

parsing the beam coefficients based at feast in part on the CSi report.

0024} Another apparatus for wireless communication is described. The apparatus may
include a processor, memory in electronic communication with the processor, and
mstructions stored in the memory. The mstructions may be operable to cause the processor to
transmit, to a UE, a configuration indicating a number of beams to be reported in a €Sl
report, transmit a set of reference signals, receive the €SI report from the UE, wherein the
51 report indicates a set of beams corresponding to the number of beams for reporting in the
CS1 report, the TSI report further comprising at least one beam coefficient for cach non-zero-
power beam of the set of beams for each of one or more spatial layers and an indicator of a
number of the beam coctficicnts, and parse the beam cocfficients based at least in part on the

CS1 report.

{0625} A non-transitory computer readable medium for wireless communication is
described. The non-transitory coraputer-readable medium may include instructions operable
to cause a processor to transmii, to a UE, a configuration indicating a number of beams to be
reported i a CSI report, transmit a set of reference signals, receive the CS1 report from the
UE, wherein the CSI report indicates a set of beams corresponding to the number of beams

for reporting n the CSI report, the TSI report further comprising at least one beam cocfficient
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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, and parse the beam coefficients based at

least in part on the CS1 report.

[0026] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, transmitting the set of reference signals includes transmitting
reference signals over respective antenna ports, wherein cach beam of the set of beams

corresporids to one of the antenna ports.

{0027} In some examples of the method, apparatus, and non-transitorv computer-readable
medium described above, the indicator of the at least one non-zero-power beam comprises an
indicator of zero-power beams, and the set of non-zero-power beams is determined based on

the indicator and the set of beams.

{06028} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the set of beams applies to a first set of antenna ports and a second
set of antenna ports. The first set of antenna ports or the second set of antenna ports may

correspond o a same polarization, or a same antenna panel, or a combination thereof.

{06029} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the indicator comprnises 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 to the first set of antenna potts and the second set of antenna ports on
cach of the one or more spatial lavers. In some examples of the method, apparatus, and non-
transitory computer-readable medim 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 sct of non-zero-power beams applying to the first set of antenna ports and the second set
of antenna ports on each of the one or more spatial lavers. In some examples of the method,
apparatus, and non-transitory computer-readable medium described above, the set of bits
mdicating 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 beams.

{06039} 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 number
of non-~zero-power beams for the first set of antenna ports and the second set of antenna ports
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 heams for the fust set of antenna ports and the second set



WO 2019/029675 PCT/CN2018/099880

9
of antenma ports for a 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
ndicator comprises a first set of bits indicating a first s¢t of non-zero-power beams for the
first set of antenna ports and the second set of antenna ports 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 set of antenna ports and the second set of antenna ports for a second spatial
layer of the one or more spatial layers. fo some examples of the method, apparatus, and non-
transitory computer-readable medum described above, each set of bits comprises a power

mdicator bit for each beam of the corresponding st of non-zero-power beams.

{0831} In some examples of the method, apparatus, and non-transitory computer-readable
mediam deseribed above, the indicator comprises a first st of bits indicating a first number
of non-zero-power beams in the set of beams for the first set of antenna ports and a second set
of bits indicating a second number of non-zero-power beams n the set of beams for the
second set of antenna ports, each 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. In some examples of the method,
apparatus, and non-transitory computer-readable medium described above, the mdicator
comprises a first set of bits indicating a first set of non-zero-power beams in the set of beams
tor the first set of antenna ports and a second set of bits indicating a second set of non-zero-
power beams in the set of beams for the second set of antenna ports, 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 lavers. In some
cxamples 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-
zerg-power beams over the first set of antenna ports 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 set of

antenna ports.

{0632} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the one or more spatial lavers comprise 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 set of antenna ports and the second set of antenna
ports for each of the plurality of spatial lavers. In some examples of the method, apparatus,

and non-transitory computer-readable medium described above, the one or more spatial
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layers comprise a plurality of spatial layers, and wherein the indicator comprises a respective
set of bits indicating a respective set of non-zero-power bears for each of the first set of
antenna ports and the second set of antenna ports for cach of the plurality of spatial lavers. In
some examples of the method, apparatus, and non-transitory computer-readable medium
descrbed above, each 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 set of antenna ports and a

corresponding spatial layer.

{0833} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the one or more spatial lavers comprise 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 set of antenna ports and the second set of antenna
ports for each of the plurality of spatial layvers. In some examples of the method, apparatus,
and non-transttory computer-readable medium described above, cach of the respective sets of
bits comprises a beam index and a power indicator bit for cach beam of the set of beams for a

corresponding set of antenna ports and a corresponding spatial laver.

[06034] In some examples of the method, apparatus, and non-transitory computer-readable
medium deseribed above, the CSI report further comprises a RL In some examples of the
mcthod, apparatus, and non-transitory computer-readable mediurn described above, the RE

and the indicator may be encoded separately.

{0635} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the at least one beam coefficient for each non zero-power beam of
the subset comprises a wideband beam amplitude, a subband beam amplitude, a subband

beam phase, or a combination thereof.

{0036} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, a reporting payload size of the beam coefficients for each non-zero-

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

{60371 In some examples of the method, apparatus, and non-transttory compuicr-readable
medium described above, the configuration may be transmitted 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.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. | illustrates an example of a system for wircless communication that
supports technigues for non-zero-power beams in accordance with aspects of the present

disclosure.

{6639} 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.

0040} FIG. 4 llustrates an example of a process flow that supports technigues for non-

zero-power beams m wireless systems in accordance with aspects of the present disclosure.

{8041} FIGs. 5 through 7 show block diagrams of a device that supports techmgues for
non-zero-power beams in wireless systers in accordance with aspects of the present

disclosure.

[06042] FIG. 8 llustrates a block diagram of a system including a UE that supports
tochnigues for non-zero-power beams in wircless systems in accordance with aspects of the

present disclosure.

{0043} FIGs. ¢ through 11 show block diagrams of a device that supports technigues for
non-zero-power beams in wireless systems in accordance with aspects of the present

disclosure.

[06044] FIG. 12 illustrates a block diagram of a system including a base station that
supports technigues for non-zero-power beams i wireless systems in accordance with

aspects of the present disclosure.

[(045] 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

{0046] MIMO communications arc widely employed to improve conumunication
throughput in a wircless system. As described herein, MIMO communications may refer to
transmission of signals from antenna elements of a transmitting device such that the signals
coherently combine at antenna elements of a receiving device (i.c., which may be referred to

as receive diversity). Such transmissions may improve the rehability of the communications
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{c.g., may boost a signal to noise ratio (SNR), reduce a block error rate, etc.}. Additionally or
alternatively, MIMO communications may employ spatial multiplexing in which multiple
parallel data streams are transoutied over distinet spatial layers. Spatial multiplexing depends
on the correlation between the transmutted beams. If signals of two transmitted beams
experience similar multipath effects, the received versions of the signals may be highly
correlated and the available spatial multiplexing gain relatively low (¢.g., or non-existent).
However, in a rich multi-path environment, spatial owltiplexing may significantly boost

system throughput.

{0047} MIMO operations may employ beamforming, which is a signal processing
technique that may be used to shape an antenna beam. Beamforming may be achicved by
combining antenna elements of an antenna array such that signals propagating at particular
orientations with respect to the array experience constructive interference while others
experience destructive interference. Amplitude and phase offsets may be apphied to the
antenna elements through the use of precoding applied over antenna ports to generate a
desired interference paticm. Precoding may be defined by a beamforming weight set

associated with a particular orientation.

[0048] To support MIMO communications, a base station may transmit reference signals
over multiple antenna ports, where each antenna port is associated with one or more physical
antennas (e.g., which may refer to 3 combination of antenna elements in an antenna array). A
UE recerving 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 determineg and report beam weighting coefficients for a number of beams (¢.g.,
where cach beam 1s formed by a given precoding vector) for one or more spatial layers.
However, as described further below, not all of the spatial layers may require the full
complement of configured beams. In accordance with the described techniques, a UE may
efficiently report CS1 feedback by mndicating a number of non-zero-power beams {¢.g., rather

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

{00649} Aspects of the disclosure are initially described in the context of a wireless
communications systen. Aspects of the disclosure are then described with reference to beam
diagrams and process flows. Aspects of the disclosure are further ilhustrated by and described
with reference to apparatus diagrams, systern diagrams, and flowcharts that relate to non-

zero-power beam indication for a linear combination codebook.
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6054} FIG. 1 sllustrates an example of a wireless communications system 100 in
accordance with various aspects of the present disclosure. The wireless communications
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, wireless communications system 100 may support
enhanced broadband communications, uktra-reliable (e.g.. mission critical} communications,
low latency conununications, and communications with low-cost and low-complexity
devices. Wireless communications system 100 may support technigues for non-zero-power

beams.

{00651} Base stations 105 may wirclessly communicate with UEs 115 via one or more
base station antennas. Base stations 105 described herein may include or may be referred to
by those skilled in the art as a base transcerver station, a radio base station, an access point, a
radio transceiver, a NodeB, an eNodeB (¢NB), a next-generation Node B or giga-node
{cither of which may be referred 1o as a gNB), a Home NodeB, a Home eNodeB, or some
other suitable terminology. Wircless communications systema 100 may include base stations
105 of ditferent types {e.g., macro or small cell base stations). The UEs 115 described herein
may be able to commumnicate with various types of base stations 105 and network equipment

mclading macro eNBs, small cell eNBs, giNBs, relay base stations, and the like.

{0052} Each base station 105 may be associated with a particular geographic coverage
area 110 in which commumnication with various UEs 115 is supported. Each base station 105
may provide communication coverage for a respective geographic coverage area 110 via
communication links 125, and communication links 125 between a base station 105 and a UE
115 may utilize one or more carriers. Conumunication links 123 shown i wireless
communications system 100 may include uplink transmissions from a UE 115 to a base
station 103, or downlink transmissions, from a base station 105 to a UE 113, Downlink
transmissions may also be called forward link transmissions while uplink transmissions may

also be called reverse link transmissions.

{00G53] The geographic coverage arca 110 for a base station 105 may be divided into
sectors making up only a portion of the geographic coverage arca 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
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provide commaunication coverage for a moving geographic coverage area 110. In some
cxamples, different geographic coverage areas 119 associated with different technologies
may overlap, and overlapping geographic coverage arcas 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/LTE-A or NR network in which different types of base stations 105 provide coverage

for various geographic coverage arcas 110,

{0054} UEs 115 may be dispersed throughout the wireless communications system 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 wureless unit, a remote unit, a
mobile device, a wireless device, a wireless communications device, a remote device, a
mobile subscriber station, an access terminal, a mobile terminal, a wireless terminal, a remote
termnal, a handset, a user agent, a mobile chient, a client, or some other switable terminology.
A UE 115 may also be a cellular phone, a personal digital assistant (PDIAY, a wircless
modem, a wireless communication device, a handheld device, a tablet computer, a laptop
computer, a cordless phone, a personal clectronic device, a handbeld device, a personal
computer, a wireless local loop (WLL) station, an Internet of things (IoT) device, an Internet
of Evervthing (IoE) device, a machine type communication {MTC) device, an appliance, an

automobile, or the like.

8055} 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 D2D communications may be within the geographic coverage
arca 110 of a base station 105. Other UEs 115 in such a group may be outside the geographic
coverage area 110 of a base station 105, or be otherwise snable to receive transmissions from
a base station 105, In some cases, groups of UEs 115 communicating via D2D
communications may utilize a one-to-many {(1:M) system in which each UE 115 transouts to
every other UE 115 in the group. In some cases, a base station 105 facilitates the scheduling
of resources for D2D communications. In other cases, B2D commumnications are carried out

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

LEERSY] Base stations 105 may communicate with the core network 130 and with one
another. For example, base stations 105 may mierface with the core network 130 through

backhaul Iinks 132 (¢.g., via an §1 or other nterface). Base stations 105 may communicate
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with one another over backhaul! links 134 {e.g., via an X2 or other interface) either directly

{c.g., directly between base stations 105} or indirectly {e.g., via core network 130},

[6037] The core network 130 may provide user authentication, access authorization,
tracking, Internet Protocol (IP) connectivity, and other aceess, routing, or mobility functions.
The core network 130 may be an evolved packet core (EPC), which may include at least one
mobility management entity (MME), at least one serving gateway (S-GW), and at least one
Packet Data Network (PDN) gateway (P-GW). The MME may manage non-access stratum
{c.g., control plane) functions such as mobility, authentication, and bearer management for
UEs 115 served by base stations 103 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 IP services may include access to the Internet,
Intranet(s), an IP Multimedia Subsystem (IMS), or a Packet-Switched (PS) Streaming

Service.

[0058] At least some of the network devices, such as a base station 103, may include
subcomponents such as an access network entity, which may be an example of an access
node controller (ANC). Each access network entity may communicate with UEs 115 through
a number of other access network transmission entitics, which may be referred to as a radio
head, a smart radio head, or a transmission/reception pomt {TRP). In some configurations,
various functions of each access network entity or base station 103 may be distributed across
various network devices (e.g., radio heads and access network controllers) or consolidated

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

{B6659] Wireless communications system 100 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 1s 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 buildings and environmental features. However, the waves
may penetrate structures sufficiently for a macro ccll to provide service to UEs 115 located
mdoors. 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,
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0060} Wireless communications system 100 may also operate i 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 opportunistically by devices that can tolerate interference

from other users.

{6061} Wircless communications systern 100 may also operate in an extremely high
frequency (EHF) region of the spectrnum (e.g., from 30 GHz to 300 GHz), also known as the
millimeter band. In some examples, wircless communications system 100 may support
mithimeter wave (mmW) conununications 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 atmospheric attenuation
and shorter range than SHF or UHF transmissions. Technigues disclosed herem may be
employed 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

body.

{0062} In some cases, wireless communications svstem 100 may utilize both hcensed and
unlicensed radio frequency spectrum bands. For example, wireless communications system
100 may employ License Assisted Access (LAA), LTE-Unlicensed (LTE-U} radio access
technology, or NR technology in an unhicensed band such as the 5 GHz ISM band. When
operating in unlicensed radio frequency spectram bands, wireless devices such as base
stations 105 and UEs 115 may employ listen-before-talk (LBT) procedures to ensurc a
frequency channel is clear before transmitting data. In some cases, operations i unlicense
bands may be based on a CA configuration in conjunction with CCs operating in a licensed
band {¢.g., LAA}. Operations in unlicensed spectrum may include downlink transmissions,
uplink transmissions, pecr-to-pecr transmissions, or a combination of these. Duplexing in
unlicensed spectrum mav be based on frequency division duplexing (FDD), time division

duplexing (TDD), or a combination of both.

6863} The term “carrier” refers to a set of radio freguency spectrum resources having a
defined physical layer structure for supporting commuonications over a commumcation link
125. For example, a carrier of a communication link 125 may include a portion of a radio

frequency spectrurn band that is operated according to physical laver channels for a given
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radio access technology. Each physical layer channel may carry user data, control
mformation, or other signaling. A carrier may be associated with a pre-defined frequency
channel {¢.g., an E-UTRA absolute frequency channel number (EARFCN)), and may be
positioned according to a channel raster for discovery by UEs 115, Carners may be downlink
or uplink {(¢.g., in a frequency division duplexed (FDD) mode}, or be configured to carry
downlink and uplink communications {¢.g., in a time division duplexed (TDD) mode). In
sore examples, 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).

{0864} The orgamzational structure of the carmiers may be different for different radio
access technologies {e.g., LTE, LTE-A, NR, etc). For example, communications over a
carrier may be organized according to T11s or slots, cach of which may include user data as
well as control information or signaling to support decoding the user data. A carrier may also
mchude dedicated acquisition signaling {e.g., synchromzation signals or system information,
ctc.} and control signaling that coordinates operation for the carrier. In some examples {e.g.,
in a carrier aggregation configuration), a carrier may also have acquisition signaling or

control signaling that coordinates operations for other carriers,

[0065] Physical channels may be multiplexed on a carrier according to various
techniques. A physical control channel and a physical data channel mayv be multiplexed on a
downlink carrier, for example, using time division multiplexing (TDM) techmiques,
frequency division multiplexing (FDM) techniques, or hybrid TDM-FDM techniques. In
some examples, control mformation transmitied in a physical control channel may be
distributed between different control regions in a cascaded manner (¢.g., between a common
controf region or common search space and one or more UE-specific control regions or UE-

specific scarch spaces).

{0666} A carrier may be associated with a particular bandwidth of the radio frequency
spectnum, and i some examples the carrier bandwidth may be referred to as a “system
bandwidth” of the carrier or the wircless communications systern 100. For example, the
carrier bandwidth may be one of a number of predeternuned bandwidths for carniers of a
particular radio access technology {e.g., 1.4, 3, 5, 10, 15, 20, 40, or 80 MHz}. In some
examples, cach served UE 113 may be contigured for operating over portions or all of the

carrier bandwidth. In other examples, some UEs 115 may be contfigured for operation using a
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narrowband protocel type that 1s associated with a predefined portion or range {(e.g., set of
subcarriers or RBs) within a carrier (¢.g., “in-band” deployment of a narrowband protocol

tvpe}.

0867} In a system employing MCM technigues, a resource clement may consist of one
symbol period (e.g., a duration of one modulation symbol) and one subcarrier, where the
symbol period and subcarrier spacing are nversely related. The number of bits carried by
cach resource element may depend on the modelation scheme {e.g., the order of the
modulation scheme}. Thus, the more resource clements that a UE 115 receives and the higher
the order of the modulation scheme, the higher the data rate may be forthe UE 115, In
MIMO systems, a wireless communications resource may refer to a combination of a radio
frequency spectrum resource, a time resource, and a spatial resource {(¢.g., spatial lavers}, and
the use of multiple spatial layers may further increase the data rate for communications with a

UE 115,

{0068] Devices of the wireless communications system 100 {e.g ., base stations 105 or
UEs 115) may have a hardware configuration that supports conmunications over a particular
carrier bandwidth, or may be configurable to support communications over one of a set of
carrier bandwidths. In some examples, the wireless commanications system 100 may include
base stations 105 and/or UEs that can support simultancous communications via carriers

associated with more than one different carrier bandwidth.

{0669} Wireless communications system 100 may support communication with a UE 115
on multiple cells or carriers, a feature which may be referred to as carrier aggregation (CA) or
multi-carrier operation. A UE 115 may be configured with multiple downlink CCs and one or
more uplink CCs according to a carrier aggregation configuration. Carricr aggregation may

be used with both FDD and TDD component carriers.

{6679} In some cases, wireless communications system 100 may utilize enhanced
component carriers {€CCs). An ¢CC may be characterized by one or more features including
wider carrier or frequency channel bandwidth, shorter svmbol 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 {¢.g., when multiple
serving cells have a suboptimal or non-ideal backhaul link}. An ¢CC may also be configured
for use in unlicensed spectrum or shared spectrum (e.g., where more than one operator is

allowed to use the spectrum). An ¢CC charactenized by wide carrier bandwidth may include



WO 2019/029675 PCT/CN2018/099880

19

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 (c.g.,

to conserve power).

{6071} In some cases, an ¢CC 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, sach as a UE 115 or base station 103, utilizing ¢CCs may
transmit wideband signals (¢.g., according to frequency channcl or carrier bandwidths of 20,
490, 60, 80 MHz, ctc.) at reduced symbol durations {¢.g., 16.67 microscconds). A TH in eCC
may consist of one or multiple symbol periods. Tn some cases, the TTT duration {(that is, the

number of symbol periods in a TTI} may be vanable.

{06072} Wireless communications systems such as an NR system may utilize any
combination of licensed, shared, and unhicensed spectrnum bands, among others. The
flexibility of eCC symbol duration and subcarrier spacing may allow for the use of eCC
across nultiple spectrums. In some examples, NR shared spectrum may increase spectram
utilization and spectral efficiency, specifically through dynamic vertical (e.g., across

frequency) and horizontal {¢.g., across time} sharing of resources.

{8673} In some examples, base station 105 or UE 115 may be equipped with multiple
antennas, which may be used to employ techniques such as transmit diversity, receive
diversity, nudtiple-inpuot mudtiple-output (MIMO) communications, or beamforming. For
example, wireless communication system may use a transmission scheme between a
transmitiing device {¢.g., a base station 105} and a receiving device (e.g., a UE 115}, where
the transmitting device is equipped with multiple antennas and the receiving devices are
equipped with one or more antennas. MIMO communications may emplov 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 muktiple
signals may, for example, be transmitted by the transmitting device via different antennas or
different combinations of antennas. Likewise, the multiple signals may be received by the
receiving device via different antennas or different combinations of antennas. Each of the
multiple signals may be referred to as a separate spatial stream and may carry bifs associated
with the same data stream {¢.g., the same codeword) or different data streams. Different

spatial layvers may be associated with different antenna ports used for channel measurement
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and reporting. MIMO techniques include single-user MIMO (SU-MIMO) where multiple
spatial layers are transmitied to the same receiving device, and multiple-user MIMO (MU-

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

0074} Beamforming, which may also be referred to as spatial filtering, directional
transmission, or directional reception, is a signal processing technique that may be used at a
transmutting device or a receiving device (e.g., a base station 105 ora UE 115) to shape or
steer an antenna beam {e.g., a transmit beam or receive beam} along a spatial path between
the transmitting device and the receiving device. Beamforming mayv be achieved by
combining the signals communicated via antenna clements of an antenna array such that
signals propagating at particular 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 nclude a transmitting device ora
receiving device applying certain amplitude and phase offsets to signals carned via each of
the antenna elements associated with the device. The adjustments associated with each of the
antenna clements may be defined by a beamforming weight set associated with a particular
oricntation {c.g., with respect to the antenna array of the transmutting device or receiving

device, or with respect to some other orientation}.

[06075] In one example, a base station 1035 may use multiple antennas or antenna arrays to
conduct beamforming operations for directional communications with a UE 115, For
mstance, some signals {e.g., synchronization signals, reference signals, beam selection
signals, or other control signals) may be transmitted by a base station 105 multiple times in
different directions, which may include a signal being transmitted according to different
beamforming weight sets associated with different directions of transmission. Transmissions
mn different beam directions may be used to identify (e.g., by the base station 105 ora
recetving device, such as a UE 115) a beam direction for subsequent transmission and/or
reception by the base station 105, Some signals, such as data signals associated with a
particular recetving 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 direction associated with transmissions along a single beam direction
may be determined based at least in n part on a signal that was transoutted in different beam
directions. For example, a UE 115 may receive one or more of the signals tranamitted by the
base station 105 in different dircctions, and the UE 115 may report to the base station 105 an

mdication of the signal it received with a highest signal quality, or an otherwise acceptable



WO 2019/029675 PCT/CN2018/099880

21

signal quality. Although these techmques are described with reference to signals transmitted
m one o1 more directions by a base station 103, a UE 115 may employ similar techniques for
transmitting signals multiple times in different directions (¢.g., for identifying a beam

direction for subsequent transmission or reception by the UE 1135}, or transmitting a signal in

a single direction (e.g., for transmitting data to a receiving device}.

8076} A receiving device {e.g., a UE 115} may try multiple receive beams when
recetving various signals from the base station 105, such as synchronization signals, reference
signals, beam selection siguals, or other control signals. For example, a receiving device may
try multiple receive directions by recetving via different antenna subarrays, by processing
received signals according to different antenna subarrays, by receiving according to different
receive beamforming weight sets applied to signals received at a plurality of antenna
clements of an antenna array, or by processing received signals according to different receive
beamforming weight sets applied 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 receive along a single beam direction {e.g., when receiving a data signal). The single
receive beam may be aligned i a beam direction determined based at least in part on
listening according to different receive beam directions {e.g., a beam direction determined to
have a highest signal strength, highest signal-to-noise ratio, or otherwise acceptable signal

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

{06677} In some cases, the antennas of a base station 103 or UE 115 may be located within
one or morc antenna arrays, which may support MIMO operations. or transmit or receive
beamforming. For example, one or more base station antennas or antenna arrays may be ¢o-
located at an antenna assembly, such as an antenna tower. In some cases, antennas 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 columns of antenna
ports that the base station 103 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. By way of example, an antenna array (¢ .g., or antenna
panel} may be or mclude a st of antenna clements connected to the same digital transceiver
chain. An antenna array {e.g., or antenna panel) may include analog phase control circuitry

that beamforms transmissions from the array or panel.
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{6078} To support MIMO operations, a base station 105 may configure a UE 115 10
report CS] feedback. The CS1 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
wdentify at least one non-zero-power beam for one or more spatial layers. As described further
below, the UE 115 may reduce a payload of the CSI feedback by including an indicator of a
number of non-zero-power beams (2., and omitting beam coefficients for zero-power
beams). Such a payload reduction may reduce power consumption of UE 115, improve

communication throughput, or otherwise benefit wireless communications systern 100,

[B6079] F1IG. 2 illustrates an example of a wircless communications system 200 that
supports techniques for non-zero-power beams in accordance with various aspects of the
present disclosure. Wireless communications system 200 includes a base station 105-a and a
UE 115-a, each of which may be an example of the corresponding devices as described with

reference to FIG. 1.

{0680} To support MIMO communications, base station 105-a may configure UE 115-a
to report €SI for a number of bearas (¢.g., or antenna ports) to be used in conjunction with a
linear combination codebook. To facilitate CSI reporting, base station 103-a may transmit
CSI-RS 215 to UE 115-a. For example, base station 105-a may transmit a phurality of CSI-RS
sequences over respective antenna ports 203 (e.g., with or without precoding). Each antenna
port 205 may drive a subset of antenna elements at base station 105-a {e.g., cach antenna port
may be associated with one or more antenna elements). Upon recetving the CSERS 215, UE
115-a may estimate the channel 220 between itself and base station 105-a and generate a CS1
report based on the estimate. By way of example, base station 105-a may transmit eight (8)
CSI-RS sequences, each associated with a respective antenna port 205 {(with FIG. 2 showing
two of the eight antenna ports 205-a and 205-b). Each antenna port 205 may in turn drive one
or more antenna clement groups {¢.g., one or more antennas 210) of base station 1035-a.
Accordingly, CSI-RS 215-a and CSI-RS 215-b may be transmitted from the group of
antennas 210 corresponding to antenna port 205-a and antenna port 205-b, respectively. UE
115-a may in turn receive the C8I-RS 215 over one or more antennas and estimate channel

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

{0081} In aspects, UE 115-a may identify beam(s) (¢.g., or anterma ports) for a incar
combination codebook that match the channel estimates. For example, the UE 115-a may

estimate the raw (i.¢., non-precoded) channel {¢.g., H) and may use the channel estimates
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based on the CSI-RS 215 to identify a set of beams {¢.g., corresponding to beams of a

codebook) which contribute to a precoding vector for one or more spatial layers.

{0082} For cach of the one or more spatial lavers, UE 115-a may report CSI feedback

indicating a linear combination of a subset of pre-coding vectors or matrices in a given pre-

coding codebook. As an cxample, for each spatial layer, the precoding matrix may be given
Wo,i . i . o th ~

by [WM} where w,; is the precoder on the 1 set of antenna ports for the I layer. The

precoding vector W, may be obtained by a linear combination (i.¢., a weighted sum) of

transmit beams. For example:

-1
o wa sB
. b 0 X Pri X Pris X Cra

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

b

@ 1s a two-dimensional DFT beam, and p} % pi5; % ¢, ; represents the weight of the

o
1 o2

i" beam of the 1" laver. In this equation, pﬁv’f is the wideband beam amplitude, which may be

drawn from a finite set (e.g., {1, ¥0.5,v0.25,V0.125,v0.0625,+0.0313,v0.0156, 0} p; 5,
is the subband beam amplitude, which may be drawn from another finite set (e.g.. {1, V0.5 }%

and ¢, ; 1s the subband beam phase, which may be drawn from a third finite set (¢.g.,

jmn jrn
{fez,n=0123}or{e,n=012 .7}
{6083} Basce station 103-a (¢.g., or some other suitable network entity) may configure the
number of beams L, the number of antenna ports 205 in a first and second direction (N;, N2},
and the oversampling ratio for each direction (05, O2). For exampie, the mumber of antenna
ports 205 and the oversampling ratio may be configured in the case that CSI-RS 215 is not
beamformed (¢.g., but may not be vsed in the case of beamformed CSI-RS 215, which may
only require a configuration of the number of beams/antenna ports L}, The feedback payload
for the linear combination codebook may in some cases include 2L sets of coefficients for
cach spatial layer {c.g., for L beams cach with 2 polarizations). For example, the report may
mchude the wideband beam amplhitude, subband beam amplitude, and subband beam phase of
2L-1 coetficients along with the beam index.
{6084} The coefficients may be quantized to reduce signaling overhead. Accordingly, the
wideband amphitude may be signaled using three (3} bits per cosfficient {t.e, 3x(2L — 1} bits

i total) to indicate one of the eight (8) quantized levels in the finite set above. Similarly, the
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subband beam amplitude may be signaled asing one (1) bit per coefficient per subband for
the strongest K -1 coefficients out of the 2L ~ 1 coefficients (i.c., and zero {0} bits for the
remaining 21 — K cocefficients) for a total of K — 1 bits per subband. In one example: 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 coefficient per subband (i.e., depending on which finite set is

used).

{0085}

4 and ten subbands may be given by:

By way of example, the rank 1 payload for a CSIreport with Ny =N, =0, = 0, =

Table 1: Rask 1 Payload (in bits}

L Rotation: {-beam Strongest | WB Total SB SB Total
v selection | coefficient: | amp: WwB amp: | phase: | payload
flog, {003 llo (")) ; ’ payioad R
8201/ [log, 2L] :
per layer
2 4 7 2 @ 22 3 9 142
3 4 16 3 15 32 3 13 192
4 4 11 3 21 39 5 19 279
{0086} As can be scen from Table 1, the payload of CSI report increases dramatically as

the number of beams L increases. However, beams with zero power {e.g., za,W,ff effectively
zero or less than some threshold) may not contribute to the final precoder (¢.g., the final
precoder may be formed by the L' beams (L’ < L) with p/') greater than the threshold).
Accordingly, the payload of the CSl report may be reduced mn accordance with the described
techniques by removing the bits corresponding to the coefficients of zero-power beams (e.g.,
mcluding information indicating which beams are zero-power and which beams are non-zero-
power). That i, because a zero-power beam does not contribute {¢.g., significantly or at all}
1o the final precoder, the wideband amplitude, subband amplitude, and subband phase of the

zero-power beam{s} may be omitted from the CSI report.
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6087} For example, if the network {e.g., base station 105-a} 1s aware of the exustence of
zero-power beams, UE 115-a can report the wideband amplitude, subband amplitude, and
subband phase as if there are 1" beams to be used 1n the linear combination codebook. That
15, if L = 4 and there is one zero-power beam, the feedback payload size for the rank | (i,
one spatial fayer) report may be reduced from 279 bits to 192 bits {¢.g., along with a
relatively small number of bits to indicate the presence of the zero-power beam as described
further below). Further, the more zero-power beams and the higher the rank of the feedback,

the more the overhead can be reduced.

{00838] Aspects of the present disclosure relate to lincar combmation codebooks (e.g.,
Tyvpe I codebooks). For example, a Tvpe I codebook may use non-precoded CSI-RS 215
while a Type H port selection codebook may use precoded CSI-RS 215, UE 115-a may
receive a configuration indicating use of the Type H codebook and may identity a
combination of beams o be convmunicated to base station 105-a 1n a CS1 report based on the
non-precoded CSI-RS 215, Alternatively, UE 115-a may receive a configuration indicating
use of the Type I port selection codebook and may identify a combination of antenna ports
205 to be communicated to base station 105-a in the CS1 report based on the precoded CSI-
RS 215, That is, because the CSE-RS 215 are precoded, cach antenna port 205 may
correspond to a respective beam, and UE 115-a may use the one-to-one correspondence
between antenna ports 205 and beams to perform channel estimation. Thus, in aspects of the
present disclosure a number of beams may be used to refer to a number of beams in
conjunction with a Tvpe H codebook and/or a number of antenna ports in conjunction with a

Type H port selection codebook.

{0089] FIG. 3 illustrates an example of a wireless commumications system 300 that
supports technigues for non-zero-power beams in accordance with various aspects of the
present disclosure. Wireless communications system 300 includes a base station 105-b and a
UE 115-b, cach of which may be an cxample of the corresponding devices as described with
reference to FIGs. 1 and 2. Wireless communications svstem 300 may operate in frequency
ranges that are associated with beamformed transmissions between base station 105-b and UE

115-b (e.g., mmW frequency ranges. sub~-6GHz frequency ranges, ¢fc.).
06099} In aspects of the present disclosure, signal processing techniques sach as
beamforming may be used to combine encrgy coherently and overcome path losses. By way

of example, base station 105-b may contain multiple antennas. In some cases, cach antenna
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may transmit {or receive) a phase-shifted version of a signal sach that the phase-shifted
versions constructively mterfere i certain regions and destructively interfere in others.
Weights may be applied to the various phase-shifted versions, ¢.g., in order 1o steer the
transmissions in a desired direction. Such techniques {or similar techniques) may serve 1o
mcrease the coverage area 110-b of the base station 103-b or otherwise benefit wireless

communications system 300

{8091} Transmit beams 305 represent examples of beams over which data (e.g., or control
mformation) may be transmitted. Accordingly. each transmit beam 303 may be directed from
base station 103-b toward a different region of the coverage area 110-b and m some cases,
two or more beams may overlap. Transmit beams 305 may be transmitted simultaneously or
at different times. In either case, a UE 115-b may be capable of receiving the information in
one or more transmit beams 305 via receive beams. In some cases, cach receive beam may
correspond 1o a given transmit beam 305 {e¢.g., or antenna port in the case of precode

signals}, or a receive beam may correspond to muoltiple transmit beams 305 (e.g., UE 115-b

may receive a signal sent over multiple transmit beams 305 in a transmit diversity scheme).

[06092] As described above, MIMO operations may be supported through transnussion of
CSI-RS over transmit beams 305. Base station 105-b 13 illustrated with seven (7) transmit
bearns 305, though any suttable number of transmit bearns may be emploved. To aspects, cach
transmit beam 305 may be resolved into polarnized 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 elements, where transmit beams are formed
by phase control of antenna elements and cach beam may correspond to an antenna port. The
polarized components of a given transmit beam 305 may be treated independently or
collectively. Base station 103-b may configure UE 115-b to identify a subset of the transmit

beams 303 to be used for a linear combination codebook.

{6693} Aspects of the present disclosure may be described in the context of sets of
antenna ports, where each antenna port may steer or otherwise control one or more antenna
clements (¢.g., as described with reference to FIG. 2). In some cases, a first set of antenna
ports may be associated with a first polarization of dual-polarized antenna elements of a first
antenna array while a second set of antenna ports may be associated with a second
polarization of the dual-polarized antenna elements of the first antenna array. Additionally or

altemnatively, the second set of antenna ports may be associated with a second antenna array
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{c.g., that supports the first polarization or the second polarization, or both the first and
second polarizations}. Thus, different sets of antenna ports may refer to antenna ports having
different polarizations and/or antenna ports associated with different antenna arravs {¢.g.,
antenna panels). That is, base station 105-b {e.g., and/or UE 115-b) may include multiple
antenna arrays {¢.g., antenna panels), and aspects of the present disclosure may support non-
zero-power beam indication per array, non-zero-power beam indication per polarization, or

both.

{0094} The precoders used to form transmit beams 305 may be selected from a codebook
{c.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 beamfornung parameters contained n a codebook.
Alternatively, the precoder mayv be based on a non-codebook method {(¢.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.g., UE 115-b may only estimate the composite channel without
knowledge of the exact precoder used to fonm the transmit beam 305). Each transmit beam
305 may carry a CSI-RS sequence. Upon receiving the CSE-RS, UE 115-b may estimate the
channel {¢.g., H*b) for the transmut beam 303 based on the CSI-RS. The UE 115-b may test
one or more receive beams for cach of the transnut beams 3035 to identify transmit/receive
beam pairs providing the best channel conditions for compnmication. That is, UE 115-b may
estimate the beamformed {(¢.g., composite) channel for a plurality of transmit/receive beam
pairs {c.g., rather than or in addition 1o the non-beamformed channel as described with

reference to FIG. 23,

[0095] Aspects of the techniques descrbed with reference to FIG. 2 may apply to
beamformed CSI-RS as well. For example, for each spatial layver 310, UE 115-a may report
CSI feedback mdicating a linear combination of beams and/or antenna ports. For example,
base station 103-b may configure UE 115-b to report €SI feedback for L transmit beams 303
{¢.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 {e.g., a port selection matrix}
as well as the beam coefficients used to combine them. In some cases, the weights (e.g.. beam
cocfficicnts) may be polarization-specific and/or spatial layer 3 1C-specific. 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 layvers 310). As described
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above, the beam coefficients {e.g., the wideband beam amplitude, the subband beam

amplitude, and the subband beam phase) may each be drawn from a respective finite set.

{0896} As further described above, the payload of the CSI report 315 increases
dramatically as the number of beams L increases. However, because beams with zero power
{cg., pl”’;ﬁz less than some threshold) may not contribute to the final precoder (e.g., the final
precoder may be formed by the L” beams (L” < L) with pgﬁ above the threshold), the payload
of the CS51 report 313 may be reduced by removing the bits corresponding to the cocfficients

of zero-power beams (¢.g., and nstead including an indicator of non-zero-power beams).

{06097} Various formats for the pavload of the CSI report 315 are considered below.
Aspects of these formats may be combined such that the examples discussed below are not
lnmiting of scope. Aspects of the following are described using L = 4 {¢.g., base station 103-b
may configure UE 115-b to report feedback for four transmit beams 305) and rank 2 (e.g., the
four transmit beams 305 form two spatial fayers 310-a, 310-b when received by UE 115-b). It
is 1o 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 CSE-RS.

[06098] In the following examples, the contribution of cach transmit beam 305 to a given
precoding vector is identified over two polarizations, though the described concepts apply to
single polarization transmissions as well. Based on a configuration received from base station
105-b, UE 115-b reports €SI based on four transmit beams 305 (e.g., L = 4). UE 115-b may
select transmit beams 303-a, 305-b, 305-c, and 305-d for the two spatial layers 310-a, 310-b.
For example, UE 115-b may seloct the L beams based on the received power for the
beamformed CSI-RS, the relative contributions to the precoding vector for one or more
spatial layers 310, etc. Alternatively {(e.g., if the CSI-RS is not beamformed}, UE 115-b may
emulate a DFT codebook {e.g., may cvaluate candidates from the codebook in order to find
the L beams which match the channel). In yet 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 possibie combinations (e.g.,
amplitude factors and phase factors) of antenna ports or transmit beams 303 {¢.g., for both
precoded CSI-RS and non-precoded CSI-RS). Accordingly, UE 115-b may select the L

beams which match the channel estimates.
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{6699} In some cases, UE 113-b {¢.g., and/or base station 105-b) may identifyv a
triggering condition for mcluding a non-zers-power beam indicator in a €SI report. For
cxample, the triggering condition may be included in the configuration indicating the number
of beams to be reported i the CSI report 315, For example, the triggering condition may
mclade a communication guality {¢.g., an SNR, supported rank, ¢tc.), a device capability
{e.g.. a battery level), a network condition {e.g., a number of communicating devices), a
configuration setting, etc. UE 115-b {c.g., and/or base station 105-b} may deternune whether
the triggering condition is satisfied (¢.g., whether the communication quality exceeds a
certain threshold) and determine a format of the C5I report 315 based on the triggering
condition satisfying the threshold or failing to satisfy the threshold. As an example, UE 115-b
may default to inchuding the non-zero-power beam indicator, but may in some cases identify
a triggering condition and adjust the format of the CS1 report 315 to include beam
coefficients for all beams/antenna ports (e.g., including zero-power beams). Accordingly, UE
1135-b may switch {(e.g., dynanucally or semi-statically) between using a non-zero-power
beam indicator and omuitting the non-zero-power beam indicator in a TSI report 313, In some
cases, a format of the indicator in the €SI report 315 may be based at least in part on the
triggering condition. In some cases, the format of the CS1 report 315 {e.g., the reporting
sctting) may be fixed. Alternatively, the reporting setting may be dynamically updated {(¢.g.,

configured by the network based on the triggering condition}.

6100} The contribution of transmit beams 305 to a final precoding vector for a given
spatial layer 310 may vary {¢.g., due to channel characteristics such as obstacles, fading,
mterference, ete.). For example, there may be variance between different transomt 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 polanzation

and/or spatial layer 310).

6101} For example, UE 115-b may compare the contribution of cach transmit beam 3035
to a threshold (e.g., a wideband amphitude factor). The comparisons may be spatial layer
specific, specific to a set of antenna ports, and/or polarization specific. UE 115-b may
identify the subset of transmit beams 3035 to be included in the CSI report and {e g, based on
the comparison) may classify transnut beams 305 as zero-power beams {¢.g., for beams with
a wideband amphide factor below the threshold) or non-zero-power beams {e.g., for beams

with a wideband amplitude factor above the threshold).
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{8162} By wayv of example, the contribution of transmit beam 305-a to the final precoding
matrix may be greater than the threshold for both sets of antenna ports for spatial layer 310-a
and spatial layer 310-b. In sore 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 matrix may be greater than
the threshold for both sets of antenna ports for spatial layer 310-a and lower than the
threshold for both scts of antenna ports for spatial fayer 310-b (1.c., may be a zero-power
beam for spatial layer 310-b). The coniribution of transmit beam 305-c to the final precoding
matrix may be greater than the threshold over one set of antenna ports of spatial layer 310-2
{c.g., but the contribution of transnut beam 305-¢ for a second set of antenna ports of spatial
layer 310-a may be below the threshold). Similarly, the contrbution of transmit beam 305-¢
to the final precoding matrix for spatial layer 310-b may be greater than the threshold over
the second set of antenna poits {¢.g., but lower than the threshold for the first set of antenna
ports). Transout beam 303-d may represent a zero-power beam for both spatial lavers 310-a,
310-b {e.g., its contribution to the final precoding matrices may be below the threshold over

both sets of antenna ports for spatial laver 310-a and spatial layer 310-b}.

{3163} For the sake of illustration, four (4) transmit beams 305 are labeled in FIG. 3.
However, it should be understood that the base station 105-b may transnut additional beams
{¢.g.. non-shaded beams 303}, These beams may also be received, for example, with
respective beamforming contributions below the threshold over both sets of antenna ports and
spatial layvers 310. It 1s to be understood that each spatial layer 310 may contain transout
beams 305 of multiple polarizations. Spatial lavers 310-a and 310-b are ithustrated as being
formed by lincar combinations of four transmit beams 305 for a given set of antenna ports
{c.g., the first set of antenna ports described above). Accordingly, the final precoding matrix
for the first set of antenna ports {(e.g., which may be associated with a first polarization) of
spatial layer 310-a has non-zero contributions from three transmit beams 305 {e.g,,
corresponding to transmit beams 305-a, 305-b, and 305-c, which arc indicated as shaded
boxes mn spatial laver 310-a) and one zero-power transmit beam 305 {¢.g., corresponding o
transmit beam 305-d, which is indicated as an voshaded box in spatial layer 310-a). Similasly,
the final precoding matrix for the first set of antenna ports of spatial layer 310-b has non-zero
contributions from transmit beams 305-a and 305-¢ and two zero-power transmit beams 305
{e.g., corresponding to transmit beams 305-b and 305-d). In some cases, the first set of

antenna ports may be associated with a first polarization. It is to be understood that these
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tustrations are included for explanation only (¢.g., such that polarization-specific
contributions or contributions specific to a given set of antenna ports for the precoding

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

{3104} In a first reporting sefting, UE 113-b may report the number of non-zero-power
beams applied to all sets of antenna ports and layers. As described above, transmit beam
305-d represents an example of a zero-power beam for both sets of antenna ports and both

spatial lavers 310 (e.g.

=0

because its wideband amplitude factor may be zero or below a
threshold after spectral efficiency evaluation, as described above). In accordance with the
described technigucs, UE 115-b may therefore include an indication of three non-zero-power
beams applving to both sets of antenna ports and both spatial lavers. In some cases, UE 113-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 layerare 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 {108, L0, 1 bits, where L., is the maximal possible value of L for the
network {e.g.. such that cach CSI report 315 has the same format regardiess of the
configuration of L for a given UE 113). In the present example, UE 115-b indicates to base
station 105-b that one of the four beams is a zero-power beam for all sets of antenna ports and

spatial layers 310.

[0105] In aspects, the CS1 report 315 of the present example may indicate that only one
transmit beam (e.g.. transmit beam 303-a} is a non-zers-power beam (e.g., because the
contribution of the other three transmit beams 305 to the final precoding vector of one or both
spatial lavers 310 1s 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 determined by UE 115-b {c.g, based on a factor applicd to the highest power
transmit beam 305). As an example, if Ny =4, N, = 4, and L = 4, and UE 115-b deteomines
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 CSI report 315 may
mclade beam coefficients {e.g., as well as a strongest coefficient indication). Accordingly,
CS1 report 315 may be transmitted with a payload size as if L = 2 and K = 4 {i.c., rather than

L=4and K= 6).

{0106} In some examples of the first reporting setting, UE 115-b may convey the number

and indices of non-zero-power beams {¢.g., the indices relative to the L beams rather than the
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absolate beam index corresponding to a beam position in the beam set) applied to all sets of
anteniia ports {€.g., polarizations) and spatial layers 310 in €SI report 315 using an L-bit
bitmap. For example, by, by, -+, b, _; may be the indication for the L beams, and b; = 0
means that the power of bear ¢ {¢.g., where  corresponds to the index relative to the L
beams) on all sets of antenna ports and spatial lavers 21013 zero ie., p(j”fi == p}’v,‘f =0, vi=
0,1, ...R — 1, where R is the selected rank}. Accordingly, b; may be an example of a power
indicator bit {e.g., such that the value of b; indicates whether a given beam has zero-power or
non-zero-power). After determining the bitmap, UE 115-b may report beam indices of the
non-zero-power beams {(e.g., but may not report indices of the zero-power beams). The beam
coefficients included in TSI report 315 may then correspond to the indicated non-zero-power
beams. As an example, for L =4, UE 115-b may include in the TS5 report 315 four (4) beam
mdices (c.g.. |4, 7, 9, 13]). CST report 315 may include a non-zero-power beam indication
{e.g., ‘01017, mdicating that the beams with indices 4 and 9 are zero power beams for all
spatial layers 310 and sets of antenna ports while the beams with imdices 7 and 13 are non-
zerg-power beams for all spatial layers 310 and sets of antenna ports. CS1 report 315 may
mclude beam cocfficients corresponding to the beams with indices 7 and 13 (¢.g., where the
beam coefficients may in some cases be specific to a given set of antenna ports and/or spatial
laver specific). Alternatively, in some cases {e.g., based on a triggering condition), UE 115-b
may include beam indices of all the £ beams (i.c., where the beanm indices correspond to the

absolute beam position m the set of transmit beams 305).

{6107} in a second reporting setting, UE 115-b may report non-zero-power beams that are
specific to a given set of antenna ports (¢.g., applied to all spatial lavers 310). For example,
UE 115-b may report the number of non-zero-power beams per set of antenna ports, where
cach sct of antenna ports may be associated with a different polarization, a different antenna
array, or both. The possible values of the number of non-zero-power beams per sct of antenna
portsarc 0, 1, 2, ..., L— 1. Similarly to the first reporting setting, UE 115-b may convey the
mdication using 2 X [log, L1 bits or 2 X [log, La. | bits. In the former case, the first

{log, L1 bits may be used for the first set of antenna ports while the remaining bits may be
used for the second set of antenna ports. Accordingly, in the present example, UE 115-b may
mform the network (€.g., or base station 103-b} that, for the first and second sets of antenna
ports, there 1s one non-zero-power beam for each spatial layer 310-a, 310-b {c.g., transmit
beam 305-a). If the contribution of transmit beam 305-b, 305-¢ to a precoding matrix for a

given spatial layer 310 and a given set of antenna ports exceeds a threshold (e.g., which may
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be configured or autonomously determined as described above), these beams may be
considered non-zero-power beams for that set of antenna ports {¢.g., regardless of the
contribution of the transmit beam 305 on the given set of antenna ports tor the other spatial

layers 310).

{6108} Alternatively, in the second reporting setting UE 115-b may convey the number
and indices {e.g., mdices relative to the L dentified beams) of non-zero-power beams per set
of antenna ports in CSI report 315 using a 2L-bit bitmap. In this example, by, by, -+, by may
be used for the first set of antenna ports and by, by 44, -+, by, may be used for the second set

of antenna ports. Accordingly, b, = 0 means that the power of beam | = mod(v, L) for

v . . wg
2 > ety = |- s ze10 (ie., Pl =0,vl=01,,R—1) As:
antenna port set 7 m + 1iszero(ie., pil‘zj»:--i.l,mad(v,L) {3, 0,4, ,R—1) Asan

example, for L =4, UE 115-b may include in the CSI report 315 four {4) beam indices {e.g.,
[4, 7,9, 131). CSI report 315 may include a non-zero-power beam indication {¢.g.,
‘010100117, indicating that, for the first set of antenna ports, the beams with indices 4 and 9
are zero power beams for all spatial layvers 310 while the beams with indices 7 and 13 are
non-zero-power beams for all spatial tayers 310 and, for the second set of antenna ports, the
beams with indices 4 and 7 are zero power beams for all spatial lavers 310 while the beams
with indices 9 and 13 are non-zero-power beams for all spatial layers 310. C5I report 315
may include beam coefficients corresponding to the non-zero power beams (¢.g., beams with
mdices 7 and 13 for the first set of antenna ports and beam coefficients corresponding to the

beams with indices 11 and 13 for the second set of anteana poris).

8109} In a third reporting setting, UE 115-b may report layer-specific non-zero-power
beams {¢.g., applied o one or more sets of antenna poris). For example, UE 113-b may report
the number of non-zero-power bearas 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 laver 310-a and the remaining [log, L} arc for spatial laver 310-b. Alternatively,
UE 115-b may convey the indication using R X {log, L., ] bits. In the present example, UE
115-b may mdicate that spatial laver 310-a mncludes two out of four {¢.g., the maximum
number of non-zero-power beams for reporting) non-zero-power beams {¢.g., the two non-
zers-power beams are the same for both polarizations). In this example, the two beams
correspond to transioit beams 305-a, 305-b. Suailarly, UE 115-b may indicate that spatial

layer 310-b includes one out of four non-zero-power beams (¢.g., transmit beam 305-a). As
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with the first two reporting settings, UE 115-b may decide whether to include a beam ¢
associated with zero-power on laver / for a first set of antenna ports while if 1s associated with
non-zero-power on layer { of a second set of antenna ports {¢.g., based on a threshold
comparison). For example, transmit beam 303-¢, which contributes to the final precoding
matrix on cach spatial laver 310 over only one set of antenna ports, may be indicated as a
zero-power beatmn or a non-zero-power beam based on a threshold comparison. Hthe
contribution of transmit beam 305-c on spatial layer 310-a for the furst set of antenna ports
exceeds the threshold, transnut beam 305-¢ may not be considered a zero-power beam for
spatial layer 310-a, and the CSI report 315 may indicate that spatial layer 310-a inchudes three

out of four non-zero-power beams.

6110} Alternatively, in the third reporting setting UE 115-b may convey the number and
indices of non-zero-power beams per spatial layer 310 in TSI report 3135 using a R X L-bit
bitmap. In this example, by, by, -+, by are for the first laver, by, b; 14, , byy 4 are for the

second layer, etc. and B, = 0 means that the power of beam i = mod (v, L} with the layer

v -
f= H + 1is zeto {ic., p7 = ().
L e, po[,’ +1mod(v,L) 1,mod{v,L) )

0111} In a fourth reporting setting, UE 115-b may report layer and antenna port set-
specific non-zero-power beams. For example, UE 115-b may report the number of non-zero-
power beams per spatial laver 310 per set of antenna ports. Accordingly, UE 115-b may use
2R x flog, L] bits o indicate the number of non-zero-power beams or ZR X [log, Ly, | bits.
In such a reporting sctting, UE 115-b can indicate to base station 105-b the number of non-

zero-power beams for a given layer-antenna port set pair.

{8112} Alternatively, in the fourth reporting setting UE 115-b may convey the number
and indices of non-zero-power beams per layer-antenna port set pair using a 2R X L-bit
bitmap in which by, by, -+, by are for the first set of antenna ports of spatial layer 310-a;
by, By, o, by -y are for the second set of antenna ports of spatial layer 310-a,

bor, Doy .00 by g are for the first set of antenna ports of spatial layer 310-b, and

by, bap .0 By 4 axe for the second set of antenna ports of spatial layer 310-b. Tn this

example, b, = 0 indicates that the power of beam | = mod{v, L) for the mod {Ej , 2) of

layer { = [—'-I is zero (e 77 g ={
3 2L ( nE mad[(i%j,z),&j,mad(v,i,) }
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8113} In a fifth reporting setting, UE 115-b may report a number of zero-power beams
and the number of non-zero-power beams (¢.g., per-laver, per-polanzation, per-antenna port
set). The number of non-zero-power beams may be determined from the total number of
beams (e.g., per-layer, per-polarization, per-antenna port set) and the reported number of
zerg-power beams. For example, UE 115-b may convey the number and indices of zero-
power beams (¢.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 sets of antenna ports {¢.g.,
polarizations) and spatial lavers 310 in US1 report 313 using an Z-bit bitmap. and the number
and indices of non-zero-power beams may be determined from the set of beams and the

ndices of the zero-power beams.

[114] In some cases, UE 115-b may be configured {¢.g., by base station 103-b or some
other suitable network entity) to use a given reporting setting for CS1 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 {c.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 scttings
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 {¢.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 TSI report 315 (e.g., inchuding 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 €SI report 315 formats {e.g., based on some

triggering condmtion or network signaling).

[0115] Additionally or alternatively, various possible reporting encoding schemes for
generating CS1 report 313 are considered within the scope of the present disclosure. In sone
cases, UE 115-b may jointly encode the mdicator of the mumber of zero-power beams with
the rank mdication (RI}. For example, the payload for the indicator may be directly cascaded
with the payload of the R (¢.g., using [log, rank, .1 + [log, L., 1 bits), Alteratively, the
RY and indicator may be jointly quantized based on a lookup table. An example lookup table
is provided below in which the total number of bits for the jointly quantized pavioad 1s four
{4). Alternatively, in some exampies, the RI and indicator may be separately encoded and

transmitied in separate control fields or messages.
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Table 2: Example Lookup Table

L 1

(o
[#5]

4 3 6 7 8

Rank i-2 1-2 3-4 3-4 5-6 5-6 7-& 7-8

[0116] FIG. 4 illustrates an example of a process flow 400 that supporis techniques for
non-zero-power beams in accordance with various aspects of the present disclosure. Process
flow 400 includes a base station 105-c and a UE 115-¢, cach of which may be an example of

the carresponding devices as described with reference to FIGs. | through 3.

{8117} At 405, base station 103-¢ {e.g., or some other suitable network entity) may
transmit a configuration to UE 115-¢c. The configuration may inchude a number of beams (c.g.
or antenna ports) to be included in a CSH report {e.g., a number of beams/ports to be used for
hinear combination). In some cases {e.g., when CSE-RS 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 (¢.g., when CSI-RS is precoded), the configuration may
mchude a number of CSI-RS ports per polarization. In some cases {e.g., when CSE-RS 18 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
meclude a CSI report setting (¢.g., which may indicate one of the reporting settings described
above with reference to FIG. 33, a CSI 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 CS1 report (¢.g., corresponding to a reporting
setting as described with reference to FIG. 3). UE 115-¢c may in some cases deternune that a
non-zerg-power beam indicator is triggered based at least in part on the format of the CSI

report.

0118} At 410, UE 115-¢c may receive CSI-RS transmitted by base station 105-¢. The
CSI-RS may include a set of CSI-RS transmitted over multiple antenna ports, where the CS1-
RS may be precoded or non-precoded. Each antenna port may be associated with one or more

polarizations.

[0119] At 415, UE 115-c may perform channel measurements based at least in part on the
CSI-RS. For example, UE 115-¢c may estimate a communication channel based on the CS1-

RS {e.g., may estimate frequency-fading charactenistics, multi-path availability, etc.). Based
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on the channel measurements, UE 115-¢ may identify relevant TSI parameters for one or

more spatial layers.

{6120} At 420, UE 115-¢c may deternune the number of non-zero-power beams and/or
antenna ports and their indices based on the derived CSI parameters {¢.g., may compare
beams 1o a threshold). In some cases the non-zero-power beams mav be identified based at
least in part on the configuration received at 405, Table 3 Hlustrates an example beam
classification scheme. In this example, four beams are transmited (indexed O through 3}, The
contribution {¢.g.. wideband amplitude} of each beam over cach of two spatial layers is
determined for a first set of antenna ports and a second sct of antenna ports. Based on
comparing the wideband amplitade factor to a threshold {(v0.1 in the present example), UE
115-¢ determines a power indicator bit {o be mehuded i a CSI report. Accordingly, the
present example may represent aspects of the fousth reporting setting described above (e g.,
reporting laver and antenna port set-specific non-zero-power beams using a bitmap
comprising power mdicator bits}, though the described techniques may be extended to the
other reporting settings. As shown, the layer and antenna port set-specific beams may be
classified as zero power (¢.g., indicated by a power indicator bit of “0”) or non-zero-power

{e.g., indicated by a power indictor bit of "1} based on comparing the wideband amplitude to

a threshold.
Tabie 3: Beam Classification
Beam Spatial Layer | Polarization Wideband Power Indicator Bit
Index Amplitude
Factor
A 1 V/0.0625 0
0 2 v0.25 1
B 1 v0.0625 0
2 V0.0313 0
1 1 1
A > 5o 1
1 ;
5 1 v0.0156 0
2 V0.125 1
A 1 LK 1
2 2 VO 5 1
1 1 1
B 2 1 1
1 V0.0625 0
A i
3 2 V0.0313 0
B i 0 O




WO 2019/029675 PCT/CN2018/099880

38

[ 2 |f"""?"“' 0

v0.0313

{0121} At 425, UE 115-c may transmit a TSI report {2.g., according to the configuration
recoived at 405}, The CSI report may include a non-~zero-power beam indication, Ri, non-
zero-power beam selection (¢.g., an index of each beam where the index corresponds to a
beam position i 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
mdication and RI may be jointly encoded. For example, joinily encoding the Rl and indicator
may include directly cascading the payioad of the RI and the indicator or may include jointly
quantizing the RI and the indicator. In the case that the RI and wndicator are jomtly quantized,
the payload mav be based at least in part on a subsampling of at lcast one of the R or the
mdicator or may be based on a lookup table of a combination of the RI and the indicator {e.g.,
Table 2. Alternatively, R 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 beam
amplitude, a subband beam amplitude, a subband beam phase, or a combination thercof. In
some cases, the non-~zero-power beam selection {¢.g., beam mdex) and the beam cocfficients
{(i.e., wideband power, subband power, and subband phase} may be jomntly encoded. Various

formats for the TSI report are deseribed with reference to the reporting settings of FIG. 3.

0122} At 430, base station 105-¢ 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 C5I report.
Subsequently, base station 105-c may decode the beam selection and coefficients for the non-

zero-power beams.

{6123} At 433, base station 105-¢ 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 {¢.g., base station 105-¢} to learn about a communication
channel. After obtaining the report, base station 103-¢ may use the information for
scheduling, multi-user pairing, multi-user precoder caleulation, ete. In some cases, the

network may transnut data to UE 115-¢ without basing the transmission on the TS report.
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[0124] FIG. 5 shows a block diagram 500 of a wireless device SOS that supports
techniques for non-zero-power beams in wireless systems in accordance with aspects of the
present disclosure. Wireless device 505 may be an example of aspects of a UE 115 as
deseribed herein. Wireless device 505 may include recerver 510, UE communications
manager 515, and transmitter 520. Wireless device 505 may also imchude a processor. Each of

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

{8125} Receiver 510 may receive information such as packets, user data, or control
mformation associated with various information channels {e.g., control channels, data
channels, and mformation related to techniques for non-zero-power beams in wireless
systems, etc.). Information may be passed on to other compounents of the device. The receiver

510 may be an example of aspects of the transceiver 833 described with reference to FIG. 8.

8126} UE communications manager 515 may be an example of aspects of the UE
communications manager 815 described with reference to FIG. 8. UE communications
manager 515 and/or at least some of its various sub-components may be implemented in
hardware, software cxecuted by a processor, firmware, or any combination thereof, If
mmplemented 1n 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
circutt {ASIC), an field-programmable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any combination

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

0127} The UE communications manager 515 and/or at least some of ifs various sub-
components may be physically located at various positions, including being distributed such
that portions of functions are implemented at different physical locations by one or more
physical devices. In some examples, UE communications manager 515 and/or at least some
of its various sub-components may be a separate and distinct component in accordance with
various aspects of the present disclosure. In other examples, UE communications manager
515 and/or at lcast some of its various sub-components may be combined with one or more
other hardware components, including but not imited to an VO component, a transceiver, a
network server, another computing device, one or more other components described in the
present disclosure, or a combination thereof in accordance with various aspects of the present

disclosure,
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[B128] UE communications manager 315 may receive a configuration mdicating a
number of beams to be reported in a TSI report. UE communications manager 515 may
receive a set of reference signals. UE comumunications manager 515 may identify, for one or
more spatial layvers and based at least in part on the set of reference signals, a set of beams
corresponding to the number of beams for reporting in the CSI report. UE communications
manager 515 may generate the C51 report including at least one beam coefficient for each
non-zero-power beam for cach of the one or more spatial layers and an indicator of a number
of the beam coefficients. UE communications manager may transmit the CS1 report {e.g., via

transmutter 5203,

{0129} Transnutter 520 may transmit signals geverated by other components of the
device. In some examples, the transmitter 320 may be collocated with a receiver 510 ina
transceiver module. For example, the transmitter 520 may be an example of aspects of the

transceiver 835 described with reference to FIG. 8.

[0130] Fi1G. 6 shows a block diagram 600 of a wireless device 605 that supporis
techniques for non-zero-power beams in wireless systems in accordance with aspects of the
present disclosure. Wireless device 605 may be an example of aspects of a wireless device
505 or a UE 115 as described with reference to FIG. 5. Wireless device 605 may include
recetver 610, UE communications manager 615, and transmitter 620. Wircless device 605
may also include a processor. Each of these components may be in communication with one

another (e.g.

=0

via one or more buses).

{0131} Receiver 610 may receive information such as packets, uscr data, or control

nformation associated with various information channels {e.g

E=2b]

control channels, data
channels, and mformation related to techniques for non-zero-power beams in wireless
systems, otc.}). Information may be passed on to other components of the device. The receiver
610 may be an example of aspects of the transceiver 835 described with reference to FIG. 8.

The receiver 610 may utilize a single antenna or a set of antennas.

{0132} UE communications manager 615 may be an example of aspects of the UE
communications manager 815 deseribed with reference to FIG. 8. UE communications
manager 6135 may also include configuration component 625, reference signal component

630, beam identifier 635, and CSI generator 640,

{0133] Configuration component 625 may receive a configuration indicating a number of

beams to be reported in a CSI report. o some cases, the configuration includes a triggering
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condition, where the CSI 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 satisfied, wheremn a format of the CSI report 15 based at least in part on the
determining whether the triggering condition is satisfied. Configuration component 625 may
determine that the triggering condition is not satisfied, wherein a format of a second €51
report is based at least in part on the deternmining that the triggering condition is not satisfied.
In some cases, the set of reference signals is associated with a first polarization for a first set
of antenma ports and a second polarization {e.g., or the first polarization) for a second set of
antenna ports. In some cases, the first and sccond sets of antenna ports each include a first
number of antenna ports i a furst 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 s received via RRC signaling, a MAC CE, or downlink control signaling, the

configuration further including a reporting setting,

[0134] Reference signal component 630 may recetve a set of reference signals. The
reference signals may be precoded or non-precoded. The precoding may be transparent to a
receiving device {e.g., device 605). In some cases, device 605 may determine whether to
dentity a combination of antenna ports (e.g., for precoded CSI-RS) or beams (e.g., for non-
precoded CSI-RS) based on the configuration. For example, if the configuration indicates use
of a Type II port selection codebook, device 605 may identify a combination of antenna
ports. If the configuration indicates use of a Type H codebook, device 605 may identify a

combination of beams.

[3135] Beam wdentifier 635 may identify, for one or more spatial layers, a set of beams
{c.g.. a set of antenna ports) corresponding to the number of beams for reporting in the CSI
report. For example, the set of beams may include at least one non-zero-power beam. In some
cases, the set of beams applies to a first set of antenna ports and/or a second set of antenna

ports.

{3136} CST generator 640 may generate the CS1 report including at least one beam
cocthicient for each non-zero-power beam for each of the one or more spatial layers and an
mdicator of a number of the beam coctficients. In some cases, the CSI report further includes

an index of each beam of the set of beams, each index corresponding to a beam position in a
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codebook or to a reference signal position in the set of reference signals. In some cases, the
set of bits indicating the number (¢.g., or s¢t} of non-zero-power beams in the set of beams
mcludes a power indicator bit for each beam of the set of beams. In some cases, the indicator
meludes a first set of bits indicating a first number {¢.g., or set) of non-zero-power beamns for
the first set of antenna ports and the second set of antenna ports 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-zero-powet beams for the first set of antenna ports and the sccond set of antenna ports
for a second spatial layer of the one or more spatial layers. In some cases, each set of bits
mehudes a power indicator bit for each beam of the set of beams. In some cases, the indicator
nchudes a first set of bits indicating a first mumber (¢.g., or set) of non-zero-power beams in
the set of beams for the first set of antenna ports and a second set of bits indicating a second
number (€.g., or set} of non-zero-power beams in the sct of beams for the second set of
antenna ports, cach non-zero-power beam of the first number (¢.g., or set} of non-zero-power
beams and cach 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.

{0137} In some cases, the first set of bits includes a power indicator bit for each beam of
the set of beams over the first set of antenna ports and the second set of bits mcludes a power
mdicator bit for cach beam of the set of beams over the second set of antenna ports. In some
cases, 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-zero-power beam of the number (¢ .g., or set) of non-
zero-power beams applying to the first set of antenna ports and the second set of antenna
ports on cach of the one or more spatial layers. In some cases, cach of the respective sets of
bits includes a power indicator bit for cach beam of the set of beams for a corresponding set
of antenna ports and a corresponding spatial layer. In some cases, the CS1 report further
mclades a RL In some cases, the beam coefficients for each non-zero-power beam of the set
of beams include a wideband beam amplitade, a subband beam amplitude, a subband beam
phase, or a combination thercof. In some cases, a reporting pavioad size of the beam
coefficients for each non-zero-power beam of the set of beams is based on the mndicator. In
some cases, the indicator mclades a set of bits, and a size of the sct 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 bits indicating a respective
number of non-zero-power beams for each of the first set of antenna ports and the second set

of antenna ports for each of the set of spatial layers.
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[8138] Transmitter 620 may transnut signals generated by other componeuts of the
device. In some examples, the transmitter 620 may be collocated with a receiver 610 in a
transceiver module. For example, the transmitter 620 may be an example of aspects of the
transceiver 835 described with reference to FIG. 8. The transmitter 620 may utilize a single

antenna or a set of antennas.

[0139] FIG. 7 shows a block diagram 700 of a UE communications manager 715 that
supports technigues 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
of aspects of a UE communications manager 515, a UE communications manager 615, ora
UE commumications manager 815 described with reference to FiGs. 5, 6, and 8. The UE
communications manager 715 may include configuration component 720, reference signal
component 725, beam identifier 730, CSI generator 735, polarization component 740, and
encoder 745, Each of these modules may communicate, directly or indirectly, with one

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

=

{3140} Configuration component 720 may recetve a configuration indicating a murnber of
beams to be reported 1n a CS1 report. In some cases, the configuration component mcludes a
triggering condition, where the CSI report is generated based on the triggering condition.
Configuration component 720 may determine a format of the indicator based at Jeast in part
on the triggering condition. Configuration component 720 may determune that the triggering
condition is satistied, wherein a format of the CSI report 1s based at least in part on the
determining whether the triggering condition is satisfied. Configuration component 720 may
determine that the triggering condition 1s not satisfied, wherein a format of a second CS1
report is based at least in part on the determining that the trniggering condition is not satisfied.
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 sccond sets of antenna ports each include a first number of antenna ports in a
first direction and a second number of antenna ports n 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.
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8141} Reference signal component 725 may receive a set of reference signals. The
precoding may be transparent to a receiving device {¢.g., a UE 115). In some cases, the UE
115 may determine whether to identify a combination of antenna ports {¢.g., for precoded
CSI-RS) or beams {(e.g., for non-precoded CSI-RS) based on the configuration. For example,
if the configuration indicates use of a Tyvpe I port selection codebook, the UE 115 may
dentity a combination of antenna ports. i the configuration mdicates use of a Type H

codebook, the UE 115 may identfy a combination of beams.

0142} Beam identifier 730 may identify, for one or more spatial layers and based at least
m part on the sct of reference signals, a set of beams corresponding to the number of beams
for reporting in the CSI report. In some cases, cach beam of the set of beams corresponds to a
codeword of a codebook. Alternatively, each beam of the set of beams may correspond to a

respective antenna port.

8143} CSI generator 735 may generate the CS1 report including at least one beam
coefficient for cach non-zero-power beam for each of the one or more spatial layers and an
mdicator of a number ot the beam coefficients. In some cases, the CSI 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 posttion in the set of reference signals. In some cases, the
set of bits indicating the number {¢.g., or sct) of non-~zero-power beams in the sct of beams
mcludes a power indicator bit for each beam of the set of beams. In some cases, the mdicator

mehudes a first set of bits indicating a first number {e.g.

b2

or set) of non-zero-power beams for
the first set of antenna ports and the second set of antenna ports for a first spatial layer of the
one or more spatial layers and a second set of bits indicating a second number {¢.g., or set) of
non-zero-power beams for the first set of antenna ports and the second set of antenna ports
for a second spatial laver of the one or more spatial layers. In some cases, each set of bits
includes a power indicator bit for cach beam: of the set of bearas. In some cases, the indicator
mcludes a first set of bits indicating a first number {¢.g., or set} of non-zero-power beams n
the set of beams for the first set of antenna ports and a second set of bits indicating a second
number {e.g, or set} of non-zero-power beams in the set of beams for the second set of
antenna potts, ¢ach non-zero-power beam of the first number (¢.g., or set) of non-zero-power
beams and each non-zero-power beam of the second number (¢.g., or set} of non-zero-power

beams applving to each of the one or more spatial layers.
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{8144} In some cases, the first set of bits includes a power indicator bit for each beam of
the set of beams over the first set of antenna ports and the second set of bits includes a power
mdicator bit for cach beam of the set of beams over the second set of antenna ports. In some
cases, the indicator mcludes a set of bits indicating a number {¢.g., or set) of non-zero-power
beams n the set of beams, each non-zerg-power beam of the number {e.g., or set} of non-
zero-power beams applying to the first set of antenna ports and the second set of antenna
ports on cach of the one or more spatial layers. Tn some cases, cach of the respective sets of
bits mncludes a power indicator bit for each beam of the set of beams for a corresponding set
of antenna ports and a corresponding spatial laver. In sonie cases, the CSI report further
nchudes a RI. In some cases, the beam coefticients for cach non-zero-power beam 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
cocfticients for each non-zero-power beam of the set of beams is based on the indicator. In
some cases, the indicator mechudes 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 bits indicating a respective
number of non-zero-power beams for cach of the first set of antenna ports and the second s

of antenna ports for cach of the sct of spatial layers.

{6145] 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 lavers and at least one of the first set of antenna
ports or the second set of antenna ports to a threshold, where the at least one non-zero-power

beam is identified based on a result of the comparing.

{0146} Encoder 845 may jomtly encode RI and the indicator. In some cases, the RY and
the mdicator are encoded separately. In some cases, the joint encoding includes one of
direetly cascading the paylocad of the Rl and the indicator or jomntly quantizing the RI and the
mdicator. 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 each beam and the indicator are jointly encoded.

{0147} FIG. 8 shows a diagram of a system 800 including a device 805 that supports
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 componenis of wireless

device 503, wireless device 6035, or a UE 115 as described above, ¢.g., with reference to
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FiGs. 5 and 6. Device 805 may include components for bi-directional voice and data
communications including components for transmitting and receiving communications,
nchuding UE communications manager 815, processor 820, memory 825, software 830,
transceiver 835, antenna 840, and IO controlier 845, These components may be in electronic
commumnication via one or more buses {¢.g., bus 810). Device 805 may communicate

wirelessly with one or more base stations 163,

{6148} UE communications manager 815 may receive a configuration mndicating a
number of beams to be reported in a CSI report. UE communications manager 8135 may
receive a set of reference signals. UE communications manager 815 may identify, for one or
more spatial layers and based at least i part on the set of reference signals, a set of beams
corresponding to the number of beams for reporting 1n the CSI report. UE communications
manager 815 may generate the S report including at least one beam coefficient for each
non-zero-power beam for each of the one or more spatial layers and an indicator of a number
of the beam coefficients. UE communications manager may transmit the TSI report (e.g., via

transceiver 833).

[0149] Processor 820 may include an intelligent hardware device, (e.g., a general-purpose
processor, a DSP, a central processing unit (CPU}, a microcontrolier, an ASIC, an FPGA, a
programmable logic device, a discrete gate or transistor logic component, a discrete hardware
component, or any combination thereof). In some cases, processor 820 may be configured to
operate a memory array using a memory controller. In other cases, a memory controller may
be integrated into processor 820, Processor 820 may be configured to execuie computer-
readable instructions stored in a memory to perform varous functions (¢.g., functions or tasks

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

[0159) Memory 825 may include random access memory (RAM) and read only memory
(ROM). The memory 825 may store computer-readable, computer-executable software §30
mchuding imstructions that, when executed, cause the processor to perform vartous functions
described herein. In some cases, the memory 825 may contain, among other things, a basic
mput/output system (BIOS) which may coutrol basic hardware or software operation such as

the interaction with peripheral components or devices.

{0151} Software 830 may inchlude code to tmplement aspects of the present disclosure,
mchuding code to support technigues for non-zero-power beams 1n wireless systems.

Software 830 may be stored 1n a non-transitory computer-readable medium such as system



WO 2019/029675 PCT/CN2018/099880

4

~3

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 herem.

3152} Transceiver 835 may communicate bi-directionally, via one or more antennas,
wired, or wireless links as descrnibed above. For example, the transceiver 835 may represent a
wireless transcetver and may communicate bi-directionally with another wireless transceiver.
The transcetver 835 may also include a modem to modulate the packets and provide the
modelated packets to the antennas for transmission, and to demodulate packets received from

the antennas.

[3153] VO controlier 845 may manage input and output signals for device 805, VO
controller 845 may also manage peripberals not tnfegrated mto device 805, In some cases, VO
controller 845 may represent a physical connection or port to an external peripheral. In some
cases, I/O conitroller 845 may utilize an operating system such as 105®, ANDROID®, M5-
DOS®, MS-WINDOWS®, 08/2®, UNIX®, LINUX®, or another known operating system.
in other cases, /0 controlier 845 may represent or interact with a modem, a keyboard, a
mouse, a touchscreen, or a similar device. In some cases, VO controller 845 may be
implemented as part of a processor. In some cases, a user may interact with device 805 via

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

{0154} FIG. 9 shows a block diagram 900 of a wircless device 905 that sapports
techniques for non-zero-power beams in wireless systems in accordance with aspects of the
present disclosure. Wireless device 903 may be an example of aspects of a base station 103 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 (¢.g., via

one or more buses).

{0155} Recetver 910 may receive information such as packets, user data, or control
mformation associated with various information channels {¢.g., control channels, data
channels, and mformation related to technigues for non-zero-power beams in wireless
systems, etc.). Information may be passed on to other components of the device. The receiver
910 may be an example of aspects of the transceiver 1235 described with reference to FIG.

i2.
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[0156] Base station conumunications manager 215 may be an example of aspects of the
base station communications manager 1215 described with reference to FiG. 12, Base station
communications manager 915 and/or at least some of its various sub-components may be
mplemented i hardware, software executed by a processor, firmware, or any combination
thereof. If implemented in software executed by a processor, the functions of the base station
communications manager 915 and/or at least some of its various sub-components may be
executed by a general-purpose processor, a DSP, an ASIC, an FPGA or other programmable
logic device, discrete gate or transistor logic, discrete hardware components, or any

combination thereof designed to perform the functions described mn the present disclosure.

{3187} The base station comununications manager 915 and/or at least some of its various
sub-components may be physically located at various positions, including being distributed
such that portions of functions are tmplemented at different physical locations by one or more
physical devices. Tn some examples, base station communications manager 915 and/or at
least some of its various sub-components may be a separate and distinet component in
accordance with various aspects of the present disclosure. I other examples, base station
communications manager 915 and/or at least some of its various sub-components may be
combined with one or more other hardware components, ncluding but not limited to an VO
component, a transcetver, 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.

{0158] Base station communications manager 915 may transmit, to a UE, a configuration
mdicating a number of beams to be reported in a CSI report. Base station communications
manager 915 may transmit a set of reference signals. Base station communications manager
915 may receive the TSI report from the UE, where the CSI report indicates a set of beams
corresponding to the number of beams for reporting 1o the CSI report, the €SI report further
ncluding at least one beam coefficient for cach non-zero-power beam of the sct of beams for
cach of one or more spatial lavers and an indicator of a number of the beam cocfficients. Base
station communications manager 915 may parse the set of beam coefficients based on the €81

report.

[6159] Transmitter 920 may transmit signals generated by other components of the

device. In some examples, the transoutior 920 may be collocated with areceiver 10 m a
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transceiver modulde. For example, the transmitter 920 may be an example of aspects of the

transceiver 935 described with reference to FiG.

{3160} FIG. 10 shows a block diagram 1000 of a wircless device 1005 that supports
technigues for non-zero-power bears in wireless systems in accordance with aspects of the
present disclosure. Wireless device 1005 may be an example of aspects of a wireless device
1003 or a base station 105 as described above . Wireless device 1005 may mnclude receiver
1010, base station communications manager 1015, and transmitter 1020, Wireless device
1005 may also include a processor. Each of these components may be i communication with

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

{161} Receiver 1010 may receive information such as packets, user data, or control
mformation associated with various information channels {¢.g., control chanuels, data
channels, and mformation related to technigues for non-zero-power beams in wireless
systems, etc.). Information may be passed on to other components of the device. The recetver
1010 may be an example of aspects of the transceiver 1235 described with reference to FIG.

12.

{0162} Base station commumnications manager 1015 may be an example of aspects of the
base station communications manager 1215 described with reference 1o FIG. 12. Base station
communications manager 1015 may also mclude configuration component 1025, reference

signal component 1030, TSI report component 1033, and beam coefficient component 1040

[3163] Configuration component 1025 may transmit, to a UE, a configuration indicating
a number of beams to be reported in a CSI report. In some cases, the configaration
component includes a triggering condition, where the TSI report 1s generated based on the
triggering 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 TSI report 1s
based at least in part on the determining whether the triggering condition is satisfied.
Configuration component 1025 may deternune that the triggering condition is not satisfied,
wherein a format of a second CSI report 1s based at least in part on the deternuning that the
triggering condition s not satisfied. 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 mclude

a first number of antenna ports in a first direction and a second pumber of antenna ports in a
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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.

[164] Reference signal component 1030 may transmit a set of reference signals. In some
cases, the sct of beams applies to a first set of antenna ports and a second set of antenna ports.
In some cases, transmitting the set of reference signals inchides 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 reference signals includes transmitting
precoded reference signals over respective antenna ports, wherein cach beam of the set of

beams corresponds to one of the antenna ports.

{6165} CS1 report component 1035 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 CSH report further including at least one beam coefficient for each non-zero-
power beam of the set of beams for each of one or more spatial layers and an indicator of a
number of the beam coefficients. 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 payload of the RI and the indicator or
jointly quantizing the Rl and the mdicator. In some cascs jountly quantizing the Rl is based on
a subsamphling 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 each beam and the mdicator 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 bit for each beam of the set of beams.

{B#166}] in some cases, the TSI 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. In some cases, the set of bits indicating the number
{c.g., or set} of non-zero-power beams in the set of beams includes a power mdicator bit for
cach beam of the set of beams. In some cases, the indicator includes a first set of bits
mdicating a first number (¢.g., or sct) of non-zero-power beams for the first sot of antenna
ports and the second set of antenna ports 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 set) of non-zero-power
beams for the first set of antenna ports and the second set of antenna ports for a second spatial

layer of the one or more spatial lavers. In some cases, each set of bits includes a power
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mdicator 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 bears in the set of beams
for the first sct of antenna ports and a second set of bits indicating a sccond mumber {c.g., or
set) of non-zero-power beams in the set of beams for the second set of antenna ports, cach
non-zero-power beam of the first number (e.g., or set) of non-zero-power beams and cach
non-zero-power beam of the second number {e.g., or set) of non-zers-power beams applying

o cach of the one or more spatial layers.

0167} In some cascs, the first set of bits includes a power mdicator bit for each beam of
the set of beams over the first set of antenna ports and the second set of bits includes a power
mdicator bit for cach beam of the set of beams over the second set of antenna ports. In some
cases, the indicator mcludes a set of bits indicating a number {¢.g., or set} of non-zero-power
beams in the set of beams, each non-zero-power beam of the number {¢.g., or set} of non-
zero-power beams applying to the first set of antenna ports and the second set of antenna
ports on cach of the one or more spatial layers. In some cases, cach of the respective sets of
bits includes a power indicator bit for cach beam of the set of beams for a corresponding set
of antenna ports and a corresponding spatial laver. In some cases, the CS1 report further
meludes a RL In some cases, the at least one beam coefficient for each non-zero-power beam
of the set of beams mchude 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 set of beams is based on the
mdicator, In some cases, the indicator inchudes a set of bits, and g size of the set of bits 15
based on the number of beams or is fixed. In some cases, the one or more spatial layers
mecludes a set of spatial layers, and the mdicator includes a respective set of bits indicating a
respective number of non-zero-power beams for each of the first set of antenna ports and the

second set of antenna ports for cach of the set of spatial layers.

0168} In some cases, a reporting payload size of the beam cocfficients for cach non-
zero-power beam of the set of beams i3 based on the indicator. In some cases, the indicator
meludes 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 CSI report further inchudes an index of cach beam of the set of beams,
cach index corresponding to a beam posifion in a codebook or to a reference signal position

mn the set of reference signals.
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[8169] Beam coefficient component 1040 may parse the set of beam coefficients based
on the indicator of the non-zero-power beams. In some cases, the at least one beam
cocfficient for cach non zero-power beam of the subset include a wideband beam amplitude,

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

{6176} Transmitter 1020 may transmit signals gencrated by other components of the
device. In some examples, the transnutter 1020 may be collocated with areceiver 1010 a
transceiver module. For example, the transmitter 1020 may be an example of aspects of the

transceiver 1233 described with reference to FIG. 12.

{8171 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 communications manager 11135 may
be an example of aspects of a base station communications manager [215 described with
reference to FIGs. 8, 10, and 12, The base station communications manager 1115 may
mclude configuration component 1120, reference signal component 1125, C81 repost
comaponent 1130, and beam coctficiont component 1135, Each of these modules may

communicate, directly or indirectly, with one another {¢.g., via one or more buses}.

0172} Contiguration component 11235 may transnt, to a UE, a configuration indicating
a number of beams to be reported in a CSI report. In some cases, the configuration
component includes a triggering condition, where the CS1 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 CSI1 report s
based at least in part on the determining whether the triggering condition ig satisfied.
Configuration component | 125 may determine that the triggering condition is not satisfied,
wherein a format of a second C51 report 1s based at least in part on the determining that the
triggering condition is not satisfied. 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 antenwa ports cach 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 oversamapling ratio. In some cases, the

contiguration is transmitied via downlink control signaling.
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{0173} Reference signal component 130 may transmit a set of reference signals. In some
cases, the set of bearas applies to a first set of antenna ports and a second set of antenna ports.
o some cases, transnutting the set of reference signals mehudes transmitiing 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 reference signals includes transmitting
precoded reference signals over respective antenna ports, wherein each beam of the set of

beams corresponds to one of the antenna ports.

0174} CSI report component 1135 may receive the CS1 report from the UE, where the
C§S1 report indicates a set of beams corresponding to the number of boams for reporting in the
CS1 report, the CSI report further including at least one beam coefficient for cach non-zero-
power beam of the set of beams for each of one or more spatial layers and an indicator of a
number of the beam coefficients. 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 payload of the RI and the indicator or
jointly quantizing the RI and the indicator. In some cases jointly quantizing the Rl 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 mdicator 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 bit for each beam of the set of beams.

8175} In some cases, the CSI report further includes 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 cases, the set of bits indicating the number
{c.g., or set} of non-zero-power beams mn 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 {c.g., or sct} of nop-zero-power beams for the first set of anteana
ports and the second set of antenna ports for a first spatial laver of the one or more spatial
layers and a second set of bits indicating a second number (¢.g., or set) of non-zero-power
beams for the first set of antenna ports and the second set of antenna ports for a second spatial
layer of the one or more spatial layers. In some cases, each set of bits includes a power
mdicator bit for each beam of the set of beams. Tn some cases, the indicator includes a first
set of bits indicating a first number {¢.g., or set} of non-zero-power beams in the set of beams
for the first set of antenna ports and a second set of bits indicating a second number (¢.g., or

set) of non-zero~power beams in the set of beams for the second set of antenna ports, cach
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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 nuraber {e.g., or set) of non-zero-power beams applving

to cach of the one or more spatial lavers.

{176} In some cases, the first set of bits includes a power indicator bit for cach beam of
the set of beams over the first set of antenna ports and the sccond set of bits includes a power
mdicator bit for each beam of the set of beams over the second set of antenna ports. In some
cases, the indicator imchudes 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 {¢.g ., or set) of non-
zero-power beams applying to the first set of antenna ports and the second set of antenna
ports 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 each beam of the set of beams for a corresponding set
of antenna ports and a corresponding spatial layer. In some cases, the US1 report further
includes a RI. In some cases, the beam coefficients for cach non-zero-power beam 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 payvioad size of the beam
cocfficients for cach non-zero-power beam of the set of beams is based on the indicator. In
some cases, the indicator inchudes a set of bats, 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 inchudes a set of
spatial layers, and the indicator includes a respective set of bits indicating a respective
number of non-zero-power beams for each of the first set of antenna ports and the second set

of antenna ports for each of the set of spatial layers.

{0177} in some cases, a reporting pavicad size of the beam coefficients for each non-
zero-power beam of the set of beams is based on the mdicator. In some cases, the indicator
mcludes 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 CS1 report further includes an index of cach bear of the set of beams,
cach index corresponding to a beam position in a codebook or to a reference signal position

m the set of reference signals.

[B178] Beam cocfficient component 1140 may parse the set of beam coefficients based
on the indicator of the non-zero-power beams. In some cases, the at least one beam
coctticient for each non zero-power beam of the subset inchide a wideband beam amplitude,

a subband beam amplitude, a subband beam phase, or a combination thereof.
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[8179] FIG. 12 shows a diagram of a system 1200 including a device 1203 that supports
techniques for non-zero-power beams in wireless systems in accordance with aspects of the
present disclosure. Device 12035 may be an example of or include the components of base
station 105 as descnibed above, e.g., with reference to FIG. 1. Device 1205 may include
components for bi-directional voice and data communications mcluding components for
transmitting and receiving communications, including base station communications manager
1215, processor 1220, memory 1225, software 1230, transceiver 1235, antenna 1240,
network communications manager 1245, and inter-station communications manager 1250,
These components may be in electronic communication via one or more buses {¢.g., bus

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

{3180} Base station communications manager 1215 may transmut, to a UE, a
configuration indicating a number of beams to be reported in a £S5 report. Base station
communications manager 1215 may transmit a set of reference signals. Base station
communications manager 1215 may receive the CSI report from the UE, where the €SI
report indicates a set of beams corresponding to the number of beams for reporting in the €S
reportt, the CSI report further including at least one beam coefficient for each non-zero-power
beam of the set of beams for each of one or more spatial layers and an indicator of a number
of the beam coefficients. Base station communications manager 1215 may parse the set of

beam coefficients based on the €SI report.

8181} Processor 1220 may include an intelligent hardware device, {(e.g., a general-
purpose processor, a D8P, 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
memory array using a memory controller, In other cases, a memory controller may be
mtegrated into processor 1220, Processor 1220 may be configured to exccute computer-
readable instructions stored in a memory to perform various functions {e.g., functions or tasks

supporting techniques for non-zero~power bearns in wireless systems),

{0182} Memory 1225 may melude RAM and ROM. The memory 1225 may store
computer-readable. computer-executable software 1230 including instructions that, when
exccuted, cause the processor to perform vanouws functions described herein. In some cases,

the memory 1225 may contain, among other things, a BIOS which may control basic
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hardware or software operation such as the interaction with peripheral components or

devices.

{3183} Software 1230 may mclude code to implement aspects of the present disclosure,
mncluding code to support techniques for non-zero-power beams in wireless systems.
Software 1230 may be stored in a non-transitory computer-readable medium such as system
memory or other memory. In some cases, the software 1230 may not be directly executable
by the processor but may caose a computer {¢.g., when compiled and executed) to perform

functions described herein.

[0184] Transceiver 1235 may communicate bi-directionally, via one or more antennas,
wired, or wireless links as descnibed above. For example, the transceiver 1235 may represent
a wircless transceiver and may comnunicate bi-directionally with another wireless
transceiver. The transceiver 1235 may also include a modem to modulate the packets and
provide the modulated packets to the antennas for transmission, and to demodulate packets

received from the antennas.

[03185] Network communications manager 1245 may manage comnunications with the
core network {e.g., via one or more wired backhaul links). For example, the network
conununications manager 1245 may manage the transter of data communications for client

devices, such as one or more Uls 113,

{B8186] Inter-station communications manager 1250 may manage communications with
other base station 103, and may include a controller or scheduler for controlling
communtications with UEs 115 in cooperation with other base stations 105. For example, the
inter-station communications manager 1250 may coordinate scheduling for transmissions to
UEs 115 for various interfercnce mitigation techniques such as beamforming or joint
transmission, In some examples, mter-station communications manager 1250 may provide an
X2 wterface within an LTE/LTE-A wireless communication network technology to provide

communication between base stations 105,

{06187} FIG. 13 shows a flowchart llustrating a method 1300 for techniques for non-zero-
power beams in wireless systems in accordance with aspects of the present disclosure. The
operations of method 1300 may be imploemented by a UE 115 or its components as described
herein. For example, the operations of method 1300 may be performed by a UE
communications manager as described with reference to FiGs. 5 through 8. In some

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

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

{1188} At block 1305 the UE 115 may receive a configuration indicating a number of
beams to be reported in a CSI report. The operations of block 1305 may be performed
according to the methods described herein. In certain examples. aspects of the operations of
block 1303 may be performed by a configuration component as described with reference to

FiGs. 5 through 8.

[6189] 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 131¢ may be performed by a reference signal

component as described with reference to FiGs. S through 8.

{8196} At block 1315 the UE 115 may identify, for one or more spatial layers (¢.g., and
one or more sets of antenna ports), a set of beams corresponding to the number of beams for
reporting in the CSI report. The operations of block 1315 may be performed according to the
methods described herein. In certain examples, aspects of the operations of block 1315 may

be performed by a beam identifier as described with reference to FIGs. 5 through 8.

{0191} At block 1320 the UE 115 may generate the CSI report comprising at least one
beam coefficient for each non-zero-power beam for each of the one or more spatial layers
{c.g., and each of the onc or more sets of antenna poits) and an indicator of a number of the
beam coefficients. 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 FiGs. 5 through 8.

[8192] At block 1325 the UE 115 may transmit the CSI report. The operations of block
1325 may be performed according fo the methods described herein. In certain examples,
aspects of the operations of block 1325 may be performed by a transmitter as described with

reference to FIGs. 5 through 8.

[#193] FIG. 14 shows a flowchart illustrating a method 1400 for techniques for non-zero-
power beams in wireless svstems in accordance with aspects of the present disclosure. The
operations of method 1400 may be tmplemented 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
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examples, a base station 105 may execute a set of codes to control the functional elements of
the device to perform the functions described below. Additionally or alternatively, the base
station 105 may perform aspects of the functions described below using special-purpose

hardware.

{6194] At block 1405 the base station 105 may transmit, to a UE, a configuration
mdicating a number of beams to be reported in a CSI report. The operations of block 1405
may be performed according 1o 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,

[3195] At block 1410 the base station 105 may transmit 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.

{6196} At block 1413 the base station 105 may receive the CS1 report from the UE,
wherein the CSI report indicates a set of beams corresponding to the number of beams for
reporting in the US1 report, the CSI report further comprising at least one beam coefficient for
cach non-zero-power beam of the set of beams for each of one or more spatial lavers (e.g..
and each of one or more sets of antenna ports) and an indicator of a number of the beam
coefficients. 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 CSI report component as described with reference to FIGs. 9 through 12,

{6197} At block 1420 the base station 105 may parse the set of beam coefficients based at
jeast in part on the CSI report. The operations of block 1420 may be performed according to
the methods described herein. In certain examples, aspects of the operations of block 1420
may be performed by a beam coefficient component as described with reference to FIGs. ¢

through 12.

{06198} It should be noted that the methods described above describe possibie
implementations, and that the operations and the steps may be rearranged or otherwise
modified and that other implementations are possible. Further, aspects from two or more of

the methods may be combined.
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{6199} Technigues described herein may be used for various wireless communications
systems such as code division multiple access (CDMA), time division multiple access
{TDMA), frequency division multiple access (FDMA), orthogonal frequency division
multiple access (OFDMA), single carrier frequency division multiple access (SC-FDMA),
and other systems. A CDMA system may implement a radio technology such as CDMAZ009,
Universal Terrestrial Radio Access {UTRA), etec. COMA2000 covers 18-2000, 18-95, and 18-
856 standards. 1S-2000 Releases may be commmonly reterred to as COMA2000 1X, X, ete.
15-856 {TTA-836) is commonly referred to as CDMA2000 1xEV-DO, High Rate Packet Data
{HRPD), ctc. UTRA mncludes Wideband COMA (WCDMA) and other variants of CDMA. A
TDMA system may tmplement a radio technology such as Global Svstem for Mobile

Communications (GSM).

{0200] An OFDMA system may implement a radio technology such as Ultra Mobile
Broadband (UMB), Evolved UTRA (E-UTRA), Institute of Electrical and Electronics
Engineers (IEEE) 802.11 (Wi-F1), IEEE 802.16 (WiMAX), IEEFE 802 .20, Flash-OFDM, etc.
UTRA and E-UTRA are part of Universal Mobile Telecoramunications Systera (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” (3GPP). CDMA2000 and UMB are descnbed 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 svsters and radio technologies. While aspects of an LTE or an NR svstem may be
described for purposes of example, and LTE or NR terminology may be used in much of the

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

{0201} A macro cell generally covers a relatively large geographic area {e.g., several
kilometers in radius} and may allow unrestricted access by UEs 115 with service
subscriptions with the network provider. A small cell may be associated with a lower-
powered base station 105, as compared with a macro cell, and a small cell may operate in the
same or different (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 also covera
small geographic area {¢.g., a home) and may provide restricted access by UEs 115 having an

association with the fenrto cell (e.g., UEs 115 in a closed subscriber group (CSG), UEs 115
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for users in the home, and the like}. An eNB for a macro cell may be referred to as a macro
¢NB. An eNB for a small cell may be referred to as a smali cell eNB, a pico eNB, a femto
¢NB, or a home eNB. An eNB may support one or multiple {¢.g., two, three, four, and the

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

10202} The wircless communications system 100 or systems described herein may
support synchronous or asynchronous operation. For synchronous operation, the base stations
105 may have similar frame timing, and transmissions from different base stations 105 may
be approximately aligned in time. For asynchronous operation, the base stations 105 may

have different frame timing, and transmissions from different base stations 105 may not be

p =4

aligned in time. The techniques described herein may be used for either synchronous or

asynchronous operations.

8263} Information and signals described herein may be represented using any of a
variety of different technologies and techniques. For example, data, imstroctions, commands,
mformation, signals, bits, symbols, and chips that may be referenced throughout the above
description may be represented by voltages, currents, clectromagnetic waves, maguetic ficlds

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

[6264] The various iltustrative blocks and modules described in connection with the
disclosure herein may be implemented or performed with a general-purpose processor, a
digital signal processor (DSP), an application-specific integrated circuit (ASIC), a field-
programmable gate array (FPGA) or other programmable logic device (PLD), discrete gate or
transistor logic, discrete hardware components, or anv combination thereof desigued 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, microcontroller, or state machine. A processor may also be implemented as a
combiation of computing devices {¢.g., a combination of a DSP and a microprocessor,
multiple microprocessors, one or more Microprocessors in conjunction with a DSP core, or

any other such configuration).

[03205] The functions described herein may be implemented in hardware, software

exccuted by a processor, firmware, or any combination thereof. If implemented in software
executed by a processor, the functions may be stored on or transmitted over as one or more
instructions or code on a computer-readable medium. Gther examples and implementations

are within the scope of the disclosure and appended claims. For example, due to the nature of
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software, functions described above can be implemented using software executed by a
processor, hardware, firmaware, 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 diffevent phvsical locations.

{0206] Computer-readable media includes both non-transitory computer storage media
and communication media mchuding any medium that facilitates transfer of a computer
program from one place to ancther. A non-transitory storage medium may be any available
medium that can be accessed by a gencral purpose or special purpose computer. By way of
cxample, and not linutation, non-transitory computer-readable media may comprise random-
access memory (RAM), read-only memory (ROM), electrically crasable programmable read
only memory (EEPROM], flash memory, compact disk (CDy 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
mstractions 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
propetly termed a computer-readable medium. For example, if the software is transmitted
from a website, server, or other remote source using a coaxial cable, fiber optic cable, twiste
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
tcchnologies such as infrared, radio, and microwave are included in the definition of medium.
Disk and disc, as used herein, include CD, laser disc, optical disc, digital versatile disc
{DVD), floppy disk and Blu-ray disc where disks usually reprodace data magnetically, while
discs reproduce data optically with lasers. Combinations of the above are also included within

the scope of computer-readable media.

{6207} As used herein, mcluding in the claims, “or” as used in a list of ttems {e.g., a list
of iteras prefaced by a phrase such as “at least one of” or “one or more of "} indicates an
mehusive hist such that, for example, alistof at least one of A, B, or Cmeans AorBor C or
ABor ACor BC or ABC (ie., A and B and €). Also, as used herein, the phrase “based on”
shall not be construed as a reference to a closed set of conditions. For example, an exemplary
step that is described as “based on condition A” may be based on both a condition A and a
condition B without departing from the scope of the present disclosure. In other words, as
used herein, the phrase “based on™ shall be construed in the same manner as the phrase

“based at least n part on.”
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{6208} In the appended figures, sinular components or features may have the same
reference label. Fuarther, various components of the same type may be distinguished by
following the reference label by a dash and a second label that distinguishes among the
similar components. I just the first reference label 1s used in the specification, the description
1s applicable to any one of the similar components having the same first reference label

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

{8209} The description set forth herein, in connection with the appended drawings,
describes example configurations and does not represent all the examples that may be
implemented or that arc within the scope of the claims. The term “exemplary” used herein
means “serving as an example, mstance, or ilustration,” and not “preferred” or
“advantageous over other examples.” The detailed description inchudes specific details for the
purpose of providing an understanding of the described technigues. These techniques,
however, may be practiced without these specific details. In some mstances, well-known
structures and deviees are shown in block diagram form in order to avoid obscuring the

concepts of the described examples.

{02190} The description herein is provided to enable a person skilled m the art to make or
use the disclosure. Various modifications to the disclosure will be readily apparent to those
skilled in the art, and the generic principles defined herein may be applied to other varations
without departing from the scope of the disclosure. Thus, the disclosure is not limited to the
examples and designs described herein, but s to be accorded the broadest scope consistent

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

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

receiving a set of reference signals;

identifying, for one or more spatial layvers and based at least in part on the set
of reference signals, a sct of beams corresponding to the number of beams for reporting in the
81 report, wherein the set of beams comprises at least one non-zero-power beam;

generating the CSI report comprising a beam coefficient for each of the at
least one non-zero-power bearn for cach of the one or more spatial lavers and an indicator of
the at least one non-zero-power beam; and

transmitting the CSEreport.

2. The method of claim 1, wherein the configuration indicates a port-
selection codebook and the at least one non-zero-power beam comprises a set of non-zero-

power antenna ports.

3. The method of claim 1, wherein the indicator of the at least one non-
zero-power beam comprises an indicator of zero-power beams, and wherein a set of non-

zero-power beams is determined based on the indicator and the set of beams.

4. The method of claim |, wherein identifying the set of beams
comprises:
identifying the at least one non-zero-power beam for at least one of a first set

of antenna ports or a second set of antenna potts for the one or more spatial layers.

5. The method of claim 4, wherein the indicator comprises a set of bits
mdicating a number of the non-zero-power beams i the set of beams, cach non-zero-power
beam of the number of the non-zero-power beams applving to the first set of antenna ports

and the second set of antenna ports on cach of the one or more spatial layers.

6. The method of claim 4, wherein the indicator comprises a set of bits

mdicating a set of non-zero-power beams in the set of beams, each non-zero-power beam of

PCT/CN2018/099880
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the set of non-zero-power beams applying to the first set of antenna ports and the second set

of antenna ports on each of the one or more spatial layers.

7. The method of claim 6, 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.

8. The method of claim 4, wherein the indicator comprises a first set of
bits indicating a first number of non-zero-power beams for the first set of antenna ports and
the second set of antenna ports for a first spatial laver of the one or more spatial lavers and a
second set of bits indicating a second number of non-zero-power beams for the first set of
antenna ports and the second set of antenna poris for a second spatial layer of the one or more

spatial lavers.

g, The method of claim 4, wherein the indicator comprises a first set of
bits indicating a first set of non-zero-power beams for the first set of antenna ports and the
second set of antenna ports for a first spatial layer of the one or more spatial layers and a
second set of bits indicating a sccond set of non-zero-power beams for the first set of antenna
ports and the second set of antenna ports for a second spatial layer of the one or more spatial

layers.

10.  The method of claim 9, wherein each set of bits comprises a power

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

11, The method of claim 4, wherein the indicator comprises a first set of
bits indicating a first number of non-zero-power beams i the set of beams for the first set of
antenna potts and a second set of bits indicating a second number of non-zero-power beams
i the set of beams for the second set of antenna ports, 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.

12, The method of claim 4, wherein the indicator comprises a first set of
bits indicating a first set of non-zero-power bears in the set of beams for the first set of
antenna potts and a second set of bits mdicating a second set of non-zero-power beams i the

set of beams for the second set of antenna ports, each non-zero-power beam of the first set of
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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.

13, The method of claim 12, wherein the first set of bits comprises a power
indicator bit for cach beam of a set of non-zero-power beams over the first set of antenna
ports 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 set of antenna ports.

14, The method of claim 4, wherein the one or more spatial layers
comprise 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 set of

antenna ports and the second set of antenna ports for each of the plurality of spatial layers.

15, The method of claim 4, wherein the one or more spatial layers
comprise a plurality of spatial layers, and wherein the mdicator comprises a respective set of
bits indicating a respective set of non-zero-power beams for cach of the first set of antenna

ports and the second set of antenna ports for each of the plurality of spatial layers.

16.  The method of claim 15, 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 set of antenna ports and a corresponding spatial laver.

17, The method of claim 4, wherein the first st of antenna ports or the
second set of antenna ports correspond to a same polarization, or a same antenna panel, or a

combination thercof,

18, The method of claim 1, wherein the USI report further comprises a

rank mdication (RI).

19. The method of claim 138, wherein the RI and the indicator are encoded
separately.
20. The method of claim 1, wherein the beam coefficient for cach of the at

least one non-~zero-power beam of the set of beams comprises a wideband beam amplitude, a
subband beam amplitude, a subband beam phase, or a combination thereof, and wherein a
reporting payload size of the at least on beam coefficient for each non-zero-power beam of

the set of beams is based at least in part on the mdicator.
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21, The method of claim |, 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.

22, A method for wireless commanication, comprising:

transmitting, to a user equipment (UE}), a configuration indicating a number of
beams to be reported in a channel state information (CSI) 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 1 the CSI report, the TSI report
further comprising at least one beam cocfficient for each 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 beams; and

parsing the at least one beam coefficient based at least in part on the CSI

eport,

23 The method of claim 22, wherein transnutting the set of reference
signals comprises:
transmitting reference signals over respective antenna ports, wherein cach

beam of the set of beams corresponds to one of the antenna ports.

24, The method of claim 22, wherein the indicator of the at least one non-
zero-power beam comprises an indicator of zero-power beams, the method further
COMPIISING:

determiming a set of non-zero-power beams based on the indicator and the set

of beams.

25. The method of claim 22, wherein the set of beams applies to a first set

of antenna ports and a second set of antenna ports for the one or more spatial layers.

26.  The method of claim 25, wherein the indicator comprises a st of bits
ndicating a number of non-zero-power beams in the set of beams, cach non-zero-power
beam of the number of non-zero-power beams applymg to the first set of antenna ports and

the second set of antenna ports on each of the one or more spatial lavers.
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27, The method of claim 25, wherein the indicator comprises a set of bits
mdicating a sct of non-zero-power beams n the set of beams, each non-zero-power beam of
the set of non-zero-power beams applying to the first set of antenma ports and the second set

of antenna ports on cach of the one or more spatial layers.

28, The method of claim 27, wherein the set of bits mdicating the sot 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 beams.

29, The method of claim 25, wherein the indicator comprises a first st of
bits indicating a first number of non-zero-power beams for the first set of antenna ports and
the second set of antenna ports for a first spatial layer of the one or more spatial layers and a
sccond set of bits mdicating a sccond number of non-zero-power beams for the first set of
antenna ports and the second set of antenna ports for a second spatial Iayer of the one or more

spatial layers.

30.  The method of claim 25, wherein the indicator comprises a first set of
bits indicating a first set of non-zero-power beams for the first set of antenna ports and the
second set of antenna ports for a first spatial layer of the one or more spatial layers and a
second set of bits mdicating a second set of non-zero-power beams for the first set of antenna
ports and the second set of antenna ports for a second spatial layer of the one or more spatial

layers.

31, The method of claim 30, wherein each set of bits comprises a power

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

32, The method of claim 25, wherein the indicator comprises a first set of
bits indicating a first number of non-zero-power beams in the set of beams for the first set of
antenna ports and a second set of bits indicating a second number of non-zero-power beams
i the set of beams for the second set of antenna ports, each 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 each of the one or more spatial layers.

33, The method of claim 23, wherein the indicator comprises a first set of

bits indicating a first set of non-zero-power beams in the set of beams for the first set of
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antenna ports and a second set of bits indicating a second set of non-zero-power beams in the

4 set of beams having the second set of antenna ports, cach non-zero-power beam of the first

o

set of non-zero-power beams and each non-zero-power beam of the second set of non-zero-

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

1 34, The method of claim 33, wherein the first set of bits comiprises a power
2 indicator bit for each beam of a set of non-zero-power beams over the first set of antenna
3 ports and the second set of bits comprises a power indicator bit for each beam of the set of

4 non-zero-power beams over the sccond set of antenna ports.

1 35, The method of claim 25, wherein the one or more spatial layers
2 comprise a plurality of spatial layers, and wherein the indicator comprises a respective set of
3 bits indicating a respective number of non-zero-power beams for cach of the first set of

4 antenna ports and the second set of antenna ports for each of the plurality of spatial layers.

1 36.  The method of claim 25, wherein the one or more spatial layers
2 comprise a plerality of spatial lavers, and wherein the indicator comprises a respective set of

3 bits indicating a respective set of non-zero-power beams for cach of the first set of antenna
4 ports and the second set of antenna ports for each of the plurality of spatial layers.

i 37, The method of claim 36, wherein each of the respective sets of bits
2 comprises a power indicator bit for each beam of the set of non-zero-power beams for a

3 corresponding set of antenna ports and a corresponding spatial layer.

1 38.  The method of claim 25, wherein the first set of antenna ports or the
2 second set of antenna ports correspond to a same polarization, or a same antenna panel, ora

3 c¢ombination thereof.

1 39, The method of claim 22, wherein the CSI report further comprises a

2 rank mdication (RI).

i 40, The method of claim 39, wherein the RI and the indicator are encode

2 separately.

1 41. The method of claim 22, wherein the at least one beam coefficient for

2 each non zero-power beam of the subset comprises a wideband beam amplitede, a subband

23

beam amplitude. a subband beam phase, or a combination thereof and wherein a reporting
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paviocad size of the at least one beam coefficient for each non-zero-power beam of the set of

beams is based at least in part on the indicator.

42, The method of claim 22, wherein the configuration is transmitted via
radio resource control (RRC) signaling, a medium access contral (MAC) controd element

(CE). or downlink control signaling, the configuration further comprising a reporting setting.

43, An apparatus for wireless communication, comprising:

means for recetving a configuration indicating a number of beams 1o be
reported in a channel state mformation (CSE report;

means for receiving a set of reference signals;

means for wdentifving, for one or more spatial lavers, a set of beams
corresponding to the number of beams for reporting i the CST report, wherein the set of
beams comprises at least one non-zero-power beam;

means for generating the CSI report comprising beam cocfficients for cach of
the at least one non-zero~-power beam for each of the one or more spatial layers and an
mdicator of the at least one non-zero-power beam; and

means for transmitting the CS1 report.

44, The apparatus of claim 43, further comprising:
means for receiving each reference signal over a respective antenna port of a
set of antenna ports, wherein each beam of the set of beams corresponds to an antenna port of

the set of antenna ports.

45, The apparatus of claim 43, wherein the indicator of the at least one
non-zero-power beam comprises an indicator of zero-power beams, and wherein a set of non-

zero-power beams is determined based on the indicator and the set of beams.

46.  The apparatus of claim 43, wherein the means for identifying the set of
bearus comprises:
means for wdentifying the at least one non-zero-power beam for at least one of

a first set of antenna ports or a second set of antenna ports for the one or more spatial layers.

47.  An apparatus for wireless communication, comprising:
means for transnutting, to a user equipment (UE), a configuration indicating a

number of beams to be reported in a channel state information {CS1) report;
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means for transmitting a set of reference signals;

means for receiving the CS1 report from the UE, wherein the CS1 report
ndicates a sct of beams corresponding to the number of beams for reporting in the CSI
report, the CSI 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 least
one non-zero-power beam in the set of beams; and

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

mdicator of the non-zero-power beams.

48, The apparatus of claim 47, further comprising:
means for transmitting the set of reference signals over respective antenna

ports, wherein each beam of the set of beams corresponds to one of the antenna ports.

49 The apparatus of claim 47, wherein the indicator of the at least one
non-zero-power beam comprises an indicator of zero-power beams, the method further
comprising:

means for determining a set of non-zero-power beams based on the indicator

and the set of beams.

50.  The apparatus of claim 47, wherein the set of beams applies to a first

set of antenna ports and a second set of antenna ports for the one or more spatial layers.

51, Ao apparatus for wireless communication, comprising:
4 Processor;
memory in electronic communication with the processor; and
instructions stored in the memory and operable, when executed by the
processor, to cause the apparatus to:
recetve a configuration indicating a number of beams to be reported in
a channel state information (81} report;
reeeive a set of reforence signals;
tdentify, 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;
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generate the CST report comprising at least one beam coefficient for
each of the at least one non-zero-power beam for each of the one or more spatial
layers and an ndicator of the at least one non-zero-power beam; and

transmit the CST report.

52, 'The apparatus of claim 51, whercin the instructions are further
executable by the processor to:

receive cach reference signal over a respective antenna port of a set of antenna
ports, wherein cach beam of the set of bearns corresponds 1o an antenna port of the set of

antenna ports.

33, The apparatus of claim 51, wheremn the indicator of the at least one
non-zero-power beam comprises an indicator of zero-power beams, and wherein a set of non-

zero-power beams is determined based on the indicator and the set of beams.

S4.  The apparatus of claim 51, wherein the instractions are further
executable by the processor to:
identify the at least one non-zero-power beam for at least one of a first set of

antenna ports or a second set of antenna ports for the one or more spatial layers.

55, The apparatus of clamm 54, wheren the indicator comprises a set of bits
mdicating a number of the non-zero-power beams in the set of beams, cach non-zero-power
bear of the number of the non-zero-power beams applying to the first st of antenna ports

and the second set of antenna ports on cach of the one or more spatial layers.

56.  The apparatus of claim 54, wherein the indicator comprises a set of bits
mdicating 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 set of antenna ports and the second set

of antenna ports on each of the one or more spatial layers.

57.  The apparatus of claim 56, 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 beams.

38 The apparatus of claim 54, whercin the indicator comprises a first set

of bits indicating a first mumber of non-zero-power beams for the first set of antenna ports
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and the second set of antenna ports 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 set
of antenna ports and the second set of antenna ports for a second spatial layer of the one or

more spatial layers.

59.  The apparatus of claim 54, wherein the indicator comprises a first set
of bits indicating a first set of non-zero-power beams for the first set of antenna ports and the
second set of antenna ports 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 set of antenna
ports and the second set of antenna ports for a second spatial layer of the one or more spatial

layers.

60.  The apparatus of claim 59, wherein each set of bits comprises a power

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

61.  The apparatus of claim 54, wherein the indicator comprises a first set
of bits indicating a first number of non-zero-power beams in the set of beams for the first set
of antenna ports and a second set of bits indicating a second number of non-zero-power
beams in the set of beams for the second set of antenna ports, each 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.

62.  The apparatus of claim 54, wherein the indicator comprises a first set
of bits indicating a first set of non-zero-power beams in the set of beams for the first set of
antenna ports and a second set of bits indicating a second set of non-zero-power beams in the
set of beams for the second set of antenna ports, 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 each of the one or more spatial layers.

63.  The apparatus of claim 62, wherein the first set of bits comprises a
power indicator bit for each beam of a set of non-zero-power beams over the first set of
antenna ports 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 set of antenna ports.

64.  The apparatus of claim 54, wherein the one or more spatial layers

comprise a plurality of spatial layers, and wherein the indicator comprises a respective set of

RECTIFIED SHEET (RULE 91) ISA/CN
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bits indicating a respective number of non-zero-power beams for each of the first set of

antenna ports and the second set of antenna ports for each of the plurality of spatial layers.

65.  The apparatus of claim 54, wherein the one or more spatial layers
comprise 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 set of antenna

ports and the second set of antenna ports for each of the plurality of spatial layers.

66.  The apparatus of claim 65, 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 set of antenna ports and a corresponding spatial layer.

67.  The apparatus of claim 54, wherein the first set of antenna ports or the
second set of antenna ports correspond to a same polarization, or a same antenna panel, or a

combination thereof.

68.  The apparatus of claim 51, wherein the CSI report further comprises a
rank indication (RI).

69.  The apparatus of claim 68, wherein the Rl and the indicator are

encoded separately.

70.  The apparatus of claim 51, wherein the at least one beam coefficient
for each non-zero-power beam of the set of beams comprises a wideband beam amplitude, a
subband beam amplitude, a subband beam phase, or a combination thereof and wherein a
reporting payload size of the at least one beam coefficient for each non-zero-power beam of

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

71.  The apparatus of claim 51, 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.

72.  An apparatus for wireless communication, comprising:

a processor,

memory in electronic communication with the processor; and
instructions stored in the memory and operable, when executed by the

processor, to cause the apparatus to:

RECTIFIED SHEET (RULE 91) ISA/CN
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transmit, to a user equipment (UE}, a configuration indicating a
number of beams to be reported 1o a channel state mformation (CSI) report;

transmit a set of reference signals;

receive the CSI report from the UE, wherein the CSI report indicates a
set of beams corresponding to the number of beams for reporting in the TSI report,
the TSI 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
least one non-zero-power beam in the set of beams; and

parse the set of beam coefficients based at least in part on the indicator

of the non-zero-power beams.

73 The apparatus of claim 72, wherein the instructions are further
executable by the processor to:
transmit the set of reference signals over respective antenna ports, wherein

cach beam of the set of beams corresponds o one of the antenna ports .

74.  The apparatus of claim 72, wherein the indicator of the at least one
non-zero-power beam comprises an indicator of zero-power beams, and wherein the
mstructions are further executable by the processor to:

determine a set of non-zero-power beams based on the indicator and the set of

beams.

75, The apparatus of claim 72, wherein the sct of beams applies to a first

set of antenna ports and a second set of antenna ports for the one or more spatial layers.

76. A non-transitory computer readable mediam storing code for wircless
communication, the code comprising instructions executable by a processor to:

receive a configuration indicating a number of beams to be reported in a
channel state information (€SI} report;

receive a set of reference signals:

identify, for one or more spatial lavers, a set of beams corresponding to the
number of beams for reporting in the CSI report, wherem the set of beams comprises at least

one Non-zZero-power beam;

PCT/CN2018/099880
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generate the CS1 report comprising beam coefficients for cach of the at least
on¢ 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

transmit the CSI report.

77. A non-transitory computer readable mediur storing code for wircless
communication, the code comprising instructions executable by a processor to:

transmit, to a user equipment (UE), a configuration indicating a number of
beams to be reported in a channel state information (CS1) report;

transmit a set of reference signals;

receive the TSI report from the UE, wherein the CSI report indicates a set of
beams corresponding to the number of beams for reporting in the CSI report, the CS] 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 fayers and an indicator of at least one non-zero-power
beam in the set of beams; and

parse the set of beam cocfficients based at least in part on the indicator of the

BOR~ZOro-power beams.
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