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A SCALABLE PROCESS FOR INDICATING BEAM SELECTION
CROSS REFERENCES
{6601} The present Application for Patent claims priority to International Patent
Application No. PCT/CNZ617/097173 to HAO et al,, titled “A SCALABLE PROCESS FOR

INDICATING BEAM SELECTION,” filed August 11, 2017, assigned to the assignee hereof,

which is hereby mcorporated by reference in its entirety.
BACKGROUND

{0602} The following relates generally to wireless communication, and more specifically

to a scalable process for indicating beam selection.

{6003] Wircless communications systems are widely deploved to provide varicus types of
communication content such as voice, video, packet data, messaging, broadeast, and so on.
These systems may be capable of supporting communication with multiple users by sharing
the available system resources (¢.g., time, frequency, and power). Examples of such multiple-
access systems include fourth generation {(4G) systems such as a Long Term Evolution {(LTE)
systerns or LTE-Advanced (L. TE-A) systens, and fifth generation {3G) systerms which may
be referred to as New Radio (NR) systems. These systerns may employ technologies such as
code division multipie access {CDMA), tume division multiple access (TDMA), frequency
division multiple access (FDMA), orthogonal frequency division multiple access (OFDMA),
or discrete Fourier transform-spread-OFDM (DFT-S-0FDM). A wireless multiple-access
communications system mayv include a number of base stations or network access nodes, each
simultancously supporting commaunication for multiple communication devices, which may

be otherwise known as user equipment (UE).

[6004] Some wireless communications systems may support the use of hinear
combination codebooks {¢.g., to support multiple-input, multiple-output (MIMO)
communications}. MIMO communications may rely on transnussions of reference signals
{¢.g., channel state information (CS1) reference signals (CSI-RS)) over one or more antenma
ports. The lingar combination codebook may enable a device to select a hincar combination of
beams for communication. However, to mdicate the selected beams, a device may perform an
exhaustive lookup process, which may greatly increase latency. Additionally, if the device

utifizes a lookup table for determining an indication of the selected beams, the device may
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have to store scparate lookup tables for different configurations of beams L and dimensions

N, and &,. This may result i a heavy burden on memory storage resources.

SUMMARY

[005] The described technigues relate to improved methods, systems, devices, or
apparatuses that support a scalable process for indicating beam sclection. Generally, the
described techiiques provide for gencrating an indication of selected beams using a scalable
set of tables stored in memory. In wirgless svstems supporting multiple-input, muttiple-output
(MIMO)} transmissions, devices may implement beam-forming to improve reliability of
communications. A user equupment (UE) may select a set of beams, and corresponding beam
indices, for communication {¢.g., based on a configuration of a number of antenna ports or
reference signals received from a base station). The UE may determine values corresponding
to each of the beam indices using a scalable set of tables. For example, the UE may selecta
subset of the tables based on the number of selected beams, and may determine the values
corresponding to the beam indices based on these tables. In this way, the UE may efficiently
store sets of tables for multiple different configurations {e.g., based on a nuomber of selected
beams, a size of dimensions, etc.}. The UE may sum the corresponding values to obtain a
combination index value, and may transmit the combination mdex value to the base station.
The base station may determine the selected beams based on this combination index value

and a similar scalable set of tables stored in its memory.

{06066} A method of wireless communication is described. The method may mclude
wdentifving a set of selected beams for reporting 1o a base station, determining a first value
associated with a first beam index of a set of beam indices, the first valoe corresponding to a
first index value of a first table, wherein the set of beam indices comprises a number of beam
mdices equal to a number of selected beams of the set of selected beams, and determining an
additional value associated with one or more additional beam indices of the set of beam
mdices based at least in part on one or more additional tables. Additionally, the method may
mehude summing the tirst value and one or more of the additional values to determine a
combination imdex value, and transmitting, to the base station, the combination mdex value
imdicating the set of sclected beams.

{3007 An apparatus for wireless communication is described. The apparatus may include
means for identifving a set of selected beams for reporting to a base station, means for

determining a first value associated with a first beam index of a set of beam indices, the first
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value corresponding to a first index value of a first table, wherein the set of beam mdices
comprises a number of beam indices cqual to a mimber of selected beams of the set of
selected beams, and means for determining an additional value associated with one or more
additional beam indices of the set of beam indices based at least in part on one or more
additional tables. Additionally, the apparatos may include means for summing the first value
and one or more of the additional values to determine a combination index value, and means
for transmutting, to the base station, the combination index value indicating the set of selected

beams.

[B008] Ancther apparatus for wircless communication is described. The apparatus may
melude a processor, memory 1n electronic communication with the processor, and
mstructions stored in the memory. The wstructions may be operable to cause the processor to
wdentify a set of selected beams for reporting to a base station, determine a first value
associated with a first beam index of the set of beam mdices, the fivst value corresponding to
a first index value of a first table, wherein the set of beam indices comprises a number of
beam indices equal to a number of selected beams of the set of selected beams, and determine
an additional value associated with one or more additional beam indices of the set of beam
mdices based at least in part on one or more additional tables. Additionally, the instructions
may be operable to cause the processor to sum the first value and one or more of the
additional values to determine a combination index value, and transmit, to the base station,

the combination index value indicating the set of sclected beams.

{0009} A non-transitory computer readable medium for wireless communication is
described. The non-transitory computer-readable mediim may mclude mstructions operable
to cause a processor 1o identify a set of selected beams for reporting to a base station,
determine a first value associated with a first beam index of a set of beam indices, the first
value corresponding to a first index valoe of a first table, wherein the set of beam indices
comprises a number of beam indices equal to a number of selected beams of the set of
selected beams, and determine an additional value associated with one or more additional
beam indices of the set of beam indices based at feast in part on one or more additional tables.
Additionally, the mstructions may be operable to cause the processor to sum the first value
and one or more of the additional values to determine a combination index value, and

transmit, to the base station, the combination ndex value indicating the set of selected beams.
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{8614} Some examples of the method, apparatus, and non~transitory computer-readable
medium described above may further include processes, features, means, or instructions for
receiving a configuration ot a codebook type for a codebook for reporting channel state
mformation {81, Some examples of the method, apparatus, and non-transitory computer-
readable mediim described above may further include processes, features, means, or
mstructions for receiving, from the base station, a set of reference signals associated with one
or more antenna ports of the base station, and ideuntifying the set of beam indices based at
feast in part on the codebook type and/or at least one of the set of reference signals or the one
or more antenna ports. In some examples, the identificd sct of beam indices correspond to
codeword indices of the codebook if the configured codebook type comprises a beam
selection codebook or to antenna port indices if the configured codebook type comprises a
port selection codebook. In some examples of the method, apparates, and non-transitory
computer-readable medium described above, the set of reference signals may be received
beam-formed or non-beam-formed transmissions. In some examples of the method,
apparatus, and non-transitory computer-readable medium described above, cach codeword of
the beam selection codebook may be an example of a base sequence, and the beam selection

codebook may include one or more sets of orthogonal base sequences.

0011} In some examples of the method, apparatus, and non-transitory computer-readable
mediam described above, the first value may be equal to the first beam mdex. In some

examples of the method, apparatus, and non-transitory computer-readable medium described
above, each additional beam mdex of the set of beam mdices increases i an ascending order

with respect to a previous additional beam index.

{012} In some examples of the method, apparatus, and non-transitory computer-readabile
medium described above, the additional value for one or more additional beam indices may
be based at least 1o part on a current table of the one or more additional tables. Some
examples of the method, apparatus, and non-transitory computer-readable medium described
above may further include processes, features, means, or nstructions for identifving, from the
current table, an nput value associated with an additional beam index of the set of beam

ndices, wherein the additional value may be equal to the wnput value.

301 3] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the additional valuc for one or more additional beam indices may

be based at least in part on a preceding table and a current table of the one or more additional
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tables. Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or nstructions for
identifving a preceding beam index that may be one less than an additional beam index of the
set of beam indices. Some examples of the method, apparatus, and non-transitory computer-
readable medium described above may further include processes, features, means, or
mstructions for identifving, from the preceding table, a first input value associated with the
preceding beam index. Some examples of the method, apparatus, and non-transitory
computer-readable medium described above may further mclude processes, features, means,
or instructions for identifving, from the current table, a second input value associated with the
preceding beam index. Some examples of the method, apparatus, and non-transitory
computer-readable medium described above may further include processes, features, means,
or instructions for summing the first input value and the second mput value to obtain the

additional value for the additional beam index.

{6614} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, a set of values stored in each of the one or more additional tables
may be based at least in part on a preceding set of values stored m a preceding table of the
first table or the one or more additional tables. In some examples of the method, apparatus,
and non-transitory computer-readable medium described above, 8 value of the set of values
may be the sum of a preceding value of the set of values and a preceding table value of the
preceding set of values, wherein the preceding value and the preceding table value may be

assoctated with a same beam mdex.

[6015] In some examples of the method, apparatus, and non-transitory computer-readable
meduumn described above, sach table of the first table and the one or more additional tables
may have a same length and wherein a number of active entries for each table may be based
at least in part on a configured number of antenna ports, a configured number of beams, or a

combination thereof.

{0616} Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
receiving a first configuration from the base station indicating a first configured number of
antenna ports, configured number of beams, or combination thereof. Some examples of the
method, apparatus, and non-transitory computer-readable medium described above may

further inchude processes, features, means, or mstructions for selecting a first set of active
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entries for each table of the first table and the one or more additional tables based at least in
part on the first configured mumber of antenna ports, configured number of beams, or
cormbination thercof. Some examples of the method, apparatus, and non-transitory computer-
readable medium described above may further include processes, features, means, or
mstnuctions for receiving a second configuration from the base station indicating a second
configured number of antenna ports, configured number of beams, or combination thereot,
wherein the second configured number of antenna ports, configured nunmiber of beams, or
combination thercof may be greater than the first configured number of antenna ports,
configured number of beams, or combination thereof. Some examples of the method,
apparatus, and non-transitory computer-readable medivm described above may further
melude processes, features, means, or mstructions for selecting a second set of active entries
for each table of the first table and the one or more additional tables based at least in part on
the second configured number of antenna ports, configured nuomber of beams, or combination
thereof, wherein the first set of active entries may be a subset of the second set of active

entries.

[6617] In some examples of the method, apparatus, and non-transitorv computer-readable
medium described above, a number of active entnies may be based at least in part on a
configared number of antenna ports transmitting chanmel state imformation reference signals

{CSI-R8), a configured number of beams, or a combination thergof.

[0018] Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or nstructions for
receiving a configuration from the base station indicating a configured number of beams for
selection, wherein the number of selected beams equals the configured number of beams for
selection, and selecting the set of beam indices based at least in part on the configured
number of beams for selection. In some examples of the method, apparatus, and non-
transitory computer-readable medium described above, the contfigured number of beams tor

selection 1s based at least i part on a configuration of a number of antenna ports.

{6019} Some cxamples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or mstructions for
receiving a first configuration from the base station indicating the configured number of
beams for selection. Some examples of the method, apparatus, and non-transitory computer-

readable medium described above may further include processes, features, means, or
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mstructions for selecting a first set of tables comprising a number of tables equal to the
configured number of beams for selection, wherein determining the first value and one or
more additional values may be based at least in part on the first set of tables. Some examples
of the method, apparatus, and non-transitory computer-readable medium described above
may further include processes, features, means, or instructions for receiving a second
configuration from the base station indicating a second configured nurnber of beams for
selection that may be greater than the configured number of beams for sclection. Some
examples of the method, apparatus, and non-transitory computer-readable medium described
above may further include processes, features, means, or instructions for selecting a second
set of tables comprising a second nuntber of tables equal to the second configured muber of

beams for selection, wherein the first set of tables may be a subset of the second set of tables.

{6020] Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or nstructions for
wentifying a beam index of the set of beam indices. In some examples of the method,
apparatus, and non-transitory computer-readable medium desenbed above, identifving the
beam index of the set of beam indices comprises identifying a first sub-beam index
corresponding to a first dimension. Some examples of the method, apparatus, and non-
transtiory computer-readable medium described above may further inchude processes,
features, means, or instructions for identifving a second sub-beam index corresponding to a
second dimension. Some examples of the method, apparatus, and non-transitory computer-
readable medium described above may further include processes, features, means, or
mstractions for calculating the beam index based at least in part on the first sub-beam mdex

and the second sub-beam mdex,

6021} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, calculating the beam index further comprises multiplying the first
sub-beam mdex with a size of the second dimension to obtan an intermediate value. Some
examples of the method, apparatus, and non-transitory computer-readable medium described
above may further include processes, features, means, or instructions for adding, to the

intermediate value, the second sub-bean: index to obtain the beany index.

06022} Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for

selecting one or more beams from a codebook based at least in part on the sct of reference
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signals, wherein identifving the set of beam indices may be based at least in part on the
selected one or more beams. In some examples of the method, apparatus, and non-transifory
computer-readable medium described above, the codebook used for the selecting may be

based at least in part on a configuration of a number of antenna poris.

[6023] A method of wireless communication is described. The method may include
receiving, from a UE, a combination index value imdicating a set of selected beams,
determining a greatest beam mndex for a first selected beam of the set of selected beams based
at least i part on a current table and the combination index value, and determining an
additional beam mdex for cach additional selected beam of the set of selected beams based at

cast in part on one or more additional tables and an updated combination index value.

[06624] An apparatus for wireless communication is described. The apparatus may include
means for receving, from a UE, a combination index value indicating a set of selected
beams, means for determining a greatest beam index for a first sclected beam of the set of
selected beams based at least in part on a current table and the combination index value, and
means for determining an additional beam mdex for each additional selected beam of the set
of sclected beams based at least in part on one or more additional fables and an updated

combination mndex value.

10023] Another apparatus for wireless communication 1s described. The apparatus may
mehide a processor, memory in electronic communication with the processor, and
mstructions stored in the memory. The mstructions may be operable to cause the processor i
receive, from a UE, a combination index value indicating a set of selected beams, determine a
greatest beam index for a first selected beam of the set of sclected beams based at least in part
on a current table and the combination index value, and determine an additional beam mdex
for each additional selected beam of the set of selected beams based at least in part on one or

more additional tables and an updated combmation index value,

{0026} A non-transitory computer readable medium for wireless communication is
described. The non-transitory computer-readable mediim may mclude mstructions operable
to cause a processor 1o receive, from a UE, a combination index value indicating a set of
selected beams, determine a greatest beam mdex for a first selected beam of the set of
selected beams based at least in part on a current table and the combination index value, and

determine an additional beam index for each additional selected beam of the set of selected
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beams based at least in part on one or more additional tables and an updated combination

mdex value.

{60271 Some examples of the method, apparatus, and non-transitory computer-readable
mediom described above may further include processes, features, means, or mstructions for
transmitting, to the UK, a configuration of a codebook type for a codebook tfor CSI reporting.
Some examples of the method, apparatus, and non-transitory computer-readable medium
described above mayv further include processes, features, means, or instructions for
transmtting, to the UE, a set of reference signals associated with one or more antenna ports,
In some examples of the method, apparatus, and non-transitory computer-readable medium
described above, the set of reference signals may be transmitted in beam-formed or non-

beam-formed transmissions.

{0628} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the greatest beam index and the additional beam index for cach
additional selected beam of the set of selected beams correspond to codeword indices of the
codebook if the configured codebook type comprises a beam selection codebook orto
antenna port mdices if the configured codebook type comprises a port selection codebook. In
some examples of the method, apparatus, and non-transitory computer-readable mednim
descnbed above, cach codeword of the beam selection codebook may be an example of a

base, and the beam selection codebook includes one or more sets of orthogonal bases.

{6629} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, cach additional beam index decreases in a descending order with

respect to a previous additional beam index.

{6630} In some examples of the method, apparatus, and non~transitory computer-readable
medium described above, determining the greatest beam mdex for the first selected beam
further comprises identifying a greatest value of the current table that may be less than or
equal to the combination ndex value, whercin the greatest beam index may be set to an index
corresponding to the identified greatest value. Some examples of the method, apparatus, and
non-transitory computer-readable medivm desertbed above may further include processes,
features, means, or instructions for updating the combination index value by subiracting the

wdentified greatest value from the combination index value.

{6631} In some examples of the method, apparatus, and non-transitory computer-readable

medium described above, determining the additional beam index for each additional selected
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beam further comprises identifying an additional greatest value of a next table of the one or
more additional tables that may be less than or equal to the updated combination index vahie,
wherein the additional beam index may be set to an additional index corresponding to the
wdentified additional greatest value. Some examples of the method, apparatus, and non-
transtiory computer-readable medium described above may further inchude processes,
features, means, or instructions for updating the updated combination index value by

subtracting the identified additional greatest value from the updated combination index value,

{6632} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, a smallest beam index for a last selected beam of the set of selected

beams may be cqual to a last updated combination index value.

{6633} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the current table and the one or more additional tables may be
selected from a set of tables stored in a memory. In some examples of the method, apparatus,
and non-transitory computer-readable mediuom described above, the set of tables comprises a
first table and one or more subsequent tables, wherein a set of values stored in cach of the one
or more subsequent tables may be based at least in part on a preceding sct of values stored in
a preceding table of the set of tables. In some examples of the method, apparatus, and non-
transitory computer-readable medium described above, a value of the set of values may be
the sum of a preceding value of the set of values and a preceding table value of the preceding
set of values, wherein the preceding value and the preceding table valae may be associated

with a same beam index.

[(034] Some examples of the method, apparatus, and non-transitory computer-readable
mediom described above may further include processes, features, means, or mstructions for
selecting a first set of tables comprising a number of tables equal to a number of the set of
selected beams, wherein determining the greatest beam mdex and the additional beam mdex
for each additional selected beam may be based at least in part on the first set of tables. Some
examples of the method, apparatus, and non-transitory computer-readable mediuim described
above may further include processes, features, means, or instructions for receiving, from the
UE, a second combination index value indicating a second set of selected beams, wherein a
number of the second set of selected beams may be greater than the number of the set of
selected beams. Some examples of the method, apparatus, and non-transitory computer-

readable medium described above may further include processes, features, means, or
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mstructions for selecting a second set of tables comprising a second number of tables equal to
the number of the second set of selected beams, wherein the first set of tables mayv be a subset

of the second set of tables.

[3035] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, cach table of a sot of tables stored in memory comprises a same
fength and wherein a number of active entries for each table may be based at least m parton a
configured number of antenna ports, a configured number of beams, or a combination

thereof.

036} Some examples of the method, apparatus, and non-transitory computer-readable
mediom described above may further include processes, features, means, or mstructions for
wdentifving a first configured number of antenna ports, contigured number of beams, or
combination thereof. Some examples of the method, apparatus, and non-transifory computer-
readable medium described above may further include processes, features, means, or
mstructions for selecting a first set of active entries for each table of a set of tables stored in
memory based at [cast in part on the first configured number of antenna ports, configured
number of beams, or combination thereof. Some examples of the method, apparatus, and non-
transtiory computer-readable medium described above may further inchude processes,
features, means, or instructions for identifying a second configured number of antenna ports,
configured number of beams, or combmation thercof, wherein the second configured number
of antenna ports, configured number of beams, or combination thereof may be greater than
the first configured number of antenna ports, configured number of beams, or combination
thercof. Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or mstructions for
selecting a second set of active entries for each table of the set of tables based at least i part
on the second configured number of antenna ports, configured number of beams, or
combination thereof, wherein the first set of active entries may be a subset of the second set

of active entries.

[60637] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, cach table of a set of tables stored in memory comprises a number
of active entries based at least in part on a configured mumber of antenna ports transmitting

CS1-RS, a configured number of beams, or a combination thereof,
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{6038} Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
calculating, for a beam index, a first sub-beam index corresponding to a first dimension and a
second sub-beam mdex corresponding fo a second dimension. In some examples of the
method, apparatus, and non-transitory computer-readable medium described above,
calculating the first sub-beam index comprises dividing the beam index by a size of the
second dimension to obtain an intermediate value. Some examples of the method, apparatus,
and non-transitory computer-readable medium described above may further include
processes, features, means, or instructions for rounding the miermediate value down to the
nearest integer to obtain the first sub-beamn index. In some examples of the method,
apparatus, and non-transitory compuier-readable medium described above, calculating the
second sub-beam index comprises dividing the beam index by a size of the second dimension
to obtain the second sub-beam index, wherein the second sub-beam index may be a

remainder of the division.

{6639} Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
wdentifying the set of selected beams based at least in part on a codebook and the greatest
beam index and each additional beam ndex. In some examples of the method, apparatus, and
non-transitory computer-readable medium described above, the codebook used for the

dentifving may be based at least in part on a configuration of a number of antenna ports.
BRIEF DESCRIPTION OF THE DRAWINGS

3040} FIG. 1 illustrates an example of a system for wireless communication that
supports a scalable process for indicating beam selection in accordance with aspects of the

present disclosure.

{0041} FIG. 2 illustrates an example of a wireless communication systom that supporis a
scalable process for indicating beam selection in accordance with aspects of the present

disclosure.

[06042] FIG. 3 illustrates an example of a sct of scalable tables that supports a scalabie

process for indicating beam sclection i accordance with aspects of the present disclosure.

[0043] FIG. 4 illustrates an example of a process flow that supports a scalable process for

mdicating beam selection in accordance with aspects of the present disclosure.
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0044} FIG. § illustrates an example of a user equipment {UE) process that supporis a
scalable process for indicating beam selection in accordance with aspects of the present

disclosure.

[3045] FIG. 6:llustrates an example of a base station process that supports a scalable

process for indicating beam selection in accordance with aspects of the present disclosure.

[08046] FIGs. 7 through 9 show block diagrams of a device that supports a scalable

process for indicating beam selection i accordance with aspects of the present disclosure.

16047 FIG. 10 1Hustrates a block diagram of a system including a UE that supports a
scalable process for indicating beam selection in accordance with aspects of the present

disclosure.

{0048} FiIGs. 11 through 13 show block diagrams of a device that supports a scalable

process for indicating beam selection in accordance with aspects of the present disclosure.

06049} FI(. 14 iHustrates a block diagram of a system including a base station that
supports a scalable process for indicating beam selection in accordance with aspects of the

present disclosure.

{0050 FIGs. 15 through 22 dlustrate methods for a scalable process for indicating beam

selection n accordance with aspects of the present disclosure.
DETAILED DESCRIPTION

06511 In some wireless systems {e.g., a new radio (NR) system), wireless devices may
support multipic-input, multiple-output (MIMO) transmissions. MIMO transmissions 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, which may be referred
to as receive diversity. Such transmissions may mmprove the reliability of the commmunications
{c.g., may boost a signal to noise ratio (SNR). reduce a block error rate, etc.). In some cases,
MIMO operations may emplov beam-forming, which 1s a signal processing technique that
may be used to shape an antenna beam. Beam-forming may be achieved by combining
antenna clements of an antenna array such that signals propagating at particular orientations
with respect to the array experience constructive interference while others experience

destructive interference.
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{8652} To support MIMO transmissions and beam-forming, a base station may use one or
more antenna ports to transmit reference signals 1o a user equipment (UE) for channel
estimation. The UE may select a set of beams for communication based on the configuration
of antenna ports or based on the received reference signals. In order to indicate the selected
beams to the base station, the UE may implement a beam selection indication process. The
UE may deiermine beam indices based on the selected beams, and may order the beam
mdices in ascending order. The UE may sclect a subset of tables from a set of scalable tables
stored in its memory. For example, the UE may select the first £ tables of the set of scalable
tables, where L 15 the number of beams selected for MIMO transmission. Additionally, the
UE may use a subset of active eniries within the selected tables to determine a value
corresponding to cach of the beam indices. The UE may search the selected tables of the
corresponding values, and may sum the values to obtain a combination index value. The UE

may iransmit this combination index value to the base station to indicate the selected beams.

053] The base station may receive the combination index value, and may deternine the
selected beams based on this combination index value. For example, the base station may
also select a subset of tables and entries from a corresponding set of scalable tables stored m
its memory. The base station may iteratively determine each beam index indicated by the
combination ndex value in descending order by using the sclected subset of tables. The base
station may then determine the beams corresponding to the beam indices (e.g., using a
codebook). The scalable set of tables may allow the UE and base station 1o efficiently store
the tables for multiple different configurations (e.g., based on a number of sclected beams, a
size of dimensions, etc.). Additionally, the scalable set of tables may improve the latency

associated with generating the combination index value.

HEEREY Aspects of the disclosure are iitially described 1n the context of wireless
cormmunications systems. Aspects of the disclosure arc then presented with respect to a
scalable set of tables and process flows. Aspects of the disclosure are further Hlustrated by
and described with reference to apparatus diagrams, systerm diagrams, and flowcharts that

relate to a scalable process for indicating beam selection.

[6055] FIG. 1 illustrates an example of a wireless communications system 100 in
accordance with varicus aspects of the present disclosure. The wireless communications
system 100 includes base stations 105, UEs 113, and a core network 130, In some examples,

the wireless communications system 100 may be a Long Term Evolution (LTE} network, an
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LTE-Advanced (LTE-A) network, or an NR network. In some cases, wireless
communications system 100 may support enhanced broadband communications, ultra-
rehiable (e.g., mission critical) communications, low latency communications, or
communications with low-cost and low-complexity devices. In some cases, a base station 1053
may fransmit one or more reference signals to a UE 115, and the UE 115 may sclect a set of
beams based on the reference signals. The UE 115 may indicate the selected set of beams to
the base station 105 using a combination index value, which may be efficiently determined

using a scalable set of tables.

{0056] 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 transceiver station, a radio base station, an access point, a
radio transceiver, a NodeB, an eNodeB (eNB), a next-generation Node B or giga-nodeB
{cither of which may be referred to as a gNB), a Home NodeB, a Home ¢NodeB, or some
other suitable terminology. Wireless communications svstem 100 may include base stations
105 of different types {¢.g., macro or small cell base stations). The UEs 115 descrbed hercin
mayv be able to communicate with various types of base stations 105 and network equipment

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

[6057] Each base station 105 may be associated with a particular geographic coverage
area 110 m which communications with various UEs 115 1s supported. Each base station 105
may provide communication coverage for a respective geographic coverage area 110 via
communication hinks 123, and communication links 125 between a base station 105 and a UE
115 may utilize one or more carriers. Communication links 125 shown in wireless
communications system 100 may include uplink transmissions from a UE 115 to a base
station 105, or downlink transmuissions, from a base station 103 to a UE 115, Bownhink
transmissions may also be called forward link transmissions while uplink transmissions may

also be called reverse link transmissions.

{0055] The geographic coverage area 110 for a base station 105 may be divided into
sectors making up only a portion of the geographic coverage area 110, and cach 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 thercfore

provide communication coverage for a moving geographic coverage area 110, In some
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examples, different geographic coverage arcas 110 associated with different technologies
may overlap, and overlapping geographic coverage areas 110 associated with different
technologics may be supported by the same base station 105 or by different base stations 103,
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,

8059} The term “cell” refers to a logical communication entity used for communication
with a base station 105 (¢.g., over a carrier), and may be associated with an identifier for
distimguishing neighboring cells (e.g.. a physical cell identifier (PCID), a virtual cell identifier
{VCID)) operating via the same or a different carrier. In some examples, a carrier may
support multiple cells, and different cells may be configured according to different protocol
types {¢.g., machine-type communication {MTC), narrowband Internet-of-Things {(NB-IoT),
enhanced mobile broadband (eMBB), or others) that may provide access for different types of
devices. In some cases, the term “cell” may refer to a portion of a geographic coverage area

110 {e.g., a sector) over which the logical entity operates.

(060} UEs 115 may be dispersed throughout the wireless communications svstem 100,
and cach UE 115 may be stationary or mobile. A UE 115 may also be referred to as amohile
device, a wircless device, a remote device, a handheld device, or a subscriber device, or some
other suitable terminology, where the “device” may also be referred to as a unit, a station, a
terminal, or a client. A UE 115 may also be a personal electronic device such as a cellular
phone, a personal digital assistant (PDA}, a tablet computer, a laptop computer, or a personal
corputer. In some examples, a UE 115 may also refer to a wireless local loop (WEL) station,
an Intemet of Things (IoT) device, an Internet of Evervthing (IoE) device, or an MTC device,
or the like, which may be implemented in various articles such as appliances, vehicles,

meters, or the like.

08061} Some UEs 115, such as MTC or IoT devices, may be low cost or low complexity
devices, and may provide for automated communication between machines {¢.g., via
Machine-to-Machine (M2M) communication). M2ZM communication or MTC may refer to
data communication technologies that allow devices to communicate with one another or a
base station 105 without human intervention. In some examples, M2ZM communication or
MTC may include communications from devices that integrate sensors or meters to measure

or capture information and relay that information to a central server or apphication program
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that can make use of the information or present the information to humans interacting with
the program or application. Some UEs 115 may be designed to collect information or enable
automated behavior of machines. Examples of applications for MTC devices include smart
metering, inventory monitoring, water level monitoring, equiproent monitoring, healthcare
monitoring, wildlife monitoring, weather and geological event monitoring, fleet management
and tracking, remote security sensing, physical access control, and transaction-based busingss

charging.

{0062} Some UEs 1135 may be configured to employ operating modes that reduce power
consumption, such as half-duplex communications {¢.g.. a mode that supports one-way
coramunication via fransmission or reception, but not transmission and reception
simultanecusly). In some examples half-duplex commumications may be performed at a
reduced peak rate. Gther power conservation technigues for UEs 115 include entering a
power saving “deep sleep” mode when not engaging n active communications, or operating
over a limited bandwidth (¢ g., according to narrowband commumnications). In some cases,
UEs 115 may be designed to support critical functions {e.g., mission critical functions), and a
wircless communications svstem 100 may be configured to provide ulira-rchiable

communications for these functions.

[6063] In some cases, a UE 115 may also be able to communicate directly with other UEs

115 g

{c.g., using a peer-to-peer (P2P) or device-to~-device (B2D) protocol}. OUne or more of a
group of UEs 115 utilizing D2D communications may be within the geographic coverage
area 110 of a base station 105, Other UEs 115 1n such a group may be outside the geographic
coverage area 110 of a base station 103, or be otherwise unable to receive transmissions from
a base station 105, In some cases, groups of Uls 115 communicating via DZD
communications may utilize a one-to-many (1:M} system in which eack UE 115 transmits to
every other UE 115 in the group. ki some cages, a base station 105 facilitates the scheduling

of resources for D20 communications. In other cases, D20 commumications are carried out

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

[6064] Base stations 103 may communicate with the core network 130 and with one
another. For example, base stations 103 may interface with the core network 130 through
backhaud links 132 {e.g., via an 81 or other interface). Base stations 103 may communicate
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).
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{0065] The core network 130 may provide user authentication, access authorization,
tracking, Internet Protocot (IP) connectivity, and other access, routing, or mobility functions.
The core network 130 may be an evolved packet core (EPC), which may include at feast one
mobility management entity (MME]}, at least one serving gateway (S-GW), and at least ong
Packet Data Network (PDN) gateway (P-GW). The MME may manage non-access stratum
{e.g.. control plane) functions such ag mobility, authentication, and bearer management for
UEs 115 served by basc stations 105 associated with the EPC. User IP packets may be
transferred through the 5-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 comnected to the
network operators [P services. The operators 1P services may include access to the Intemet,
Intranet(s), an [P Multimedia Subsystem (IMS}, or a Packet-Switched (PS) Streaming

Service.

[06066] At least some of the network devices, such as a base station 105, may include
subcomponents such as an access network entity, which may be an example of an access
node controller (ANC). Each access network entity may communicate with UEs 115 through
a number of other access network transmission entities, which may be referred to as a radio
head. a smart radio head, or a transmission/reception point { TRP). In some configurations,
various functions of each access network entity or base station 105 may be distributed across
various network devices (e.g.. radio heads and access network controllers) or consclidated

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

{8667} Wirgless 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 1o
3 GHz is known as the ultra-high frequency (UHF) region or decimeter band, since the
wavelengths range from approximately one decimeter to one meter in length. UHF waves
may be blocked or redirected by buildings and environmental features. However, the waves
may penctrate structures sufficiently for a macro cell to provide service to UEs 115 located
indoors. Transmussion of UHF waves may be associated with smaller antennas and shorter
range {¢.g., less than 100 km} compared to transmission using the smaller frequencies and
longer waves of the high frequency (HF) or very high frequency (VHFE) portion of the

spectrum below 300 MHz.

[(3068] Wireless communications system 100 may also operate in a super high frequency

(SHF) region using frequency bands from 3 GHz to 30 GHz, also known as the centimeter
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band. The SHF region includes bands such as the 5 GHz industnal, scientific, and medical
{ISM) bands, which may be used opportomstically by devices that can tolerate interference

from other users.

[0069] Wireless communications system 100 may also operate in an extremely high
frequency (EHF) region of the spectrum {e.g., from 30 GHz to 300 GHz), also known as the
mijlimeter band. In some examples, wireless commumications system 100 may support
mutlimeter wave (mmW} communications between UEs 115 and base stations 103, 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 transnussions may be subject to even greater atmospheric atienuation
and shorter range than SHF or UHF transmissions. Technigues disclosed herein 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.

{6070} In some cases, wireless communications svstem 100 may utilize both hicensed and
unlicensed radio frequency spectrum bands. For example, wirgless communications system
100 may employ License Assisted Access (LAA), LTE-Unlicensed (LTE-L)} radic access
cchnology. or NR techoology in an unlicensed band such as the 5 GHz ISM band. When
operating i unlicensed radio frequency spectrum bands, wireless devices such as base
stations 105 and UEs 115 may emplov listen-before-talk (LBT) procedures to ensure a
frequency channel is clear before transmitting data. In some cases, operations 1 unlicensed
bands may be based on a CA configuration n conjunction with CCs operating in a hicensed
band {¢.g., LAA)}. Operations in unlicensed spectrum may include downlink transmissions,
uplink transmissions, peer-to-peer transmissions, or a combination of these. Duplexing in
uniicensed spectrum may be based on frequency division duplexing {(FDD), time division

duplexing (TDD), or a combination of both.

{6671} In some examples, base station 105 or UE 115 may be equipped with multiple
antennas, which may be used to employ techniques such as transout diversity, receive
diversity, MIMO communications, or beamtorming. For example, wireless communication
system may use a transmuission scheme between a transmitting device {e.g., a base station
105) and a receiving device {¢.g., a UE 115}, where the transmitting device 15 equipped with

multiple antennas and the receiving devices are equipped with one or more antennas. MIMO
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communications may employ multipath signal propagation to increase the spectral efficiency
by transmitting or receiving multipie signals via different spatial layers, which may be
referred to as spatial multiplexing. The multiple signals may, for example, be transmitted by
the transmitting device via different antennas or different combmnations 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 bits associated with the same data stream {¢.g., the
same codeword) or different data streams. Different spatial lavers may be associated with
different antenna ports used for channel measurement and reporting. MIMO technigues
nclude single-user MIMO (SU-MIMO) where multiple spatial layers are transoutted to the
same receiving device, and multiple-user MIMO (MU-MIMO) where multiple spatial layers

are transmutted to multiple devices.

{0072] Beamforming, which may also be referred to as spatial filtering, dircctional
transmmssion, or directional reception, 18 a signal processing technigue that may be used ata
transmtting device of a receiving device {.g., a base station 105 ora UE 115} to shape or
stecr an antenna beam {¢.g., a transmif beam or receive beam) along a spatial path between
the transmitting device and the receiving device. Beamforming may be achieved by
combining the signals communicated via antenna clements of an antenna array such that
signals propagating at particolar orientations with respect to an antenna array experience
constructive mterference while others experience destructive interference. The adjustment of
signals commumnicated via the antenna elements may nclude a transmitting device or a
recerving device applying certain amplitude and phase offsets to signals carned via each of
the antenna clements associated with the device. The adjustments associated with each of the
antenna elements may be defined by a beamforming weight set associated with a particular
orientation {g.g., with respect to the antenna array of the transmitting device or receiving

device, or with respeact to some other origntation).

{6673} In one example,

B

a base station 105 mav use multiple antennas or anienna arrays o
conduct beamforming operations for directional communications with a UE 115, For
mstance, some signals (¢.g. synchronization signals, reference signals, beam selection signals,
or other control signals) may be transmitted by a base station 105 multiple times n different
directions, which may mclade a signal being transmitted according to different beamforming
weight sets agsociated with different directions of transmission. Transmissions in different

beam directions may be used to identify {¢.g., by the base station 105 or a receiving device,
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such as a UE 115) a beam direction for subscquent transmission and/or reception by the base
station 105, Some signals, such as data signals associated with a particular receiving device,
may be transmitted by a hase station 105 1n a single beam direction {c.g., a direction
associated with the receiving device, such as a UE 1135). In some exampies, the beam
direction associated with transmissions along a single beam direction may be determined
based at least in in part on a signal that was transmitted in different beam directions. For
example, a UE 115 may receive one or more of the signals transmitted bv the base station 105
m different divections, and the UE 115 may report to the base station 103 an indication of the
signal it received with a highest signal quality, or an otherwise acceptable signal quality.
Although these technigues are described with reference to signals transmitted in one or more
directions by a base station 105, a UE 115 may employ similar techniques for transmitting
signals multiple times in different directions (c.g., for identifving a beam direction for
subsequent transmission or reception by the UE 115}, or transnutting a signal in a single

direction (¢.g., for transmitting data to a receiving device).

{6874} A receiving device (e.g., a UE 115, which may be an example of 3 mmW
receiving device) may try multiple receive bearas when receiving various signals from the
base station 105, such as synchronization signals, reference signals, beam selection signals, or
other controd signals. For example, a receiving device may trv moltiple receive directions by
receiving via different antenna subarrays, by processing received signals according to
different antenna subarrays, bv receiving according to difterent receive beamtorming 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 “histening” 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 in a
beam direction determined based at least in part on listening according to different receive
beam directions {e.g., a beam dircction determined to have a mghest signal strength, highest
signal-to-noise ratio, or otherwise acceptable signal quality based at least in part on listening

according to nwitiple beam directions).

[BG75] In some cases, the antennas of a base station 105 or UE 115 may be located within
one of more antenna arrays, which may support MIMO operations, or transmit or recgive

beamforming. For exaraple, one or more basc station antennas or antenma arrays may be co-
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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 105 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

MIMQO or beamforming operations.

8076} In some cases, wireless communications system 100 may be a packet-based
network that operate according to a layered protocol stack. In the user plane, comumumications
at the bearer or Packet Data Convergence Protocol (PDCP) laver may be 1P-based. A Radio
Link Control (RLC) layer may in some cases perform packet segmentation and reassembly to
commumnicate over logical channels. A Medium Access Control {(MAC) laver may perform
priority handling and multiplexing of logical channels into transport channels. The MAC
laver may also use hybrid automatic repeat request (HARQ) to provide retransmission at the
MAC laver to improve hink efficiency. In the control plane, the Radio Resource Control
{RRC) protocol laver may provide establishment. configuration, and maintenance of an RRC
connection between a UE 115 and a base station 105 or core network 130 supporting radio
bearers for user plane data. A the Physical (PHY) layer, transport channels may be mapped

to physical channels.

{6677 In some cases, UEs 115 and base stations 105 may support retransmissions of data
to merease the likebhood that data is received successfully. HARQ feedback 1s one technique
of increasing the likelibood that data is received correctly over a communication fink 125,
HAR( may include a combination of crror detection {¢.g., using a cvelic redundancy check
{CROY, forward ervor correction (FEC), and retransmission {¢.g., automatic repeat request
{AR()). HARD may mmprove throughput at the MAC laver in poor radio conditions (e.g.,
signal-to-noise conditions). In some cases, a wircless device may support samg-slot HARQ
feedback, where the device may provide HARQ fecdback in a specific slot for data received
i a previous symbol in the slot. In other cases, the device may provide HAR( feedback in a

subsequent slot, or according to some other time terval.

[078] Time intervals in LTE or NR may be expressed in multiples of a basic time unit,
which may, for example, refer to a samphing period of Ty = 1/30,720,000 seconds. Time
mtervals of a communications resource may be organized according to radio frames cach

having a duration of 10 milliseconds (ms), where the frame period may be expressed as
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Te= 307,200 T,. The radio frames may be identified by a system frame number (5FN)
ranging from 0 to 1023, Each frame may include 10 subframes numbered from 0 to 9, and
cach subframe may have a duration of 1 ms. A subframe may be further divided into 2 slots
each having a duration of 0.5 ms, and cach slot may contain 6 or 7 modulation symbol
periods {8.g., depending on the length of the cvelic prefix prepended to cach symbol period}.
Excluding the cvclic prefix. each symbol period may contain 2048 sampling periods. In some
cases a subframe may be the smallest scheduling unit of the wircless communications system
100, and may be referred to as a transmission time mterval (TT1). In other cases, a smallest
schedaling unit of the wireless communications system 100 may be shorter than a subframe
or may be dynamically selected (e.g., in bursts of shortened TTls (sT1s) or in sclected

component carriers using sT11s}).

[6679] In some wireless communications systems, a slot may further be divided nto
multiple mini-slots containing one or more symbols. In some mstances, a svmbol of a mini-
slot or a mini-slot may be the smallest unit of schedaling. Each symbol may vary in duration
depending on the subcarrer spacing or frequency band of operation, for example. Further,
some wircless communications systems may inplement slot aggregation in which multiple
slots or mini~slots are aggregated together and used for communication between a UE 115

and a base station 103,

{6080] The term “carrier” refers 1o a set of radio frequency spectrum resources having a
defined physical layer structure for supporting commuumnications gver a communication hink
125, For example, a carricr of a communication fink 125 may mchide a portion of a radio
frequency spectrum band that is operated according to physical laver channels for a given
radio access technology. Each physical layer channel may carry user data, control
mformation, or other signaling. A carrier mayv be assoctated with a pre-defined frequency
channel {e.g., an E-UTRA absolute radio frequency channel number (EARFCN)), and may be
positioned according to a channel raster for discovery by UEs 115, Carrers may be downlink
or uplink {e.g., in an FDD mode), or be configured to carry downlink and uplink
communications {€.g., in a TDD mode}. In some examples, signal waveforms transmitted
over a carrier may be made up of multiple sub-~carriers {(¢.g., using multi-carner modulation

{MCM)} technigues such as OFDM or DFT-s-OFDM).

[6081] The orgamzational structure of the carriers may be different for different radic

access technologies (e.g., LTE, LTE-A, NR, ¢tc.}. For example, commumnications over a
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carrier may be orgamized according to TTIs or slots, each of which may mclude user data as
well as control information or signaling o support decoding the user data. A carrier may also
mclude dedicated acquisition signaling {(¢.g.. synchronization signals or system information,
eic.) and control signaling that coordinates operation for the carrier. In some examples (e.g.,
I 3 carrier aggregation configuration}, a carrtier may also have acquisition signaling or

control signaling that coordinates operations for other carriers.

[6082] Physical channels may be multiplexed on a carrier according to various
techriques. A physical control channe! and a physical data channel may be multiplexed on a
dowunlink carrier, for cxample, using time division multiplexing (TDM) techniques,
frequency division multiplexing (FDM) techniques, or hvbrid TDM-FDM technigues. In
some examples, control information transmitted m a physical control channel may be
distributed between different control regions in a cascaded manner {e.g., between a common
control region or conmmon search space and one or more UE-specific control regions or UE-

specific search spaces).

[G083] A carrier may be associated with a particular bandwidth of the radio frequency
gpectrum, and in some examples the carmer bandwidth may be reterred to as a “svstem
bandwidth” of the carrier or the wireless communications system 100. For example, the
carrier bandwidth may be one of a number of predetermined bandwidths for carriers of a
particular radio access technology {e.g., 1.4, 3, 3, 10, 13, 20, 40, or 80 MHz). In some
examples, each served UE 115 may be configured for operating over portions or all of the
carrier bandwidth. In other examples, some UEs 115 may be configured for operation using a
narrowband protocol type that i1s associated with a predefined portion or range {¢.g., set of
subcarriers or RBs) within a carvier {¢.g., “in-band” deplovment of a narrowband protocol

type).

{0084} In a svstem emploving MCM techniques, 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 inversely related. The number of bits carried by
cach resource element may depend on the modulation scheme (e g, the order of the
modulation scheme). Thus, the more resource elements that a UE 115 receives and the higher
the order of the modalation scheme, the higher the data rate may be for the 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
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the use of multiple spatial layers may further increase the data rate for commumnications with a

UE 115

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

associated with more than one different carrier bandwidth.

[B086] Wireless commumications system 100 may support communication with a UE 115
on multiple cells or carriers, a feabire which may be referred to as carrier aggregation (CA) or
multi-carricr operation. A UE 115 may be configured with muldtiple downlink CCs and onc or
more uplink CCs according to a carrier aggregation contiguration. Carrier aggregation may

be used with both FDD and TDD component carriers.

{087} In some cases, wireless communications svstem 100 may utilize enhanced
component carriers {(eCCs). An eCC may be characterized by one or more features including
wider casricr or frequency channel bandwidth, shorter symbaol duration, shorter TTT duration,
or modificd control channel configuration. In some cases, an eCC may be associated with a
carrier aggregation configuration or a dual connectivity configuration (e.g., when multiple
serving cells have a suboptimal or non-ideal backhaul link}. An eCC may also be configured
for use m unlicensed spectrum or shared spectrum {e.g., where more than one operator is
allowed to use the spectrum). An eCC characierized by wide carner bandwidth may include
one or more segments that may be utilized by UEs 115 that are not capable of monitoring the
whole carrier bandwidth or are otherwise configured fo use a limited carrier bandwidth (e.g.,

10 CONSCIVE POWCT).

0088} In some cases, an ¢CC may utibize a different symbol duration than other CCs,
which may include use of a reduced symbol duration as compared with symbaol durations of
the other CCs. A shorter symbol duration may be associated with increased spacing between
adjacent subcarriers. A device, such as a UE 115 or base station 105, utilizing e CCs may
transmit wideband signals (¢ g., according to frequency chaanel or carrier bandwidths of 20,
40, 60, 80 MHz, ¢tc.) at reduced symbol durations {e.g., 16.67 microseconds). A TH in ¢CC
may consist of one or multiple symbol pertods. In some cases, the TTT duration {that 1s, the

number of symbol periods 1n a TTI) may be variable.
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0089} Wireless communications systerms such as an NR svstem may utilize any
combination of licensed, shared, and unhicensed spectrum bands, among others. The
flexibility of ¢CC svmbol duration and subcarricr spacing may allow for the use of eCC
across multipie spectrums. In some examples, NK shared spectrum may increase spectrum
uttfization and spectral efficiency, specifically through dynamic vertical {e.g., across

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

8094} In some wireless systems {e.g., svstems implementing MIMO transmissions), a
base station 1035 may transmit a set of reference signals, such as channel state information
{CSI) reference signals (CSI-RSY, 1o a UE 115, The UE 115 may receive the reference signals
and determine a channel guality associated with one or more of the reference signals. Based
on the channel guality, the UE 115 may select a set of beams for communication with the
base station 105, To indicate this selected set of beams to the base station 103, the UE 115
may generate a combimation index value, and may transmit the combmation index value to
the base station 105, The base station 105 may determine the indicated set of beams based on

the combmation index value (e.g., using a codebook).

{091} FiG. 2 iliustrates an example of a wireless communication svstem 200 that
supports a scalable process for indicating beam selection in accordance with vartous aspects
of the present disclosure. The wireless communication system 200 may mchude UE 1135-a,
base station 105-a, and corresponding geographic coverage area 110-a, which may be
examples of the devices and areas described with respect to FIG. 1. Base station 105-a and
UE 115-a may communicate using downlink signals 205 and uplink signals 210. In some
cases, base station 105-a may transmit one or more reference signals 215 to UE 115-a using
one or more antenna ports. UE 115-a may sclect one or more beams for transmission based
on the recetved reference signals 215, the one or more antenna ports, or both, and may
calculate a combination index value 220 based on the selected beams and a scalable process
for indicating the selected beams. UE 115-a may then transmit the combination index value

220 to base station 105-a to mdicate the selected beams.

[6092] In some wircless systems {¢.g., an NR systen), UE 115-a and base station 1035-a
may support MIMO transmussions. MIMO transmissions may refer to the transmission of
signals from antenna clements of a transmitting device such that the signals coherently
combine at antenna clements of a receiving device (i.c., which may be referred 1o as receive

diversity}. Such transmissions may improve the relability of the communications (e .g., may
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boost an SNR, reduce a block error rate, etc.). Additionally or alternatively, MIMO
transmissions mav emaploy spatial multiplexing in which multiple parallel data streams are
transmitied over distingt spatial lavers. Spatial multiplexing depends on the correlation
between the transmitted 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 may be relatively low {¢.g., non-existent). However, ina

rich mudtipath environment, spatial multiplexing may significantly boost system throughput.

{6893} MIMO operations may employ beam-forming, which is a signal processing
technique that may be used to shape an antenna beam. Beam-forming 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 applied to the
antenna elements through the use of precoding applied over antenna ports {o generaie a
desired interference pattem. Precoding may be defined by a beam-forming weight set

associated with a particular onientation.

(30694} To support MIMO communications, base station 105-a may transmit reference
signals 215 {e.g., C5I-RS) over multiple antenna ports, where each antenna port is associated
with one or more physical antennas {¢.g., which may refer to a combination of antenna
clements 1n an anfenna array). These transmissions may or may not be examples of beam-
formed transmissions. For example, base station 105-a may have an antenna array with a
number of rows and columns of antenna ports that the base station 105-a may use to support
beamforming of commumnications with a UE 115, Likewise, a UE 115 (e.g., UE 115-a) may
have one or more antenna arrays that may support various MIMO or beamforming
operations. By way of example, an antenna array {e.g., or antenna panel} may be or include a
set of antenna ¢lements connected to the same digital transceiver chain. An antenna array
{¢.g., or antenna panel) may include analog phase control circuitry that beamforms
transmisstons from the array or panel. UE 115-a receiving some or all of the reference signals
215 may perform channel measurements to determine characteristics of the conmumunication
enviromment. For example, upon receiving the refercnce signals 215, UE 115-a may cstimate
the channel between 1tself and base station 105-a and generate a CSI report based on the

estimate.
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{8095] UE 115-a, base station 105-a, or both may implement a linear combination
codebook (2.g.. 1n conjunction with a CSI report for a number of beams or a number of
antenna ports). In some cases, the linear combination codebook may be a beam selection
codebook (also referred to as a Type I codebook). A Type I codebook may vse non-
precoded reference signals 215 {e.g., CS5I-RSs}. The Tvpe H codebook may include a set of
orthogonal base sequences, or may include a set of discrete Fourier transform {DFT} base
sequences. Hach of these codewords mayv correspond to a codeword or a beam index. In some
cases, the linear combination codebook may be a port selection codebook {(also referred to as
a Type U port selection codebook}. A Type I port selection codebook may use precoded
reference signals {e.g., CSI-KSs). UE 115-a may receive a configuration indicating use of the
Type [f codebook {(e.g., from base station 105-a) and may 1dentify a combination of beams to
be communicated to base station 105-a in a CS1 report based on the non-precoded reference
sigials 215. Alternatively, UE 115-a may receive a configuration indicating use of the Tvpe
1 port selection codebook and may identify a combination of antenna ports 1o be
communicated to base station 105-a 1n the TSI report based on the precoded reference signals
215, That is, because the reference signals {e.g., CSI-RSs) are precoded, each antenna port
may correspond to a respective beam, and UE 115-a may use the one-to-one correspondence
between antenna ports 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 Type U codebook and/or a mumber of antenna ports in conjunction with a
Type i port selection codebook. Similarly, beam indices may refer to beam indices or
codeword mdices with respect to the Type I codebook and/or antenna port indices with

respect to the Type U port selection codebook.

(096} UE 1 15-a may identifv one or more beams {(e.g., beams or antenna ports, as
discussed above) for the linear combination codebook that match the channel estimates (e.g.,
the channel estimates determined based on the reference signals received from the set of
antenna ports). For example, UE 115-a may estimate the raw (vnprecoded) channel (¢ g., H)
and may use the channel estimates based on the reference signals 213 and the antenna ports to
wentify a set of beams {e.g., corresponding to beams of a codebook} which contributc to a

precoding vector for one or more spatial lavers.

6097 For gach of the one or more spatial lavers, UE 115-a may report CSI feedback
indicating a lincar combination of a subset of pre-coding vectors or matrices 10 3 given pre-

coding codebook. As an example, for each spatial layer, the precoding matrix may be given
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rWa . h R . h - R
by [w] 1] where w,.; is the precoder on the r" polarization for the {" layer. The precoding

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

For example:
R WE ., 5B
Wip = 2550 Do 10 X Pt % Prgg X Cru (1}

where L 1s the number of beams for which UE 115-a is configured to report CS1 feedback,

. . . . . . 4 A
b, 0 18 a two-dimensional discrete Fourier transform (2D-DFT) beam, and pid x i x
12 st AR

. . .th h : . . . .
¢y1,; Tepresents the weight of the i beam of the [ layer. In this equation, p,/; is the

wideband beam amplitude, which may be drawn from a finite set {e.g.,

1, V0.5,4/0.25,v0.125,V0.0625, V0.0313,V0.0156, 0}); p°5; is the sub-band beam
fn

amplitude. which may be drawn from another finite set {c.g.. {1, V0.5}); and Cpy; 18 the sub-

inn

band beam phase, which may be drawn from a third finite set {e.g., {f& 7, n = 0,1,2,3}

jrrn

or{e s ,n=2012..7} Itisto be understood that equation | 1s included as an example,
and other ecquations for the precoding matnix may be used, where these equations may
similarly be based on any combination of the configured mumber of beams, 2DB-DFT beams,

beam weights, beam amplitudes, or beam phases.

[{(6098] Base station 105-a {¢.g., or some other suitable network entity) may configure the
number of beams L and the number of antenna ports in first and second directions or
dimensions {¥;, N,}. That is, to configure the number of beams or antenna ports, base station
105-a may in some cases transinit a configuration message to UE 115-a indicating the
number of beams or antenna ports. In some cases, this may be further based on the codehook
configuration. For example, for a Type Il codebook, UE 115-a may sclect L beams outof a
total Ny = N, beams from the beam set (e.g.. a DFT beam set). Aliematively, fora Tvpe I
port selection codebook, UE 115-a may select L antenna poris out of Prg_pe/2 antenna
ports, where Prgr_ps 18 the total number of reference signal {¢.g., USI-RS} antenna poris. In
some cases, base station 105-a may also configure an oversampling ratio for cach direction
{0, 02}, For example, the number of antenna ports and the oversampling ratio may be
configured in the case that the referenee signals 215 are not beam-formed (e.g., but may not
be used in the case of beam-formed reference signals 215, which may only requuire a
configuration of the number of beams/antenna ports L), In this way, the configuration of the

number of beams may be associated with (1.¢., based on) the configuration of the number of
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antenna ports L. The feedback pavload for the lincar combination codebook may in some
cases include 21 scts of coefficients for cach spatial layer (c.g., for L beams cach with 2
polanzations). Accordingly, the codebook may also be based on the configuration of the

number of beams/antenna ports L.

: LN
[(6099] To report the selected beams, UE 115-3 may use [iogz { 1\12\'2}] bits. For example,

if base station 105-a configures UE 115-a to select from four beams n two dimensions of size
foureach (ie., L = 4 and N, = N, = 4}, there may be 1820 possible different combinations
of beams for those dimensions. In such an example, UE 115-a may use an 11 bit combination
mdex value 220 to indicate the selected beams. However, in other examples that support
morg selected beams (2.g., in a system supporting rank 8 transmissions) or larger dimensions,
UE 115-a may select from even more possible combinations, and correspondingly even more
combination index valoes 220, If UE 115-a, base station 105-a, or both implement a simple
lookup table for determining the combination index value 220, the devices may usc a
different lookup table for cach value of Ny, N, and L, and each lockup table may be very
large and incfficient. For example, o the above example, UE 115-a and base station 103-a
may perform an exhaustive search, which in a worst case may utilize 1819 comparison

operations to determine the combmation index value 220 for the selected beams.

{3160} According to varicus aspects, UE 115-a or base station 105-a may implement a set
of tables scalable with Ny, N>, L, or some combination of these parameters. For example,
base station 105-a and UE 113-a may include mdications of maximum supported values for
Ni, Ny, and L for the wireless network, which may be referred to as Ny jax. N3 gy, and
Limax. vespectively. Base station [05-a and UE §15-a may store L, tables, and each table
may mclude a number of entnies up 1o Ny 00 X Mo gy In some cases, the tables may be
generated or computed offline, and may be stored at base station 105-a or UE 115-aduring a
setup or initialization procedure for the wireless device. When UE 115-3 is configured fora
specific number of bears or a specific size of dimensions, or when UE 115-a receives
reference signals 2153, UE 115-a may select a subset of tables and entries for determining the
combination index value 220, For example, if configured for L = 2, ¥y = 3, and N, = 3, UE
115-a may vtilize the first two tables of the total set of tables. Additionally, i this example
cight (8) entries of the first two tables are active entries {e.g., having beam indexes from O to
N, % N, — 2 for the first table and beam indexes from 1 to Ny X N, — 1 for the second table).

In another example, UE 113-a may be configuwred for L =4, Ny, =4, and N, = 4 In such an
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example, UE 115-a may select the first four tables, where the first two tables are the same as
in the previous L = 2 example. Additionally, a number of entnies equal to NN, — (L — Dy in
cach of the four selected tables are active eniries (e.g., for a given table m trom table U to
table L — 1, beam mdexes from m to Ny N, — (L — m) may be active). Based on the
configuration (¢.g., the configuration of the number of antenna ports, the configuration of the
number of beams, ¢tc.}, base station 105-3 may similarly select the same subset of tables and

subset of active eniries.

101} UE 115-a may utilize the selected subset of tables and active entries to determine
the combination index value 220, UE 115-a may determine a beam index for each selected
beam, for example, based on sub-beam indices associated with each dimension or direction
{c.g.. Ny and Ny). UE 115-a may order the determined beam indices in ascending order, and
may associate cach beam index with a corresponding table ot the selected subsct of fables
{1.c., the first beam mndex with the first table, the seccond beam index with the second table,
ctc.}. For cach beam index, UE 115-a mayv scarch the associated table for the entry with that
beam index, and may determine the corresponding value. For example, in the first table, cach
beam index may correspond to a value that 1s equal to that beam mdex. However, for the
subsequent tables, the values corresponding to cach beam index may be based on a pattern or
formuda. For example, for a given beam index {; in table m, the corresponding value may be
equal to the sum of the value for beam index {;_, in table m and beam index {;,_, in table

m — 1. UE 115-a may determine the value corresponding to each beam index, and may sum

the values to determine the combination index value 220 for transmission.

{8162} UE 115-a may transmit the combination index value 220 to base station 105-a.
Base station 105-a may receive the combination index value 220, and mav similarly use
generated or stored scalable tables to identify the indicated beams. Similar to UE 115-a, hase
station 105-a may select a subset of tables and cntries bascd on the configuration of Ny, Ny, L,
or some other parameters. Base station 105-a may start with the greatest beam index of the
beam indices and the last selected table of the set of tables. Working in a descending order,
base station 105-a may determing beam indices based on the tables and the combimation
mdex value 220, For example, base station 105-a may determine a first beam mdex by
searching the last table for a greatest value of the active entries that 1s less than or equal to the
combination index value 220. Base station 105-a may set the first beam index to the beam
index corresponding to the identified greatest value less than or equal to the combination

mdex value 220, and may update the combination index value 220 by subtracting the
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wentified greatest value from it. Base station 105-a may then use this updated combination
mdex value and the second-to-last table to determine a second beam index using the same
process. Base station 105-3 may continue this terative process until it has determined cach
beam index indicated by the combmation index value 220. Base station 105-a may use these
beam indices—or sets of sub-beam indices corresponding to these beam mdices—1to select
beams for MIMO transmission with UE 115-a. The selected beams may improve channel
rehiability, as the beams were originally selected by UE 115-a based on the reference signals
15, the configured antenna ports, the determined channel quality, or some combination

thereof.

[3183] In one embodiment, UE 115-a, base station 105-a, or both may use formulas
rather than scalable tables. In this embodiment, rather than looking up values corresponding
to each beam index in scalable tables in memory. a device may perform calculations based on
a set of equations to determine the values for the beam indices. These values may be
cquivalent to the values stored n tables in memory in other embodiments. For example, to
determine the value corresponding to a first beam index {(1.¢., beam index m = 0) of an

ordered set of beam indices, the device may use the equation:

golly) = ip (2}
For subsequent beam mdexes m = 1, 2, ..., L =1, the device may us¢ the cquation:
i T LSSt R i |
gm(lm) }.4 m -3 ‘}"nm“‘i =2 " }an:j g =0 nl ( 3 )

In this way, equation 3 may map from an (m + 1)™ beam index to an additional value, where
this value 1s a function of i, and m. In one case, if L = 4, the device may determing the
combination index value 220 by summing the valucs corresponding to each of the four beam
ndexes. For example:

v= an--(} gm(£7 i + Xi:l_l(j Tig + 2;22_11 E;Z (ji 7y + Zj:g_ig ;,-m--q; ZZ; é g ( 4 )

In this way, equation 4 may show an example of mapping from the total set of beam mdices
to the combination index value, where the combination index value is a function of multiple
i and m values for a number of beams L. Accordingly, UE 115-a, base station 105-a, or
both may use either scalable tables or equivalent equations to efficiently determine a
combination index value 220 based on beam indices or determine the bearm indices based on
the combmation index value 220. It is to be understood that the above equations are presented

as examples, and other equations may be mplemented o determine the combination index
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values. Similar to above, these equations may determine the combination index based on the

selected beam indices {e.g., using nested summations or other relevant operationg).

[3104] FIiG. 3 dlustrates a set of scalable tables 300 that supports a scalable process for
mdicating beam selection mn accordance with various aspects of the present disclosure. The
set of scalable tables 300 may be scalable with Ny N,, L, or a combination of these
parameters. For example, the set of scalable tables 300 may include L, tables 305, which
may correspond to a maximal possible number of selected beams L configured by the
wireless network. Each table m may correspond to an (im + 1Y" smallest beam index i, of a
set of beam indices. The set of scalable tables 300 may map from a set of selected beams-—
and corresponding set of beam indices—to a unigue combination index value. In some cases,
a UE 115, as described with reference to FIGs. 1 and 2, may store the set of scalable tables
300 m memory to determine a combination mdex value based on selected beams. A base
station 105, as described with reference to FIGs. 1 and 2, may store the set of scalable tables
300 in memory to determune a set of selected beams based on a received combination index

value.

13165] Tables 305 may be gencrated based on an #terative process. For example, in first
table 305-a, the value 315 of cach entry may be equal to the value of the beam index 310.
That is:

golls) = iy (2)
For cach table 305 following first table 305-a, a first value 315 {e.g., fortable m > 0, the
value 315 corresponding to bif mdex m) of each subsequent table 305 may be equal to 0.
Subsequent values 3135 may be based on the table 305 and a previous table 305 {e.g., the
munmediately previous table 305). For example, the subsequent values 315 for second table
305-b may be based on values 315 in sccond table 305-b and values 315 in the previous table,
first table 305-a. The value 315 cormresponding to each beam index 310 mayv be based on the
value 315 of the immediately preceding beam index 310, as well as the value 315 of the
immediately preceding beam index 310 for the immediately preceding table 305, As
tlustrated in FIG. 3, the value 315 of a beam mdex of 4 in table 305-b may be the sum of the
value 315 of the beam index of 3 for table 305-b and the value 315 of the beam index of 3 for
table 305-a. That 1s, for table m > 0, for each entry n > nu

= gm(im} = Gm-1 (i‘m - 1) + gm(im - 1) ( 5 }
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Each table 3035 may include a number of entries n cqual to a maximum number of orthogonal
2D-DFT beams, which may be based on the size of the dimensions. For example, fora
maximum first dimension s1ze Np 4, and a maximum second dimension size Ny 4., cach
table 305 may include Ny 100 X Vo ey enttries. Whale iHhustrated as separate tables, it should
be understood that the set of scalable tables 300 may be stored in memory or implemented
using any number of techniques. For example, as ¢ach table mchudes a single row of values
313 corresponding to beam indices 310, the set of scalable tables 300 may be stored or
mmplemented as a single table, where the values 315 for cach table 305 may correspond to a

row or a column of the combined table.

{8166} A wireless device, such as a UE 115, may utilize the set of scalable tables 300 1o
calculate a unique combination index value. That is, cach different set of beam indices 310
may correspond to a different combination index value. The UE 115 may determune a
configured value for Ny, N.. and L, and may select a subset of tables and entries 323 from the
set of scalable tables 300. For example, as illustrated, the wircless device may be configured
for L = 4, N, = 3 and N; = 3. In such an example, the device may select the subset of
tables and entries 325, For this subset, the device may select the first L tables 305 of the set of
scalable tables 300, Additionally, UE 1153-a may select a dedicated portion of cach table 305
to utilize based on the configuration. For example, for table m, where 0 € m < L — 1, the
entrics 1 =m. m-+ 1...., NyNo — (L — m) may be active for a given configuration. In the
example described above, the subset of tables and entries 325 may include entries 0 through 5
for table 305-a, but may mclude entries 3 through 8 for table 305-d. As such, each table m
may begin with entrv m, and may therefore include unused entries 320 for anvy entries prior to

entry 1. In some cascs, these unused entries 320 may be set to a null value ora 0.

{3107 When a UE 115 selects beams for transmission, the UE 115 may utilize the subset
of tables and entries 325 to determine a combination index value corresponding to the
selected beams. UE 1135 may first determine a corresponding beam index 310 for cach of the
selected beams. For example, for the configuration described above (1e., L = 4, N, = 3, and
Ny = 3}, the UE 115 may select four beams, each beam corresponding to beam indices 310
ranging from 0 to 8. In a specific case, the UE 115 may select beams corresponding to beam
mdices 1, 3, 5, and 8. Based on the configuration, the UE 115 may select the subset of tables
and entrics 325 for determining the combination index value. The UE 115 may first

determine a value 315 from the last table 305 for the largest beam index 310, For example,
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for beam mdex 8, the UE 115 may select the corresponding value 70 from table 305-d. The
UE 115 may then determine a value 315 for the next-to-last table 365 for the next largest
beam index 310 {¢.g., a value of 10 corresponding to beam index 3 in table 305-¢). The UE
113 may continue this process until it has determimed a value 315 corresponding to cach
selected beam index 310 {e.g., values 3 and 1 corresponding to beam indices 3 and 1 in tables
303-b and 305-a, respectivelv). The UE 115 may then calculate the combination index value
based on the deternined values 315, For example, the UE 115 may sum the determined
values 315 {e.g., 70, 10, 3, and 1) to calculate the combmation index value {e.g., 84). The set
of scalable tables 300 may support a T-to-1 mapping of selected beam indices to combination
mdex values. That is, for the given configuration, only beam indices 1, 3, 3, and 8 mayv map

to a combination index value of §4.

13108] The UE 115 may transmit the combination index vahie to a base station 105 1o
mdicate the selected beams. The base station 105 may receive the combination index value,
and may vse the set of scalable tables 300 to determine the indicated beams. The base station
105 may select the subset of tables and entries 325 based on the configuration. The base
station 105 may then detemmine a beam index 310 corresponding to the largest value 315
from the last table 303 that is less than or equal to the combination index. For example, for
the combination index value of 84, the base station 105 may determine the valve of 70 in
table 305-d is the largest value 315 less than or equal to the combination index value.
Accordingly, the base station 105 may select the associated beam index 8. The base station
105 may update the combination index value based on the selected beam index. For example,
the base station 105 may subtract the corresponding value 70 from the combination mdex
value 84 to obtain an updated combination ndex value of 14, The base station 105 may
continue to teratively determine the remaining beam indices 310 based on updating the
combination index valiue. For example, the base station 105 may determine that the value of
19 is the greatest value 315 of next-to-last table 305-¢ that is less than or ¢qual to the updated
combination index value of 14, and may select the corresponding beam index of 5 and further
update the combination index value {¢.g., subtracting the value of 10 to obtain an updated
combination index valoe of 4). Likewise, the base station 105 may determine the other two
beam indices of 3 and 1 using the tterative process. Thercfore, the base station 103 may
determine the beam indices—and corresponding selected beams—Dbased on the combination

mdex value and using the set of scalable tables 300.
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{0109} FIG. 4 llustrates a process flow 400 that supports a scalable process tor
mdicating beam selection in accordance with varous aspects of the present disclosure. The
process flow 400 may include base station 103-b and UE 115-b, which may be examples of
the devices described with reference to FlGs. T and 2. Base station 105-b may transmit
reference signals to UE 115-b asing one or more antenna ports, and UE 115-b may select
bearas based on the reference signals (e.2.. based on the corresponding antenna ports). UE
115-b may then indicate the sclected beams to base station 105-b using a scalable set of

tables.

[6116] At 405, base station 105-b may transmut a set of reference signals associated with
one or more antenna ports to UE 115-b. The set of reference signals may be transmitted in

either beam-formed or non-beam-formed transmissions.

0111} At 410, UE 113-b may wentify a set of beam indices. In some cases, these beam
mdices may be based on the reference signals (¢.g., based on the associated one or more
antenna portsy. For example, UE 115-b may select one or more beams from a codebook based
on the set of refercnce signals. The set of beam indices may include a number of beam
mdices equal to the number of selected beams. In some cases, 1o identify a beam index of the
set of beam indices, UE 115-b may identify a first sub-beam mdex corresponding to a first
dimension and a second sub-beam index corresponding to a second dimension, and may
calculate the beam index based on the first and second sub-beam mdices. For example, UE
115-b may multiply the first sub-beam index by the size of the second dimension, and may
add the second sub-beam index in order to calculate the beam index. The beam indices may

be ordered in ascending order.

10112} At 415, UE 115-b may determine values associated with the beam mdices of the
set of beam indices. UE 113-b may determine a first value associated with a first beam index
of the set of beam indices. For example, the first value may be equal to the first beam mdex.
Additionally, UE 115-b may determine additional values associated with additional beam
indices of the set of beam indices based on one or more tables. For example, to determine an
additional value, UE 115-b may utilize a preceding table and a current table of the one or
more tables. UE 115-b may identify a first mput value associated with the preceding beam
mdex from the preceding table and a second mput value associated with the preceding beam
mdex tfrom the current table, and may sum the first and second mput valucs to determing the

additional value associated with a beam index. Alternatively, UE may directly obtain the
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additional values as the values associated with the additional beam index from the current

table.

[3113] At 420, UE 115-b may sum the first value with the additional values in order to
calculate a combination mdex value. At 425, UE 115-b may transmit the combination index

value 1o base station 105-b.

[8114] At 430, base station 105-b may determine the beam indices indicated by the
combination index value. For example, base station 105-b may determine a greatest beam
mdex for a first beam of a selected set of beams based on a current table and the received
combination index vahie. Base station 105-b may additionally determine an additional beam
mndex for cach additional beam of the selected set of beams based on a current table and an
updated combination index value. For cach of the beams, base station 105-b may identifv a
greatest value in the current table that 1s less than or equal to the current {¢.g., received or
updated) combmation index value, and may set the beam index to the beam mdex value
corresponding to the identified greatest value. Base station 103-b may then update the
combination index value by subtracting the identified greatest value from the combination
mdex value. In this wav, base station 105-b may determine the beam index for each beam of

the selected set of beams.

{8115} FIG. 5 iliustrates a UE process 500 that supports a scalable process for ndicating
beam selection in accordance with various aspects of the present disclosure. The UE process
500 may be performed by UE 115-b, which may be the same UE 115-b discussed in FiG. 4,
orany UE 113 discussed in FIGs. 1 and 2. In some cases, UE 113-b may perform the UE
process 500 using a set of scalable tables stored i memory {¢.2., as a single table or multiple
tables). as described above with reference to FIG. 3. In other cases, UE 115-b may use a set
of equations to perform the UE process 500, wherein the set of equations or the set of

scalable tables may lead to the same results.

{0116} At 505, UE 115-b may perform a first process to determine a beam mdex for cach
selocted beam. For example, UE 115-b may select a set of beams based on received reference
signals, channel estimations, or both. Each selected beam may corrgspond to a sub-beam
index in gach dimension. That is, for 2D-DFT beams, each beam may be defined by a first
sub-beam index i;; 1 a first dimension N, and a sccond sub-beam index i, in a second
dimension N, For example, the mdex of the first dimension may be a value of the set

iy =0,1,...,N; — 1, and the index of the second dimension may be a value of the set
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i =0,1,..., N> — 1. Based on the sub-beam indices, UE 115-b may determine a beam index
corresponding to the selected beam that may be used in the set of scalable tables or set of
equations. UE 115-b may calculate the beam index {; based on the sub-beam indices using
one of the following two equations, or some simitlar eqoation based on the sub-beam indices
and/or the dimensions:

fp =iy XNy +1ip (6)

G=ipxNs+iy (7}
[6117] At 510, UE 115-b may order the selected beam mdices in ascending order. That 1s,
for the beam ndices corresponding to the L selected beams, UE 115-b may order the beam

ndices §; suchthat iy < iy <<, < 4.

3118} At 515, UE 115-b may calculate a combination index value corresponding to the
beam indices. The combination index value may be based on a set of values, where cach
value of the set corresponds to a beam index of the ordered set of beam indices. The value for
a beam mdex m may be defined as g,,({,,). UE 115-b may determine the value
corresponding to cach beam index, and may sum the values to determine the combination
mdex value v. For example:

v=flio iy o) = Zndo Gmlin) (8)
That 15, UE 115-b may use an equation, such as equation 8 or some similar equation, to
determine the combination index value as a function of a summation based on the vanables
i, and m for a set of length L. fn order to determine the value corresponding to cach beam
ndex, UE 115-b may utilize a set of scalable tables or an equation. If UE 1135-b uses the set
of tables, UE 115-b may first determine the value of the last beam index i; _; from the last
table, table [ — 1. Table L — 1 may include entries L, L + 1, . .., NyNy — 1, where one of
these entrics corresponds to the last beam index. UE 115-b may scarch table L — 1 for the
value g; _1{i;_1) associated with the beam index i; 4. In addition to determining the value
for beam index {; _,. UE 115-b may similarly determine the value for beam index §;_, from
entries L— 1, L, ... NN, — 2 of table L — 2. UE 115-b may perform this process for cach
beam index of the sct of beam indexes from i; 4 to {;. UE 115-b may additionally determine
the value for beam index iy according to equation 2 {i.e., gol(iy) = ip). UE 115-b may then

calculate the combination index v according to equation 8.

{6119} FiG. 6 dllustrates a base station process 600 that supports a scalable process for

ndicating beam selection in accordance with various aspects of the present disclosure. The



WO 2019/029702 PCT/CN2018/099962
39

base station process 600 may be performed by base station 105-b, which may be the same
base station 105-b discussed in FIG. 4, or any base station 105 discussed 1n FiGs. Tand 2. In
some cases, base station 105-b may perform the base station process 600 using a set of
scalable tables stored in memory, as described above with reference to FIG. 3. In other cases,
base station 105-b may use a set of equations to perform the base station process 600,

wherein the set of equations or the set of scalable tables may lead to the same results.

{0124} At 605, base station 105-b may map a received combination index value to a set of
beam indices. For example, base station 105-b may receive a combination index value froma
UE 115, where the combination index value indicates a sct of beans selected by the UE 113
for communication with base station 103-b. Base station 103-b may determine the beam
mdices of the set of beam ndices in descending order based on a selected set of tables and the
combination index value v. For example, base station 105-b may first determine a greatest

beam mdex of the set of beam indices using a last table of a set of selected tables.

{6121} In one aspect, base station 105-b may select the first L tables (¢.g., ranging from
table 0 to table L — 1) of the set of scalable tables. Base station 105-b may first search table
L — 1 for a greatest value g; .1 (i; ) such that g; . (i; -1} < v. Base station 105-b may set
the greatest beam index {;_, equal to the beam mdex value corresponding to the determined
greatest value g; _, {{; ;). Base station 105-b may iteratively determine the romaining beam
mdices m descending order. For example, to determine the second greatest beam index i, 5,
base station 105-b may scarch table L — 2 for a greatest value gy _»({; _2) such that
G ) <v—g, {4 Insuch cases, the greatest value must be less than or equal to
the combination index value v minus the value for the determuned greatest beam mndex. In
this way, base station 105-b may determine an {™ greatest beam index by searching table
L, — { for the greatest value gy (i, ;) such that:

GG v =30 g1 mlipom) (9)
From the above described process, base station 105-b may determine L beam indices
mdicated by the received combination index value v, This mapping from the combination
index value to the set of beam mdices may be an example of a 1-to~-1 mapping. the

determined beam indices may correspond to a set of [ beams selecied by a UE 115,
4122} At 610, base station 105-b may compute sub-beam indices based on the
determined set of beam indices. A sub-beam index may define one dimension or direction for

a beam. For example, for 2B-DFT beams, cach beam index {; may be deconstructed nto a
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first sub-beam index {j; in a first dimension Ny and a second sub-beam index i in a second
dimension &,. The sub-beam indices iy, and i;, may define a beam selected by the UE 115
for communication. Base station 105-b may calculate the sub-beam indices using one of the

following two set of equations, or some stmilar equation:

i = [;‘f,ij and iy = mod(iy, Ny) = iy — iy X Ny (10)
N2

iz = |3] and iy = mod (i, Ny) = iy = iy X Ny (11)
1

Base station [05-b may determine the beams to communicate on with the UE 115 based on

the calculated sub-beam indices.

{0123} FiG, 7 shows a block diagram 700 of a wireless device 705 that supporis a
acalable process for indicating beam selection i accordance with aspects of the present
disclosure. Wireless device 705 may be an example of aspects of a UE 115 as descnibed

-1
I
i

herein. Wireless deviee 705 may include recciver 710, UE beam indication module 715, and
transmutter 720, Wireless device 705 may also include a processor. Each of these components

may be i communication with one ancther (¢.g., via one or more buses).

[0124] Recerver 710 may receive information such as packets, user data, or control

mformation associated with various information channels (e.g., control channels, data
channels, and information related to a scalable process for indicating beam selection, ¢tc.).
Information may be passed on to other components of the device. The receiver 710 may be an
example of aspects of the transceiver 1035 deseribed with reference to FIG. 10, The receiver

710 may utilize a single antenna or a set of antennas.

[3125] UE beam indication module 715 may be an example of aspects of the UE beam
mdication modoele 1015 described with reference to FIG. 10, UE beam indication module 715
and/or at least some of ifs various sub-components may be implemented in hardware,
software executed by a processor, firmware, or any combination thereof. If implemented in
software executed by a processor, the functions of the UE beam indication module 715 and/or
at least some of its various sub-components may be exacuted by a general-purpose processor,
a digital signal processor (DSP), an application-specific integrated circuit (ASIC), a ficld-
programmabie 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. The UE beam indication module

715 and/or at least some of 115 various sub-components may be physically located at vanous
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positions, including being distributed such that portions of fimctions are implemented at
different physical focations by one or more physical devices. In some examples, UE beam
ndication module 715 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 beam mdication module 715 and/or at least some of its various sub-
components may be combined with one or more other hardware components, including but
not limited to an mput/output (1/0) component, a transceiver, a network server, another
computing device, one or more other components described in the present disclosure, ora
combination thereof in accordance with vartous aspects of the present disclosure.

[3126] In some case, UE beam indication module 7135 may receive, from a base station, a
set of reference signals associated with one or more antenna ports of the base station, and
may identify a set of beam indices based on the set of reference signals, the one or more

antenna poris, or a combination thereof,

{8127} UE beam indication module 715 may identify a set of selected beams for reporting
to a base station, determine a first value associated with a first beam index of a set of beam
mdices (¢.g., the beam indices identified based on the reference signals or antenna ports), the
first valoe corresponding to a first index value of a first table, where the set of beam indices
mchudes a number of beam indices cqual to a number of sclected beams of the set of selected
beams, determine an additional value associated with one or more additional beam mdices of
the set of beam indices based on one or more additional tables, sum the first value and one or
more of the additional values to determine a combimnation index value, and transmit, to the

base station, the combination index value indicating the set of sclected beams.

13128} Transmitter 720 may transmut signals generated by other components of the
device. fn some examples, the transmitier 720 may be collocated with arccetver 710 1n a
transceiver module. For example, the transmitter 720 may be an example of aspects of the
transceiver 1033 described with reference to FIG. 10, The transmitter 720 may utilize a single

antenna or a set of antennas.

[3129] FIg. 8 shows a block diagram 800 of a wireless device 805 that supports a
scalable process for indicating beam selection in accordance with aspects of the present
disclosure. Wircless device 805 may be an example of aspects of a wircless device 705 ora
UE 115 as described with reference to FIGs. 1 through 5 or 7. Wireless device 803 may

mnchude receiver 810, UE beam indication module 815, and transmitter 820, Wireless device
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805 may also mclude a processor. Each of these components may be in communication with

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

{6130} Recerver 810 may receive information such as packets, user data, or control
mformation associated with various information chanuels (¢.g.. control channels, data
channels, and information related to a scalable process for indicating beam selection, ctc.).
Information may be passed on to other components of the device. The receiver 810 may be an
example of aspects of the transceiver 1035 described with reference to FIG. 10, The receiver

810 may utilize a single antenna or a set of antennas.

{3131} UE beam indication module 815 may be an example of aspects of the UE beam
mdication module 715, 915, or 1015 described with reference to FIGs. 7, 9, and 10. UE beam
mdication module 815 may also include reference signal component 825, beam ndex

wdentifier 830, value 1dentifier 835, and combination index component 840,

{8132} Reference signal component 825 may receive, from a basce station, a set of
reference signals associated with one or more antenna ports of the base station. In some
cases, the set of reference signals 1s received in beam-formed or non-beam-formed

transmissions.

{8133} Beam index identifier 830 may identify a set of selected beams for reporting to a
base station. In some examples, beam index identifier 830 may identify a set of beam indices
based on the sct of reference signals, the one or more antenna ports, or a combination thercof,
where the set of beam indices ncludes a number of beam mdices equal to a number of
selected beams. In some cases, each additional beam index of the set of beam indices
1ncreases in an ascending order with respect to a previous additional beam index. In some
cases, beam index identifier 830 may calculate a beam index based on a first sub-beam index
and a second sub-beam mdex. For example, calculating the beam index further includes
multiplyving the first sub-beam index with a size of the second dimension to obtain an
intermediate valoe, and adding, to the intermediate value, the second sub-beam mdex to

obtain the beam mdex.

13134] Value identifier 835 may determine a first value associated with a first beam index
of a set of beam indices {¢.g., where the set of beam indices includes a nuraber of beam
mdices equal to a number of selected beams of the set of sclected beams), the first value
corresponding to a first index value of a first table, and determine an additional value

associated with one or more additional bean indices of the set of bean indices based on one
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or more additional tables. In some cases, the first value is equal to the first beam index. In
some cases, the additional value for one or more additional beam mdices 1s based on a

preceding table and a current table of the one or more additional tables.

{3135] Combination index component 340 may sam the first value and one or more of the
additional values to determine a combination index value and transmt, to the base station, the

combination index value indicating the set of selected beams.

{8136} Transmitter 820 may transmit signals generated by other components of the
device. In some examples, the transmitter 820 may be collocated with areceiver 810 ina
transceiver module. For example, the transmuitter 820 may be an example of aspects of the
transceiver 1035 described with reference to FIG. 10. The transmitter 320 may utilize a single

antenna or a set of anfennas.

[8137] FI(;. 9 shows a block diagram 900 of g UE beam mdication module 915 that
supports a scalable process for indicating beam selection in accordance with aspects of the
present disclosure. The UE beam indication module 915 may be an example of aspects of a
UE beam indication module 715, a UE beam indication module 815, or a UE beam indication
module 1015 described with reference to FIGs. 7, %, and 10. The UE beam indication module
915 may include reference signal component 920, beam index identifier 923, value identificr
930, combination index component 933, table generation component 940, table selection
component 945, configuration component 950, sab-beam index identifier 935, and beam
selection component 960. Each of these modules may communicate, directly or indirectly,

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

13138} Reference signal component 920 may receive, from a base station, a set of
reference signals associated with one or more antenna potts of the base station. In some
cases, the set of reference signals is received in beam-formed or non-beam-tormed
transmisstons. In some cases, reforence signal component 920 may receive a configuration of
a codebook type for a codebook for reporting €SI, where identifving the set of beam mdices
may be based on the codebook type {c.g., and/or at least one of the set of reference signals or
the one or more antenna ports). For example, the identified set of beam indices may
correspond to codeword indices of the codebook if the configured codebook type 1s a beam
selection codebook {e.z., a Type I codebook) or to antenna port indices if the configured
codebook type i3 a port selection codebook (e.2., a Type I port selection codebook). In some

examples, each codeword of a beam selection codebook may be an example of a base
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sequence, and the beam selection codebook may include one or more sets of orthogonal base

SCQUCCes.

[0139] Beam index identifier 925 may identify a set of selected beams for reporting to a
base station. In some examples, beams mdex identifier 925 may identify a set of beam indices
based on the set of reference signals, the one or more antenna ports, or a combination thoreof,
where the set of beam mdices includes a number of beam indices equal to a number of
selected beams. In some cases, cach additional beam index of the set of beam indices
moreases 10 an ascending order with respect to a previous additional beam index. In some
cases, beam index wdentifier 925 may calculate a beam index based on a first sub-beam index
and a second sub-beam index. For example, calculating the beam index may further include
multiplying the first sub-beam index with a size of the second dimension to obtain an
mtermediate vahue, and adding, to the mntermediate value, the second sub-beam index to

obtain the beam index.

[0140] Value identifier 930 may determine a first value associated with a first beam ndex
of a sct of beam mndices, the first value corresponding to a first index value of a first table,
where the set of beam indices includes a number of beam indices equal to a number of
sclected beams of the set of selected beams. Value identifier 930 may further determine an
additional value associated with one or more additional beam indices of the set of beam
mdices based on one or more additional tables. In some cases, the first value is equal 1o the
first beam mndex. In some cases, the additional value for one or more beam mdices is based
on a current table of the additional tables. Value identifier 930 may ideotify, from the current
table, an input valuc associated with an additional beam index of the set of beam indices,
wherein the additional value is equal to the input value. In other cases, the additional value
for one or more additional beam indices is based on a preceding table and a current table of

the one or more additional tables.

8141} “ombination index component 935 may sum the first value and one or more of the
additional values to determing a combination index value and transmit, to the base station, the

combination index value indicating the set of selected beams.

13142} Table generation component 940 may identify a preceding beam index that is one
fess than an additional beam index of the set of beam ndices. Table generation component
940 may then dentify, from the preceding table, a first mnput value associated with the

preceding beam index and, from the current table, a sccond input value associated with the
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preceding beam index, and may sum the first input value and the second input value to obtain

the additional value for the additional beam mdex.

[143] Configuration component 945 may recetve a configuration from the base station
mdicating a configured number of beams for selection, where the number of selected beams
equals the configured number of beams for selection. For example, the configured number of
beams for selection may be based on a configuration of a number of antenna ports. In some
cases, configuration component 945 may receive a first configuration from the base station
imdicating the configured number of beams for selection and receive a second configuration
from the base station indicating a second configured number of beams for sclection that is
greater than the configured number of beams for selection. Additionally or altemnatively,
configuration component 945 may receive a first configuration from the base station
mdicating a first configured number of antenna ports, configured number of beams, or
combination thereof and receive a second configuration from the base station indicating a
second configured number of antenna ports, configured number of beams, or combination

thereof that 13 greater than the first configured nmumber of beams.

[0144] Tabie sclection component 930 may select a first set of tables including a number
of tables equal to the configured number of beams for selection, where determining the first
value and one or more additional values is based on the first set of tables. Table selection
component 945 may additionally select a second set of tables including a second number of
tables equal to the second configured number of beams for selection, where the first set of
tables is a subset of the second set of tables. Similarly, table selection component 950 may
select a first sct of active entries for cach table of the sct of tables based on the first
configured number of antenna ports, configured number of beams, or combination thereof,
and may select a second set of active entries for cach table based on the second configured
number of antenna ports, configured number of beams, or combination thereof, where the
first set of active eniries 1s a subset of the second set of active entrics. In some cases,
determining the first value and one or morg of the additional values 1s based on a set of tables
that mchudes the one or more additional tables stored 1 a memory. A set of values stored in
cach of the one or more additional tables may be based on a preceding set of values stored in
a preceding table of the first table or the one or more additional tables. For example, a value
of the set of values may be the sum of a preceding value of the set of values and a preceding
table value of the preceding set of values, where the preceding value and the preceding table

value may be associated with a same beam index. In some cases, cach table of the set of
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tables (¢.g., the first table and the one or more additional tables) has a same length and a
number of active entrigs for cach table is based on a configured number of antenna poris, a
configured number of beams, or a combination thereof. In some cases, a number of active
eniries is based on a configured number of antenna ports transmitting CSI-RS, a configured

number of beams, or a combination thereof.

0145} Sub-beam index wdentifier 955 may identify a beam mdex of the set of beam
mdices. For example, sub-beam index identifier 955 may identfy a first sub-beam index
corresponding to a first dimension and a second sub-beam index corresponding to a second

dimension.

(4146} Beam selection component 960 may select the set of beam indices based on the
configured number of beams for sclection. In some cascs, beam selection component 960
may select one or more beams from a codebook based on the set of reference signals, where
wentifying the set of beam indices is based on the selected one or more beams. In some
cases, the codebook used for the selecting may be based on a configuration of a number of

anienna ports.

13147} FIG. 16 shows a diagram of a system 1000 including a device 1005 that supports
a scalable process for indicating beam sclection in accordance with aspects of the present
disclosure. Device 10035 may be an example of or include the components of wireless device
703, wireless device 805, or a UE 115 as deseribed above, ¢.g., with reference to FIGs. 1
through 3, 7, and 8. Device 1005 may include components for bi-directional voice and data
coromunications including components for transmitting and receiving communications,
mnclading UE beam indication module 1015, processor 1020, memory 1023, software 1030,
transceiver 1035, antenna 1040, and VO controller 1045, These components may be in
clectronic communication via one or mote buses {¢.g., bus 1010). Device 1005 may

communicate wirelessly with one or more base stations 103,

[61438] Processor 1020 may include an intelligent hardware device {(e.g., a general-
purpose processor, a ISP, a contral processing unit (CPU), a microcontroller, an ASIC, an
FPGA, aprogrammable logic device, a discrete gate or transistor logic component, a discrete
hardware component, or any combination thereof}. In some cases, processor 1620 may be
configured to operate a menmory array using a memory controller. In other cases, a memory

controller may be integrated into processor 1020, Processor 1020 may be configured to
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execute computer-readable instructions stored 1n a memory to perform various functions

{c.g., functions or tasks supporting a scalable process for indicating beam selection).

4149} Memory 1025 may mclude random access memory (RAM) and read only memory
{(ROM). The memory 1025 may store computer-readable, computer-executable software 1030
mcluding mstructions that, when executed, cause the processor to perform various functions
described herein. In some cases, the memory 1025 may contain, among other things, a basic
mput/output system (BIOS) which may control basic hardware or software operation such as

the interaction with peripheral components or devices.

{3150} Software 1030 may mclude code to implement aspects of the present disclosure,
mcluding code to support a scalable process for indicating beam selection. Software 1030
may be stored in a non-transitory computer-readable medium such as svstem memory or
other memorv. In some cases, the software 1030 mayv not be directlv executabie by the
processor but may cause a computer {e.g., when compiled and executed) to perform functions

Pl

described herein.

j3151] Transceiver 1035 may commuonicate bi-dirgctionally, via one or more antennas,
wired, or wireless links as described above. For example, the transceiver 1035 may represent
a wircless transceiver and may comununicate bi-directionally with another wireless
transceiver. The transceiver 1035 may also include a modem to modulate the packets and
provide the modulated packets to the antennas for transmission, and to demodulate packets

recetved from the antennas.

[3152] In some cases, the wireless device may include a single antenna 1040. However,
it some cases the device may have more than one antenna 1040, which may be capable of

concurrently transmitting or receiving multiple wircless transmissions.

{0153} VO controller 1045 may manage input and output signals for device 1005, VO
controller 1045 mayv also manage peripherals not mmtegrated into device 1005, In some cases,
1/0O controller 1045 may vepresent a physical conunection or port to an external peripheral. In
some cases, /0 controller 1045 may utilize an operating system such as i{05®, ANDROID®,
MS-DOS®R, MS-WINDOWS®, 05/2®, UNIX®, LINUX®, or ancther known operating
system. in other cases, VO controller 1045 may represent or uderact with a modem, a
kevboard, a mouse, a touchscreen, or a similar device. In some cases, /0 controller 10453
may be implemented as part of a processor. In some ¢ases, a user may interact with device

1005 via VO controller 1045 or via hardware components controlied by 1/0 controller 1045,
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{0154} FIG. 11 shows a block diagram 1100 of a wireless device 1103 that supports a
scalable process for indicating beam selection in accordance with aspects of the present
disclosure. Wircless device 1105 may be an example of aspects of a base station 105 as
described herein. Wireless device 1105 may melude receiver 1110, base station beam
mdication module 1115, and transmitter 1120, Wireless device 1105 may also include a
processor. Each of these components may be in communication with one another (¢.g., via

one or more buses).

{0155] Receiver 1110 may receive information such as packets, user data, or control
mformation associated with various information channels {¢.g., control channels, data
channels, and information related to a scalable process for indicating beam selection, etc.).
Information may be passed on to other components of the device. The receiver 1110 may be
an example of aspects of the transceiver 1435 described with reference to FIG. 14, The

recerver 1110 may utilize a single antenna or a set of antennas.

{0156} Bage station beam indication module 1115 may be an example of agpects of the
base station beam mdication module 1415 described with reference to FIG. 14, Basc station
beam indication module 1115 and/or at least some of its various sub~-components may be
implemented in hardware, software executed by a processor, firmware, or any combination
thereof. If implemented in software executed by a processor, the functions of the base station
beam indication module 1115 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
corbination thercof designed to perform the functions described in the present disclosure.
The base station beam indication moduie 1115 and/or at least some of its various sub-
components may be physically located at various positions, including being distributed sach
that portions of functions are implemented at different physical locations by one or more
physical devices. fn some examples, base station beam indication module 1115 and/or at least
some of 1ts various sub-components may be a separate and distinet component in accordance
with varicus aspects of the present disclosure. In other examples, base station beam
indication module 1115 and/or at least some of s various sub-components may be combined
with one or more other hardware components, including but not hnuted to an /O component,
a transceiver, a network server, another computing device, one or morg other components
described in the present disclosure, or a combination thereof in accordance with various

aspects of the present disclosure.
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{6157} Base station beam indication module 1115 mav receive, from a UE, a combmation
mdex value indicating a set of selected beams. Base station beam iodication module 1115
may further determine a greatest beam index for a first selected beam of the set of selected
beams based on a current table and the combination index value, and determine an additional
beam index for each additional selected beam of the set of selected beams based on one or

more additional tables and an updated combination index valoe.

[0158] Transmitter 1120 may transmit signals generated by other components of the
device. In some examples, the transmitter 1120 may be collocated with a receiver 11101ina
transceiver module. For example, the transnutter 1120 may be an example of aspects of the
transceiver 1435 described with reterence to FIG. 14, The transmitter 1120 may utilize a

single antenna or a set of antennas,

{6159} FIG. 12 shows a block diagram 1200 of a wireless device 1205 that supports a
scalable process for ndicating beam sclection in accordance with aspects of the present
disclosure. Wircless device 1203 may be an example of aspects of a wireless device 1105 ora
base station 105 as descnibed with reference to FiG. 11, Wireless device 1205 may mchude
receiver 1210, base station beamn mmdication module 1215, and transmitter 1228 Wircless
device 1205 may also inclade a processor. Each of these components may be i

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

[0160] Receiver 1210 may receive information such as packets, user data, or control
information assoctated with various information channels {¢.g., control channels, data
channels, and information related to a scalable process for indicating beam selection, etc.).
Information may be passed on to other components of the device. The receiver 1210 may be
an example of aspects of the transceiver 1435 described with reference to FIG. 14, The

recetver 1210 may utilize a single antenna or a set of antennas.

8161} Base station beam indication module 1215 may be an example of aspects of the
base station beam mdication module 1415 described with reference to FIG. 14, Base station
beam indication module 12135 may also include reference signal component 1225,

combination index component 1230, and beam index identifier 1233

10162} Reference signal comaponent 1225 may transmit, to a UE, a st of reference signals
assoctated with one or more antenna ports. In some cases, the set of reference signals are

transmitted in beam-formed or non-beam-formed transmissions.
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{0163] Combination index component 1230 may receive, from the UE, a combination

index value indicating a set of selected beams. In some cases, combination index component
1230 may additionally receive, from the UE, a second combination index value indicating a
second set of selected beams, where a number of the second set of selected beams is greater

than the number of the set of selecied beams.

[0164] Beam index identifier 1235 may determine a greatest beam index for a first
selected beam of the set of selected beams based on a current table and the combination index
value, and may determine an additional beam 1odex for cach additional selected beam of the
sct of sclected beams based on one or more additional tables and an updated combination
mdex value. In some cases, each additional beam index decreases in a descending order with

respect to a previous additional beam index.

{8165} Transmitier 1220 may transmut signals generated by other components of the
device. In some examples, the transmitter 1220 may be collocated with a receiver 1210 1na
transceiver module. For example, the transnutter 1220 may be an example of agpects of the
transceiver 1433 described with reference to FI(. 14, The transmitter 1220 may utilize a

single antenna or g set of antennas,

{0166} FIG. 13 shows a block diagram 1300 of a base station beam indication module
1315 that supports a scalable process for indicating beam selection in accordance with
aspects of the present disclosure. The base station beam indication module 1315 may be an
example of aspects of a base station bearm indication module 1115, 1215, or 1415 described
with reference to FIGs. 11, 12, and 14. The base station beam mdication module 1315 may
mnclade reference signal component 1320, combination index component 1323, beam index
wdentifier 1330, iterative indexing component 1335, table selection component 1340, sub-
beam index identifier 1345, and beam selection component 1350, Hach of these modules may

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

[6167] Reference signal component 1320 may transmit, to a UE, a set of reference signals
associated with one or more antenna ports. In some casces, the set of reference signals are
transmitted 1n beam-formed or non-beam-formed transmissions. Reference signal component
1320 may transmit, to the UE, a configuration of a codebook type for a codebook {e.g., for
C51 reporting}. For example, the greatest beam index and the additional beam index for cach
additional selected beam of the set of selected beams may correspond to codeword mdices of

the codebook if the configured codebook type 1s a beam selection codebock {e.g., a Tvpe H
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codebook) or to antenna port indices if the configured codebook type is a port selection
codebook (2., a Type H port selection codebook}. In some examples, each codeword of a
beam selection codebook may be an example of a base sequence, and the beam selection

codebook may mclude one or more sets of orthogonal base sequences.

(4168} Combination index component 1325 may receive, from the UE, a combination
mdex value indicating a set of selected beams and, m some cases, may receive, from the UE,
a second combination index value indicating a second set of selected beams, where a number

of the second set of selecied beams is greater than the number of the set of selected beams.

[1169] Beam index identifier 1330 may determine a greatest beam index for a first
selected beam of the set of selected beams based on a current table and the combination index
value, and may determine an additional beam index for cach additional selected beam of the
set of selected beams based on one or more additional tables and an updated combination
mdex value. In some cases, cach additional beam index decreases in a descending order with
respect to a previous additional beam index. In some cases, beam index identifier 1330 may
identify a first and a second configured number of antenna potts, a first and a second
configured number of beams, or a combination thereof, where the second configured number
of antenna ports or number of beams is greater than the first configured number of antenna

ports or number of beams.

[8170] Iterative indexing component 1335 may dentify a greatest value of the corrent
table that is less than or equal to the combination tndex value, where the greatest beam ndex
1s set to an index corresponding to the identified greatest value, and may then update the
combination index vahlie by subtracting the identified greatest value from the combination
index value. Herative mdexing component 13335 may further identify an additional greatest
value of a next table of the one or more additional tables that 1s less than or equal to the
updated combination index value, where the additional beam index is set to an additional
mdex corresponding to the identified additional greatest value, and may accordingly update
the updated combination mdex value by subtracting the identified additional greatest value
from the updated combination index value. In some cases, a smallest beam index for a last

selected beam of the sct of selected beams is equal to a last updated combination index value.

{6171} In somge cases, the current table and the one or more additional tables are selected
from a set of tables stored 1 a memory by table selection component 1340, The set of tables

may include a first table and one or more subsequent tables, where a set of values stored in
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cach of the one or more subsequent tables 15 based at least in part on a preceding set of values
stored in a preceding table of the set of tables. For example, a value of the set of values may
be the sum of a preceding value of the set of values and a preceding table value of the
preceding set of values, where the preceding value and the preceding table value may be
associated with a same beam index. Table selection component 1340 may sclect a first set of
tables including a number of tables equal to a number of the set of selected beams, where
deternuning the greatest beam index and the additional beam index for cach additional
selected beam s based on the first set of tables, and may select a second set of tables
mehiding a second number of tables equal to the number of the second set of selected beams,
where the first set of tables is a subset of the second sct of tables. Similarly, table sclection
component §340 may select a first set of active entries for each table of a set of tables stored
n memory based on the first configored number of antenna ports, configured number of
beams, or combination thereof, and may select a second set of active entries for each table of
the set of tables based at least 1n part on the second configured number of antenna poris,
configured number of beams, or combination thercof, where the first set of active entrics may
be a subset of the second set of active entries. In some cases, cach table of 4 set of tables
stored 1n memory includes a same fength and a number of active entries for each table is
based on a configured number of antenna ports, a configured number of beams, ora
combination thereof. In some cases, each table of a set of tables stored in memory includes a
number of active entries based on a configured number of antenna ports transmitting CSE-RS,

a configured number of beams, or a combination thercof

{6172} Sub-beam index dentifier 1345 may calculate, for a beam mdex, a first sub-beam
mdex corresponding to a first dimension and a second sub-bean index corresponding to a
second dimension. In some cases, calculating the first sub-beam index mcludes dividing the
beam index by a size of the second dimension to obtain an infermediate value, and rovnding
the intermediate value down to the nearest integer to obtain the first sub-beam index. In some
cases, calculating the second sub-beam index mmcludes dividing the beam index by a size of
the second dimension to obtam the second sub-beam index, where the second sub-beam index

is a remainder of the division.

[3173] Beam selection component 1350 may identify the set of selected beams based on a
codebook and the greatest beam index and each additional beam mndex. In some cases, the

codebook used for the identifyving is based on a configuration of a number of antenna ports.
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16174} FIG. 14 shows a diagram of a system 1400 including a device 1403 that supports
a scalable process for mndicating beam selection in accordance with aspects of the present
disclosure. Device 14035 may be an exampie of or include the components of a base station
103 as described above, e.g., with reference to FiGs. 1 through 4 and 6. Device 1405 may
mclude components for bi-directional voice and data communications including components
for transmitting and receiving communications, including base station beam indication
module 1415, processor 1420, memaory 1423, software 1430, transceiver 1435, antenna 1440,
network communications manager 1445, and nter-station communications manager 1450,
These components may be in electronic communication via one or more buses {(e.g., bus

1410}, Device 1405 may communicate wirclessly with one or more UEs 1135,

[3175] Processor 1420 may mclude an mtelligent hardware device (8.g., a general-
purpose processor, a BSP, 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 1420 may be configured o operate a
memory array using a memory controlier. In other cases, a memory controller may be
mntegrated into processor 1420, Processor 1420 may be configured to execute computer-
readable instructions stored 1n a memory to perform various functions (¢ g., functions or tasks

supporting a scalable process for indicating beam selection).

10176} Memory 1425 may include RAM and ROM. The memory 14235 may store
computer-readable, computer-executable software 1430 meluding mstructions that, when
executed, cause the processor to perform various functions described herein. In some cases,
the memory 1425 may contain, among other things, a BIOS which may control basic

hardware or software operation such as the interaction with peripheral components or

deviees.
{6177 Software 1430 may include code to implement aspects of the present disclosure,

mncluding code to support a scalable process for indicating beam selection. Software 1430
may be stored i a non-transitory computer-readable mediom such as svstem memory or
other memory. In some cases, the software 1430 may not be directly exccutable by the
processor but may cause a computer {¢.g., when compiled and executed) to perform functions

described herein.

[6178] Transceiver 1435 may communicate bi-directionally, via one or more antennas,

wired, or wireless links as described above. For example, the transcetver 1435 may represent
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a wireless transceiver and may commumicate bi-directionally with another wireless
transceiver. The transceiver 1435 may also include a modem {o modulate the packets and
provide the modulated packets to the antennas for transmission, and to demodulate packets

received from the antennas.

13179} In some cases, the wirgless device may inchude a single antenna 1440, However,
m some cases the device may have more than one antenna 1440, which may be capable of

concurrently transmitiing or receiving multiple wireless transmissions.

[B18G] Network communications manager 1445 may manage communications with the
core network {e.g., via one or more wired backhaol inks}. For example, the network
communications manager 1445 may manage the transfer of data communications for client

devices, such as one or more UEs 115,

{6181} Inter-station communications manager 1430 may manage conumunications with
other base station 103, and may include a controller or scheduler for controlling
coromunications with Uls 115 in cooperation with other base stations 105, For example, the
mter-station communications manager 1450 may coordinate scheduling for transmissions to
UEs 115 for various interference mitigation techniques such as beamforming or joint
transmission. In some cxamples, inter-station communications manager 1450 may provide an
X2 wterface within an LTE/LTE-A wireless communication network technology to provide

communication between base stations 105.

[3182] FIG. 15 shows a flowchart illustrating a method 1300 for a scalable process for
indicating beam selection in accordance with aspects of the present disclosure. The
operations of method 1506 may be implemented by a UE 115 or its components as described
herein. For example, the operations of method 1500 may be performed by a UE beam
mdication module as described with reference to FiGs. 7 through 10, In some examples, a UE
115 may execute a set of codes to control the functional elements of the device to perform the
functions deseribed below. Additionally or altemnatively, the UE 115 may perform aspects of

the functions described below using special-purpose hardware.

13183} At block 1505 the UE 115 may identify a set of selected beams for reporting to a
base station. The operations of block 1505 may be performed according to the methods
described herein. In certain examples, aspects of the operations of block 1305 may be

performed by a beam index identifier as described with reference to FiGs. 7 through 10,
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{0184} At block 1510 the UE 115 may determune a first value associated with a first beam
mdex of a set of beam mdices, the first value corresponding to a first index value of a firgt
table, whercin the set of beam indices comprises a number of beam indices equal to a number
of sclected beams of the set of selected beams. The operations of block 1510 may be
performed according to the methods described herein. In cortain examples, aspects of the
operations of block 1510 may be performed by a value identifier as described with reference

to F1Gs. 7 through 10,

{0185] Atblock 1515 the UE 115 may determine an additional value associated with one
or more additional beam indices of the set of beam mdices based at least in part on one or
more additional tables. The operations of block 1515 may be performed according {o the
methods described herein. In certain examples, aspects of the operations of block 15135 may

be performed by a value wdentifier as described with reference to FIGs. 7 through 10,

[8186] At block 1520 the UE 115 may sum the first value and one or more of the
additional values to determine a combination index value. The operations of block 1520 may
be performed according to the methods described herein. In certain examples, aspects of the
operations of block 1520 may be performed by a combimation index component as described

with reference to FIGs. 7 through 10,

{6187} At block 1525 the UE 115 may transmit, to the base station, the combination
index value indicating the set of selected beams. The operations of block 1525 may be
performed according o the methods described herein. In certain examples, aspects of the
operations of block 1525 may be performed by a combmation index component as described
with reference to FIGs. 7 through 10

{0188} FIG. 16 shows a flowchart ilustrating a method 1600 for a scalable process for
mdicating beam selection in accordance with aspects of the present disclosure. The
operations of method 1600 may be naplemented by a UE 115 or its components as deseribed
herein. For example, the operations of method 1600 may be performed by a UE beam
indication module as described with reference to FIGs. 7 through 10. In some examples, a UE
113 may execute a st of codes to control the functional elements of the device to perform the
functions described below. Additionally or alternatively, the UE 115 may perform aspects of

the functions described below using special-purpose hardware.

{0189} At block 1605 the UE 115 may receive, from a base station, a set of reference

signals associated with one or more antenna ports of the base station. The operations of block
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1605 may be performed according to the methods described hercin. In certain examples,
aspects of the operations of block 1605 may be performed by a reference signal component as

described with reference to FiGs. 7 through 10,

3190} At block 1610 the UE 115 may identify a set of beam mdices based at least in part
on the set of reference signals, wherein the set of beanm indices comprises a number of beam
mdices equal to a number of selected beams. The operations of block 1610 may be performed
according to the methods described hersin. In certain examples, aspects of the operations of
block 1610 may be performed by a beam index identifier as described with reference to FIGs.

7 through 10.

4191} Atblock 1615 the UE 115 may determine a first value associated with a first beam
mdex of the set of beam ndices, the first value corresponding to a first index value of a first
table. The operations of block 1615 may be performed according to the methods described
herein. In certain examples, aspects of the operations of block 1615 may be performed by a

value identifier as described with reference to FiGs. 7 through 10,

3192} The UE 115 may determine an additional value associated with one or more
additional beam indices of the set of beam indices based at least in part on one or morg
additional tables. In some cases, the additional value for one or more additional beam indices
is based at least in part on a precedmg table and a current tabie of the one or more additional
tables. At block 1620 the UE 115 may identify a preceding beam index that is one less than
an additional beam index of the set of beam indices. The operations of block 1620 may be
performed according to the methods described herein. In cortain examples, aspects of the
operations of block 1620 may be performed by a table generation component as descnbed

with reference to FIGs. 7 through 10.

{8193} At block 1625 the UE 115 may identify, from the preceding table, a first input
value associated with the preceding beam index. The operations of block 1625 may be
performed according o the methods described herein. In certain examples, aspects of the
operations of block 1623 may be performed by a table generation component as described

with reference to FIGs. 7 through 10

[0194] At block 1630 the UE 115 may identify, from the current table, a second input
value associated with the preceding beam index. The operations of block 1630 may be

performed according o the methods described herein. In certain examples, aspects of the
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operations of block 1630 may be performed by a table generation component as described

with reference to FiGs. 7 through 10.

[3195] At block 1633 the UE 115 may sum the first input value and the second mput
value to obtain the additional value for the additional beam ndex. The operations of block
1635 may be performed according to the methods described herein. In certain examples,
aspects of the operations of block 1635 may be performed by a table generation component

as described with reference to FIGs. 7 through 10

[0196] The UE 115 may perform the above process for cach additional value associated
with one or more additional beam indices of the set of beam indices. At block 1640 the UE
115 mav sum the first value and one or more of the additional values io determing a
combination index value. The operations of block 1640 may be performed according to the
methods described herein. In certain examples, aspects of the operations of block 1640 may
be performed by a combination index component as described with reference to FiGs. 7

through 10.

[3197] At block 1645 the UE 115 may transmit, to the base station, the combination
index value. The operations of block 1645 may be performed according to the methods
described berein. fn certain examples, aspects of the operations of block 1645 may be
performed by a combination index component as described with reference to FiGs. 7 through

10.

[3198] FIG. 17 shows a tflowchart illustrating a method 1700 for a scalable process for
indicating beam selection in accordance with aspects of the present disclosure. The
operations of method 1700 may be implemented by a UE 115 or its components as described
herein. For example, the operations of method 1700 may be performed by a UE beam
mdication module as described with reference to FiGs. 7 through 10, In some examples, a UE
115 may execute a set of codes to control the functional elements of the device to perform the
functions deseribed below. Additionally or altemnatively, the UE 115 may perform aspects of

the functions described below using special-purpose hardware.

{3199] At block 1705 the UE 115 may receive a first configuration from a base station
mdicating a number of beams for selection or a configured number of antenna ports. The
operations of block 1705 may be performed according fo the methods described heremn. In
certain examples, aspects of the operations of block 1705 may be performed by a

configuration component as described with reference to FIGs. 7 through 10.
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{0264} At block 1710 the UE 115 may receive, from the base station, a set of reference
signals associated with one or more antenna ports of the base station. The operations of block
1710 may be performed according to the methods described herein. In certain examples,
aspects of the operations of block 1710 may be performed by a reference signal component as

described with reference to FIGs. 7 through 10,

{0261} At block 1715 the UE 115 may identify a set of beam indices based at least in part
on the sct of reference signals or the one or more antenna ports, wherein the set of beam
imdices comprises a number of beam indices equal to a number of selected beams. The
operations of block 1715 may be performed according to the methods described herein. In
certain examples, aspects of the operations of block 1715 may be performed by a beam index

wdentifier as described with reference to FIGs. 7 through 10.

{8262} At block 1720 the UE 115 may sclect a first set of tables comprising a number of
tables equal to the number of beams for selection or the configared number of antenna ports,
wherein determining a first vahie and one or more additional values is based at least in part
on the first set of tables. The operations of block 1720 may be performed according to the
methods described herein. In certain exarmples, aspects of the operations of block 1720 may
be performed by a table selection component as described with reference to FiGs. 7 through

10,

[0203] At block 1725 the UE 115 may deternune the first value associated with a first
beam index of the set of beam indices {¢.g , based on a first table). In some cases,
determining the first value and one or more additional values is based at least m part on the
sct of tables that includes the one or more additional tables stored 1n a memory. The
operations of block 1725 may be performed according to the methods described herein. In
certain examples, aspects of the operations of block 1725 may be performed by a value

identifier as described with reference to FIGs. 7 through 10.

{0204] At block 1730 the UE 115 may determine an additional value associated with one
or more additional beam indices of the set of beam indices based at least in part on one or
more additional tables. The operations of block 1730 may be performed according to the
methods described herein. In certain examples, aspects of the operations of block 1730 may

be performed by a value identifier as described with reference to FIGs. 7 through 10,

{0205] At block 1735 the UE 115 may sum the first value and one or more of the

additional values to determune a combination index value. The operations of block 1735 may
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be performed according to the methods described herein. In certain examples, aspects of the
operations of block 1733 may be performed by a combination index component as describad

with reference to FIGs. 7 through 10

60206} At block 1740 the UE 115 may transnut, to the base station, the combination
mdex value. The operations of block 1740 may be performed according to the methods
described herein. In certain examples, aspecis of the operations of block 1740 may be
performed by a combination index component as descrnibed with reference to FiGs. 7 through
10.

[0287] At block 1743 the UE 115 may receive a second configuration from the base
station mdicating a second number of beams for selection or configured number of antenna
ports that is greater than the mumber of beams for selection or configured number of antenna
ports. The operations of block 1745 may be performed according to the methods described
herein. In certain examples, aspects of the operations of block 1745 may be performed by a

configuration component as described with reference to FIGs. 7 through 10

3208} At block 1750 the UE 115 may select a second set of tables comprising a second
number of tables equal to the second number of beams for selection or configured number of
antenna ports, wherein the first sot of tables 15 a subset of the second set of tables. The
operations of block 1750 may be performed according 1o the methods described herein. In
certain examples, aspects of the operations of block 1750 may be performed by a table

selection component as described with reference to FIGs. 7 through 10.

[3209] FIG. 18 shows a flowchart illustrating a method 1800 for a scalable process for
indicating beam selection in accordance with aspects of the present disclosure. The
operations of method 1800 may be implemented by a UE 115 or its components as described
herein. For example, the operations of method 1800 may be performed by a UE beam
indication modulde as described with reference to FIGs. 7 through 10. In some examples, a UE
115 may execute a set of codes to control the functional elements of the device to perform the
functions described below. Additionally or altematively, the UE 115 may perform aspects of

the functions described below using special-purpose hardware.

[0216] At block 1805 the UE 115 may receive, from a base station, a set of reference
signals associated with one or more antenna ports of the base station. The operations of block

1805 may be performed according to the methods described herein. In certain examples,
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aspects of the operations of block 1805 may be performed by a reference signal component as

described with reference to FIGs. 7 through 10,

{8211} At block 1810 the UE 115 may identify a first sub-beam index corresponding to a
first dimension. The operations of block 1810 may be performed according to the methods
described berein. fn certain examples, aspects of the operations of block 1810 may be

performed by a sub-beam ndex identifier as desenbed with reference to FiGs. 7 through 10,

{0212} At block 1815 the UE 115 may identify a sccond sub-beam index corresponding
to a second dimension. The operations of block 1815 may be performed according to the

methods described herein. In certain examples, aspects of the operations of block 1815 may
be performed by a sub-beam mdex identifier as described with reference to FIGs. 7 through

10,

821 3] At block 1820 the UE 115 may calculate a beam index based at least in part on the
first sub-beam index and the second sub-beam index. The operations of block 1820 may be
performed according to the methods described herein. In cortain examples, aspects of the
operations of block 1820 may be performed by a beam index identifier as described with

reference to FiGs. 7 through 10

{821 4] At block 1825 the UE 115 may identify a set of beam indices based at least in part
on the set of reference signals or antenna ports, wherein the set of beam indices comprises a
number of beam indices equal to a number of selected beams. The UE 115 may identify the
set of beam indices by following the above sub-beam index calculations. The operations of
block 1825 may be performed according to the methods described herein. In certain
examples, aspects of the operations of block 1825 may be performed by a beam mdex

wdentifier as described with reference to FIGs. 7 through 10,

{0215} At block 1830 the UE 115 may determine a first value associated with a first beam
index of the set of beam ndices. The operations of block 1830 may be performed according
to the methods described herein. In certain examples, aspects of the operations of block 1830
may be performed by a valoc identifier as described with reference to FIGs. 7 through 10.
{0216} At block 1835 the UE 115 may determine an additional value associated with one
or more additional beam indices of the set of beam indices based at least i part on one or

more additional tables. The operations of block 1835 may be performed according to the
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methods deseribed herein. In certam examples, aspects of the operations of block 1835 may

be performed by a valee wentifier as described with reference to FiGs. 7 through 10

[6217] At block 1840 the UE 115 may sum the first value and one or more of the
additional values to determine a combination index value. The operations of block 1840 may
be performed according to the methods described herein. o certain examples, aspects of the
operations of block 1840 may be performed by a combination index component as described

with reference to FIGs. 7 through 10.

[0218] At block 1845 the UE 115 may transmit, to the base station, the combination
mndex value. The operations of block 1845 may be performed according to the methods
described herein. In certain examples, aspects of the operations of block 1845 may be
performed by a combination index component as described with reference to FiGs. 7 through

10.

[06219] FiG. 19 shows a tflowchart illustrating a method 1900 for a scalable process for
mdicating beam selection in accordance with aspects of the present disclosure. The
operations of method 1900 may be implemented by a UE 115 or its components as described
herein. For example, the operations of method 1900 may be performed by a UE beam
mdication module as described with reference to FiGs. 7 through 10, In some examples, a UE
115 mav execute a set of codes to control the functional elements of the device to perform the
functions described below. Additionally or alternatively, the UE 115 may perform aspects of

the functions described below using special-purpose hardwarg.

66220} At block 1905 the UE 115 may receive, from a base station, a set of reference
signals associated with one or more antenna ports of the base station. The operations of block
1905 may be performed according to the methods described herein. In certain examples,
aspects of the operations of block 1905 may be performed by a reference signal component as

described with reference to FIGs. 7 through 10,

[B221] At block 1910 the UE 115 may select one or more beams from a codebook based
at least i part on the set of reference signals, wherein identifving a set of beam indices 18
based at feast in part on the selected one or more beams. The operations of block 1910 may
be performed according to the methods described beremn. In certain examples, aspects of the
operations of block 1910 may be performed by a beam selection component as described with

reference to FIGs. 7 through 10
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0222} At block 1915 the UE 113 may identify the set of beam indices based at least
part on the set of reference signals, wherein the set of beam indices comprises a number of
beam indices cqual to a nunther of sclected beams. The operations of block 1915 may be
performed according to the methods described herein. In cortain examples, aspects of the
operations of block 1915 may be performed by a beam index identifier as described with

reference to Fi(Gs. 7 through 10,

[8223] At block 1920 the UE 115 may deternune a first value associated with a first beam
mdex of the set of beam indices. The operations of block 1920 may be performed according
to the methods described herein, In certain examples, aspects of the operations of block 1920

may be performed by a value identifier as described with reference to FlGs. 7 through 10,

[0224] At block 1925 the UE 115 may determine an additional value associated with one
or more additional beam indices of the set of beam mdices based at least in part on one or
more additional tables. The operations of block 1925 may be performed according to the
methods described herein. In certain examples, aspects of the operations of block 1925 may

be performed by a value identifier as descrbed with reference to FiGs. 7 through 10

103225] At block 1930 the UE 115 may sum the first value and one or more of the
additional values to determine a combination index value. The operations of block 1930 may
be performed according to the methods described herein. In certain examples, aspects of the
operations of block 1930 may be performed by a combination index component as described

with reference to FiGs. 7 through 10.

08226} At block 1935 the UE 115 may transmit, to the base station, the combination
index value. The operations of block 1935 may be performed according to the methods
described berein. In certain examples, aspects of the operations of block 1935 may be
performed by a combination index component as descnibed with reference to FiGs. 7 through

10.

{02271 FIG. 28 shows a flowchart illustrating a method 2000 for a scalable process for
indicating beam selection in accordance with aspects of the present disclosure. The
operations of method 2000 may be implemented by a base station 105 or its components as
described berein. For example, the operations of method 2000 may be performed by a hase
station beam mdication module as described with reference to FIGs. 11 through 14. In some
examples, a base station 105 may execute a set of codes to control the functional elements of

the device to perform the functions described below. Additionallv or aliematively, the base
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station 105 may perform aspects of the functions described below using special-purpose

hardware.

[0228] At block 2003 the base station 105 may receive, from a UE, a combination mdex
value indicating a set of selected beams. The operations of block 2005 may be performed
according to the methods described berein. In certain examples, aspects of the operations of
block 2005 may be performed by a combination index component as described with reference

to FIGs. 11 through 14

[0229] At block 2010 the base station 105 may determine a greatest beam index for a first
selected beam of the set of selected beams based at least in part on a current table and the
combination index value. The operations of biock 2010 may be performed according to the
methods described hercm. In certain cxamples, aspects of the operations of block 2010 may

be performed by a beam index identifier as described with reference to FiGs. 11 through 14,

[6230] At block 2015 the base station 105 may determine an additional beam mdex for
cach additional selected beam of the set of selected beams based at least 1n part on one or
more additional tables and an updated combination index value. The operations of block 2015
may be performed according to the methods described herein. In certain examples, aspects of
the operations of block 2015 may be performed by a beam index identiticr as described with

reference to FIGs. 11 through 14,

{06231} FiG. 21 shows a tlowchart illustrating a method 2100 for a scalable process for
mdicating beam selection in accordance with aspects of the present disclosure. The
operations of method 2100 may be implemented by a base station 1035 or its components as
described herein. For example, the operations of method 2100 may be performed by a base
station beam mdication module as described with reference to FIGs. 11 through 14. In some
examples, a base station 105 may execute a set of codes to control the functional elements of
the device 1o perform the functions described below. Additionally or alternatively, the base
station 105 may perform aspects of the functions described below using special-purpose

bhardware.

10232} At block 2103 the base station 105 may transmit, to a UE, a set of reforence
signals associated with onc or more antenna ports. The operations of block 2105 may be
performed according 1o the methods described heren. In certain examples, aspects of the
operations of block 21035 may be performed by a reference signal component as described

with reference to FIGs. 11 through 14
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[8233] At block 2110 the base station 105 may receive, from the UE, a combination
mdex value indicating a set of selected beams. The operations of block 2110 may be
performed according to the methods described herein. In certain examples, aspects of the
operations of block 2110 may be performed by a combimation index component as described

with reference to FIGs. 11 through 14

{0234] At block 2115 the base station 105 may identify a greatest value of the current
table that is less than or equal to the combmation index vahie, wherein the greatest beam
mdex is set to an index corresponding to the identified greatest value. The operations of block
2115 may be performed according to the methods described hercin. In certain examples,
aspects of the operations of block 2115 may be performed by an iterative indexing

component as described with reference to F1Gs. 11 through 14

{8235} At block 2120 the base station 105 may update the combmation index value by
subtracting the identified greatest value from the combination index valug. The operations of
block 2120 may be performed according to the methods described herein. In certain
cxamples, aspects of the operations of block 2120 may be performed by an tferative indexing

coraponent as described with reference to F1Gs. 11 through 14

[0236] At block 2125 the base station 105 may identify an additional greatest value of a
next table of the one or more additional tables that is less than or egual to the updated
combination mdex value, wherein the additional beam index is set to an additional index
corresponding to the identified additional greatest value. The operations of block 2125 may
be performed according to the methods described heren. In certain examples, aspects of the
operations of block 2125 may be performed by an tterative indexing component as described

with reference to FIGs. 11 through 14

[0237] At block 2130 the base station 105 may update the updated combination mdex
value by subtracting the identified additional greatest valoe from the updated combination
index value. The operations of block 2130 may be performed according to the methods
described herein. In certain examples, aspects of the operations of block 2130 may be
performed by an iferative indexing component as described with reference to FiGs. 11
through 14.

0238] FIG. 22 shows a flowchart iHustrating a method 2200 for a scalable process for
indicating beam selection in accordance with aspects of the present disclosure. The

operations of method 2200 may be umplemented by a base station 105 or its components as
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described herein. For exampie, the operations of method 2200 may be performed by a base
station beam indication module as described with reference to FiGs. 11 through 14. In some
examples, a base station 105 may exccute a set of codes to control the functional elements of
the device to perform the functions described below. Additionaliv or alternatively, the base
station 105 may perform aspects of the functions descritbed below using special-purpose

hardware.

[8239] At block 2205 the base station 105 may transmt, to a UE, a set of reference
signals associated with one or more antenna ports. The operations of block 2205 may be
performed according to the methods described herein. In certain examples, aspects of the
operations of block 2205 may be performed by a reference signal component as described

with reference to FIGs. 11 through 14

{8244} At block 2210 the base station 105 may receive, from the UE, a combination
mdex value indicating a set of selected beams. The operations of block 2210 may be
performed according o the methods described herein. In certain examples, aspects of the
operations of block 2210 may be performed by a combination index component as described

with reference to FIGs. 11 through 14.

[0241] At block 22135 the base station 105 may determine a greatest beam index for a first
selected beam of the set of selected beams based at least in part on a current table and the
combination index value. The operations of block 2215 may be performed according to the
methods described herein. In certain examples, aspects of the operations of block 2215 may

be performed by a beam index identifier as described with reference to FiGs. 11 through 14,

10242} At block 2220 the base station 105 may determing an additional beam index for
cach additional sclected beam of the sct of sclected beams based at least in part on one or
more additional tables and an updated combination index value. The operations of block 2220
may be performed according to the methods described herein. In certain examples, aspects of
the operations of block 2220 may be performed by a beam mdex identifier as described with

reference to FiGs. 11 through 14,

103243} At block 2225 the base station 105 may identify the set of selected beams based at
least i part on a codebook and the greatest beam index and cach additional beam index. The
operations of block 2225 may be performed according fo the methods described heremn. In
certain examples, aspects of the operations of block 2225 may be performed by a beam

selection component as described with reference to FiGs. 11 through 14
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[0244] it should be noted that the methods described above describe possible
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.

103245] Technigues described herein may be used for various wirecless communications
systems such as code division multiple access (CDMA), time division multiple access
{TDMA}, frequency division multiple access (FDMA), orthogonal frequency division
multiple access (GFDMA), single carrier frequency division muitiple access (58C-FDMA),
and other systems. A CIDMA systern may implement a radio technology such as CDMAZ2000,
Umiversal Terrestrial Radio Access (UTRA), ete. COMAZO00 covers 182000, 15-93, and {5-
356 standards. 15-2000 Releases may be commonly referred to as COMA2000 1X, 1X ete.
15-856 (T1A-856} is commonly referred to as CDMAZ2000 IxEV-DO, High Rate Packet Data
{HRPD), etc. UTRA includes Wideband COMA (WCDMA) and other vanants of CDMA. A
TDMA systemn may implement a radio technology such as Global System for Mobile

Communications {GSM}.

[02406] An OFDMA system may implement a radio technology such as Ultra Mobile
Broadband (UMB)}, Evolved UTRA (E-UTRA), Institute of Electrical and Electronics
Engincers (IEEE) 802 11 (Wi-F1), IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM, ctc.
UTRA and E-UTRA are part of Universal Mobile Telecommunications System (UMTS).
LTE and LTE-A are relcases of UMTS that use E-UTRA. UTRA, E-UTRA, UMTS, LTE,
LTE-A, NR, and GSM are described 1o documents from the organization named “3rd
Generation Partnership Project” (3GPP). CDMAZ000 and UMB are described in documents
from an organization named “3rd Generation Partnership Project 27 (3GPP2). The technigues
described herein may be used for the svstems and radio technologies mentioned above as well
as other systems and radio technologies. While aspects of an LTE or an NR system may be
described for purposes of example, and LTE or NR terminology mayv be used in much of the
description, the technigues described herein are applicable bevond LTE or NR apphications.
[6247] A macro cell generally covers a relatively large geographic arca {¢.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 ccll, and a small cell may operate 1o the

same or different {¢.g., licensed, unlicensed, etc.) frequency bands as macro cells. Small cells
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may include pico cells, femto cells, and micro cells according to various examples. A pico
cell, for example, may cover a small geographic arca and may allow unrestricted access by
UEs 115 with service subscriptions with the network provider. A femto cell may also cover a
small geographic arca (¢.g., a home) and may provide restricted access bv UEs 115 having an
assoctation with the femto cell (¢.g., UEs 115 i a closed subscnber group (CSG), UEs 115
for users in the home, and the like). An eNB for a macro cell may be referred to as a macro
¢NB. An ¢NB for a small cell may be referred to as a small cell ¢NB, a pico eNB, a femto
eNB, or ahome eNB. An eNB may support one or muliiple (e.g., two, three, four, and the

kke) cells, and may also support compumications using one or multiple component carmers.

{3248} The wireless communications system 100 or systems described herein may
support synchronous or asynchronoas operation. For synchronous operation, the base stations
105 may have similar frame timing, and transmissions from different base stations 105 may
be approxamately aligned m time. For asynchronous operation, the base stations 103 may
have different frame timing, and transmissions from different base stations 103 may not be
aligned in time. The technigues described herein may be used for either syachronous or

asynchronous operations.

(63249} Information and signals described herein may be represented using any of a
varicty of diffcrent technologics and techniques. For example, data, instructions, commands,
mformation, signals, bits, symbols, and chips that may be reterenced throughout the above
description may be represented by voltages, currents, electromagnetic waves, magnetic ficlds

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

(3250} The various illustrative blocks and modules described in connection with the
disclosure herein may be implemented or performed with 3 general-purpose processor, a
DSP, an ASIC, an FPGA or other programumable logic device (PLD), discrete gate or
transistor logic, discrete hardware components, or any combination thereof designed to
perform the functions described herein. A general-purpose processor may be a
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
cornbination of computing devices {¢.g., a combination of a DSP and a microprocessor,
multiple microprocessors, one or more MICIOProcessors in conjunction with a BDSP core, or

any other such configuration).
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{8251} The functions described herein may be implemented in hardware, sotiware
executed 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 ong or more
mstructions or code on a computer-readable medium. Other examples and implementations
are within the scope of the disclosure and appended claims. For example, due to the nature of
software, functions deseribed above can be implemented using software exccuted by a
processor, hardware, firmware, hardwiring, or combinations of any of these. Features
implementing functions may also be physically located at various positions, including being

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

[B3252] Computer-readable media includes both non-transitory computer storage media
and communication media including any medium that facilitates transfer of a computer
program from one place to another. A non-trapsitory storage mednim may be any available
medium that can be accessed by a general purpose or special purpose computer. By way of
example, and not limitation, non-transitory computer-readable media may comprise RAM,
ROM, electrically erasable programmable read only memory {EEPROM), flash memory,
corapact disk (CD) ROM or other optical disk storage, maguetic disk storage or other
magnetic storage devices, or any other non-transttory medinm that can be used to carry or
store desired program code means in the form of mstructions or data structares and that can
be aceessed by a general-purpose or special-purpose computer, or a general-purpose or
special-purpose processor. Also, any connection is properly termed a computer-readable
medium. For example, if the software 18 transmitted from a website, server, or other remote
source using a coaxial cable, fiber optic cable, twisted pair, digital subscriber ling (DSL), or
wireless technologies such as infrared, radio, and mucrowave, then the coaxial cable, fiber
optic cable, twisted pair, DSL, or wireless technologies such as infrared, radio, and
microwave are included in the definition of medium. Dhsk and disc, as used herein, include
CD, laser disc, optical disc, digital versatile disc (DVD}, floppy disk and Blu-ray disc where
disks usually reproduce data magnetically, while discs reproduce data optically with lasers.

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

[06253] As used herein, including 1 the claims, “or” as used in a list of items {c.g., a list
of items prefaced by a phrase such as “at least one of " or “one or more of ) indicates an

mclusive list such that, for example, alistof atleastone of A, B,or Cmeans AorBor Cor
ABor ACor BCor ABC {iec., A and B and C}. Also, as used herein, the phrase “bagsed on”

shall not be construed as a reference to a closed set of conditions. For example, an exemplary
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step that 1s described as “based on condition A” may be based on both a condition A and a
condition B without departing from the scope of the present disclosure. In other words, as
used herein, the phrase “based on” shall be construed m the same manner as the phrase

“based at feast in part on.”

103254] In the appended figures, similar components or features may have the same
reference label. Further, varous components of the same type may be distinguished by
following the reference label by a dash and a second label that distinguishes among the
similar components. If just the first reference label is used in the specification. the description
is applicable to any one of the similar components having the same first reference label

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

[0255] The descaption set forth hercin, in connection with the appended drawings,
describes example configurations and does not represent all the examples that may be
mnplemented or that are within the scope of the claims. The term “exemplary”™ used herein
means “serviag as an example, instance, or ilhustration,” and not “preferred” or
“advantageous over other examples.” The detailed description mcludes specific detauls for the
purpose of providing an understanding of the described techniques. These techniques,
however, may be practiced without these specific details. In some instances, well-known
structures and devices are shown m block diagram form m order to avoid obscuring the

concepts of the described examples.

10256} The description herein 1s provided to enable a person skilled 1n the art to make or
use the disclosure. Vanous moditications to the disclosure will be readily apparent to those
skilled in the art, and the generic principles defined herein may be applied to other variations
withowut departing from the scope of the disclosure. Thus, the disclosure is not limited to the
examples and designs described herein, but is 1o be accorded the broadest scope consistent

with the principles and novel features disclosed herein.



70

CLAIMS

1. A method for wireless communication, comprising: identifying a set of selected beams for
reporting to a base station; determining a first value associated with a first beam index of a set of
beam indices, the first value corresponding to a first index value of a first table, wherein the set
of beam indices comprises a number of beam indices equal to a number of selected beams of the
set of selected beams; determining one or more additional values associated with one or more
additional beam indices of the set of beam indices based at least in part on one or more additional
tables; summing the first value and the one or more additional values to determine a combination
index value, wherein the combination index value is a single integer uniquely indicating the first
beam index and the one or more additional beam indices; and transmitting, to the base station,
the combination index value indicating the set of selected beams.

2. The method of claim 1, further comprising: receiving a configuration of a codebook type for a
codebook for reporting channel state information; receiving, from the base station, a set of
reference signals associated with one or more antenna ports of the base station; and identifying
the set of beam indices based at least in part on the codebook type and at least one of the set of
reference signals or the one or more antenna ports.

3. The method of claim 2, wherein the identified set of beam indices correspond to codeword
indices of the codebook if the configured codebook type comprises a beam selection codebook or
to antenna port indices if the configured codebook type comprises a port selection codebook.

4. The method of claim 3, wherein: each codeword of the beam selection codebook comprises a
base sequence; and the beam selection codebook comprises one or more sets of orthogonal base
sequences.

5. The method of claim 1, wherein a set of values stored in each of the one or more additional
tables is based at least in part on a preceding set of values stored in a preceding table of the first
table or the one or more additional tables.

6. The method of claim 5, wherein a value of the set of values is the sum of a preceding value of
the set of values and a preceding table value of the preceding set of values, wherein the
preceding value and the preceding table value is associated with a same beam index.

7. The method of claim 1, wherein each table of the first table and the one or more additional
tables has a same length and wherein a number of active entries for each table is based at least in
part on a configured number of antenna ports, a configured number of beams, or a combination
thereof.

8. The method of claim 1, further comprising: receiving a first configuration from the base
station indicating a first configured number of antenna ports, configured number of beams, or
combination thereof; and selecting a first set of active entries for each table of the first table and
the one or more additional tables based at least in part on the first configured number of antenna
ports, configured number of beams, or combination thereof.
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9. The method of claim 8, further comprising: receiving a second configuration from the base
station indicating a second configured number of antenna ports, configured number of beams, or
combination thereof wherein the second configured number of antenna ports, configured number
of beams, or combination thereof is greater than the first configured number of antenna ports,
configured number of beams, or combination thereof; and selecting a second set of active entries
for each table of the first table and the one or more additional tables based at least in part on the
second configured number of antenna ports, configured number of beams, or combination
thereof, wherein the first set of active entries is a subset of the second set of active entries.

10. The method of claim 1, wherein a number of active entries is based at least in part on a
configured number of antenna ports transmitting channel state information reference signals, a
configured number of beams, or a combination thereof.

11. The method of claim 1, further comprising: receiving a configuration from the base station
indicating a configured number of beams for selection, wherein the number of selected beams
equals the configured number of beams for selection; and selecting the set of beam indices based
at least in part on the configured number of beams for selection.

12. The method of claim 11, further comprising: receiving a first configuration from the base
station indicating the configured number of beams for selection; and selecting a first set of tables
comprising a number of tables equal to the configured number of beams for selection, wherein
determining the first value and the one or more additional values is based at least in part on the
first set of tables.

13. The method of claim 12, further comprising: receiving a second configuration from the base
station indicating a second configured number of beams for selection that is greater than the
configured number of beams for selection; and selecting a second set of tables comprising a
second number of tables equal to the second configured number of beams for selection, wherein
the first set of tables is a subset of the second set of tables.

14. The method of claim 1, wherein the first value is equal to the first beam index.

15. The method of claim 1, wherein each additional beam index of the set of beam indices
increases in an ascending order with respect to a previous additional beam index.

16. The method of claim 1, wherein a first additional value of the one or more additional values
is based at least in part on a current table of the one or more additional tables.

17. The method of claim 16, further comprising: identifying, from the current table, an input
value associated with an additional beam index of the set of beam indices, wherein the first
additional value is equal to the input value.

18. The method of claim 1, wherein a first additional value of the one or more additional values
is based at least in part on a preceding table and a current table of the one or more additional
tables.
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19. The method of claim 18, further comprising: identifying a preceding beam index that is one
less than an additional beam index of the set of beam indices; identifying, from the preceding
table, a first input value associated with the preceding beam index; identifying, from the current
table, a second input value associated with the preceding beam index; and summing the first
input value and the second input value to obtain the first additional value for the additional beam
index.

20. The method of claim 1, further comprising: identifying a beam index of the set of beam
indices, wherein identifying the beam index comprises: identifying a first sub-beam index
corresponding to a first dimension; identifying a second sub-beam index corresponding to a
second dimension; and calculating the beam index based at least in part on the first sub-beam
index and the second sub-beam index.

21. The method of claim 20, wherein calculating the beam index further comprises: multiplying
the first sub-beam index with a size of the second dimension to obtain an intermediate value; and
adding, to the intermediate value, the second sub-beam index to obtain the beam index.

22. The method of claim 2, further comprising: selecting one or more beams from the codebook
based at least in part on the set of reference signals, wherein identifying the set of beam indices
is based at least in part on the selected one or more beams.

23. The method of claim 22, wherein the codebook used for the selecting is based at least in part
on a configuration of a number of antenna ports.

24. An apparatus for wireless communication, comprising: means for identifying a set of selected
beams for reporting to a base station; means for determining a first value associated with a first
beam index of a set of beam indices, the first value corresponding to a first index of a first table,
wherein the set of beam indices comprises a number of beam indices equal to a number of
selected beams of the set of selected beams; means for determining one or more additional
values associated with one or more additional beam indices of the set of beam indices based at
least in part on one or more additional tables; means for summing the first value and the one or
more additional values to determine a combination index value, wherein the combination index
value is a single integer uniquely indicating the first beam index and the one or more additional
beam indices; and means for transmitting, to the base station, the combination index value
indicating the set of selected beams.

25. The apparatus of claim 24, further comprising: means for receiving a configuration of a
codebook type for a codebook for reporting channel state information; means for receiving, from
the base station, a set of reference signals associated with one or more antenna ports of the base
station; and means for identifying the set of beam indices based at least in part on the codebook
type and at least one of the set of reference signals or the one or more antenna ports.

26. The apparatus of claim 25, wherein the identified set of beam indices correspond to
codeword indices of the codebook if the configured codebook type comprises a beam selection
codebook or to antenna port indices if the configured codebook type comprises a port selection
codebook.
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27. The apparatus of claim 24, wherein a set of values stored in each of the one or more
additional tables is based at least in part on a preceding set of values stored in a preceding table
of the first table or the one or more additional tables.

28. The apparatus of claim 27, wherein a value of the set of values is the sum of a preceding
value of the set of values and a preceding table value of the preceding set of values, wherein the
preceding value and the preceding table value is associated with a same beam index.

29. The apparatus of claim 24, wherein each table of the first table and the one or more
additional tables has a same length and wherein a number of active entries for each table is based
at least in part on a configured number of antenna ports, a configured number of beams, or a
combination thereof.

30. The apparatus of claim 24, further comprising: means for receiving a first configuration from
the base station indicating a first configured number of antenna ports, configured number of
beams, or combination thereof; and means for selecting a first set of active entries for each table
of the first table and the one or more additional tables based at least in part on the first
configured number of antenna ports, configured number of beams, or combination thereof.

31. The apparatus of claim 30, further comprising: means for receiving a second configuration
from the base station indicating a second configured number of antenna ports, configured
number of beams, or combination thereof, wherein the second configured number of antenna
ports, configured number of beams, or combination thereof is greater than the first configured
number of antenna ports, configured number of beams, or combination thereof; and means for
selecting a second set of active entries for each table of the first table and the one or more
additional tables based at least in part on the second configured number of antenna ports,
configured number of beams, or combination thereof, wherein the first set of active entries is a
subset of the second set of active entries.

32. The apparatus of claim 24, further comprising: means for receiving a configuration from the
base station indicating a configured number of beams for selection, wherein the number of
selected beams equals the configured number of beams for selection; and means for selecting the
set of beam indices based at least in part on the configured number of beams for selection.

33. The apparatus of claim 32, further comprising: means for receiving a first configuration from
the base station indicating the configured number of beams for selection; and means for selecting
a first set of tables comprising a number of tables equal to the configured number of beams for
selection, wherein determining the first value and the one or more additional values is based at
least in part on the first set of tables.

34. The apparatus of claim 33, further comprising: means for receiving a second configuration
from the base station indicating a second configured number of beams for selection that is
greater than the configured number of beams for selection; and means for selecting a second set
of tables comprising a second number of tables equal to the second configured number of beams
for selection, wherein the first set of tables is a subset of the second set of tables.
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35. The apparatus of claim 24, further comprising: means for identifying a beam index of the set
of beam indices, wherein the means for identifying the beam index further comprise: means for
identifying a first sub-beam index corresponding to a first dimension; means for identifying a
second sub-beam index corresponding to a second dimension; and means for calculating the
beam index based at least in part on the first sub-beam index and the second sub-beam index.

36. The apparatus of claim 35, further comprising: means for multiplying the first sub-beam
index with a size of the second dimension to obtain an intermediate value; and means for adding,
to the intermediate value, the second sub-beam index to obtain the beam index.

37. 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: identify a set of selected beams for
reporting to a base station; determine a first value associated with a first beam index of a set of
beam indices, the first value corresponding to a first index value of a first table, wherein the set
of beam indices comprises a number of beam indices equal to a number of selected beams of the
set of selected beams; determine one or more additional values associated with one or more
additional beam indices of the set of beam indices based at least in part on one or more additional
tables; sum the first value and the one or more additional values to determine a combination
index value, wherein the combination index value is a single integer uniquely indicating the first
beam index and the one or more additional beam indices; and transmit, to the base station, the
combination index value indicating the set of selected beams.

38. A non-transitory computer readable medium storing code for wireless communication, the
code comprising instructions executable by a processor to: identify a set of selected beams for
reporting to a base station; determine a first value associated with a first beam index of a set of
beam indices, the first value corresponding to a first index value of a first table, wherein the set
of beam indices comprises a number of beam indices equal to a number of selected beams of the
set of selected beams; determine one or more additional values associated with one or more
additional beam indices of the set of beam indices based at least in part on one or more additional
tables; sum the first value and the one or more additional values to determine a combination
index value, wherein the combination index value is a single integer uniquely indicating the first
beam index and the one or more additional beam indices; and transmit, to the base station, the
combination index value indicating the set of selected beams.



