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Publication Classitication

Aspects include systenls. methods. devices, and non-transi-
tory processor readable storage mediums for managing a
broadcast signal of an apparatus for wireless communica-
tion. Vanous aspects may enable an apparatus lo send a
message using either omnidirectional transnusslons or
bcamformid transmission based on whether the altitude of
the apparatus meets mi altitude threshold In some imple-
mentations and aspects. the processor of the apparatus may
determine a type of the message and may select the altitude
threshold based on the determined message type. In some
implementations and aspects, the processor of the apparatus
nuly'clul lhc Incssagc Ilslng bciinlfornuxl trallsnusslons hl
tcspoilsc lo dctcnnlnlllg thill lhc ltlcssiigc ls nllcndix! Iol
reception by a certain type of second apparatus.
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MANAGING UNMANNED AERIAI. VEHICLE
BROADCAST SIGNALS

INTRODUCTION

[000)] 1 he followmg reLstes generally to wireless cont-
munications„and more specifically to managing wireless
communications of an apparatus based at least in part on the
alutudc ol thc apparatus.
[0002] Apparatuses conhgured for wireless comntunica-
tion, for example, unmanned aerial vehicles fUAV), may
transmit various messages to support a variety of hinctions.
Difi'erent messa es may be cub]act to different requirements
lor connntulicalions, BUch Bs rdngc Bnd Ialcncv. 11&cle cx&sls
d need fol fU&lier unproven&cuts nl wnch:99 connnilnlcBfion
by such apparatuses.

SUMMARY

[0003] This sununary is a cnnplified summation of one or
more aspects presented to provide a basic understanding of
such aspects. Tlus sununary is nol an cxlens&ve overv&cw of
all aspixls contemp)a&cd, &s not inlended lo &dent&fy kcy or
critical elements of all aspects, and is not meant to delineate
the scope of any or all aspects 'I his su&n&nary's sole purpose
is to present some aspects in a simplified form as B prelude
to the nnlre detailed description that ic presented later
[0004] Various aspects may include a method pcrformcd
for mana in a broadcast signal. The met)a&d may include
obtaining an altitude of the appamstus, and sending a mes-
sage using beamformed transmissions in response to the
altintde of the apparatus meeting an altitude threshold.
[0005] Another apparatus for wireless communication &s

described The apparatus may include a memory and a
pmcessor. the memory and the processor configured to
obtain an altitude of the apparatus. and send B message using
beamfornted transmiss&ons In recponse to the altitude of the
appamctus meeting an altitude threshold.
[0006J Some exantples of the method, apparatuses. and
non-transitory processor readable stomcge medium descnbed
herein may include operations. features, means. or instruc-
tiotts for sending the message ucing omnidirectional tmns-
m&ssions ut rcsponsc to the altitude of thc apparatus Ib&ling
&0 Iliccl lhc Blnnulc lhrcshokl
[0007] Some examples of the method, appamtuses. and
non-trmtsitory processor readable stord c medium descnbcd
herein nuiy include obta&n&ng the altitude of lhc apparalus
from onc or more of an all&tudc sensor, apparalus barometer
information, a global navigation satellite system receiver. or
a nemvork elenlent that prov&des the altitude of the apparatus.
[0008] Sonle exan&ples of the method, apparatuses. and
non-transitory processor readable storage &nedium descnbed
herein nlay include determining a type of the message, and
selecting the altitude threshold based on the determined type
of the message.
[0009] Some examples of the method, apparatuses. and
non-transitory processor readable storage medium descnbed
herein ntay include sending the messs e using, onmidirec-
ntu&al ISBns&11&m&on9 hl &espouse lt& lhc nlc99Bgc bcnlg lor
rivepnon by a iirst type ol'a&mond ttppttmtt&s, mxl sendm thc
message using beamforn&ed tmsnsmissions in response to the
message being for reception by the second type of second
apparatus.
[0010J In some exmnples of the method, apparatuses. and
non-transitory processor readable stomcge medium descnbed

herein, sending the message using beamformed transmis-
s&ons in rcsponsc lo thc message bc&ng for reccpnon by lhe
second type of second apparatus may include send&ng lhe
messa e using beamfonned transmissions in &espouse to the
messa e being for reception by the second type of second
apparatus and the altitude nteetin the altitude threshold.
[0011] In some examples of thc method, apparatuses, and
non-trans&lory processor rcadablc storage mcxhum descnbed
herein the message for reception by the first type of second
apparatus may include a maneuvering safety message and
the message for reception by the second type of second
apparatus may include an identification message.
[0012] Some examples of the method. apparatuses, and
non-transitory processor readable storage medium described
herein may include sending the message us&ng beamformed
transmissions in directional beams in at least two different
directions.
[0013] Some examples of the method. apparatuses, and
non-transitory processor readable storage medium described
herein may include sending the message us&ng beamformed
transmissions in directional beams in at least two different
directions within a latency constraint of the message.
[0014] Some examples of the method. apparatuses, and
non-transitory processor readable storage medium described
herein may include sending the message us&ng beamformed
transmissions in directional beams in at least two different
directions via a sidelink comnnmication link.
[0015] Some examples of the method. apparatuses, and
non-transitory processor readable storage medium described
herein may include includin in bemnfornted transmissions
a beam Identifier that enables a receiver device to obtain the
beam Identifie of a directional beam used to transmit a
rccctvcd beamformcd lrmlsmiss&on.
[IB)16J Some examples of the method. apparatuses, and
non-transitory processor readable storage medium described
herein may include receiving from B second appamstus a
retransmission request including the beam identifier of the
rccctvcd bcamfomtcd lransm&ssion, m&d rclransnuuutg thc
mcssagc using bcamlhmted lransmiss&om associated w&th

the beam identifier
[0017] Some examples of the method. Bpparatusec, and
non-transitory processor reaiLsble storage medium described
hcrcnl nut)'ic)Udc rect:&vnlg front 9 9ccond dppdl'tt&Us

rclransnuss&on rcqucsl, mtd rcicdnsnulnng the mcssagc usnlg
onmidirectional transmissions v hen the altitude of the appa-
mctus fails to meet the altitude threshold
[0018] Some examples of the method. Bpparatusec, and
non-tmnsi&ory processor readable storage nuxl&um dcscr&bcd
hcrcin may include retransmitting the message using betun-
fonned trans&nissions when the altitude of the apparatus
meets the altitude threshold.
[0019] An apparatus &s dcscnbixl. Thc apparatus may
include memory, and a processor, the memory and the
pmcessor configured to receive bean&formed transmissions
from a second apparatus, obtain a beam identifier of a
directional beam of beamfonned transmiss&ons in response
to unsuccessfuliy decoding the ntessage„and transmit to the
second ttpp&IIB&Us B lelrdn9&11&99&on I'cqUcsl ni bcttnlfolnnx!
transm&ssions using the oblanlcd beam &dentiiicr.

[0020] A method for mdnagutg a broadcast signal &s

described. The method may include obta&n&ng an altitude of
lhc &Ippttld&Us. Bnd scndnlg II nlt:sstigc Usnlg bean&lola&cx!
tmcnsmissions in response to the alt&tude of the appamstus
meeting an altitude threshold.
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BRIEF DESCRIPTION OF THE DRAWINCTS

[0021] The accompmiyuig draw ui s. winch arc incorpo-
ratcxI herein and constitute part ol tlus spccificanon. Illus-
trate exemplary implementations and aspects of the claims,
and together with the general description given above and
the detailed description given below, serve to explain the
features of the claims.
[0022] FIG. 1A is a system block diagram illustratmg an
cxtunple conununication system suitable for Implemcntuig
diiv ol thc I BlloUB aspects.
[WZ3J I'l(i. I I3 is a conceptual diagram illustratiag
aspects of a systeni for nianaging a broadcast signal of an
appamtus suitable for implementing various implementa-
tions and aspects
[0024] FIG. IC is a component block diagriun illustrating
examples component ol'm apparatus suitable for unplc-
ulcnthig I BlloUB unplcuu:ntattous Bnd aspects.
[0025] FICI. 2 is a component block diagram illustratin an
example computing and v ireless modem system suitable for
implmnmiting venous implementations and aspects.
[WZ6J I'l(i. 3A illustrates a block diagram of a device that
supports manayng a broadcast signal according to varimis
aspects.
[0027] FIG. 3B illustrates a block diagram ol'a device tliat
supports manayng a broadcast signal according to varimis
aspects.
[0028] FIG. 3C illustntes a block diagram of a device tlmt
supports managing a broadcast signal accordui to venous
dspccts.
[0029] FIG. 3D illustrates a block diagram of a device tlmt
supports managing a broadcast signal according to various
aspects.
[tlt)3U] I'l(i. 3I: dlustmtes example operations of a process
floiv that supports that supports managing a broadcast signal
according to various aspects.
[0031] FIG. 4A Is a process flow diagram Illustrating a
method that may bc pcrformcd by a processor of an appa-
ratus for nianaging a broadcast signal according to various
implementations and aspects
[0032] FIG. 4B Is a process flow diagram Illustrating a
method that may bc pcrformcd by a processor of an appa-
ratus for managing B broadcast signal accorduig to venous
implementations and aspects
[0033] FICI. 5 is a process flow diayam illusuating open-
(Iona that may be pcrformcd by a processor 01'mi apparatus
ds part of thc methods for numaguig a broadcast signal
according io venous Implmncntations dnd aspccis.
[0034] FICI. 6 is a process flow diagram illustrating a
metlu&d that may be performed by a processor of an appa-
raius for managing a broadcast si nal of a simond appamtus
according io venous Implmncntations dnd aspccis.
[W35J I'l(i. 7 is a coniponent block diagram of a network
coniputing device suitable for use with various implemen-
tations 'uld aspects.
[W36J I'l(i. 8 is a coniponent block diaymn illustratingan
example apparatus suitable for use ivith various implenien-
tations and aspects

1)1 1 I'Ail,l il ) Dl IS('RI PI'ION

[0037] Apparatuses coufigurcxf for wireless conunumca-
uon. for example, uiunmmcd senal veluclcs (UAVs). may
transmit various Inessages to support a variety of tunctions.
liol'x;inlplc, Bn,'lpp,'lratils ui,'I)'uiiBilcaIBt B nuuleuvcilng

safety message.*'uch as a Detect and Avoid message (e
UAV-to-Everytlung Dctcct and Avoid (U2X-DAA)) to
enable other apparatuses (e.g., other UAVs) to detect and
avoid collisions As another example, an apparatus may
bmadcast identification and location information, tiir
example. for use by law enforcement or other oflicial
agencies. Other examples of wireless communications to or
from another apparatus (e.g.. a UAV) include data messages
such as camera or other smisor inlbnuauon, mancuvcnng
mcssagcs such as swann behavior mcssagcs, and other
suitable appamtus-to-apparatus communications One
exaniple of wireless communications to or a front another
apparatus (e... a ground receiver) Is a message includin
identity information and/or location information of the appa-
ratus (referred to herein as an "identification message"),
which may bc used by automated or semi-automated air
triifltc control svstcnls, goveliuucutdl agencies silch Bs hiw
enforcenient, and the like. An example of an identification
messa e is a U2X-Il) message
[0038] In some situations. difl'erent types ofmessages may
bc subliwt to varyuig pnramcters rcgarduig their trmisnus-
sions For example, ccrtaui mmieuvenng safety messages by
regulation should be Irdnsmined to terrestnal devices of law
enforcenient or other otficial agencies. As another example,
a nianeuvering safety message and an identihcation message
may be subject to difl'erent Latency requirements by regula-
tion. For instance. a maneuvering safety message may be
rcquircd by regulation to bc transmiucd more I'rcquently
than an Identification message. As anotlmr example, a longer
transmission range may be rcquircd by regulation of an
identification niessage (which niay be required for ground
receiving apparatuses) than a transmission range fiir a
maneuvering safety message. As another example, maneu-
verin safety messages may be required by regulation to be
triiusuuttcd ulole flixpieutlv th;in Idcutlficdtlou nlessagcs.

[t)U39J Various aspects include systems methods, devices,
and non-transitory processor readable storage mediums fiir
managing broadcast signals transmitted by an appamtus. In
various aspects. based on whether an altitude of an apparatus
meets an altitude tlueshold, the apparatus may transmit (or
configure a message for uansnussion by thc apparatus) as
either onuiaiirectional transmissions or as bcamfonned
transmissions In some aspects, based on a type of message
to be trmismitted and whether an altitude of an appamtus
meets an altitude threshold. the apparatus may transmit (or
configure a messa e for transmission by the appamtus) as
either omnidirectional transmissions or as beamformed
triinsuusstons. hl sonic dspccts, thc Bpparatils nlav trtiusuu1
bciunliirmixl transmissions In a plurahty ol'irections I'rom
the apparatus, such as in four quadrants. or in a plurality of
directions from the apparanis in response to the altitude of
the apparatus meeting, the altitude threshold
[0040] Wirelcss conunumcations bctwccn apparatuses
(c g., UAVs) tliat opcrdtc dt varyuig altitudes mid/or dis-
tances from Other apparatuses (e g., other UAVS. ground
statiofis, c(inlnillcts,,'uld thc like) nlav cxpcficucc vai'tolls
effects due to separation distances lior example, UAVs
operating at high altitude may experience signal attenuation
in onuiidirectional wireless transmissions with ground sta-
tions. For bancry-powered apparatuses (c.g., UAVs),
tuclcdshlg tiiinsnut powcl to ovcrcouu: ilhtBncc-IOIBIcd
attenuation may bc unpractical. Communicating usuig
beani-formed tmnsmissions may increase gain alono the
beani axis, mid tluis extend the ran e at which such trans-
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missions may be received. However, the use of beamform-
h&g u& conunun&cdl&ons u&a)'tot be su&table m all operating
situations. Various implcmcntauons imd aspects address
these communication tradeoffs by selecting beamfornung or
omnidirectional tmsns&uiss&on n&ethods fbr apparatus coni-
munications based on altitude and/or type of conmiunica-
tion. Selectin betv een omn&directional and beamfomiing
transmission tecluuques based on altitude and/or conununi-
cauon type may Improve thc conunu&ucauon performance of
apparatuses (e, UAVs) wlulc conservu&g power.

[0041J Wh&le the descript&on refers at times to a UAV; it
&vill be understood that a UAV is merely one type of
Bppamstus accord&ng to various implementations and aspects.
Further. a UAV may u&cludc onc ol'ar&ous types of vclucles
includ&ng an onboard computu&g device conligurtxl to pro-
t idc some mitonomous or senu-auionomous capab&flies.
I:xamples of such vehicles mclude but are not limited to
aerial vehicles. such as UAVs; gn&uod vehicles (e g., an
autonomous or semi-autonomous car, a vacuum robot. etc.),
water-based vehicles (i.e., veh&elec configured for operation
on thc surface of thc water or under water). Bnd/or some
combu&at&on thcrcof. In some unplememations a&xl aspects,
thc vcluclc may bc mruincd In other unplementations and
aspects, the vehicle n&ay be unmanned In i&nplementations
and aspects in which the vehicle is autonomous, the vehicle
may include an onboard computi&tg device configured to
maneuver and/or navigate the vehicle without remote oper-
ating u&structions (i.c. mitonomously), such as from 0

hunum operator (e.g.. v&a a rmuole compuling device) In
Implcnu:ntat&ons Bnd aspects hi wh&ch Ihc vch&ch: Is scnu-
autonomous, the vehicle n&ay include an onlx&ard computing
device configured to receive some infor&nation or instruc-
tions. such as from a human operator (e... via a remote
computing dev&ce), and autonomously maneuver and/or
navigate ihe veh&clc conswtcnt with thc reccivcxi mfi&nna1&on

or u&a&rue&iona In some &mplmucnta1&ons m&d aspecIS. the
&chicle may bc an senal vcluclc (0&u&vdnnixi or manned),
which may be a rotorcraft or winged Bircmsft l&or example,
a rotorcraft (also referred to as a multirotor or nn&lticopter)
may include a plumsfity of propulsion units (e.g.. rotors/
propellers) that pmv&de propulsion and/or lifting forces for
Ihe vch&clc. Non-lim&ting cxim&plea 01 rotorcrafi Include
&ncoptcrs (&luce rotors), quadcoptcrs (four r01ors), hexacop-
ters (s&x rotors), m&d octocopters (c&ghl rotors). However. 0

rotorcraft may include any number of rotors A vehicle may
include a variety of components aod/or payloads that may
perfi&rn& a vanety of fiinct&ons. The tenn "components**
when used with respect to a vehicle includes vehicle com-
ponents dnd/or vch&clc pavloBds.

[0042] Various aspects w&ll be described in detail v ith
reference to the accompanying drmvings Vi'herever pos-
sible. Ihe same reference numbers &vill be used tl&roughout
the drawings to refer to the same or lil e parts. References
made to particular examples and implementations and
aspects arc for &llustrat&vc purposes, m&d arc not intendcxl 10

hunt lht: scope of du: clauns.
[0043] 1he tenn "system on chip" (SOC) is used here&n to
refer to a single integmted circuit (IC) cifip that conte&ns
multiple resources or processors integrated on a single
subsuate. A single SOC may contau& c&rcunry for d&gital,
dn;dog. Ouxccl-s&gnBI, Bnd Idd&0-hcqiicnc)'hncfions A
single SOC also may Include m&y mm&bcr ol'general purpose
or speciafixed processors (dig&tal signal processors, modeni
pmcessors. video processors, etc ), Inemory blocks (such as

ROM. RAM. Flash, etc.). and resources (such as timers,
voltage regulators, osc&llators, etc.). SOCS also may include
sofIwii&c fo& ctullrolhng lhc n&tcgrdtixl rcsourccs dnd pro-
cessors, as v;ell as for controllin peripheral devices.

[0044] The term "system in a peel age'* (SIP) may be used
herein to refer to a single n&odule or package that contains
nli&11&pie rest&ii&ccs, con&puts&&oui&1 un&ts, cores 0& proccsso&s
on tvvo or morc IC clups, substratcs. or SOCS For example,
a SIP may &nclude a single substrate on wluch multiple IC
clups or semiconductor dies are stacked in a vertical con-
figuration. Similarly, the SIP may include one or more
multi-chip modules (MCMs) on v,hich mult&pie I('s or
semiconductor dies are pacl aged into a unifying substrate.
A SIP also may include muluplc indcpcndcnt SOCB coupicxi
together via lugh specxl conunumcat&on c&rcu&try m&d pack-
aged in close proxun&ty, such as on a single motherboard or
in a single wireless device. The prox&mity of the SO('s
facilitates high speed communications and the sharing of
memory and resources.

[0045] As uscxI herein. thc terms '*nciwork," '*system,"
"wireless ac&work,** "cellular Bc&work," and "w&rcless com-
munication nenvork" nmy interchangeably refer to a portion
or all of a wireless network of a carrier assoc&ated with a
v ireless device and/or subscription on a ~ireless device.
The teclmiques described herein may be used for various
v ireless communication networks. such as Code Division
Multiple Access (CDMA), tinu: d&v&s&on multiple access
(TDMA), FDI&LA, orthogonal FDMA (OFDIVLA), suigle
carrier Fl)MA (S('-1&DMA) and other networks In genemsl,
any number of ivireless networks may be deployed in a
given geographic area. Each ivireless netv orl may support
at least one radio access technology, v hich may operate on
one or more frequency or range of frequencies. For example,
a CDhIA network may &mplmnent Un&vcrsal Terrestnal
Rad&o Access (UTRA) (mcludu&g W&deband Code D&vis&on

Multiple Access (W( l)MA) stanthsrds). ('1)MA2000 (in-
cluding IS-2000, IS-t)5 anch'or 18-856 stantksrds). etc. In
another example, a TDICLA network may implement C)SM
Enluu&ced Data rates for CISM Evolut&on (EDC)E). In
another example, an OFDhthtt network may nnplement
Evolved UTRA (E-UTRA) (including LTE standards), Insii-
tutc of Electrical and Elccuon&cs Eng&nacre (IEEE) 802.11
(Wil&&), Il ififi 802 16 (WiMAX), 11 il &I: 802 20, I qash-
011)M, etc Reference may be made to wireless networks
that use I;I'li standards. and therefore the terms "livolved
Universal Te&resuial Radio Access," "E-UTRAN*'nd
"eNodeB" may also be used interchangeably herein to refer
to a wireless network. Howe& er. such rcfi rcnccs arc pro-
v&dcd merely as examples. m&d are not u&tended &o exclude
v ireless networks that use other communication standards
l&or example, while various 'I'bird (ieneration (3 (1) systems,
I ourth (ieneration (4(i) svste&ns. and I iftb (ieneration (5(I)
systems are discussed herein. those systems are referenced
merely as examples and future eneration systems (e
s&xth gcncranon (60) or h&gher systmns) may bc subst&tutcxi
In thc vanoi&s cxdnlplt:s.

[0046J As used herein, "bean&" refers to a signal formed at
a transmitting device tluough the use of a beamfonning or
beam steering tecluiique applied via a combinat&on of physi-
cal equ&pmcnt and signal process&ng vanously refcrrcd &o as
a bcamfomung function, d mapping funcuon, or a spaual
lilter. Beam recept&on by a receivu&g dev&cc may involve
cm&figuring physical equipment and signal pmcessing of the
receiving device to receive signals transmitted &n a beam by
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the transmitting device. In some situation~. bemu reception
by a rcccivuig device also may uivolve con(iguruig physical
ctlnipnlt:nl ducal signdl proccssulg of lhc rcccivhig ilcvici: viil
a beamtiirniuig function, a mapping function. or a spatial
filter so as to preferentially receive signals (e.g. v ith
enhanced gain) from a particular direction (e, in a direc-
tion aligned with a transmittin device).
[0042] The term "beamlbmung" is used herein to reft:r to
anlciuui array design aud signal proccssuig lecluuques used
for directional signal comniunications and'or to achieve
spatial selectivity of radio frequency (Rlr) signal reception.
Beamfomiing on the tmnsmitter end of conuuunications
may be accomphshed by selective delaying (known as
"phase sluftuig") ol'signals coupled lo different elemmits In
dn dnlctuid Iirrav so thdl RF signals cunt(i:I! bv lhc Bntcnnil
array al a particular angle (rclauvc to Ihc milemri array) arc
enhanced throuuh constructive Interference while Rlr signals
emitted by the antenna array at other angles (relative to the
antenna) exhibit lov er signal strength due io destructive
interference Beamforming on the receiver end of conunu-
Iucalions may bc accomphshcd by processing signals
received by elmueuls in an antenna array tluough phase
slufling circuits so that RF signals rccervctl al particular
angles relative to the receiving antenna array are enhanced
through constructive interference while RF signal ~ received
at other angles relative to the wireless device are reduced in
perceived Bi~Bi strength tluough destructive interference.
Using bcamfounuig tcclmiques, RF signals may bc trans-
miuctl (c.g., by a base station or wirelcss device) m one or
morc directional '*beams" willun thc nullimcter bmid for
ultra-wideband communications. )tach of such directional
beams may be controlled by the transmitter using beans-
fonuing tecluuques to sweep in one or two dimensions (i e,
azinuith and elevation directions). Beamfouuing in both
transmilu:rs and rcccivcrs may bc accomphshctl usuig aixi-
log (c.g.. phase shifter) circuits and digital proccssuig lech-
Iuques. To encompass both tccluuqucs, rcfcrence Is some-
times made herein to "analog/Rlr beamforming" tecluuques
and equipnient.
[0048] FIG. IA is B system block dis ram illusuating Bn
cxiunple conununicdtiou system 100a suitable lbr uuplc-
mcnling any ol'hc venous aspects or implcmenlalions The
comnnmications systeni lfifiatr may be a 5(i New Radio
(N 0) netv ork. or any other suitable network such as an Ifi'l l

netivork, 5(i network, etc While I'l(i I A illustrates a 5CI

network, later generation networks may include the same or
simiLsr elements. Therefore, the reference to B 5G network
dnd 5G net0 ork clemcnm In llm lol lowing descriptions is for
illustrative purposes and is not uucndcd lo be bmiling

[0049] 'the communications system 10(ltr may include a
heterogeneous netv orl architecture that includes B core
network 135 and a vanety of wireless devices (illustrated as
UEs 120 in FIC) 1A). Iu venous implmncnuitioiw and
aspects, the wirclcss dcviccs 120 may uicludc apparatuses
such as UAtr s. The conunuuications system 100a may also
include a number of hase stations (illustrated as the l3S 110,
the l3S IIUR the l3S IIUC, and the l3S 1lgd) and other
network entities. A base station is an entity that conmiuni-
cates svith ivireless devices, and also may be referred to as
a Node B, an LTE Evolved nodeB (cNodeB or ONB), an
access point (AP), a Radio hcatd, a transmit receive pouit
(TRP). a Ncw Radio base station (NR BS). a 5G NodcB
(NI3). a Next (ieneration Node)3 (UNodel3 or gNB), or the
like I tach base station may pmvide communication cover-

a e for a particular geographic area. In 3CIPP. the term "ceil'*

erin rcfcr lti B coverage iiri:d ol il bast: BIB(ion, d base stauon
Subsystem serving tins coverage arcs, or a combinauon
thereof, depending on the context in which the term is used
1 he core network 135 may be aiiy type core iletwork, such
as an LTE core network (e.g.„an Evolved Packet Core (EPC)
network), 5CI core network, etc

[0050] A base station 110-110d may provule comnnmicd-
tion covcmgc I'or a macro cell, a pico cell, a fcmto cell,
another type of cell, or a conibination thereof A niacro cell
may cover a reLTtively large geographic area (for example,
several kilometers in radius) and may allow unrestricted
access by mobile devices with service subscription. A pico
cell may cover a relatively small geographic area mid may
allow unrcstuclcd access by mobile dcviccs with service
subscnplion. A f:mto cell may cover a relatively small
geographic area (for example. a honte) and may allow
restricted access by mobile devices having association ivith
the femto cell (for example, mobile devices in a closed
subscriber group (CSG)), A base station for B macro cell may
bc refcrrcd to as a macro BS. A base station for a pico cell
may bc reft:rrcd lo as a pico BS. A base stauou for a fcmlo
cell may bc referred to as a femto BS or a home BS. In Ihe
exaniple illustrated in lrl(i. IA, a hase station 110 may be a
macro l3S tbr a macm cell 102a, a base station I ID(r may be
a pico BS for a pico cell 102b„and a base station 110c may
be a femto BS for a fenito cell 1020. A base station 110 110d
may support one or multiple (for example, thrcc) cells. Thc
tcmis *'cNB", "base station". "NR BS". "gNB'1 "TRP".
"AP", "node B", "5G NB", and "cell" may be used inter-
changeably herein

[0051] In some examples. B cell may not be stationary, and
the geographic area of the cell may move accordin to the
location of a mobile base station. In some examples, the base
stations 110-110d may bc uilcrconncctcd to ouc miothcr as
v ell as to one or more other base stations or network nodes
(not illustrated) in the communications systeni 10(la through
various types of backhaul interfaces, such Bs a direct physi-
cal connection. a virtual ne(svork. or a combination thereof
using any suitable transport network

[0052] Thc base stnuon 110-110d may conunuiucaic with
the core nenvork 135 m er a v ired or wireless communica-
tion link 126 The wireless devices 120 niay communicate
v ith the base station 110-110d over a wireless communica-
tion lnd 12Z. In some implementations and aspect~, the base
station 110 may bc d non-mmW cell (e.g., LTE cell, Sub-6
GHz cell, elc.). In some Implcmenuilions and aspects, Ihe
base station 110 may bc a nuuW cell (e.g . a gNB opcraluig
at nuuW frequencies) In scenauos in which the base station
110 is a mmW ceil, the base station 110 may utilize
beamforming for conununications v, ith the wireless device
120 In a similar manner, the wireless device 120 (e.g., an
apparatus such as d UAVF) may utihzc bcamfonning lbr
conunuiucations with (hc base station 110. Thc baseslation
110 may transnul a bcamliiuncd signal. such as a nuuW
beans, in one or niore transmit directions (22(r 1 he wireless
device 12U may receive the beanifiirnied signal fmm the
base station 110 in one or more receive directions 122a. The
v ireless device IZU may transniit a beamformed signal. such
as a nuuW beam. ui onc or more transmit directions. The
base station 110 may rccmic thc beiunfornux! signal from
lhc wuelcss ilcvicc ul oni: or nlorc ri:ct:lvc tilt:circus. Thc
base station IIU and'or wireless device 12U may pertorm
beani training and configuration operations to select receive
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and/or transmit beam directions for each of the base aration
110 dnd/or wirelcss dcvicc 120. The transmit and rimeive
dirccuons I'or the base stauon 110 and/or wireless device 120
niay be the same or the tmnsmit and receive directions fihr

the base station 110 and/or wireless device 120 may be
dilferent.
[0053] The wired conumuucanon hnk 126 may usc a
h aricty of wired networks (e g., Ediernet. TV cable. tele-
phony, fiber optic and other forms of physical netwnrk
connectinns) that niay use ione or more wired comnnuuca-
tion protocols. such as Ethernet. Point-To-Point protocol,
Hi/at-Level Data Link Control (HDI C), Advanced Data
('omnninicntion Control Protocol (ADCCP). and Transmis-
sion Control Protocol/Intcrnct Protocol (TCP/IP).
[00541 'I he communications system 100ir also may
include relay stations (e.g., relay BS 110a'). A reLhy starion
is an entity that can receive a transmission of data from nn
upstream station (for example, a base station or a mobile
dcvicc) and transmit thc dais io a downstream sia(ion (for
example. a wireless device or a base s1aiion). A relay station
also niay be a niobile device that can relay transmiwsions for
other hvireless devices In the example illustrated in I i I(i. I A,
a reLay station 110d may comnninicate with macro the base
station 110 and the wireless device 120 in order to facilitate
communication betv een the base station 110 and the wire-
li:ss ilch 1ci: 120. A ri:ld)'tti1loli disc iiiav bc rcicircil Iih iis ii

relay base stauon. a relay base staiion, a relay, etc.
[0055] The conununicauons sysicm 100a may be a hct-
crogcncous ac(work that uicludcs base stations ol dificrmii
types. Ior example, macro base stations, pico base stations,
femto base stations. relay base stations, etc. 1hese difTerent
types of base stations may have different transmit power
levels, difi'erent coverage area~, and difl'erent impacrs on
interference in communications system 100a. For example,
macro base stations may lrdve a high transmit power level
(Ibr example, 5 to 40 Waus) whereas pico base stations,
li:mio base stations, and relay base sia1ions may have lower
transmit power levels (for example. 0.1 to 2 Vi'atts)

[0056] A ac(work controller 132 may couple io a se1 of
base stations and may pmvide coordinatiih(1 and control for
these base stations The nenvork controller 132 may coni-
municate v ith the hase stations via a backhaul 'I'he base
stations also mny conununicate with one another. for
example. directly or indirectly hia a wireless or wireline
backlulul.
[0057] The wireless devices 120 may be dispersed
tlu oughout conununications system 100a. and each wireless
dcvicc may bc stauonary or mobile. A wireless device also
may bc reli:rrcd to as an access tennuia1. d iemiiiuii. a mobile
station, a subscriber unit, a station, user equipment (Ul:). etc.
[0058] A macro base station 110 may conununicaic with
thc communicauon network 135 over a wire or wireless
comnnmication link 126 'I'he wireless devices 120 may
communicate with a base station 110-110d over a wireless
contnuutication link 122.
[0059] qhe wireless communication links 122, 124 may
include a plumhty of carrier signals, frequencies, or fre-
quency bands. each of which may include a plurality of
lo ical channels. The wireless communication links 122 and
124 may utilize one or more Radio access teciuiologics
(RATs). Examples of RATs that may be used ui a wireless
commumcauon link include 3GPP LTE, 3G, 4G. SG (e.g.,
NR). (iSM. ('I)MA, W('l)MA, Worldwide Interoperability
for Microhvave Access (WiMAX), Time l)ivision Multiple

Access (TDMA). and other mobile telephony communica-
tion technologies cellular RATs Further cxamplcs of RATs
tha1 nuiy bc used ui onc or more of ilm vanous wireless
cmnniunication links 122, 124 within the communication
system 100a include medium range protocols such as Wi-I'i,
LTE-U, LTE-Direct, LA:A, MuLTEfire, and relatively short
range RATs such as ZigBCC, Bluetooth„and Bluetooth Low
Energy (LE).

[0060] Certain vnrcless networks (e.g . LTE) unhze
orthogonal frequency division multiplexing (OI'DM) on the
downlink and single-carrier frequency division multiplexing
(SC-FDM) on the uplink. OFDM and SC-FDM partition the
system banChvidth into nniitiple (K) orthogonal subcarriers,
which arc also conunonly referred to as touch, bins. cic.
Each subcamcr may bc modulated with data. In gcncral.
modulation symbols arc smit in tlu: I'rcqucncy domain with
Olil)M and in the time domain hvith S('-I'DM 'I'he spacinp,
between adjacent subcarriers may be lixed. and the total
number of subcarriers (K) may be dependent on the system
bandwidth. For example. the spacing of the subcarriers mny
bc 15 kHz and thc nnnmium Resource allocation (called a
'*resource block**) may bc 12 subcurners (or 180 kHz).
Conscqucntly. thc nominal Fas(File Trunsfi:r (FFT) size may
be equal to 128, 256, 512, 1024 or 2048 for system band-
width of 1.25, 2 5, 5, 10 or 20 megahertz (Mi lz), respec-
tively. The system bandwidth niny also be partitioned into
subbands. For example, a subband may cover 1.08 MHz
(i e., 6 Resource blocks). Snd there may be I, 2, 4, 8 or 16

subbands for system b;mdwidth of 1.25, 2.5, S, 10 or 20
MHS. respcciivcly.

[0061] While descriptions of some aspects may use ter-
minology and examples associated with LTE technolo ies,
some aspects may be applicable to other wireless commu-
nications systems, such as a ncw Rmlio (NR) or 5G network
NR may utihzc OFDM with a cyclic prelix (CP) on thc
uplink (UI.) and downlink (DI.) and include support fihr
half-duplex nperation using time division duplex ('11)D) A
single component carrier banChhidth of 100 MHz may be
supported. NR Resource blocks may span 12 sub-carriers
v ith a sub-carrier banChhidth of 75 kHz over n 0 I millisec-
ond (ms) duration. Each Radio Ibmnc may consist of 50
subframcs with a length of 10 ms. Conscqucnily, each
subframe may have a length nf 0.2 ms l hach subframe may
indicate a link direction (i e, l)i, or I/I.) for data transmis-
sion and the link direction fnr each subframe may be
dynamically shvitched. Each subframe may include DL/UL
data as v,ell as DL/UL control data. Beamforming may be
supported and bciun Cirection may bc dynamically conlig-
urcd. IVhiliiplc Input Muluplc Output (MIMO) transmissions
v ith precoding may also be supported MIMO configura-
tions m the l)I, niay support up tn eight trails(nit antennas
v ith nndti-layer l)I transmissions up to eight streams and
up to thvo streams per ihireiess device Multi-layer transmis-
sions with up to two streams per wireless device may be
supported. Aggregation of multiple cells mny bc supponcdI
with up to eight scrvmg cells. Al terna us ely. NR may support
a ditTerent air interface, other (I)an an Olil)M-based air
interface

[0062] Some mobile devices niny be considered machine-
type communication (MTC) or Eholvcdi or cnhanccdI
maclunc-type conunumcauon (cMTC) mobile devices.
MTC and CMTC mobile devices uicludc. for example,
robots, remote devices. sensors, iiieters. nionitors, location
taps, etc., that may comnnuiicate with a hase station, another
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device (for example. remote device), or some other entity A
wireless node may pmvide, for example, connectivity for or
to a nenvork (for example, a wide area network such as
Internet or a cellular Bc(work) via a wired Ur wirclcss
conununication link. Some mobile dcviccs may be consid-
ered Intcrnct-of Things (IoT) dcviccs or may bc unplc-
mented as NB-IoT (narrowband internet of things) devices.
A wireless device 120 nlay be included inside a housing that
houses components of the v ireless device, such as processor
components. memory components, similar components. or a
combulation thercol;

[0063] In general, any number ol'conunuiucauon systcnw
and any number of lvireless networks may be deployed in a
given eo raphic area Iilch communications system and
wireless nenvork may support a particular Radio access
teclmology (RAT) and may operate on one or more frequen-
cies. A RAT also may be referred to as a Radio technology,
an air interface, etc. A frcqucncy also may bc refbrrcd 10 as
a carrier. a frequency chtuuicl. ctc. Each Ikcqucncy may
support a single RAT in a given geographic area in order to
avoid illterfereilce betweeil communications systenls of dif-
ferent RAis. In sonic cases. 4(i/I;lqi and/or 5(i,'NR RAI'etworksmay be deployed. For example, a 5Cr'on-stand-
alone (NSA) network may utilize both 4(.i/I TE RAT in the
4G/LTE RAN side ol'hc 5G NSA network and 5G/NR RAT
in the 5G/NR RAN side of the SG NSA tmtv,ork. Thc
4(ill Tl i RAN and the 5(t/N R RAN inay both connect to one
another and a 4(i/I:ll i core netw:ork (e o . an evolved packet
core (iip(') network) in a 5(i NSA network. Other example
network configurations may include a 5Ci standalone (SA)
network in wluch a 5Ci/NR RAN connects to B 5Ci core
network.

[0064] In some aspects, iwo or more wireless devices 120
may communicate directly using one or more sidelink
channels F24 (for exanlple, without using a base station
110-110d as an intermediary to conununicate with one
another). For example, v ireless devices 120 may conunu-
nicate using peer-to-peer (PZP) conununicatioos. device-to-
devicc (D2D) communications, a velucle-to-everytlung
(V2X) protocol (which may uiclude a vclucle-to-vehicle
(V2V) protocol. a vehicle-to-infrastructure (V2I) protocol,
or similar protocol), a mesh network. or similar netlvorkw or
conlbinations thereof. In this case. the wireless devices 120
may perform scheduling operations, resource selection
operations„as well as other operations described elsewhere
hcrmn as bcuig pcrlbnncd by thc base station 110.

[0065] In ihc cxtunple illustrated in FIG. 1A, wireless
devices 120 (e g, an apparatus, such as a UAV) may include
a wireless communication nianager 101. In various imple-
mentations and aspects, the wireless conununication man-
ager 101 may be confi ured to perform operations for
managing wireless conumuucations by lhc apparatus (C.g.. a

UAV). such as dcscnbed with rcfcrcnce to FIGS. 3A. 3B,
3E, 4A. 4B, and 5. In venous unplmncntdtions and aspects,
the lvireless conlmunication manager 101 inay be coidigured
to obtain an altitude of the apparatus (e.g . a UAV). send a
message usin beamfonned transmissions 132a in response
to the altitude of the apparatus meeting an altitude threshold.
In vdntiUS llnplcuu:ntatlons Bnd tlspccnb Ihc wit chws colll-
muiucation manager 101 may bc further conligured to scud
thc message using onulalircctional trimsnussions 134 in
response to the altitude of the apparatus failing to meet the
altinide threshold

[0066] FICi. IB is a conceptual

diagram

illustratin
aspects of a system 1006 for managing B broadcast signal of
an apparatus (c.g., B UAV) suitable for nnplemcnung various
inlplementations and aspects Apparatuses (e g, t JAVs 14tl,
142, 144) may send lvireless communications to and receive
wireless communications from other devices for a variety of
purposes. Such wireless conununications may be to or from
another apparatus (e.g.. between or among UAVs 140. 142,
and 144), or to or from B device on thc ground (e g., a user
cquipmcnt (UE) such Bs a mobile dcvicc 112, a base station
114, mid the like, collectively referred to herein as a "ground
receiver"). One example of wireless communications
received from or transmitted to another appamltus is a
message indicating the apparatus*s current and phmuied
behavior such as its path. altitude. velocity. maneuvers, and
thc like, gcncrally'l'll:Irt:it to herein Bs II nlallcuvcnng
sdfctv nlcssdgc. An cxttnlplc Ul B nutncuvcnng saictv
messa e is a UAV-to-lberything Detect and Avoid (U2X-
DAA) message Other examples of lvireless conmtunica-
tions to or from another apparatus include data messlges
such as camera or other sensor infomlation. maneuvering
messa es such as swarm behavior messages. and other
suitable apparatus-to-apparatus (e.g., UAV-to-UAV) com-
mutucations. One cxtunple of wireless communications
received fmm or transmitted to a gmund receiver is a
messlge including identity infornlation and/or location
infornlation of the apparatus (referred to herein as an "iden-
tification message"). In some aspects. an identification mes-
sage may be used by autonlated or semi-automated air tmflic
control svstcills, govcrnnlcllull Bgctu:lcs silch ds htw
enl'Urcemcnt, and the like. An cxamplc ol'n idcntilication
messa e is a U2X-ID message. Maneuvering safety ines-
sages and identification messl es typically are subject to
different requirenlents tilr latency, range of transmission,
rate of generation and transmission (e.g.. to update infor-
mation in a message), and are intended for different receiv-
ing dcviccs. In some unplemmltauons and aspects, thc
apparatus 140. 142, 144 may bc conligurixl to tcdnsnut thc
maneuvering safety nlessage or the identificatiicn message
over a sidelink communication link.

[l)067] In sonic aspects. the apparatus (eg, 140, which
may be a UAV) may include the wireless comnlunication
manager 101. In various aspects. the wireless communica-
tion manager 101 may be conti ured to perform operations
for 111BIldglng thC tlttnSIIIISSII111 Of lllallCUVCnllg SBfCIV BICS-

sages Ur idcntilicauon messages as descnbcd herein, such as
described with rclbrcnce to FIGS. 3A, 3B, 3E, 4A. 4B, and
5 Ifl vatlous 'Ispccts, tl'Ic wlrclcss collutlUnlcatlon Inanagct't)I

nlay be configured to Obtain an altitude of the apparatus
In various aspect~, the wireless conununication manager 101
may be configured to send a messa e using beamiilrmed
transmissions in rcsponsc io thc altitude of tlm apparatus
mccting an altitude tlucshold. In various aspects, thc w irc-
lcss commurucation numdger 101 may bc conligurcd to scud
the message using, omnidirectional transmissions in
response to the altitude of the apparatus failing to meet the
altitude tlueshold.

[0068] In various implenlentations and aspects. an appa-
ratus (e.g., 140. 142, 144, which may be a UAV) may be
conligurcxl to conligurc dnd transmit a message as omnuli-
rccnonill translllisslolls Ur bcanlfotnlcd tlttnsullssions bascx!
Un venous lactors, including d type of mcssagc to bc scut. d

direction of transnlission, an altitude of the apparatus. beam
width, nndti subframe allocation. and beam sweep ln this
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manner„ the apparatus may confi ure a transmission at a
physical (PI IY) layer based on the various factors

]0069] In some implementations and aspects. the appam-
tUS nldV St:lid d lllcsSBgc USlllg Clthcl iinlllldlICC1101181 tlalls-
nussions (c.g., 131) or bcamformed transnnssion (e.g, 130)
based on ivhether the altitude of the apparatus meets an
altinide threshold. Iior exanlple, the altitude 152 of the
apparatus (e.g . UAV) 14t) (i.e, above the ground 154) meets
(e, is greater than. or is greater than or equal to) an altitude
tlueshold 150. As another example, the altitude 156 of the
apparatus (e.g.. UAV) 142 I'ails to meet (docs not meet) thc
dlhtudc tlueshold 150. In some unplementations and
aspects, the apparatus 14tl, 142, 144 inay obtain its altitude
fmm various sources, for example from an altitude sensor
aboard the apparatus, such as barometer infilrmation, from a

lobal navigation satellite system receiver. such altitude
derived from tluee-dimensional global coordinates. In soine
implmncntations and aspects, the apparatus 140. 142, 144
may obtain its altitude from a network element that provides
the altitude of the apparatus, for example„via a comniuni-
cation link 122 with a base station 110, which may be an
element of a conlmunication nehvork (e.g, cimimunications
system 110a).

]0070] In some implementations and aspects. the appam-
tus 140. 142, 144 may dcternunc thc altitude tlucslxlld
dynamically. For example, thc apparatus 140, 142, 144 may
detemtine a type of a message to be transmitted (e g, a
nlaneuveriag safety message or an identification message)
and may select the altitude threshold based on the deter-
mined message type. For example. in response to determin-
ing that message is of a type for reception by a ground
rimetvcr 112, 114 (c.g., an ulenhfication mcssa e), the appa-
ratus may 140, 142, 144 select the altiuide tlucshold 150. As
another exanlple, in response to deterinining that the mes-
sage is for reception by other apparatuses. the apparatus may
140. 142. 144 select an altitude threshold that is very low. or
zero. In some implementations and aspects, the apparatus
may configure or select the altitude tlueshold using 8 setting
or parameter. which may be rcfcrrcdf to filr example. as a
'*Bcamfohning HmghtTlucshold" parameter or another
suitable parameter

]fit)71] In some iniplenlentations and aspects. the appara-
tus mayselect the altitude threshold based on capabilities of
various devices of the apparatus and/or environmenml con-
ditions. For cxamplc, the apparatus may select thc altitude
tlucshold bascxf on a transmit power capability of a trmlsmit
cluim or a radio module of the dpparahis. As another
example, the apparatus may select the altitude threshold
based on a stored poiver level in a battery or power module
of the apparatus. As another example, the apparmis may
select the altitude threshold based on beamformin capa-
bdities of' transmission device of thc apparalus. In some
ImplClllelltatlollS Btld BspcCIS, tile Bppara/US UIBV IICICIlulnC

lcvcl or mi amount ol'adio frcxfucncy tntcrfi:rcnce proxi-
mate to the appanstus. and may select the altitude threshold
based on the level or anlount of radio frequency interference.
In some implementations and aspects. the apparatus may
determine a level or an amount of conuuunication link
congesiion or network congestion, dnd may select thc alti-
tude threshold based on thc level or amount of conumuu-
cdhon link congcshon or network congestion. Thc apparalus
nlay also detehnine other factors and consider such factors
in seiectin the altitude threshold

]0072] In some implementations and aspects. the appara-
tUS UIBV SCIld d IUCSSdgC USlllg ClthCI Olnludllcctlonal tldllS-
nusstons (c.g., 131) or bcittnfornuxf trmlsmission (e.g.. 130)
based on whether the messa e includes a message tilr
reception by a first type of other (second) appamtuses (e.g,
other UAVs) or a message for reception by a second type of
other (second) apparatuses (e.g.. a ground receiver). For
example. the apparatus 142 may send the message using
onuudtrccttonal transmission 131 in response to dctcmiitung
that thc mcssagc is Ihr reception by a lirst type of other
apparatuses. As another example, the apparatus 144 inay
send the message usin onuiidirectional transmissions 131

in response to determining that the messa e is for reception
by a second type of other apparatuses In some implemen-
tations and aspects, the apparatus 144 may send the message
using thc message usulg onuudirectional transnusston 131
even though the apparatus 144 mccts thc alutude tlucshold
151)

]0073] As another example. the apparatus 140 may send
the messa e usin beamfomled transmissions 130 based on
the mcssagc being Ihr recc7ttion by the sixond type of
second apparatus (e.g.. to 8 ground rccetvcr 112 or io 8

ground rcceivcr 114). In some unplemcntahons and aspects,
the apparatus 14(l nlay send the message using beamformed
transmissions 130 in directional beams (e g, 130a. 130/t,
130. Bnd 130I/) aimed in at least two difi'creat direction~. In
some nnplementations and aspects. the apparatus 140 may
transmit thc directional beams from thc appamtus ui lilur
quadrants, or in morc directions from thc apparatus.
]tg)74] In sonic implementations and aspects, the appam-
tus may transmit the directional beams (e.g., aimed,
directed) in at least hvo difi'erent directions v ithin a latency
constraint of the message. For example, an identitication
lllCSSdgC BIBV havC d ldtCBC)'ixllill'CIIICllt Ol ltiillSIUISSIOB

OUCC pCI SCCti lid. Ill this CxdlllplC, thC tip pit ratU 9 Illdv'liillSInll
all of the directional bemus (e.g.. I3ttit-l30I/) within the
latency requirement (e g. I second) In some inlplementa-
tions and aspects. the apparanis may allocate communica-
tion link resources over multiple time slots and/or nhdtiple
subfrmnes to transmit the directional beams. In some imple-
tllcnlatlons Bllil dspccna thc Bppardhls mBy BllocBtc IIC-

qucncy resources mid subfbamcs as part of 8 Semi-Persistent
Scheduling (SPS) process In some implementations and
aspects, the apparatus may utilize an SPS parameter (which
may be referred to as a yMultigubfmmeAllocatton" param-
eter) that indicates that the apparatus should allocate fhe-

quency resources. and an SPS pammeter (which may be
rcficrrcd to as a "NumSublbamc BcamSweep" parameter)
that Indicates a number of subfhuncs in which the apparatus
should allocate frequency resources. In some inlplementa-
tions and aspects, the apparatus may configure the sub-
frames close enougfi in time to comply with a latency
requirement of a message or signal. In some implementa-
tions and aspects, the apparatus specify parameters for the
type of message to bc scut,;m idcntilicahon ol Ihc direction
(s) ol'camformed signals and/or thc number of bcam-
formed transmissions to be send. and a beanl width of each
beaniformed transnlission.

]0075] In some implementations and aspects. the appara-
tus may uiclude ul bcamfomtcsl transmissions a bciun iden-
tifier that ts configurixl to enable a reccivcr device (e.g., the
ground reccivcr 112, 114) to obtain thc beam tdcntdicr of'the
direction beam used to transnlit the beamfilrnled transmis-
sions ln some inlplementations and aspects. the receiver
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device may use the beam identilier to send a signal back to
the apparatus. e g, by a bean&formed transmission, request-
ing retransmission of a message or packet (e.g.. in lhe event
that the race&vcr dcv&cc was unable to properly d&mode a
message or packet rccc&vcd I'rom the Bpparalus). In some
Implcnu:alai&ous Bnd aspects. Ihc rccc&vcr dcv&cc nlav
include the beam ident&fier in the retmnsmission request. In
son&e implementat&ons and aspects. the apparatus may
receive the retransmission request from the receiver device,
and n&ay retransm&t the message using beamfom&ed lmns-
nussions assoc&B&cxt w&th thc beam idemilier. In llus miumcr,
thc apparatus may cllicienlly retransmit lhe message only &n

thc d&rccuon oi'he rcqucstu&g receiver devwc, witlx&ut
retransn&itting other bean&fi&rmed transmission& in other
directions I'urlher, the apparatus may dyne&nicallv deter-
mine &vhether to retransmit a message or signal based on the
appamstus's altitude. wh&ch may change from time to time. In
some implementations and aspects. the apparanis may
rime&vc a retransm&ss&on rcqucsl Ibom lhc race&vcr dev&cc,
Bnd nuiy relransm&1 the mcssagc us&ng om&udirecl&onal lrans-
missions when the altitude of the appanstus does not meet
the altitude threshold In some implementations and aspects,
the apparatus may retmsnsmit the messa e using beam-
fonned transmissions when the altitude of the apparatus
meets the altitude threshold.

[00'76] FIG. IC is a component block diagr&un illustrating
example components of an apparatus 100c (which may be,
fi&r example, a IIA&i) suitable for implementing various
implementations and aspects. With reference to I&I(IS.

IA-IC, the apparatus 100c (e, a UA&/) may include a
nun&ber of rotors 170a. a frame 170/&, and Landing colunu&s
170c or studs. Thc Iymne 170b may prov&dc structural
support for lhc motors associated with the rotors 170a. The
landu&g colunms 170c may support thc max&mum load
wei ht for lhe combinat&on of the components of the appa-
ratus 100i and, m some cases, a payload l&or ease of
description and illustration. some detailed aspects of the
appamstus 100c are omitted such as wiring. frame strucnue
inlerconnccls, or other fi:Blurcs thai wouki be known to onc
of sk&ll &n thc arl For cxamplc, wlulc thc appamtus 100c &s

shown and descnbed as having a Iramc 1706 1&ai&n a
number oi support men&hers or frame structures, the appa-
ratus 100i may be constructed using a molded fran&e in
which suppo&t is obtained throu/& the molded stnicture.
While the illustrated apparatus 100c has four rotors 170a,
tins &s merely cxmnplary and venous unplcmenlalions and
aspects may u&cludc more or fcwcr than fi&ur rotors 170a.

[0077] 1 he apparatus 100& may further include a contml
unit 172a that may house venous circuits and devices used
to po&ver and control the operation of the apparatus 100c.
The control unit 172a may include a processor 174a. a
power module 176. sensors 180, one or more cameras 178,
an output module 172b, an input module 172c, and a rad&o

module 172d.

[0078] 1 he processor 174a may be configured with pro-
cessor-executable instructions to control travel and other
operations of the apparatus 100c, including operations of
various implementations and aspects. The processor 174a
may include or be coupled to a nav&gat&on u&ul 174b. a
memory 174c, a gyro/accclerometcr u&ut 174d. and an
av&orucs module 174c. The processor 174a &md/or the nav&-

ation unit 174/& may be configured to co&umunicate w&th a
sewer thmugh a wireless connection (e g,„a cellular data

network) to receive data useful in navigation. provide real-
&One pos&non reports, iind iisscss iIB&B.

[0079] The av&omcs module 174e may bc coupled lo lhc
processor 174a and/or the navigauon unit 174/&, and nmy be
cm&figured to pmvide travel control-related information
such as altitude, attitude. airspeed, heading, and similar
information that the navigation unit 1746 may use for
navigat&on purposes, such as dead reel oning between
Global Nav&gat&on Salcll&tc System (GNSS) posit&on
updates. The gyro/accclcromeler un&1 174d may include an
Bccclcl on&etc&, II gyroscope, iu»ncrl&Bl scuso&: 0& othe&

sin&ilar sensors The avionics n&odule 174c n&ay include or
rece&ve data from the Byro,'accelerometer unit 174&/ that
provides data regarding the orientation and accelerations of
the apparatus 100c that may be used in navigation and
pos&lioning calculations, as well as proviihng data used in
various implementations mui aspects for processing uuagcs.
[0080] The processor 174a may further rccc&vc addit&one 1

information fron& the sensors 180, such as an &mage sensor
or optical sensor (e g, . a sensor capable of sensing visible
light, mfrared. ultraviolet, ancgor other wavelengths of
light). The sensors 180 may also include a msdio frequency
(RF) sensor. a barometer, a ln&midity sensor, a sonar emitter/
dclimlor. a radar cminer/dclcctor. a m&crophonc or another
acoust&c sensor, a lidar sm&sor. a time-of-light (TOF) 1/D
camera, or m&other sensor that may provide information
usable by the processor 174&i for n&ovement openstions,
navigat&on and positionina calculations, and determining,
enviro&unental conditions. The sensors 180 may also include
one or more sensors conligured to detect temperatures
gcneratcd by onc or more components of the robot ic vcluclc,
such ils thcltnon&etc&a, lhcruusliirs, lhiunlocouph:s. pos&1&vc

temperature coetficient sensors, and other sensor compo-
nents.
[IN)81] 'li&e pc&ver module 176 may include one or more
batteries that may provide power to various components,
including the processor 174a, the sensors 180. the one or
more cameras 178. the output module 1720. the input
module 260, and lhc rad&o module 172d. In addiuon, thc
power module 176 may include energy storage components.
such as rechar cable batteries 'I he pmcessor 174a may be
configured with processor-executable instructions to contml
the charging of the po&ver module 176 (i.e.. the stora e of
harvested energy). such as by executing a charg&ng control
algontluu using a char e control circuit. Alternatively or
addit&onally. &hc power module 176 may bc coniigurcd lo
manage &ts own clanging. The processor 174a nuiy be
coupled to the output module 172/&, which may output
cm&trol signals for managing the motors that drive the rotors
170a and other components.
[0082] The apparatus 100c n&ay be controlled through
control of the individual nu&tora of the mtors 170a as the
apparatus 100c progresses toward a dcstu&at&on. Thc pro-
cessor 174a may recco c data from thc nav&gat&on un&t 174b
and usc such dale u& order lo de&ann&nc tlm present posit&on
and orientation of the apparatus 100c. as well as the appro-
priate course to&vards the destination or intenuediate sites In
various implementations and aspects, the navi ation unit
1746 may include a GNSS receiver system (e.g., one or
more global pos&t&oning system (GPS) rccmvcrs) cnablu&g
the apparatus 100c lo navigate us&n GNSS s&gnals. Alier-
nal&vcly or &n add&uon, the nav&gat&on un&t 174b may be
equipped with radio navigation receivers for rece&ving navi-
gation beacons or other sianals fmm radio nodes, such as
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navigation beacons (e, very hi h frequency (VHF) onmi-
d&rccuonal rdn c (VOR) beacons), W&-Fi access points,
ctllular network s&tcs, radio stat&on, remote computing
devices. other robotic vehicles, etc
[0083] The rmlio module 172d mdy bc conligurcd to
rime&vc navigat&ou s&gnals, such as signals from aviation
navigation facilities. etc . and provide such signals to the
pmcessnr 174a and/or the navigation unit 1746 to ass&st in
robotic vehicle navigation. In various implementnrions and
aspects, the nav&gntion unit 174b may use signals rece&ved
from rccognizablc RF cm&t ters (e... AM/FM radio stanons,
Wi-Fi access pouikq and cellular ne&work base stat&ons) on
thc groUnd.
[0084] The nav&gat&on urut 174b may uiclude a plaruung
dpphcinnu& Ihdt &&lay'c&lor&1& cdlcUlauo&is Io plB&i B pink ol
Iravel li&r tlu: robot&c vch&cle witlun d volumetric space
("path planning,'*). In some implementations and aspects, the
planning application may perform path phsnning, using infor-
mation including informatinn about aspects of a task to be
perfbrnied by the mbotic vehicle, information aix&ut envi-
ronmental condiuons, an ammu&I ol hca& Ihat may bc gm&-

cra&ed by one or morc componcn&s ol'he robot&c vehicle &n

perfornung the task, as well as one or more Ihenual con-
straints.
[0085] The rad&o module 172d may include a modem 172C
and a transmit/rece&ve antenna 172f 'I'he radio module 172d
may be contigured to conduct wireless co&nmunications via
a variety of wireless con&munication devices (e 8,, a wireless
communication device (WCD) 190), examples of which
include a ivireless telephony base station or cell tow:er (e g.,
a base station 126), a network access point (e.g., an access
pout& 114). a beacon, a sma&(phone, a idblct, or another
compminn device w&th wh&ch the apparatus I IH&t may
comnnmicate The processor 174a &nay establish a bi-direc-
tional ivireless communication link 194 via the moden& 172e
and the antenna 172fof the radio module 172&/ and the (VCD
190 via a transmit/receive antenna 192. In some implemen-
tnuons nnd aspix&s. thc ratio module 172&/ may bc config-
ured io support multiple councclions with difii:real w&rclcss
communication devices using diiferent radio access tech-
nologies
[0086] In Venous implementations and aspcc&s, thc WCD
190 may be cnnnected to a server through intermediate
access points In an example, the W('D 190 may be a server
of a robotic vehicle operator. a third-party service (e g.,
package delivery. billing. etc.), or a site conuminicarion
access point. The apparatus 100c may communicate with a
scrvcr tluough one or morc in&cnncd&dtc commu&ucation
hnl s. sUcli i&s &I w&rclcss tclcplionv &10&wc&rk &liat &s ctu&ph'.8
to a wide area nenvork (e.g, the Internet) or other con&mu-
nication devices. In some unplementations and aspects, the
apparatus I UUc may include and employ other forms ofnsdio
communication. such as mesh connections with other
robotic velucies or connect&ons to other information sources
(e.g., balloons or other stat&ons for cullectu&g Bnd/or d&stub-
Unng v;cather or oth&Y dd&B hB&vc'sn&lg nlforu&Bio&i).

[0087] In various implementations and aspects. the conrrol
um& 172a may be cqu&ppcd w&th an inpu& module 172c,
wluch may bc uscsl for a variety of dpphcauons. For
example. the mput module 172& may receive images or data
fmm an onboard camera 178 or sensors 180, or mav receive
electronic sip&als fmm other components (e.g.. a payload).
[0088J Wh&le various components of the control unit )72&t

are illustrated as sepamste components. so&ne or all of the

components (e.g.. the processor 174a, the output module
1726, Ihc radio module 172d, and other un&ts) may be
iu&cgra&ed together ui a single dcv&cc or module, such as a
system-on-chip module.
[0089] FIG. 2 is B component block diagram &llustratuig Bn

cxiunplc computing nnd wireless modem sys&cm 200 su&I-

able for implementin various implementations and aspects
Various implementations and aspects n&ay be implemented
on a number of single processor and multiprocessor com-
puter systems. including n system-on-clap (SOC) or system
ui a package (SIP).
[0090] With reference to FIG)S 1/tt-2. the illustrated
example computin system 200 (ivhich may be a SIP in
some &mplcmcn&auons and aspects) includes a two SOCs
202, 204 coupled &0 a clocl 206, a voltugc rcgulaior 208, and
d w&relcss tra&&sec&vc& 266 co&lfigU&ixl Io scud dnd &ccc&vc

v ireless cnmnnuiications via an antenna (not shown)
to/fmm wireless devices, such as a base station 126 In so&ne

implementations and aspects. the first SOC 20Z may operate
as central processing unit (CPU) of the wireless device that
carncs out thc instruct&ous of sofiw arc app1&cd&&on pmgrams
by pcrfornung Ihc antluncnc. Iog&cul, control mid uipun'utput

(I,'0) opcrauons spcmilied by the u&strucnons. In some
iniplementations and aspects. &he second SO('04 may
opemste as a specialized processing unit I'or example, the
second SOC 204 may operate as a specialized 5CI processing
unit responsible for managing high volume, hip& speed
(such as 5 Gbps. c&c.). or very h&gh I'rcqucncy shor& wave
length (such as 28 GHz millimctcr wave (nunWave) spcc-
t&uu&. ctc.) ctuu&1&UU&cdt&ons.

[0091] The first SOC 202 may include a d&gital s&gnal
processor (DSP) 210, a modem processor 212, a graphics
pmcessor 214, an application pn&cessor 216, one or more
coprocessors 218 (such as vector co-processor) connected to
one or more of the pmcessors. memory 220, custom cir-
cu&try 22Z. system components and resources 224, an inter-
connect&on/bus module 226, one or more temperature sen-
sors 230, a thermal mdni&gt:&i&cn& un&t 232. Bnd d tile&1&&dl

power cnvelopc (TPE) componen& 234 Thc second SOC
2U4 may include a 5G modem processor 252, a power
management unit 254, an interconnection/bus module 262 a
plunslity nf mmWave transceivers 256, memory 238. and
various additional processors 260. such ns an applications
processor. packet processor, etc.
[0092] Each processor 210. 212, 214„ 216. 218. 252. 260
may include one or morc cores. and cue h processor/core may
pcrfbnn opcrat&ons u&dcpcndcn& of thc other processors,'ores.

I&or example, the first SO('U2 may include a
pmcessor that executes a first type of opemsting system (such
as FreeBSD. LINUX, nincOS, etc.) and a processor that
executes a second type of operat&ng system (such as
Microsoft Windovvs). In addition, any or all of the proces-
sors 210, 212, 214, 216. 218. 252, 260 may be uicludcd as
part of B prttccsso& clUS&c& drcll&tt:c&u&c (such Bs &I svnchro-
nous processor cluster architecture, an asynchronous or
heterogeneous prncessor cluster architecture, etc )

[UU93J the lirst and second SO('02, 204 may include
various system components, resources and custom circuitry
for mana ing sensor data, analog-to-dig&tal conversions,
w&rclcss dt&t&I nd&lani&ss&tu&s. dnd for pc&lor&lung 0&lier spt:-
cializcd opcrat&ons, such ds decod&ng data packc&s and
processing encoded aud&o nnd v&dco s&gnals for rcndcring in
a web browser For exaniple, the systen& components and
resources 224 nf the firrt SO('02 may include power
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amplifiers, voltage re ulators, oscillators, phase-locked
loops, pcnphcral bndgcs, dale conirollers, memory control-
lers, system controllers, access pons, tuuers, and other
similar components used to support the processors and
software clients nulning on a wireless device. 'I'he systeni
coniponents and resources 224 or custom circuitry 222 also
may include circuitry to interface with peripheral devices,
such as cameras. electronic displays. wireless conmiunicu-
non devices, external memory clups, ctc.
[0094] The first and second SO('02. 204 may conunu-
iucate via uitcrcouncction/bus module 250. The venous
processors 210, 212, 214. 216, 218, may be uiterconuectcd
to one or more memory clcments 220, system components
and resources 224, and custoin circuitry 222„and a themis)
nlanagement unit 232 via an interconnectionibus module
226. Similarly. the processor 252 muy be interconnected to
the power niunugement unit 254, the nunWave tmnsceivers
256, memory 258„and various additional processors 260 via
Ihe uilerconnection/bus module 262. The inlerconnccllon/
bus module 226, 250, 262 may include mi array ol'econ-
fi umsble logic gates or implement a bus architecture (such
as CoreConnect, AMI)A, etc ). Communications may be
provided by advanced interconnects, such as high-perfor-
mance Be)vs orks-on chip (NoCs).
[00951 'the first or second SO('s 202, 204 may further
include an input/output module (not illustrated) for conunu-
nicuting with resources external to the SOC. such as u clock
206 mid a voltage regulator 208. Resources external to thc
SOC (such as clock 206, voltage regulator 208) may bc
slmrcd by two or morc ol'he uitcrnal SOC processors/cores.
[0096] In addition to theexamplc compuluig system 200
discussed above. some implcmenuitlons and aspects may be
implemented in a wide variety of computing systems. which
nlay include a single processor. nnlltiple processors. multi-
core processors, or any combination thereof
[0097] I'l(i. 3A Illustmstes a block diagram 30I)u of a
device 302 that supports managing a broadcast signal
according to various aspects. With reference to FRIS. 1-3A,
the device 302 is an example of aspects of an apparatus 140,
142. 144 (e g.. a I/AV). Device 302 may include a receiver
304. a wireless conmiurucdnon mana cr 306, and a trans-
nnltcr 308.
[00981 The receiver 304 may receive information. such as
peel ius, control information, etc., assoctatcxI with RF com-
munications. Thc rcceivcr 304 may bean example ol aspects
of msdio module )721/, or transceiver 256 or 266 'the
transmitter 3U8 may send infounation. such as packets,
control information, etc., associated lvith RF conununicu-
tions. The transmitter 308 may be an example of aspects of
radio module 172d. or tmsnsceiver 256 or 266.
[0099] The wireless conununication mans er 306 may be
an example of aspects of wireless communication manager
101 dnd processor 174a. The wirelcss conununication man-
ager 306 may obtmn ml altitude of thc appamtus, imd send

message usin bmmfoltncx) trausmissions m response to
the altitude of the apparatus meeting, an altitude threshold.
'I'he ivireless communication manager 306 may send the
message using onuiidirectional transmissioos in response to
the altitude of the apparatus failing to meet the altitude
dtlcshold. Thc wirclcss conmiurucanon mamiger 306 may
obtaui the altitude of thc apparatus from one or more of an
alutudc sensor, apparatus barometer information, a lobe)
navigation satellite system receiver, or a netv ork elenient
that prm ides the altitude of the apparatus (e g, )72I/, 172f,

1746, 174d. 174e, 178, 180). The wireless conumulication
manager 306 nuiy detcnninc a type of thc message, and
select lhc altitude threshold based ou thc dctcrnuncx) lypc ol
thc fncssagc
[0100] Thc wirclcss commuiucation manager 306 may
dclcrnunc whclhcr Ihc message Includes a mcsxdge lor
reception by a first type of second apparatus or a message filr
reception by a second t)pe of second apparatus. and send the
message using beamfomled transmission in response to
detennuiing that the message is fiir reception by the second
type of second apparatus and tlm altitude meets thc altitude
tlueshold. The wireless conunumcution mmiager 306 may
scud iuld/ol Iccclvc B Inilnciivc1111g safct)'cssiigc ilnd/ol Bn

identification message.
[0101] Thc wirclcss commuiucation manager 306 may
sclld thc Illcssagc using bcilnlfoiluix) Irilnsuusslolls 111 ihrcc-
tional beains in at least tlvo di(Terent directions. 'I'he wireless
communication manager 31)6 may send the message using,
beamformed transmissions in directional beams in at least
two difi'erent directions within a latency constraint of the
message. Thc wirclcss commuiucution manager 306 may
amid thc message using bcaml'onncd transmlsslons ln direc-
tional beams ui at least two dl)Terent diriwuons via a sidcluik
cmnnlunication liilk )he ivireless comiliuilication nianager
306 may include in bemnformed transmissions a beam
identifier that enables a receiver device to obtain the bemn
identifier of a directional beam used to tmsnsmit a received
bciunliirmixl traiwmission.
[0102] The lvireless comnnmicution manager 306 muy
receive from a second apparatus a retransmisston request
iucludulg the bcmn Idenniicr of thc rcccived bmmfoltucx)
transmission, and reu mlsmit the message using beamfonned
transmissions associated ivith the beam identifier 'I'he wire-
less comnninication manager 306 may receive from a
receiver device a retmnsmission request, and retmsnsmit the
messa e using onuiidirectionai transmissions when the alti-
tude of the apparatus fails to meet the altitude threshold. The
wireless conunumcanon manager 306 may rctransnui thc
mcssagc using bcimfibnned transnn salons when thc a lbtu dc
of the apparatus meets the altitude tlrreshold
[0103] FIG. 3B Illustrates a block diagram 300b ol a
dcvicc 310 that supports mmlaging u broadcast signal
according to various aspects. With reference to I'l(ig 1-3)3,
device 3 IU may be an example of aspects of an appamstus
140, 142, 144 (e.g. OAV). Device 310 may include a
receiver 312, a wireless conununication manager 314, und a
transmitter 316. Device 310 may also include a processor.
Each of Ihc components ol'es ice 310 may bc ui commu-
nication with onc imolhcr such as via oue or morc buses or
other suitable connections.
[0104] The rccelvcr 312 may rixmvc information, such as
packets, control inl'ormalion, clc., associated with RF com-
nninications I'he receiver 312 may be an example ofaspects
of radio module )72I/, or transceiver 256 or 266 The
transmitter 316 may send information. such as packets,
control information, etc.. associated with RF communica-
tions. The transmitter 316 may be an example of aspects of
radio module 172d, or transceiver 256 or 266.
[0105] The v,ireless conununicution manager 314 may be
dn cxBlnplc of dspccls of wlrclcss couuuunlcBllon nlallagcl
101. 112a, 114a, and processor 174a. Thc wireless commu-
nication manager 314 also may include au altitude compo-
nent 318, a beanlfonned transmission component 320, an
oninidirectional transmission component 322, a message
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type component 324. an altitude threshold component 326,
an apparatus type component 328. Bnd a retransmission
component 330 Each of thecomponents ol'hc wireless
collltlnintc'ltlon tnanagct'14 nlav bc Itl cotnnlunication v Ith
one another (e.g . via one or more buses 332 or other suitable
connections).
[0106] The altitude obtaining component 318 may obtain
an altitude of the apparatus, such as from one or more of an
dluiudc sensor, apparatus barometer mfilmuttton, a global
ntlvlgduon wltclhit: svsicnl rccc'Iver, ttr a nt:Iwork clean:nl
thai provides thc altitude ol'hc apparatus. The bcmnformed
tnansmission conlponent 320 Inay send a message using
beamformed transmisstons in response to the altitude of the
apparatus meeting an altitude threshold. The beamformed
transmission component 320 may send the messa e using
betunfornuxl Irmlsmlssion In rcsponsc Io dclcrnnnmg Illai
thc message Is for rcccptlon by thc second type of second
apparalus and Ihc altuude mccis Ihe ahiludc Ilueshokb The
beamformed transnusston component 320 may send the
nlessage using beanlformed transmissions in directional
beams in at least two dlfierent directions. The beamformed
trattsmission component 320 may send the message using
bcamfonucdI Iransmtsstotts ul dirimuonal beams In at least
Iwo ihficrcnl ihrt:ctlons wuhnl II hlicncv consIIillnl ol thc
message. Thc bcamformed transmission component 320
tn'I)'end the message using beamformed transmissions in
directional beams In at least two different directions via a
sidelink conununication link. The beamfonned transmission
component 320 may Include in beamformed transmissions a
betun idmltifier that cnablcs a receiver device to obtain the
betun idenulier of a directional beam used to transmit a
rcmctved bcaml'onncd trmlsmission. Thc omludirecttollal
transmission component 322 may send the message usittg
omnidirectional transnussions in response to the altitude of
the apparatus failin to meet the altitude threshold.
[0107] The message type component 324 may detenmne a
type of the message. such as a maneuvering safety message,
dn identilicdiion message, aud/or another type of message.
Thc message type component 324 may delcrnunc whether
the messa e includes a message for reception by a first type
of second appamtus or a message for reception bv a second
type of second appal ltus 1 hc tncss;lgc type colnpotlcnt 324
may determine that the message for reception by the first
type of second apparatus is a maneuvering safety message
dnd/or Ihc nit:ssBgt: Ior Icccpnon bv thc scconti tvpt: of
second apparatus ts Bn Idcuufication message. The alniude
tlucshold componmu 326 may sclcct Ihc alututlc Ilucslxtld
based on the determined type of the message
[0108J 'the retransnussion component 330 may receive
from a second apparatus a retransmission request. The
retransmission component 330 may receive from a second
appamtus a retransmission request including the beam iden-
ulicr of ihe reccivcd bcamfiirmcd tcdnsnusston. Tllc bctun-
formtxi transmission component 320 may rctrmlsnut thc
message using beanlfbuned transmissions associated v ith
the beanl identifier. 'I he bemnfonned transmission compo-
nent 320 may retransmit the message using beamformed
transmissions when the altitude of the appamtus meets the
altitude threshold. The omnidirectional transmission com-
ponent 322 may rctrattsmu the message usulg onumhrec-
tional transmissions when thc altitude of Ihc apparatus falls
to nleet the altitude threshold
[0100J I'l(i. 3('llustnates a block diagram 300c of a
device 350 that supports managing, a broadcast signal

according to various aspects. With reference to FICiS. 1-3C,
dcvicc 350 Is an cxamplc ol'aspects of an apparatus 112. 114
(e g., a gmund receiver). Device 350 may include a rccciver
352, a wireless communication manager 354, and a trans-
nutter 356
[0110] The receiver 352 may receive information, such as
packets, control inl'ormation, cic., associated with RF com-
munications. The reciivcr 352 Is an example of aspccis of
madio mndule 172d, or trmlsceiver 256 or 266. The trans-
nutter 356 tnay send infonuation, such as packets, contml
information, etc.. associated with RF conununications. The
transmitter 356 may be an example of aspects of radio
module 172d. or transceiver 256 or 266.
[0111J I'he v,ireless communication manager 354 is an
exanlple of aspects of wireless communication manager
112a md 114a. The wireless conmuuucatlon manager 354
may receive beamfonned transmissions fmm a second appa-
ratus. obtain a beam identifier of a directional beam of
bctunlitrmixl transmisstons in response to unsuccessfully
dtmoding the message. Bnd transmit to thc second a rcirans-
nussion request in beamformed transmissions using the
obtained hearn identifier
[0112] FIG. 3D illustrates a block diagram 300d ol a
device 360 that supports managing a broadcast sigttaf
according to various aspects With reference to III(ig 1-3I),
device 302 is an example ofaspects of an apparatus 112, 114
(e ., a ground receiver). Device 360 may include a receiver
362, a wirclcss commumcation manugcr 364, mid a trans-
mitter 366. Device 360 may also include a processor. Each
of thc components ol'cvicc 360 may bc In commutucation
v ith one another (e.u, via one or more buses or other
suitable connectinns)
[0113] 'I'he receiver 362 nlay receive information, such as
packets, control information, etc.. associated with Ri'om-
nninications I'he receiver 362 may be an example ofaspects
of mdio module 172d, or transceiver 256 or 266. The
transmitter 366 may send information. such as packets,
control inl'ormation, ctc.. associated with RF communica-
tions. Thc Iransnuttcr 366 is ml example of aspects ol'radio
module 172d, or trmlsceiver 256 or 266
[0114] Thc wlrclcss conuntnucatlon BIBBBgcr 364 ls Bn

cxtunplc ol Itspccts of v;ltt:lt'ss I:onununnxlnon nlanagcl
I I2tt, 1140. Thc lvtt'class comnltuuc;ltlon tnan;lgcf 364;llso
may include beamformed transnussions conlponent 366. a
beanl Identifier 368, and a retransmisston conlponent 370
Each of the components of the wireless communication
manager 364 may be in conumulicatlon with one another
(c g., via onc or more buses 372 or other suitable connec-
tions).
[0115] The beamformed transmission component 366 may
recctvc beamformcd uansnussions I'rom B second apparatus
(e g., a UAV 140. 142. 144). Thc beam Identdicr component
368 may obtain a beam identifier of a directional beam of
beanlformed tnansmissions in response to unsuccessfully
decoding the message. The retransmission component may
transmit to the second a retransmlssion request in beam-
formed transmissions using the obtained beam Identifier.
[0116] FI(i. 3E illustrates example opemtlons of a process
flow 300c that supports that supports managing a broadcast
slgntll Bccolthng Io vallous nnplt:nlcnidnons Bnd Bspccls.
Wuh refcrcncc to FIGS. IA-3E, process fiow 300e includes
a first apparatus 374 (e.g.. UAI/ 140), a first type ol almond
apparatus 376 (e g., UAV 104, 106). and a second type of
second apparatus 378 (e.u, ground receiver 112, 114)
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[0117] At 380. the appamtus 374 (e.g.. a I JAV) optionally
may detcnnine a type ol'cswagc io be sm&t from the
apparatus. For cxumple, thc apparatus may dcicmune il&ai

the message to be sent is a maneuvering safety message or
an identitication n&essage At 382, the apparatus 374 option-
ally may deternune v hether the messa e is for reception by
the first type of second apparatus 376 or the second type of
appamstus 378. In some implementations and aspects. the
apparatus 374 may send thc massa c usu&g Om&udireciional
usus&uission 382a &n rcsponsc io dc&em&i&ung il&ai the mes-
sage is for reception by the first type of second apparatus
376
[0118] At 384, thc apparatus 374 (c.g., a UAV) may select
an altitude threshold. In some implementations and aspects,
the apparatus 374 niay select the altitude threshold based on
the determined type of the message. In some impiementa-
thu&s and aspects. the apparatus 374 may select an altitude
tlueshold in response to determining that the message &s

in&cndcxl for the lirst t)pc ol'econd appamius 376.
[0119] At 386„ the appamstus 374 (e.g., a UAV) may obtain
an altitude ol thc apparatus. In venous unplemm&is&iona and
aspects, ihe appuraius 374 may obtmn Ihe altitude lbom Oue
or 11&orc of II vB&lci)'f sou&ccs. such as lliuu Bl& &Ill&i&&dc

sensor. apparatus barometer information, a global navigation
satellite system receiver, a network element that provides the
altinide of the apparatus. or another suitable source.
[t)120] Jhe apparatus 374 (e.g. a UAV) may send the
message using onmid&rect&onal tmu&smissions 39))a in
response to the alt&tude of the apparatus failing to meet the
altitude threshold (e g.. the altitude of the apparatus is less
than ihc alt&tudc tlucshold) Thc apparatus may send the
message using beamformcd iransnuss&ons 3906 m response
to the altitude of the apparatus meeting the altitude threshold
(e B., the alt&tude of the apparatus is greater than or equal to
the threshold) In some unplementations and aspects, the
appamstus 374 may send the message using beamformed
transmissions in response to the messa e bei»g for reception
by iilc six'01&d i)'pc of scen&ld Bppa&Bins alai ihc &Iiiiiudc
Iuccill&g ihc Bit&i&&dc ihrcshokl.
[0121] In some iu&plea&cata&&ons and aspects, thc appara-
tus 374 (e.g, a UAV) may send the message using. bean&-

formed transmissions 3906 in directional beams in at least
nvo diff'erent directions. In some implementations and
aspects, the appamstus 374 may send the message using
beamfonned transmissions 3906 in directional beams in at
least iwo d&lli:rm&i d&rect&ous withu& a laiencv consirmnt of
thc message. In some unplemcntaiions and aspects, the
apparatus 374 may send the message using beamfonned
transmissions 391)b m directional beams in at least two
diff'erent d&rections via a sidelink communication link. In
some in&plementations and aspects. the apparatus 374 (e
a IJAV) may include in beamii&rmed transmissions 3906 a
beam Identdicr that coables B rcce&vcr dev&cc such as the lira&

type of second apparatus 376 (c.g., a I JAV) and/Or thc
second type of second apparatus 378 (e g, a ground
receiver) to obtain the beam identifier of a directional beans
used to transmit the received beamfonned transmission
[0122] At 392, the second type of second apparatus 378
(e.g.. a ground receiver) may obtain the beam identiher of
thc dirccuonal beam ol'hc bcamformed trm&snuss&on 390b
in response to unsuccessl'ully diuodu& ihe message. At 394,
thc second type of second apparatus 378 may irm&snut io the
first appamtus 374 (e.g . a IJAV) a retransinission request
394 In some &mplen&entations and aspects, the second type

of second apparanis 378 may transmit the retmsnsmission
request 394 in a bc;m&formed irausmiss&on us&ng ihe
Obtau&cd beam iden&ilier.

[0123] Ai 395, ihc apparatus 374 (e.g., a UAV) may
rciransnut thc message us&ng the bcamformed triuwm&ss&on
395 associated w&ih Ihc bcmn Blent&lier (e.g., u& response to
receiving the retransmission request 394). In some imple-
mentations and aspects, ihe apparatus 374 optionally &nay

retransmit the messa e using the beamformed tmsnsmission
395 without re-detemiining the altitude of the apparatus 374.
[t)124] At 396, the apparatus 374 (e 8, a I JAV) optionally
may detemiine whether the altitude of the apparatus 374
meets the altitude tlueshold (e g.. in response to receiving
thc rciransnussion rcqucsi 394). In th&s manner, ihc appa-
ratus 374 may account for a pose&ble chm&gc in the ali&tudc
of thc apparatus 374.
[0125] The apparatus 374 (c.g., a UAV) may retransmit ihe
message using onuudirecuonal transm&ss&ons 398a when ihe
altitude of the apparatus 374 fails to meet the altitude
threshold (e g, the aitin&de of the apparatus 374 is less than
the alt&tude threshold) Jhe apparatus 374 may send the
messa e usin beamfom&ed transmissions 3986 when the
altitude of the apparatus 374 meets the altitude threshold
(c g., ilm ali&rude of the apparatus 374 is greater than or equal
to thc illreshold).
[01Z6] FI&b 4A is a process fk&w dingus&u illustrating a
method 400a thai may bc perfonucd by a processor of an
appaI'i&i&&s (c.g., a UAV) for Iual&agll&g II broildcBB& slgl&al
according to various implementations and aspects. 3VJ&h

reference to FJ(ig I-4l). the operations of the method 400)&

may be performed by a processor (such as the processor 210,
212. 214. 216, 218, 252. 260, 274a) of an appamstus (such as
the apparatus 100c. 140, 142, 144„e.g.. a UAV).
[01Z7] In block 402. the processor may obtain an altitude
of the apparatu~. In some in&plementations and aspects, the
processor may Obis&n ihc aluiude of the upparaius from one
Or morc of m& altitude sm&sor. barometer information (wluch
may. Ibr example, enable the processor to &nfi:r thc alt&Jude
of the apparatus), a global navigation satellite system
receiver, or a network element that provides the altitude of
the apparatus (e.g.. via the base station 126). Means for
perfom&ing operations of block 404 may include the pro-
cessor Z10. 21Z, 214. 216, 218, 252„260 and 274&i, the
wirelcss transcc&vcr 266, thc rad&o module 172d, sensors
280, thc aviorucs module 274c. the w&rclcss commu&ucat&on
manager it)l. 3J)6, 314, mid ihe altitude obtaining compo-
iiclit 318.
[0128] In block 404. the processor may send B message
usiag beamfom&ed transmissions &n response to the altitude
of the apparatus meetinu an altitude threshold In some
implementations and aspects, the processor may send the
messa e using beamfi&rn&ed transmissions in response to
dcicrnuning il&at ihc mcssagc is for rcccpt&on by a ground
rccc&vcr and thc altitude meets the alt&tudc tlucshold. In
some unplemcniaiions Bnd aspects, the processor may scud
the beamti&rmed transmission in directional beams aimed in
at least two different directions (e.g.. the diiectional beams
130a-130d). In some implementations and aspects. the pro-
cessor may send the directional beams aimed in at least two
d&lfcrm&i d&rccnons within a latency cousirau&i ol thc mcs-
sagc. In some &mplcmcniauons and aspects, thc processor
may scud ihc d&rcciional beiuns a&mcd &n ai least iwo
ditferent directions via a sidehnk communication link. In
some implementations and aspects, the processor may
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include in the beamfonning transmission a beam identifier
conligured to enable a rcccrver dcvicc (e.g.. (hc apparatus
112, 114. such as a ground rccciver) to obtain thc beam
identifier of the directional beam (e g., 130a-)30tfi used to
transmit beamforlned trailsinissions Means for perfornliilg
the operations of block 404 include the processor 210. 212,
214, 216. 218, 252, 260 and 274a. the wireless transceiver
266, the ratio module 172d. the wireless conumtnication
manager 101. 306, 314, tmd thc betmtfonned transmission
component 320.
[0129] FI(h 4B w a process liow diagram tllustratut a
method 4006 that may bc pcrfonncd by a processor of an
apparatus (c.g., a UAV) for mand un a broadcast sigital
according to various implementations and aspects With
reference to I'I()S 1-4I3, the operations of the method 4006
may be performed by a processor (such as the processor 210,
212, 214. 216, 218, 252. 260, 274a) of an apparatus (such as
the apparatus 100c. 140. 142. 144. e.g.. a UAV).
[0130] In block 406. the processor may determine a type
of message to be sent from the apparatus. In some imple-
mentations and aspects. (he processor may dctenuute
whether the mes sage type is a message for reception by other
apparatuses or a message for rcccpuun by a ground receiver.
ln some implementations and aspects. the message firr
reception by other apparatuses may be a maneuvering safety
message and the message for reception by a pound receiver
may be an identification message. Means for performin the
operations ofblock 406 utclude (he processor 210. 212, 214,
216. 218, 252, 260 aud 274a, thc wireicss communication
manager 101, 306, 314. aud thc message type componmtt
324
[0131] In block 408, thc pmccssor may sclcct the altitude
threshold based on the deterntined type of the message I'r
example, the processor may select the altitude threshold
based on ivhether the message is of a type firr reception by
a ground receiver„or the messa e is of a type for reception
by other apparatuses. In some implementations and aspects,
the processor may sclcct the alutudc tlucshold based on onc
or morc additional factors. For example, (hc processor may
select the altitude threshold based on one or more nf a
transmit poiver capability of a transmit chain or a msdio
module (e.g, )72tfi of the apparatus, a stored power level in
a battery or power module of the appannts (e.g.. 276),
beamfonning capabilities of a transmission device of the
apparatus (e.g., 172d. 172/). a lcvcl or an muount of radio
frequency utterferencc proximate to the apparatus, mtd a
lt:it:I OI till BllloUttt Of CollllllUlltCB(tort lltrk CollgCS(toit Or
netivork congestion Means for pertorming the operations of
block 408 include the pmcessor 210, 212, 214. 216, 218,
252, 260 and 274a. the wireless transceiver 266. the radio
module 172d„ the antenna 172fi the power module 276, the
wireless commuiucation manager 101. 306, 314. imd thc
dlututlc tiueshold component 326.
[0132] In block 402„ the processor may obtain the altitude
ol'he apparatus as descnbed.
[0133] In determination block 410. the processor may
determine whether the altitude of the apparatus meets the
dlututlc tlueshold. Means lbr pcrfornun thc operations of
dcternnnatton block 410 utcludc the processor 210, 212,
214. 216, 218, 252. 260 and 274a. the wireless ci11(ullilru-
cation mana er 101, 306, 314. and the altitude threshold
component 326.
[0134J In response to determining that the apparatus alti-
tude meets the altitude threshold (i e . determination block

410="Yes"), the processor may send the message usin
bcamformcxt transmtssions in block 404 as dcscribcd.

[0135J In response to deterntining that the apparatus alti-
tude fails to meet (does not meet) the altitude threshold (i.e,
detennutation block 408="No"). the processor may send the
message using omnidirectional tmsnsmissions tn block 412.
Means lor pcrfornung thc operations ol'lock 412 include
the pmccssor 210, 212. 214, 216. 218, 252, 260, and 274a,
the wrrclcss transctiver 266. (hc wireless commurucatton
manager 10(, 306, 314. mtd the omnidirectional transmis-
sion component 322.

[0136] In biock 414, the processor may receive from a
sccotltl dppdrdttls (c.g., d react:lvnlg ilcvlci:) B ri:trartstttlsslott
request (c.g.. a non-dcknowltxlgmeut (NA( K) message). In
some implementations and aspects, the retransmission
request may include the beam identifier of the received
beamformed transmission. Means for performing the opera-
tions of block 414 include the processor 210, 212, 214, 216,
218. 25Z. 260, 274a, the msdio module 172t(, the wireless
conunutucation martagcr 101. 306, 314, aud thc rctransnus-
sion component 330.

[0137J In determination block 416, the processor may
determine vvhether the altitude of the apparatus meets the
altitude threshoid. Means for performing the operations of
dctcrnunation block 416 utclude the processor 210, 212.
214, 216, 218, 252, 260 and 274a, tlm wirclcss conununi-
cation manager 101, 306, 314, and the altitude threshold
component 326.

[0138] In rcsponsc to detcrmuung that the apparatus alti-
tude mccts thc altitude tlucshold (i e., dctcrmittatton block
416 Yes ). the processor may transiltit tile ntessnge using
bean(formed transmissions in block 418 In some imple-
mentations and aspects, to retransmit the message the pro-
cessor may perfomt one or more opemstions sunilar to those
dcscribcd above with respect to block 410 Means for
pcrfomung thc opcrauons of block 418 include thc proces-
sor 210, 212. 214, 216. 218. 252, 260 and 274a, thc wireless
transceiver Z66, the msdio module (72d, the wireless com-
munication manager 101, 306. 314, and the beamforrned
trmtsmission component 320.

[0139J In response to determinin that the apparatus alti-
tude does not nteet the altitude threshold (i e . determination
blocl 416="No"). the processor may retmsnsmit the message
using onutidirectional transmissions in block 420. In some
implementations and aspects. to retransmit the message the
processor Ittav pi:tfolttt 11nl: ol ttli1I'c opi:rB(lorts slllldal to
those dcscnbcd above with respect to block 412. Means for
perfornting the operations of block 420 include the proces-
sor 210, Z12, 214, 216. 218. 252, 260 and 274a, the ivireless
trmtsceiver 266. the radio module 172d, the wireless com-
munication manager 101, 306, 314„and the omnidirectional
trmtsmission component 320.

[0140J FI(i 5 is a process tloiv diagram illustrating open-
tions 500 that may be performed by a processor of an
apparatus (e.g., a UAV) as part of the methods 400a and
400h lirr managutg n broadcast signal according to various
implementations and aspects. With rcferencc to FIGS. 1-5,
the operations 500 may be performed by a processor (such
as the processor 210, 212, 214. 216. 218. 252, 260, 274a) of
an Bppamstus (such as the apparatus I (N)t, 140. 142, 144, e.g,,
a UAV).

[0141 J In block 406. the processor may determme a type
of a message to be sent front the appamstus as described.
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[0142] In determination blocl 502. the processor may
detcrmuie whether the message &s uitended fi&r recept&on by
a lirst type of second appamtus (e.g., UAV 142. 144) or a
second type of second apparatus (e.g, ground receiver 112,
114) Means for performing the operations of determination
block 502 include the processor 210. 212. 214. 216. 218,
252, 260 and 2740, the wireless communication manager
101, 306. 314. and the apparatus type component 328.
[0143J In response to determining that the message &s

intended ti&r the first type of second apparatus (i e . deter-
mination block 502="First Type" ) (e.g.. UAV 142. 144). the
processor may send the message using onuiidirectional
traiismissions in blocl 412 as described.
[0144J In response to determining that the message &s

intended ti&r the first type of second apparatus (i e . deter-
mination block 502="Second Type*') (e.g.. I&round rece&ver
112, 114). the processor may ~elect an altitude tlueshold in
block 504. In some implementations and aspect~. the pro-
ccsso& nu&v'h&an& thc Bltitudc of thc Bppa&atua fronl onc or
morc of mi alt&tudc sensor. B barometer u&fonna&&on (which
may. for example, enable the processor to infer the altitude
of the apparatus). a global navigation satellite systen&
receiver. or a network element that provides the altitude of
the appamstus (e.g. via the base station 126). Means for
perfi&rniing the operations of block 504 include the proces-
sor 210. 212, 214, 216, 218. 252, 260, and 2740. &hc w &rciess
transccivcr 266. thc rad&0 module 172d, sensors 280, the
avionics module 274C. the w&reless corn&nunication manager
101. 306. 314. and the altitude threshold component 326
[0145] In blocks 402, 404, and 410-420, ihc processor
may pcrfomi thc opera&&ons of corresponduig blocks of the
methods 4000 and 400(& as dcscnbcib
[0146] FIG. 6 is a process fiow dia ram illustmting a
method 600 that may be performed by a processor of an
apparatus (c.g., a ground rime&ver) for managuig a broadcast
signal of a second apparatus (c.g., a UAV) accorduig 10

iarious unplemm&tat&ons m&d aspects. W&1h rcli:rance 10
i&l(iS. 1-6, operations of the method 600 may be performed
by a processor (such as the pmcessor 21(), 212, 214. 216,
218, 252„260) of a an apparatus (e.g., ground receiver 112,
114).
[t)147] In block 602. the pmcessor &nay receive bean&-

formed transm&ssions from a second apparatus (e.g.. IIAV
140. 142. 144). Means for performing the operations of
block 602 include thc processor 210, 212. 214, 216, 218,
252. 260. the wirclcss transce&vcr 266, thc w&rclcss conunu-
&ucat&on manager 354, 364. mid the beamformed transm&a-
vion component 366
[0148] In response to unsuccessfully dccodm thc mes-
sage. the pmcessor n&ay obtain a beam identifier of a
directional beam ofbean&forn&ed trans&nissions in block 604.
Means for perfornung the operations of block 604 include
the processor 210, 212, 214. 216, 218. 252, 260. the wireless
communication manager 354. 364, and the beam identifier
component 368.
[0149] In block 606. the processor may transmit to the
second apparatus a retransmission request in beamformed
trans&nissions using the obtau&ed be&un identilicr. Means for
performing the operations of block 606 u&cludc thc proces-
sor 21(). 212, 214. 216, 218. 252, 260. the wireless trans-
ceiver 266, the wireless communication manager 354, 364,
and the retransmission component 370.
[0150J I'l(i. 7 &s a con&ponent block diagram of a network
compmina dev&ce 700 suitable for use with various imple-

mentations and aspects. Such nenvork computing devices
may include at least Ihc componm&ts &llustratcd &n FIG. 7.
W&th refcrcncc to FIGS. 1-7. 0&e network computing dcv&ce
700 may typically include a processor 701 coupled to
volatile memory 702 and a large capacity nonvolatile
memory. such as a disk drive 708. The network computing
device 700 also may include a periphemsl memory access
device 706 such as a floppy disc dnve. compact disc (CD)
or d&gital v&d&0 disc (DVD) drwe coupled to thc processor
701 Thc network computing de& &cc 700 also may include
network access ports 704 (or interfaces) coupled to the
pmcessor 701 for establishing data connectiions ivith a
network, such as the Internet or a local area network coupled
to other system computers and servers. The network com-
putin device 700 may include one or more antennas 707 for
scndulg iuxl rccctvuIg clcctroniagnct&c radiation that nu&v bc
conniwtcd to B w&rclcss conunumcat&ou luik Thc network
cmnputing device 700 may include addit&onal access ports,
such as USI), Fireivire, 'ilnu&derbolt, and the like for cou-
pl&ng to peripherals. external memory, or other devices
[0151] The processor of the netv,ork computing device
700 may be any

programmable

microprocessor, microcom-
puIcr or mult&pic processor clup or ch&ps Ihat can be con-
figured by software uistructions (applications) to pcrlbmi B

vatic&)'f functions, nick&ding thc fine&iona of sonic uuph:-
mentations and aspects described below. In some wireless
devices, multiple processors may be pmvided, such as one
processor within an SOC (e.g.„204) dedicated to wireless
conununication functions and one processor within an SOC
(e g., 202) dc&ice&ed to ru&uung other appl&cat&ons. Software
appl&catio&w may be stortxl in the mmnory 702 bcforc they
are accessed and load&xi into the processor. Thc processors
may include internal memory sufiicient to store the appli-
c;It&on sofnvai'e instruct&ons

[0152J FI(i 8 is a component block diagram Illustrating an
example vvireless device 800 suitable for use w&th various
implementations and aspects. With reference to FIC)S. 1-8,
thc w&rclcss dcv&cc 800 (such as thc rcce&vcr dev&ccs 112.
114) may be a dcvicc suitable for use in venous unplemcn-
tations and aspects. such as a mob&le device I'he wireless
device 80() &nay include a hrst SOC 202 (such as a SO('-
('FU) coupled to a second SO('04 (such as a 5(i capable
SOC). The first and second SOCs 202. 204 may be coupled
to internal memory 816. a disphsy 812, and to a speaker 814.
Add&tionally, thc v,&rclcss dev&cc 800 may include an
an&cans 804 for scnduig Bnd recciv&ng electromagnet&c
radiation that may bc co&uiectcd to a w&rcless data lu&k or
cellular telephone transceiver 808 coupled to one or more
pmcessing systems in the first or second SO('s 202, 2()4. The
wireless device 800 may include menu select&on buttons or
rocker switches 820 for receiving user inputs.
[0153] The vvireless device 800 also may include a sound
cncod&ng,'dccodu&g (CODEC) c&rcu&t 810, wh&ch d&ginzcs
sound rcccived from a microphone Into data packets suitable
for wireless transn&ission and decodes received sound data
packets to generate analoa signals that are provided to the
speaker 814 to generate sound. One or more of the process-
in systems in the first and second SOCs 202. 204. wireless
trmisceiver 808 and CODEC 810 may include a digital
s&gnal processor (DSP) circu&t (not shown scparatcly).
[0154] The process&ng systems ol'Ihc network computu&g
dcvicc 800 and ihc w&rclcss de&ice 800 may bc any pro-
grammable microprocessor, microcomputer or mult&pie pn&-

cessor chip or chips that can be configured by processor-
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executable instructions to perform a variety of fiinctions,
IIICllldlllg 11IC fUIICtloils 01 111CvdrloUS Illlph:IIICIlnctliiilS dllil
aspects descnbcd hcrcin. 10 some mobile devices, multiple
pmcessinn systems may be provided, such as one procecsiag
system ivithin an SO('04 dedicated to wireless conunu-
nication functions and one procecsing system witl»n an SOC
202 dedicated to ninning other applications. Software appli-
cations may be stored In the memory 816 before they are
accessed and loaded into tlm processing system. Thc pro-
cessuig systems may uiclude intcmal memory sullicimit 10

store the application software inctnictions
[0155] Implementation examplec are described in the fol-
lowing pamcgmcphs While some of the following, implemen-
tanon examples are dcscnbcd in terms of cxmuplc methods,
further cxamplc implemcntauons and aspects may include
the example methods discussed in the following paragraphs
implemented by an apparatus including a processor coidig-
ured with processor-executable instnictions to perfomi
operations of the methods of the following impiemenmtion
examples; the example methods discussed in the foliov.ing
paragraphs unplemcntcd by an apparatus uicluduig means
for pcrfonning I'unctions ol'hc cxamplc methods, and the
example methods discussed m the following paragraphs
implemented as a non-transitory pmcessor-readable stomcge
medium having stored thereon processor-executable instruc-
thnts configured to cause a procecsor of an apparatus to
perform the operations of the example methods.
[0156J 1ixmnple I A method performed by an apparatus
for managing a broadcast signal. including Obtainiag an
altinide of the apparatus, and sending a message using
beamfornied transmissions in recponse to the altitude of the
appamctus meeting an altitude threshold.
[0157J lixmnple 2 1he method of exainple i, further
including sending the niecsage using, omnidirectional trans-
missions in response to the altitude of the apparatus failing
to meet the altitude threshold.
[0158] Example 3 Thc method of either of examples I or
2, in which Obtaining an altitude of the apparatus includes
obtainiim the altitude of the appamctus from one or niore of
an altitude sensor„appamtus barometer information, a global
navigation satellite system receiver, or a netv'ork element
Iiidt plovides 111C altltUdC 01 tllC dppdliitUS.

[0159] Example 4. The method of any of examples 1-3,
further including determinin a type of the message. and
sclccung thc alutudc Ihrcshold based on the dctcmuncd type
01 Illc Ilicssagc.
[0160] Example 5. The method of any of examples 1-4,
further uicluding sending the massa c usuig omiudirectional
transmissions ui response to thc message beuig for rcxcp! ion
by a first type of second apparatus, and sending the message
using beamformed tmcnsmiscions in response to the message
being for reception by the second type of second apparatus.
[0161J lixmnple 6 1'he metliod of example 5, in which
sending the niecsage using beamformed transmissions in
response to the messa e being for reception by the second
type of second appamctus includes cending the message using
beamfornied tmcnsmissions in responce to the mescc e being
for reci pl ion by the second type of second apparatus and thc
dlntudc meeting the alutude tlucshold.
[0162] Example 7. Thc method of cxamplc 5, in winch the
message for reception by thc Iirst type of second apparatus
includes a mancuvcnng safety message and the message for
reception by the second type of second apparatus includes an
identification niecsage.

[0163] Example 8. The method of any of examples 1-7,
Iiirthcr including scndmg the message using bmmfortncxI
transmissions in directional beanw in at least two ihlfcrent
directions.
[l)164J lixample 9 I'he method of any of examples Ink
further including sending the messa e using beamformed
transmissions in directional beams in at least two different
directions within a latency constraint of the message.
[0165] Example 10. The method of any of examples 1-9.
further including sending thc message using bcatnforntcxl
trancniiscions in directional bemns in at least nvo different
directions via a cidelink communication link
[0166] Example 11. The method of any of examples 1-10,
further uicluding in bcami'onncd transuusstous a beam iikn-
tilicr that cnablcs a rccmicr device to obtmn thc brian
identifier of a directional beam used to transmit a received
beaniformed transmission.
[0167] Example 12. The method of example 9, I'urther
IIIClildlllg ICCeivlllg Irotli d SCColid appara)US a lclldllslllls-
sion rcqucst uicluduig the bcmn ideutilier of the received
beaniformed transniission. and retransmittmg the message
using beamformed transmissionc associated with the beam
identifier.
[0168] Example 13. Thc method of cxamplc 12, further
IIIClildlllg ICCeivlllg Irotli d SCColxl appara)US a lclldllslllls-
sion request, and retransmittinn the message ususo omnidi-
rectional transmissionc when the altitude of the apparatus
fails to meet the altitude threshold.
[0169] Example 14. Thc method of cxamplc 13, further
including rctcdnsnutuug ihe message using bcatnforntcxl
trancniiscions when the altitude Of the apparatus meets the
altitude threshold
[0170] Example 15. An appamtus uicluihng mcims Ibr
pCrfolllllllg OpCrdtioiis Of 11IC IIICtiiods Of aiiv Of CxillllplCS
1-14.
[0171] Example 16. An apparatus including a memory;
and at least one processor coupled to the memory, the
memory and the at least one processor to perform operations
of thc methods ol'iy of cxdmplcs 1-14.
[l)172J lixample 17 A non-transitory pmcescor readable
atoms e medium having processor-executable instructions
stored thereon confi ured to cmise a processor 01 an appa-
ratus 10 perlorm operations 01 the methods ol any of
cxiunplcs 1-14.
[l)173J lixample 18 A method perfiirnied by an appamctus
for mmaging a broadcast si~al of a second appamctus,
including receiving in beamformed tmcnsmissions from the
second apparatus, obtauung d bctun idcntilicr of a direc-
tional brian of beamfonncd transmissions in response to
unsuccessfully decodin the niecsage, and transmitting to
the second apparatus a retransmiscion request in beam-
fonned transiniscions using the Obtained beans identifier
[0174] Example 19. An apparatus compnsing means Ibr
pCrfolllllllg ilpCIdtioilS iii Ille IIICliiod 01 CxtllllplC 18.
[0175] Example 20. An apparatus comprising a memory;
and at least one processor coupled to the memory, the
memory and the at least one processor to perform operations
of thc method of example 18.
[l)176J lixample 21 A non-transitory pmcescor readable
atoms e medium having processor-executable instructions
stored thereon confi ured to cmise a processor 01 an appa-
ratus to perform operations of the method of example 18.
[l)177J As used in this application. the terms "component,*'module,"

"system," and the like are intended to mclude a
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computer-reLated entity. such as. but not limited to. hard-
ware, Iinnwarc, a combuiation of hardware and sofiwiirc,
sofiwtirc, iit sofhitirc ltt cxcciulotl. which Btc ciitlfigurcd 10

perform particular operations or functions lior example, a
component may be, but is not limited to, a process naming
on a processor. a processor, an object, an execumble. a
tluead of execution, a program. or a computer. By way of
illustration„both an application rurufing on a ivireless device
dnd the w irclcss dcvicc may bc rcli:rred to as a component.
Onc 01 iliiirc coillpoilcilm illus lcsidc wilhlti 11 process or
thread of execution and a component may be localized on
one processor or core or distributed between two or nmre
processors or cores. In addition. these components may
execute from various non-tmsnsitory computer readable
media having various instructions or data stnlctures stored
thCICOII. Cotllpoilcllh maY C011111111111CBIC bv Wa)'f IOCBI Or

Iciilolc ptoccsscs. fhilctloil ol pioccdiitc calls. Olcclrotllc
signals. data packets, meniory read/writes, and other kniown
nehvork, computer, processor, or pnicess related comnluni-
cation methodologies
[0178] A number of diilbrcnt cellular and mobile conunu-
iucalion scrviccs and standards arc available or contem-
plated ui thc I'uturc. all ol'wluch may unplement and bcncfit
fmm the various implementations and aspects Such services
and standards include. e g.. third generation partnership
project (3GPP). long term evolution (LTE) systems. third
genemstion wireless mobile conununication technolo y
(3G). fourth gcncmtiou wireless mobile ciiintnlitllcalioil
technology (4G), lifth gmtcralion wireless mobile commu-
nication lccluiology (5(i) as well as later gencranon 3GPP
technolo y. global system for mobile communications
((iSM), universal nlobile teleconlmunications systent
(UMTS)„3GSM. general packet msdio service ((iPRS). code
division multiple access (CDMA) systems (e, cdmaOne,
CDMAI020™). cnhanccd data rates for GSM evolution
(EDGE). advanced mobile phone system (AMPS), digual
AMPS (IS-f36/TDMA), evoluuon-data optunizcd (EV-
DO), digital enhanced cordless telecommunications
(Dli("I'), Worldwide Interoperability for Microwave Access
(WIM.()O, ivireless local area nehvork (WLAN). Wi-Fl
Protected Access I 8: II (WPA, WPA2), and integmted
digital cnluinced network (iDEN). Each of these technolo-
gies uivolves, fiir cxamplc, the Iransnussion and rcccplion of
tome, dani, signaling, Bnd/or content messages. It should bc
understood that any references to terininology and/or tech-
nical details related to an individual telecommunication
standard or teclmology are for illustrative purposes only. and
are not intended to lunit the scope of the claims to a
particular COIUIIIUIUCdlloli s)'SIC111 Ol u:cllilologv IIIIICSS Spc-
CifiCtillv'CcitCd Itt lite Claltll IBtlgilBgc.

[0179] Various implementations and aspects illustrated
and described are provided merely as examples to illustrate
various features of the claims. However, features shown and
described with respect to any given implementation are not
necessarily limited to lhe associated unplemmilalion and
may bc used or combutcd with other unplementalions and
aspects that are shown and described lturther. the claints are
not intended to be limited by any one example implenien-
tation I'or example. one or more of the metlxids and
operations 4000, 4006„500, and 600 may be substituted for
or combined with one or more operations of the methods and
operations 40011, 400/I, 500, tmd 600.

[0180] 'I he foregoing method descriptions and the process
floiv diagrmns are provided merely as illustrative exaniples

and are not intended to require or imply that the operations
of various uuplemcnldlions mid aspects must be pcrfortncxf
iu lhc order prcscnlcd. As w ill be appreciated by one of skill
in the art the order of opemtions in the foregoing imple-
mentations mid aspects may be performed in any order
Words such as "thereafter,'* "then.*'next,*'tc are not
intended to limit the order of the opemstlons: these words are
used to uide the reader tiuou+ the description of the
methods. Further, imy rclbrencc to claim clmncnts in thc
singular. Iiir cxamplc. using lhc arucles "d," **au," or "lhe"
is not to be constnted as limiting the element to the singular
[0181] Various illustrative logical blocks. modules, com-
ponents. circuits. and algoritlun operations described in
conniwlion with lhc unplemenlalions and aspixm disclosod
hcrcin may be implcmcnled as electronic hardware, com-
puter sofhvarc. or combuiations ofboth. To clearly illustrate
tlus interchangeability of hardware and software. various
illustrative components, block~, modules. circuits, and
operations have been described above generally in terms of
their huictionality. Whether such functionahty is imple-
meulcd as hardw are or so flu are depends upon thc particular
dppliCB(ion Bitd dCslgtl Coitslrdiilm lttlposixl 011 lhc OSCItill

system Skilled arusans may implmncnt thc descnbed func-
tionality in varying ivays for each particular application, but
such implementation decisions should not be interpreted as
causing a departure from the scope of the claims

[0182] The hardv arc used lo implement venous illustra-
tive logics, logical blocks, modules, and circuits described in
cmtnection with the iniplementations and aspects disclosed
herein may be implemented or perfiirnied with a general
purpose processor. a digital signal processor (DSP), an
application specific integmsted circuit (ASIC), a field pro-
gmmmable gate array (FP()A) or other pro rammable lo ic
device, discrete gate or transistor logic, discrete hardware
components, or any combuiation lhcrcol'csigucd lo pcr-
fonn the functions described herem A general-purpose
pmcessor may be a micropmcessor, but. iil the alternative,
the processor may be any conventional processor, controller,
mlcrocontroller, or state machine. A processor may also be
implemented as a combination of receiver smart objects,
e g., a combirmuon of a DSP and B micropmccssor, a

plurahly ol'ucroproccssors. One or more microproccssors
in conjunction ivith a DSP core. or any other such configu-
mstion. Alternatively, some opemstions or methods may be
performed by circuitry that is specific to a given function.

[0183] In onc or morc implementations and aspects, lhc
iiinctions described may bc implcmentcd ui hardware.

softw-

arec, firmware, or any combuialion thcrcof. Ii unplcmcntcxf
in software, the functions may be stored as one or more
instmctions or code on a non-transitory computer-readable
atoms e medium or non-transitory processor-readable stor-
age medium. The opemstions of a method or al oritlun
disclosed herein may bc embodied in a processor-cxcculablc
soflwilic'nodiilc or processor-executable iilslriictlotls.
which may rcsulc on a non-uansitory computer-rcadablc or
pmcessor-readable storage mediuni Non-tmsnsitory com-
puter-readable or processor-readable storage media may be
any storage media that may be accessed by a computer or a
processor. By ivay of example but not limitation, such
nou-transitory computer-rcadablc or processor-readable
storage media may uicludc RAM, ROM, EEPROM. FLASH
memory. CD-ROM or other optmdl disk storage, magnetic
disk stomsge or other magnetic storage smart objects. or any
other medium that may be used to store desired program
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code in the form of instructions or data structures Bnd tlmt
may bc accessed by a computer. D&sk m&d d&sc, as used
herein. includes compact ihsc (CD), laser disc. opt&cal disc,
digital versatile disc 1D&ZD). tloppy disk, and lilu-ray disc
where disks usually repmduce data magnetically, wlule
discs reproduce data optically with lasers. Combinations of
the above are also included within the scope of non-transi-
tory computer-readable and processor-readable media.
Add&honally. the operat&ons of a method or Blgontlun may
rcsnlc as one or any combu&anon Or set of codes and/or
instructions on a non-transitory pmcessor-readable storage
medium and,'or computer-readable storage medium, which
may be incorporated into a computer program product.
[0184] The preced&ng description of the disclosed imple-
mentations Bnd aspects is provided to enable Bny person
sklllcd hl lhc Brl to Ini&kc 0& Usc lhc claims. V'Inous alod&-
liest&ons lo these &mplmnentations and aspects w&11 be read-
ily apparent to those skilled in the art„and the generic
principles defined herein may be applied to other implen&en-
tations and aspects without departing fro&n the scope of the
cLsims. Thus. the present disclosure is not intended to be
limited to the implementations and aspects sho&vn here&n but
is to bc accorded the w&dcst scope consistent with thc
followu&g claims and thc pnnc&pica and novel features
disclosed herein

What is claimed &s:

1. An apparatus for wireless communication. compris&ng
nlcnlo& vs Bail
a processor, thc memory imd the processor conligured to

obtain an alt&tude of the apparatus; and
send a message using beamfonned tmnsmissions in

response to the altitude of the apparan&s meeting Bn
alii&ude tlucshold.

2 'I'he apparatus of claim l. &vherein the menu&ry and the
processor are further configured to send the message using
onmidirectional transmissions in response to the altitude of
the apparatus failin to meet the altitude threshold.

3 'I'he apparatus of claim l. &vherein the menu&ry and the
pmcessor are further configured to obtain the altitude of the
appamstus from one or more of an altitude sensor. apparatus
barometer infonnat&on. a global nevi ation satellite system
Iccc&vcn 0& d nclwork clou&en& lhtu provklcs thc Blhhulc of
lhC Bppa&dh&S.

4 'I'he apparatus of claim l. &vherein the menu&ry and the
processor are further configured to:

delcnninc a type of lhc message, Bnd
select the altitude threshold based on the determined type

of the message.
5. The apparatus of claun 1. wherein lhe memory and thc

pmcessor are further configured to
send the message using onu&idirectional transmissions in

response to the messa e being for reception by a tirst
type ol second apparatus,

send the message using beamformed transmissions in
response to the message being for reception by a
second type of second apparatus.

6. The apparatus of claun 5, whcrcin thc memory and the
pmcessor are further configured to send the message using
beamformed transmissions in response to the message being
for reception by the second type of second apparatus and the
altin&de n&eetin the Bit&tude threshold.

7. The apparatus of claun 5, whcrcin thc memory and the
pmcessor are fi&rther configured such that the message fi&r

reception by a hrst type of second apparatus comprises a

maneuvering safety message and the message for reception
by a a&mond type ol'econd apparatus compnscs tm idcnii-
Iicdt&on mcsadgc.

8 The apparatus of cLsim 1. wherein the memory and the
processor are further coniigured to send the message usin
beamformed transmissions in directional beams in at least
two d&ill:rent direct&ons.

9 11&e apparatus of clain& 1. wherein the men&ory and the
processor are further coniigured to send the message usin
beamformed transmissions in directional beams in at least
two dificrcnl direct&ons willun a latency constmu&l of lhe
Incssagc.

1(1 'I'he apparatus ofclaim I, v herein the n&emory and the
processor are further coniigured to send the message usin
beamformed transmissions in directional beams in at least
two d&ill:rent dircchons & ia a sidelu&k conununication lu&k.

11. 'Ihe apparatus ofclaim I, v herein the memory and the
pmcessor are further contigured to include in beamfor&ned
trm&smissions a beam identifier that enables a receiver
device to obtain the beam ident&fier of a directional beam
used to trdnsnul a received bcamibnncd transnuswon.

12 Ihe apparah&s of claim 11. wherein the memory and
the processor are further configured to

receive Irom B a&mond apparatus a rclransm&ss&on rcslucst
includu&g thc beam Blent&lier oi'he rccc&vcsI be&un-

formed transmission; and
retransmit the message using beamformed tmsnsmissions

associated with the beam identifier.
13. The apparatus of clain& 12, where&n the memory and

the processor are further contigured to
receive from a second apparatus B retransmission request;

Bnd
retransn&it the messaue using omnidirectional transmis-

s&ons when the altin&de of the apparatus fails to meet the
altitude tiueshold.

14. The apparatus of clain& 12, where&n the memory and
the processor are further configured to retmsnsmit the mes-
sage using beamfonned transn&issions when the altih&de of
thc apparatus meets lhc aliilude llucslu&ld

15. A method performed by an appamstus for managing a
broadcast signal. comprising:

obtaining an altitude of the appamstust Bnd

sending a message using bemuformed transmissions in
response to the altitude of the apparatus meeting an
altitude tiueshold.

16. 11&e inethod of claim 15, further con&prising sending
the message using omnidirectional transn&issions in
response to the altitude of the apparatus failing to meet the
altitude tlueshold.

17. The method of clain& 15. wherein obtaining an altitude
of the apparatus con&prises obtairun the altitude of the
apparatus from one or more of an altitude sensor. apparatus
barometer informal&on, a global nav&gauon satell&lc system
race&vcr, or a Bc&work clmnent that prov&des the altitude of
the appamtus.

18. Thc method of claun 15. further compnsu&g.
detem&ining a type of the n&essage; and
selecting the altitude threshold based on the determined

type of the message.
19 'I'he method of claim 15. further comprising
scuff&g lhc Incssdgc usnlg onuud&rccnonid transnuss&on

in response to the message bemg for receptiicn by a first
type of second apparatus: and
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sending the message using beamformed tran~mission in
rcsponsc to thc mcssagc being for rccepuon by the
second type ol'econd apparatus.

Z(l. 1 he method of clainl 19, wherein sending the message
using beanlfonned transmission in response to the message
being for reception by the second type of second apparatus
conlprises sending the message using beamfonned trmlsmis-
sion in response to the message being for reception by the
second Ivpe ol'second apparatus tmd die altuude mectm thc
altltudi: Ihrcshokl.

21. The method of claim 19, ivherein the message for
reception by the first type of second apparatus comprises a
maneuvering safety message and the message for reception
by the second type of second appamltus comprises an iden-
tification nlessage.

22. The method of claim 15, 1'urihcr comprism sending
thc message usulg butmfoltuist transmissiolw ul directioiial
beams in at least two different directions.

Z3. '1'he method of claim 15, further comprising sendiag
the message using beamformed transinissions in directional
beams in at least tv o different directions within a latency
constraint of the messa e.

24. The method of claim 15, funhcr comprismg sending
Ihe message using bctunformcd Iransmissions ul tlirectional
beams in at least uvo ditferent directions via a sidelink
communication link.

25. '(he method of clainl 15, further comprising including
in beanlformed transmissions a beam identifier tlmt enables
a receiver device to obtain the beam identifier of a direc-
uonal beam used to transnut a rcccived bemnfomlctl trans-
lnlSS1011.

26. '1'he method of claim 25, further comprising:
receiving from a second appamtus a retransnlission

request including the beam identifier of the received
beamfilnned tmnsmission: and

retransmitting the message using beamformed transmis-
slons associated with Ihe beam idcntilicr.

27. The method of claun 25. further compnslng.
receiving from a second apparatus a retransmission

request; and
retransmittin the message using onmidlrectional trans-

missions when the altitude of the apparatu~ fails to
meet the altitude threshold.

28. Thc method of clmm 27. further compnsulg rctrans-
mittulg Ihc message using beamformcd Iransnussions when
the altitude of the apparatus meets the altitude threshold

29. An apparatus. comprising
tucutoiy, tutti
a processor. the memory and the processor configured to:

reccivc bcamformcsl umlsnussions comprising a mes-
sage ffom a second apparatus, aud

in response to unsuccessfully decoding the message:
obtain a beam idmltilier of a directional beam of

beainfomled transnlissions; and
transmit to the second apparatus a retmnsmission

request in beamfonned transmisslons using the
obtained beam idenulicr.

3(l A method perfilmled by a processor of an apparatus
for managing a broadcast siytal of a second appamtus,
cilluprlsnlg:

receiving in bcmnl'ormcd transmlssions from the almond
apparatus; and

in response to unsuccessfully decodin the message:
obtaining a beam idcnulier of a directional beam of

beamfilrmed transmissions; and
trmlsmitting to the second apparatus a retransmission request
iu bcamliirmed Iransnnssions using thc obtaulcd beam iden-
tifier.
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