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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international

organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part
work.

in the

The procedures used to develop this document and those intended for its further maintenance

are describgd in the ISO/IEC Directives, Part 1. In particular, the different approvalsc
needed for fhe different types of document should be noted. This document was -draff

riteria
ed in
Ves or

accordance with the editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directi
www.iec.ch/Inembers_experts/refdocs).

Attention is ¢{lrawn to the possibility that some of the elements of this document-may be the s
of patent rights. ISO and IEC shall not be held responsible for identifying amy or all such
rights. Details of any patent rights identified during the development of the'document will be
Introduction pnd/or on the ISO list of patent declarations received (see www.is6.org/patents) or t
list of patent feclarations received (see https://patents.iec.ch).

Any trade name used in this document is information given for the convenience of users and do
constitute an/endorsement.

For an explanation of the voluntary nature of standards,{th€¢ meaning of ISO specific term
expressions
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TB1

www.iso.orgfiso/foreword.html. In the IEC, see wwwgg&é.ch/understanding-standards.

This document was prepared by Joint Technicali€Committee ISO/IEC JTC 1, Information techr
Subcommittge SC 6, Telecommunications and information exchange between systems.

Alist of all pdrts in the ISO/IEC 4005 series can be found on the ISO and IEC websites.

Any feedback or questions on this¢cdocument should be directed to the user’s national star

ubject
batent
in the
he [EC

es not

s and

elated to conformity assessment, as welltas information about ISO's adhereince to

) see

ology,

dards

body. A complete listing of theseé bodies can be found at www.iso.org/members.htm|l and

www.iec.ch/hational-committees)
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Introduction

Unmanned aircrafts (UAs) operating at low altitudes will provide a variety of commercial services in
the near future. UAs that provide these services are distributed in the airspace. In level I, many people
operate their own UAs without the assignment of communication channels from a central control
centre. In this case, wireless fidelity (Wi-Fi) is mainly used as a control channel and a video channel
in the unlicensed band. However, when using Wi-Fi, level Il UAs can experience loss of control and
video links due to communication resource collision. In addition, UA-related units, such as vertiports
and obstacles, need a way to exchange information with UAs. This document introduces a wireless
distributed communication model to solve these problems.
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ireless distributed communication described by this document is intended to be us
ncy bands. By using licensed frequency bands, each unit is able to reliably./dllo
resources at the desired time, various UA communications can coexist and)ceop€
bility of radio resource collision is very small.

en units related with UAs, UA control communication, and video communication,
d.

O/IEC 4005 series consists of the following four parts:

0/IEC 4005-1 (this document): To support various services for UAs, it describg
stributed communication model and the requirements.that this model shall satisfy.

0/IEC 4005-2: It describes communication in which'all units that can communicate
oadcast or exchange information by sharing éemmunication resources with each ot

0/IEC 4005-3: It describes the control communication for the controller to control t

0/IEC 4005-4: It describes video communication for UAs to send video to a controllg

bd in licensed
cate and use
rate, and the

services are required for UA operations. In order to support thesesservices, communication

are generally

bs a wireless

with UAs can
her.

he UA.
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INTERNATIONAL STANDARD ISO/IEC 4005-1:2023(E)

Telecommunications and information exchange between
systems — Unmanned aircraft area network (UAAN) —

Part 1:
Communication model and requirements

1 Scope

This flocument describes a communication model and requirements for unmanned pircraft area
netwdrk (UAAN), which is a wireless distributed communication network fer.units relpted with UA
servides in level II.

It desgribes:

— tHe communication structure and operation;

— tHe purpose of the three types of communication and related services;
— tHe interoperation of the three types of communication;

— tHe interworking with upper layers.

2 Normative references

The fgllowing documents are referred to-in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undatpd references, the latest edition-ef the referenced document (including any amendmgpnts) applies.

ISO/IHC 4005-2, Telecommunications and information exchange between systems — Unmdnned aircraft
area network (UAAN) — Part 2: Physical and data link protocols for shared communication

ISO/IEC 4005-3, Telecommunications and information exchange between systems — Unmdnned aircraft
area network (UAAN) £ Part 3: Physical and data link protocols for control communication

[SO/IRC 4005-4, Telecommunications and information exchange between systems — Unmdnned aircraft
area network (UAAN) — Part 4: Physical and data link protocols for video communication

[SO 21384-4;-:Unmanned aircraft systems — Part 4: Vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions defined in ISO 21384-4 and the following
apply.

[SO and [EC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

31
level 11
airspace where maximum height is between 15 m (above ground level) and 120 m (above ground level)
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3.2
controller

device that controls an unmanned aircraft (UA) and which can also be equipped with a video receiver

(3.6) device
3.3

obstacle device
device that broadcasts related information, e.g. related obstacle location, radius, and which is mounted
to an obstacle that is placed on the ground or in the air

3.4

landing device

device that
which is moul

3.5

ground equi
ground-base
uses the coll
systems or UJ

Note 1 to entr)

3.6
video receiv|
receiver that
aircrafts (UA

Note 1 to entry

3.7

unit

all objects th
obstacle deviq

3.8
data slot
slot constitut]

3.9
tone slot
slot constitut]

3.10
slot clearing
transmission|

btoadcasts related location information or information tone signals of a landingrsi

ted to a landing site and leads autonomous landing work

ment

equipment that collects the information that unmanned aircrafts (UAs) broadca
ected information to communicate the location and status of UAs<to UA manag
\ operators

r: Ground equipment can use shared communication to deliver thé hecessary messages to U

er
is mounted on a controller (3.2) and performs one<t0-one communication with unm

)

r: For special services, separated multiple video'teceivers can receive video from a single U/

bt have transmitting or receiving fufictions, e.g. unmanned aircraft (UA), controller
e (3.3), landing device (3.4), ground equipment (3.5)

ing a data channel

ing a tone channel

of a tone signal in subslot 0 in order to continue to occupy a slot already allocated

e and

st and
ement

As.

hnned

=

(3.2),

| from

the previous

rame
Tt A2

3.11
slot map

TTT

bit string indicating whether slots are available

Note 1 to entry: In wireless distributed communication, the slot map of each unit (3.7) is generally different.

3.12

slot planning
specification by the upper layer on the type, usage, transmission power, and whether to apply a super

frame, for all

slots of the channel in advance
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tone subslot
subslot constituting a tone slot (3.9)

3.14

tone signal

signal

transmitted in a tone subslot (3.13)

4 Abbreviated terms

cC

Control Communication

RF

SC
TDMA
TRX
UTC
VC

5 C

5.1
This

Radio Frequency

Shared Communication

Time Division Multiple Access
Transmission and Reception
Coordinated Universal Time

Video Communication

pbmmunication model and requirements

UA communication model

Hocument describes wireless distributed communication as a communication|

in th
with
efficie
resou
and r¢

5.2
There
—  sd

— e

airspace. These units need a way to communicate with each other. However,
istributed wireless communication is that there is no control station that manag
ntly. Therefore, the communication model of this document is designed so that unit
'ces by themselves, occupy.tesources by themselves, detect resources collisions b
turn resources by themselves.

reasoi: is that UAs and other related units-on the surface or at low altitude are randoml

UA communication requirements
are three commercial requirements for UA communication:
fety;

onomy;

model. The
y distributed
the problem
Fes resources
5 can allocate
7 themselves,

— convenience.

UA communication shall also meet this requirement in a wireless distributed communication
environment.

First, safety is the most important aspect in UA communications. Many UA services cannot be
provided without safety. Therefore, the UA communication link shall have the necessary functions and
performance. The necessary function is that all units that communicate with UAs can communicate with
each other when necessary. The main means of communication for UAs are control communications
and video communications. In addition, communication between UAs, communication between
UAs and ground equipment, communication between UAs and landing devices, and communication
between UAs and obstacles are also required. In particular, communication between UAs can
provide an optimal solution for small UAs to detect each other. Wireless distributed communication
is best suited to supporting these functions for UAs distributed in the airspace. In order for wireless
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distributed communication to operate effectively, low probability of resource collision, real-time
resource collision detection, and rapid communication environment investigation are required. UA
communication is provided in an environment where multiple units are moving simultaneously. The
real-time movement of various units changes the communication environment in real time. Therefore,
the UA communication needs to quickly investigate such changes in the communication environment,
allocate necessary resources with a low probability of collision, and detect collisions in real time for the
occupied resources.

Second, this document supports many communication links simultaneously. Many communication
links are required to operate UAs. If each communication hardware supports communication between
UAs, communication between UAs and ground equipment, communication between UAs and landing

devices, and
supported w

The third r
manufacture
as possible wj
prefer the loy

Therefore, th

jth as little hardware as possible.

Communiication devices shall support as many services)as possible with as little hardw

Communjication devices shall have as low a hardware complexity as possible.

bquirement is convenience. Convenience can be divided into convenié€nce fi
's point of view and convenience from a user's point of view. Users want as'many se
ith one communication device. Also, users generally want long battery life: Manufac
vest hardware complexity. Low hardware complexity means smaller, §ize and less w

e requirements for UA communication are as follows:
that can communicate with UAs shall be able to communicatéywith UAs when neces

less distributed communication with features of low resource collision probability
urce collision detection, and fast communication environment investigation shall be

a) All units
b) The wird
time resq
0)
possible.
d)
5.3 Com
A new comm

It is a synchr]
video commy

separate frequency channels are required. All communication except video communication and ¢

communicati

Therefore, th|
These channg

unication structure and operation

nication model is required to meet the UA communication requirements mentioned
pnous wireless distributed conimunication model. Among three types of communi
nications and control communications use a lot of communications resources. Thel

pn is supported as shared communication.

e minimum required channels are shared channels, control channels, and video ch4
| configuratigns‘are shown in Figure 1.

uld be

om a
rvices
furers
bight.

bary.

' real-
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hbove.
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Figure 1— Three types of communications

ntioned in 5.2, all three\wireless distributed communications should feature loy
purce collision, real-time resource collision detection, and rapid communication
igation.

s end, three wireless distributed communications perform resource allocation
pbn detectionand communication environment investigation using a tone chan

e channel as shown in Figure 2. This multi-channel structure features low reso

v probability
environment

, occupation,
hel. Data are
from that of
irce collision

bility; real-time resource collision detection, and fast communication environment ipvestigation.
Mapping
N
[ )
Tone Data
channel channel
Resource Data
management transmission & reception
Figure 2 — Multichannel structure and the role of each channel

5
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In particular,

the tone channel performs the following functions:

a) resource allocation;
b) resource occupation;
c) removal of hidden nodes;
d) real-time resource collision check;
e) transfer of information;
f) communication environment investigation.
The tone chapnel can investigate the communication environment in real time. In general, invéstigating
a multi-chanpel communication environment requires a lot of hardware and time. Howevep, the tone
channel makes it possible to quickly investigate the communication environment of multiple channels
with one harglware.
As such, this fommunication model can perform as many functions as possible with as little harflware
as possible. Shared communication, control communication and video commurication work in the¢ same
way, which fyrther allows the three types of communication to coexist.
A detailed defcription of the common communication model is as follows;
This commurfication model uses synchronous TDMA technology. Syfichronization can be obtained from
signals receiyed from the UTC system, or from signals transmifted by other units synchronizedl with
UTC.
The tone chapnel consists of 500 slots, and each slot consists of 33 subslots as shown in Figure|3. If a
unit allocated one tone slot, it is assumed to allocate thecommunication resource mapped with that tone
slot. For example, in shared communication, one tone slot is associated with one data slot assignment.
| 1 |
I: ;I
| |
#0 #1 #2 #3 #4 I #5 #6 ® OO | #4198 | #499 #0 2
7 e Ve s 7 ~ 7 e e e
~ s / ~ ~ s s / / /
#0 #1 #2 A #3 #4 #5 #6 ® OO | #498 | #499 #0 3
| T —
| ——_
i
0 1 2 3 o060 | 31 32 4
!
| .20 pus
| | |
L 2 ms J
I‘ VI
1 |
Key
1 1frame=1second =500 Ts
2 datachannel
3 tone channel
4  tone slot

Figure 3 — Mapping concept of tone slot and data slot in shared communication
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#0 eee | #19 mjj;#zﬁij[ eee | #39 eee | #499 | Tone channel
e L
| \
| | N\
: | RN
| | | \ \\
. [ , [
: Mapping | Mapping | \\ AN
| ! ! \ Mapping*
I ' l \ \
| | | \ N
| [ | \ AN
Subchannel 0 (tone slot 0) Subchannel 20 (tone slot 20)
Subchannel 1 (tone slot 1) Suhchannel 21 (tone slot 21)
Subchannel 2 (tone slot 2) Subchannel 22 (tone slot 22) coe
[ ] [ (]
[ ] ([ ] ()
[ ([ ] [
Subchannel 19 (tone slot 19) | Subchannel 39 (tone slot 39) | J
Control channel 0 Control channel 1 Control channel N-1

Figure 4 — Mapping concept of tone slot and subchannel in control channlel

In control communication and video communication, one’ tone slot is associated with one subchannel
allocafion as shown in Figure 4.

Contrpl communication resources and video communication resources exist in several frequency
channels. The unit does not need to examine_all’ channels of all frequencies to detgrmine which
subchhnnels are empty. If the unit receives only-one tone channel, it can determine which gubchannel of
which|frequency is empty. This reduces the number of required RF hardware to a minimuin. In wireless
distributed communication, in order to allocate several frequency resources by themselvgs, the state of
the cofresponding frequency resources-éeds to be investigated in real time. If there is noftone channel,
the unit will need as many RF hardware as different frequencies to know the channel status of different
frequé¢ncies in real time.

This document describes a tene channel for shared communication and a tone channel for control
commiunication and videotcommunication as shown in Figure 5, i.e. the control channel #nd the video
channlel share one tone/channel.

Mapping Mapping
(_/ﬁ A
( h
Cone Tone Control . Video
clhannel CS.;:;ESI channel \,ggggglu @ @0 | channel oh Zf:; o ©® 0/® (channel
for SC for CC& VC N-1 L-1
N\ J

N
Control and video channel

Key

SC shared communication
CC control communication
VC video communication

Figure 5 — Mapping of tone channels, shared channels, control channels, video channels
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Simply explained, communication resource allocation using the tone channel is performed in the tone
slot. The tone slot consists of 33 subslots. For resource allocation, the unit performs two competitions
in the related tone slot. The first competition is to randomly select the first subslot among subslots from
subslot 1 to subslot 32 with same probability. In this competition, the units that choose the earliest
number of slots win. For example, if three units A, C, and D each choose subslot 2, 5, and 31 respectively,
then unit A wins as shown in Figure 6 because unit A performs carrier sensing from subslot 0 to subslot
1 and transmits its tone signal from subslot 2 since the channel is empty. On the other hand, the C and D
units lose the competition because A's signal is sensed in subslot 2.

a 0 1 2 3 4 5 6 OO @® | 31 | 32
A C D
A CS | Tx start
C CS & no Tx
D CS & no Tx
Key
Tx trangmission
CS carrier sensing
A, C,D  unit
a Tondq slot.

Figure 6 — First competition example

The second cgmpetition is performed by the units winning the first competition. The second compé¢tition
is to randomly select the second subslot among the subslots from the next subslot of the first subglot to
the 32nd subjlot with same probability. In:this competition, the unit that chooses the lowest nunibered
subslot is th¢ winner. For example, invFigure 7, it is supposed that all three units A, C, and ) have
selected subglot number 2 as the first'subslot in first competition. If the three units A, C, and I) have
each selected slots 31, 6, and 4 in the second competition respectively, then unit A wins. This is bg¢cause
the unit D dgtects the tone signals of the units A and C and loses the competition when performing
the carrier s¢nsing and stopping the tone signal transmission in the subslot 4. Unit C likewise ldses in
subslot 6. Thuis, unit A finally wins.

8 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=2f4df7fc386382fd288b5c1c8882d474

Key
CS
Tx

AGCD

This t
alloca

same

The u

is no

occup
transmit a tone signal in subslot 0 of the allocated tone slot as shown in Figure 8. A unif
new s

wins

correy
witho

resou

Key
AC
CS
Tx

a

ISO/IEC 400
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CS
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carrier sensing
transmission
unit

Tone slot.
Figure 7 — Second competition exaniple

wo-time competition in the same tone slot keeps thefesource collision probabilit

[ime in shared communication, the probability ofsresource collision is only about 2 9

hit can occupy allocated resources using thetone channel. Once the resource is od
heed to compete for allocation, so the communication link can be used reliably.
htion is performed in the next frame after allocation. The method of occupying a 1

ot cannot select subslot 0 in the first competition. Therefore, the unit occupying th
he competition. In this way, the~unit can allocate resources and then continue t
ponding resources in the neXt“frame. Once occupied, the resource can be used
it resource collision. In this-way, a unit transmits a tone signal in subslot 0 to continy
"ces. It is called 'slot clearing’.

Q00 31 | 32

CS & no Tx

Lion extremely low. For example, when 20 000 units-attempt to allocate one slot re

y of resource
source at the
0.

cupied, there
The resource
esource is to
to allocate a
e slot always
0 occupy the
continuously
ously occupy

unit
carrier sensing
transmission

Tone slot.

Figure 8 — Slot clearing example

The return of the resource by the unit is done by stopping slot clearing.
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Hidden node removal using the tone channel is performed by the unit transmitting a signal and the
unit receiving the signal in the corresponding slot simultaneously, i.e. two units perform slot clearing
simultaneously. If unit A and unit B send a tone signal in subslot 0 at the same time as shown in Figure 9,
all other units around the two units lose their competition. Thus, unit A and unit B can continue to
occupy the resource. In wireless distributed communication, resource collisions are prevented in this
way.

a 0 1 2 3 4 5 6 OO0 @® | 31 | 32
A TXl
B TX|

Key

AB unit

Tx transnpission

a Tone dlot.

Figure 9 — Slot clearing example for hidden‘node removal

However, wh
the resource

bn units move in wireless distributed communicdtion environments, the unit that oc
Can experience resource collision due to themovement. Far apart units A and B are in

Cupies
itially

located outsi
be used. How
into each oth|
movement off
is very impor

unit can immiediately allocate another respurce with no collision.

Through the

detect a resofirce collision that occurs when two units allocated the same resource come into pro3

The unit ocq

He of each other's communication area. Therefore, the same communication resour
ever, when unit A and unit B move closer and closer to each other, and eventually
Er's communication area, the resource:collision occurs. The resource collisions due
units are a very common phenomefon in UA communication environments. There
tant to detect such resource collisions in real time. If a resource collision is detectg

real-time resource collision check using the tone channel, it is possible to immed

Ce can
come
to the
ore, it
d, the

liately
imity.

upying a resource-transmits the tone signals by randomly selecting three subslots

among subserts 1 to 32. These_tone signals are called collision tones. Carrier sensing is performped in
the remaininfg subslots. This-allows real-time detection of other units that have allocated thel same
resources as fhemselves,
\

Al o 1C)$3 4|5 |6 |7 |89 |10|11 @e@® |30 31|

Blo|1|2|3|4|5|6/|7 |89 |10|11 | @@ |30 | 31| 32
Key
AB unit

Figure 10 — Collision tone example

For example, when unit A and unit B allocate the same resource, unit A transmits collision tones in
subslots 2, 8 and 30, and unit B in subslots 4, 10 and 30 as shown in Figure 10. In this case, unit A can
detect collision tones of unit B transmitted in subslots 4 and 10, and unit B can detect collision tones of
unit A transmitted in subslots 2 and 8, respectively. Therefore, unit A and unit B can know the existence

10 © ISO/IEC 2023 - All rights reserved
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of each other and can detect a resource collision in real time. If a resource collision is detected, the unit
allocates another resource without resource collision.

Types of resource allocation in this document include normal allocation, fixed allocation, and dedicated
allocation. The normal allocation is for all units to allocate resources by performing a first competition
and a second competition. Fixed allocation means that only units that meet certain conditions allocate
resources by performing a first competition and a second competition. Dedicated allocation is the
allocation of resources in advance by a wireless distributed communication system for a particular
purpose or for a particular type of unit. Thus, the units designated by the system use the dedicated
allocation resources without competition. At this time, the tone slots related with dedicated allocation
are not used for competition. Therefore, these competition tone slots can be used by changing to

infor

nation tone slots

The w
Inforn

same

can bg

NOTE

that th

5.4

5.4.1

The s

ireless distributed communication system may separately configure an information

hation tone channel is used only to convey information. Since the information €one ch

Structure as that of the competition tone channel, the hardware of the competition
shared (see Annex A).

Detecting resource collision satisfies the data link design requirement described in
e design of the data link mitigate co-channel interference with other users of the spectrum.

Purpose of the three types of communication and related services

General

ystem described in this document shall consist)of three types of communication

commjunication requirements. These communications shall conform to shared communica

in 1SQ
specif
ISO/1H

units
Video
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5.4.2

Share
excha
units

ied in ISO/IEC 4005-4. The system should conform to ISO/IEC 4005-2, ISO/IE(
C4005-4 as necessary for their types oficommunication. Shared communication is
bxchange information with UAs. Control communication is used when a controller ¢
communication is used when a video receiver receives video transmitted from a UA
of communication are essentialto provide various UA services.

Shared communication

l communication preyvides a link for units related to UAs to broadcast their infof
hge information with other units. Relevant units share a shared communication re
Can allocate and wse resources that are not yet occupied and are empty. The resour

commjunication are 500 slots. Each data slot resource can be allocated or occupied by

Share
The u

T

] commurication may also include an information tone channel.

bperdayer can provide the following application services using this shared commun

tone channel.
annel has the
tone channel

SO 21384-2M1

5 to meet UA
fion specified

/IEC 4005-2, control communication speéified in ISO/IEC 4005-3, and video communication
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1sed when all
ontrols a UA.
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mation or to
bource, i.e. all
ces of shared
the tone slot.

cation:

ne WA detection service. For detection, UAs allocate one slot to broadcast their own

information.
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The information the UA broadcasts may include the detection ID, current location, and waypoint.
In this case, one UA can receive information broadcast by other UAs around it and calculate the
risk of collision. Furthermore, if the risk of collision is high, one UA can use shared communication
to negotiate a route with another UA. This is possible because shared communication supports
information exchange between two UAs. Full autonomy may be possible if the UA uses 3D maps and
shared communication. This is because UAs can use 3D maps to avoid ground terrain and features,
and recognize other UAs through shared communication and avoid them autonomously.

The identification of illegal UAs. As the UA broadcasts its own information, it can insert a trust field
that changes in value every moment. This trust field can be received by all units, but trust checks
can only be performed by authorized identification units. Thus, an authorized identification system
on the ground can monitor the UAs' approach or operation by receiving ID and trust fields of UAs
around them.
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— The UA location notification service. UAs continue to broadcast their location using shared
communications. Therefore, the ground equipment can receive this and transfer the location
information of UAs to control stations or operators.

— The UA remote control service. The operator of each UA can control a UA, receive video from a UA,
or send commands to a UA, if necessary, through ground equipment. This service is a paid service
that requires a ground network.

— Obstacle detection. If an obstacle broadcasts its own information using shared communication, UAs
nearby can recognize and avoid the obstacle.

— Dynamic geo-limitation generation. UAs can use shared communications to broadcast information
that they[have temporarily created geo-limitation to perform a very important task. Other UAs that
receive if will not be able to enter the geo-limitation area.

— Emergenky notification. UAs can use shared communications to report emergency acciidents
that occlir during operation to operators. UAs can use shared communications-to notify their
surroundings of emergencies. If a flying UA suddenly fails or breaks for some redson, the UA can
broadcadt the situation in real time. If there is a ground equipment nearby that collects UA flight
informatjon, the ground equipment can notify the relevant authorities of thesituation. Even if there
is no grofind equipment nearby, the nearby UA that has received this emé€xrgency signal can notify its
controller or transmit the information to the nearby ground equipment:

— A time lgcation providing service. Units located on the ground: can broadcast time and location
informatjon through shared communication. When the UA does-not receive a satellite signal{it can
be used tjo keep time synchronized and to roughly calculate-its location.

— Thetemporary UA control service. A UA whose control gommunication link with the controller|is lost
can allow the remote pilot to receive the UA's locationwia shared communication and, if necdssary,
temporarily send control commands to the UA via.shared communication.

— Communjication with the landing device. The JA can perform the necessary communication with
the landipg device through shared communi€ation.

— Auto langling. UAs can safely land in the-centre of the landing site using shared communicgtions.
To this ephd, the landing site can be equipped with a shared communication device and broadcast
the landiphg-related information. Automated landing services, when implemented using inforrhation
tone slotg, can be built with simple tone transmitter hardware that transmits tone signals mg¢aning
east, wedt, south, north andseentre. UAs can land in the centre of the landing site by measuripg the
power off the tone signal-transmitted from the four corners and the centre of the landing site (see
Annex A).

Another impprtant ser¥ice of shared communication is the provision of secondary links for cpntrol
communicatipn. Shared communication also can be used when the control link and the video link r¢quire
initialization{ In addition, when the control link is suddenly disconnected, the controller can receive the
UA's location faidinformation through shared communication and transmit some commands.

Finally, shared communication is used to allocate control communication resources and video
communication resources. The controller can receive the information that the UA broadcasts on the
shared channel, and can request the UA to allocate control communication resources through the
shared channel. In addition, shared communication is used to manage control communication resources
occupied by UAs and controllers.

In order to provide various services as described above, the upper layer may assign various attributes
to 500 slots of shared communication in advance. These attributes may include, e.g. slot type, usage
purpose, allocation type, transmission power. Assigning these attributes to 500 slots of shared
communication in advance is called slot planning, and a file to which these attributes are assigned is
called a slot planning file.
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Control communication is used by controllers to stably control UAs. Control communication has almost

the same physical hierarchy as shared communication. The physical layer of a similar stru
one modem to support both shared and control communications.

Control communication utilizes multiple frequency channel resources, i.e. one of the

cture enables

multichannel

communication resources is allocated to a UA and a controller. One frequency channel is divided into 20

subchannels.

Control communications also use a tone channel to allocate multichannel communication resources. A
tone channel and multi-channel resources have a similar frame and slot structure for mutual mapping.

This dhannel mapping structure makes resource collision probabilities extremely Tow, 1
commjunication and enables resource collision detection in real time. Therefore, thec
contrgl its own UA stably through the control communication.

The p
may b

irpose of the control communication is UA control, but depending on the applicat
e used for data transmission temporarily or continuously.

5.4.4 | Video communication

Video|communication is used to transmit real-time video taken(by'UAs. A video receive
embedlded in a controller. Although this document supports onezto-one communication y
a videjo receiver, video receivers other than the designated controller can also receive th
example of such a service is video transmission in firefighting. A fire UA can transmit capt

real time to units of multiple firefighters.

Video
chan
com
into 1

communication utilizes multiple frequency~channel resources. A tone channgd
| resources have a similar frame and slot structure for mutual mapping. One of
nication resources is allocated to a UAcand a video receiver. One frequency chan
) subchannels.

Depen
inforn
contr

com

nation other than video. In thi$ case, bidirectional communication is possible o1
I communication is used as. an auxiliary. This is because video communicatio
nication. In particular, invorder for video communication to be initiated, shared c

or control communication shallfirst perform resource allocation for video communicatioi.

5.5 [nteroperation of three types of communication

UAs cpn use three\types of communication. In general, when a unit transmits one c

signalf another-cOmmunication signal cannot be received due to interference of the trans
Therefore, the'three types of communication shall work together. In particular, the main re
intervorking is to prevent the three types of communication from using resources at the

that the'reception of the shared communication is not interrupted by the other two comm
UA in Hi : S . L :
UAs. If a slot in shared channel cannot be continuously received due to a control transmiss

h distributed
pntroller can

on service, it

r is typically
yith a UA and
is video. One
ured video in

I and multi-
multichannel
hel is divided

ding on the application service, video communication, like control communicatiof, can convey

1ly when the
N is one-way
munication

munication

itted signal.
ason for such
same time, so
unications. A
n from other
ion or avideo

transmission, it is not possible to continuously receive information of a UA occupying the related slot.

This causes a fatal problem in recognizing other UAs.

In particular, this phenomenon always occurs in TRX systems for the purpose of simple hardware

configuration. Three types of communication can be configured as one TRX system
Figure 11.
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Tx Shared communication

PHY & data link

TRX L ) Rx
switch ®

* Tx Control communication

® Rx PHY & data link

Tx Video communication
Rx PHY & data link

Key

TRX transnpission and reception
Tx transj:ission

Rx reception

PHY  physidal layer
Figure 11 — Common TRX modem structure

Therefore, the following rules are necessary for three communieations to coexist.
a) UAs shall receive all slots of shared communication that'they can receive.

b) Under ndrmal conditions, the UA shall receive all’'shared communication slots at least once|every
three sedonds.

c) The unit|{shall not perform the transmission of the control communication signal or the|video
communjcation signal in its occupied shared communication slot.

d) The UA [shall broadcast control<eommunication resource and video communication regource
informatjon currently being used.in shared communication.

e) The unit|shall allocate conftel communication resources and video communication resourges so
that they|do not overlap/in-time.

state of communication resources. In the case of shared communications, a unit shall constantly ypdate
a slot map inglicating:available slots. In the case of control communications and video communicgtions,
a unit shall cgnstantly update an available subchannel map. In the case of shared communication,fa unit
can allocate résotrces only by its slot map. However, in the case of control communication and|video
communication, relevant units shall allocate resources that are available in common in each other's
subchannel map and their own subchannel map.

In order for t'free typeseficommunication to coexist, UAs and controllers shall keep track of the chirrent

In the case of the control channel, the subchannel map exchange necessary for communication
initialization is performed through initial work resources or through a shared communication. Control
communication has its own initial work resources for initialization. However, UAs and controllers can
use a shared communication to initiate control communication. This interworking between the shared
communication and the control communication enhances the convenience of UA operation and further
enhances communication safety.

In the case of a video channel, subchannel map exchange required for communication initialization is
performed through a control channel or shared communication. Since video communication does not
have its own initial work resources, UAs and controllers shall determine which video communication
resources to use through shared or control communications.
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