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Foreword

ISO (the International Organization for Standardization) and IEC (the International Ele

ctrotechnical

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
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other

of technical
international

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

work.

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

maintenance

are described in the ISO/IEC Directives, Part 1. In particular, the different appy
needed for the different types of document should be noted. This document w3

oval criteria
5 drafted in
directives or

accordlance with the editorial rules of the ISO/IEC Directives, Part 2 (see www.iSo-org
wwwiiec.ch/members_experts/refdocs).

Attention is drawn to the possibility that some of the elements of this document may 4
of patent rights. ISO and IEC shall not be held responsible for identifying any or all
rights| Details of any patent rights identified during the development.of the document 1
Introduction and/or on the ISO list of patent declarations received (seé#www.iso.org/pater

e the subject

such patent
vill be in the
ts) or the IEC

list of patent declarations received (see https://patents.iec.ch).

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

For a
expre
the W
WWW.

1 explanation of the voluntary nature of standards, the meaning of ISO specif]
bsions related to conformity assessment, asiwell as information about ISO's

iso.org/iso/foreword.html. In the IEC, seeswww.iec.ch/understanding-standards.

This
Subco,

ocument was prepared by Joint Technical Committee ISO/IEC JTC 1, Informatid
mittee SC 6, Telecommunications\and information exchange between systems.
Alist pf all parts in the ISO/IEC 4005'series can be found on the ISO and [EC websites.

Any f
body.

bedback or questions gn;this document should be directed to the user’s nation
A complete listing- of these bodies can be found at www.iso.org/membq

and does not

c terms and
hdherence to

forld Trade Organization (WTO) principles” in the Technical Barriers to Trade (TBT) see

n technology,

al standards
prs.html and

www.ec.ch/national-committees.
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Introduction

Unmanned aircrafts (UAs) operating at low altitude 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.

This document describes shared communication, which is a wireless distributed communication.
Shared communication allows all units related with UAs to communicate with UAs when necessary.
Shared communication can support communication between UAs, UAs and controllers, UAs and
ground equipment, UAs and landing devices, and UAs and obstacle devices. A wireless distributed

communicati

The ISO/IEC /

ISO/IEC
commun

ISO/IEC

bn described by this document is intended to be used in licensed frequency bands:
005 series consists of the following four parts:

4005-1: To support various services for UAs, it describes a wireles$ distr
cation model and the requirements that this model shall satisfy.

1005-2 (this document): It describes communication in which all "units involved

operatiops can broadcast or exchange information by sharing communication resources wit

other.

ISO/IEC 4

ISO/IEC 4

The Interna
Commission
involve the u

[SOand [ECt

The holders ¢
under reason

005-3: It describes the control communication for the controller to control the UA.

005-4: It describes video communication for UAs td.send video to a controller.

fional Organization for Standardization (ISO) and International Electrotec
IEC) draw attention to the fact that it is claimed that compliance with this document may

se of patents.
hke no position concerning the evidence;-validity and scope of these patent rights.

f these patent rights have assured\[SO and IEC that they are willing to negotiate li
able and non-discriminatory terms and conditions with applicants throughout the

In this respe
Information

Attention is ¢{lrawn to the possibility that some of the elements of this document may be the s

ay be obtained from the'patent database available at www.iso.org/patents.

of patent rights other than thoserin the patent database. ISO and IEC shall not be held responsi

identifying a

y or all such patent rights.

buted

in UA
h each

hnical

"ences
ivorld.

Ct, the statements of the holders of these patent rights are registered with ISO arld IEC.

ubject
ble for

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

Part 2:
Physical and data link protocols for shared communication

1 S
This

com

level
Physic
opera
data, s
2

The fi

cope

ocument describes communication protocols for the physical and data,link lay
nication, which is a wireless distributed communication network for units relate
[.

al layer includes frame structure, encoding procedure, physical layer procedure an
Fions. Data link layer includes channel and slot, resource management, broadcast an
ynchronization, security, and interface with upper layer and-other communication }

Normative references

llowing documents are referred to in the textin such a way that some or all of

er of shared
| with UAs in

H coexistence
1 exchange of
ayers.

their content

constitutes requirements of this document. For dated references, only the edition citedl applies. For

undat

ed references, the latest edition of the referenced document (including any amendm

ents) applies.

ISO/IRC 4005-1, Telecommunications and inforination exchange between systems — Unmdnned aircraft
area network (UAAN) — Part 1: Communication model and requirements

ISO/IHC 4005-3:2023, Telecommunications and information exchange between systems — Unmanned
aircraft area network (UAAN) — Part3! Physical and data link protocols for control communication
ISO/IHC 4005-4:2023, Telecominunications and information exchange between systems — Unmanned
aircraft area network (UAAN)'= Part 4: Physical and data link protocols for video communication

ISO 21384-4, Unmanned-gircraft systems — Part 4: Vocabulary

3 Terms anddefinitions

For the purposes of this document, the terms and definitions defined in ISO/IEC 4005-1}1SO 21384-4
and the following apply.

ISO andHECmaintaintet uliuu}us_y databasesforuseinstandardizationatthefollow ius addresses:

3.1

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

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

broadcast slot
slot used to broadcast the information of a unit

3.2

data slot block
block in which multiple slots are grouped together for efficient resource allocation

© ISO/IEC 2023 - All rights reserved
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3.3
linearization slot
slot used to maintain the linearity of the power amplifier

34

response clearing

transmission of a tone signal in subslot 0 of the subslot set corresponding to the same slot of this frame,
in order to respond to a talk packet received in a slot of the previous frame

3.5
slot block
block in which four slots are grouped together to perform efficient competition

3.6
super frame|slot
slot with a frame period greater than one second

3.7
talk slot
slot used to ekchange information with a specific counterpart

3.8
tone slot block
block in which multiple slots are grouped together to perform efficient'competition

4 Abbreviated terms

cc Control Communication

CRC Cyclic Redundancy Check

CSCH Control Subchannel

DL Data Link

DLL Data Link Layer

DQPSK Differential Quadrature Phase Shift Keying
GF Galois Field

LFSR Linear‘Feedback Shift Register

PCCC Parallel Concatenated Convolutional Code
PB Parsing Block

PF Parsing Field

PN Pseudo Noise

SA Source Address

SC Shared Communication

SRRC Square Root Raised Cosine

TX Transmission

UTC Coordinated Universal Time

2 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=900aed42a4484c6fc38c9693044309d1

VC
VSCH

5 P

5.1

5.1.1

ISO/IEC 4005-2:2023(E)

Video Communication

Video Subchannel

hysical layer
Physical layer frame structure

Data channel

5.1.1.

The 1
A data
8msi

o
[UnN

5.1.1.

The tr

1 Frame structure

ame length of the data channel is 1 second and consists of 500 slots. The oné slot ti
slot block has four slots. Therefore, there are 125 slot blocks in one frame,and th
h length as shown in Figure 1. The frame number changes from 0 to 59i1.1 min inte

|
< : »
|
|
|
|
|
|

#O | #1 | #2 | #3 | #4 | #5 | #6\| #7 | @@ @ |#408|#499

frame, Ti=1 second=500 T.
slot, T,;=2 ms.
slot block, Tg,=8 ms=4 T,.

Figure 1 — Data channel frame structure

P Slot block transmit time mask

ansmissien-time mask of a slot block is shown Figure 2.

me T, is 2 ms.
b slot block is
rval.
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L. ! . 2 .+ -3 . : 2 3 ' .
TO Tl TZ T3 T4 TS TG T7 TB T9 TlO Tll T12 T13 T14 T15 T16 T17
Key
T0 0 ps
Ty, Ty ... T17 | symbol time offsets from T,
a 8 ms.
b Modulated signal.
Figure 2 — Transmission time mask of a slot block
Ty, Ty, T3, Ty,|Ts, T, T, Ty, To, T1go T11 T120 T13 T1ar T1ss T1er Tq7 are symboloffSets from Ty, and s

time is 1/672

T,is 152, T, i
T, is 2765, T]

Tyis O ps as
gated on, and
modulation s

000 second. Each value is as follows.

s 154, T, is 1449, T, is 1451, Ty is 1456.5, T, is 1459.5, Tatis 2754.5, Ty is 2756.5, Ty is
| is 4060, Ty, is 4062, Ty is 4068.0, Ty, is 4070.5, Pys 18 5365.5, Ty is 5366.5, T, is

the start time of the slot block. T, Ts, T and T44 are offsets when the power ampl
unmodulated fine signals begin to be transmitted. T,, T, Ty, and Ty, are offsets at

modulated signal ends. Ty, Tg, Ty,, and T4 are offsetstat which the power amplifier is gated o
transmission| of unmodulated fine signals is stopped. The transmit powers of T; to T,, T5 to Ty
Te, T; to Tg, Tjg to Ty, Tqq to Tqy, T3 toT 4 and T, 40 Ty shall be at least 50 dB less than the mody

signal trans

5.1.2 Tone

5.1.2.1 Frame structure

5.1.2.1.1 G

There are tv
information

jgnal transmission starts. T3, T, Ty;, and T;5are offsets at which the transmission

it power.

channel

eneral

vo types<of-tone channels. One is a competition tone channel and the other
one channel. The competition tone channel is used for resource allocation, occuy

and managen
document, t
use the info

5.1.2.1.2

r /

E:E frame structure for the information tone channel is described, but whether and |

hentoperations. Information tone channels are used to convey simple information.

ymbol

2763,
5376.

fier is
which
of the
'f, and

Ts to
lation

is an
ation,
n this
ow to

Information tone channel frame structure

The frame length of information tone channel is 1 sec and the number of slots per frame is 500. One slot
is divided into 33 subslots, and the length T, of a subslot is 60 ps as shown in Figure 3. The information

given to each

subslot is determined by the upper layer. SS, means the x-th subslot (see Annex G).
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#0 #1 #2 #3 esocecccccee | #498 #499
b - :
. ; -7 |
— - - I
- - - I
- - - I
- - - I
- I
- -7 i
= |
#0 #1 #2 #3 | eeessewes | #31 | #32 | (|
|
|
| | —! -
H by
a  1frame, T;=1 second = 500 T..
b 1klot, Tg=2 ms.
¢ Ty =60ps.
d 20 ps.
Figure 3 — Frame structure.of information tone channel
5.1.2.1.3 Competition tone channel frame'structure

The fr
tone s
total
into fd

ame length of competition tone channel is 1 sec and the number of slots per frame
lots constitute one slock block(Thus, there are 125 slot blocks in one second framg
f 132 subslots in one slot blo¢k. The length T of the subslot is 60 ps. The 132 subslo
ur parts, as shown in Figute' 4, according to each slot numbers.

e is 500. Four
. There are a
s are divided

© ISO/IEC 2023 - All rights reserved
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\ 4

#0 | #1 | #2 | #3 | #4 | #5 (@@ @ [#496|#497|#498|#499

000203 @) [(@1D)]12)](13)] eee |(163)] |(17.0/(17,1)|(17,2) (32,0)((32,1)[(32,2)[(82:3)

l—»! —> e —»
e

a 1 frame, Tf = 1 second = 500 T..
b 1slot, T3 2 ms.

¢ 1slotblogk, T, = 8 ms.

d T, =60 ps.
e 40 ps.

Figure 4 — Frame structure of competition tone channel

The n-th slot plock is composed of the following subslots.

— (0, 4n), (0, (4n + 1)), (0, (4n + 2)), (0, (4n + 311, 4n), (1, 4n+ 1)), (1, 4n + 2)), (1, (4n + 3)),.4, (32,
4n), (32, [4n + 1)), (32, (4n + 2)), (32, (4n+3))

where (x, y) i$ the x-th subslot of the y-thrsubslot set. The 132 subslots constitute 4 subslot sets.

5.1.2.2 Subslot transmit time mask

Subslot transmission time maskis shown in Figure 5.

6 © ISO/IEC 2023 - All rights reserved
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eceeoee T

s 40 ps tlus g d

mocococcoccese O

3
3
N |
3
O3

Key
T, Ty, T3, and T, are time offsets from T},

Ty is 1jus
T, is 41 ps
T3 is 4P ps
T, is 69 ps

T, is the start time of the subslot, the power amplifier is gated on and the unmodulated fine sigpal starts to be
transnjitted

T; is the time at which transmission of the modulated signal begins
T, is the time at which transmission of the modulated signal is terminated

T5 is the time when the power amplifier is gated off and the transmissiémof unmodulated fine signals is stopped
a SIbslot start.

b Sfibslot end.
¢ Tone signal.
d  Ghard time.

Figure 5 — Subslot transmission time mask

The trlansmission power between T, and T; and between T, and T3 shall be 50 dB less or|less than the
maximum transmission power of the'modulated signal.

5.1.2.83 Subslot signal waveform

The modulation scheme af subslot signal is on-off keying. The subslot transmission signal if transmitted
in the[40 ps interval from T; to T, in Figure 5. The waveform of the subslot transmission|signal uses a
raised cosine function.”The subslot signal is generated by the following formula.

t-2T -
glt;x)= cos{ma( ) Zsinc((t ZT)), 0<t<A4T (1)
P—(2a(t-2T)/T) T
where
a is 0,75 as a roll-off factor;

T is 10 ps as a raised cosine period.

See Annex D.

5.2 Encoding procedure
The encoding follows the following procedure as shown in Figure 6. CRC encoding, turbo coding, rate

matching, interleaving, modulation mapping, burst mapping, and pulse mapping are performed in this
order.

© ISO/IEC 2023 - All rights reserved 7
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a d
— CRC — Turbo — > Rate —> )
. . . Interleaving
encoding encoding matching
g f :
e Pulse L Burst <¢— Modulation
mapping mapping mapping

The number ¢f symbols according to each encoding stage is shown in Table 1.

Table 1 — Number of symbols at each encoding stage

Stage Number of symbols
a 792 (binary)
816 (binary)
2460 (binary)
2432 (binary)
2432 (binaty)
1216 (CGemplex)
1288\(Complex)
1295x0S (Complex)

SQ (|0 |[u|n [T

5.2.1 CRC encoding

The input bitg are defined as a, a4, a,, as, ..., agy and parity bits as p, p1, p,, P3, ..., D3 Where, A reprgsents
the number off input sequences. Parity bitsjare generated through CRC generation polynomial as fdllows.

Jcre(D) =|D?4 + D22+ D6+ D5 + D& 1 (2)
The encoding performed thraugh the cyclic generator polynomials has a systematic form as fdllows.
The resulting polynomial has zero remainder when it is divided by gcpc(D) on GF(2).

ayDA*23 +|a, DA*22 +(J+ a4 1 D?* + pD23 + p;D?2+ ... + p,,D1 + p,4 (3)

After CRC insertien) bits are represented by b, by, by, b3, ..., bg1 (Where B = A + 24), and the relatignship
between a; apdby, is as follows. T

a, fork=0,1,2,---,A-1

B 4
Pe_y, fork=AA+1,A+2,--,A+23 (4)

by

5.2.2 Turbo encoding

The turbo encoder consists of Parallel Concatenated Convolutional Code (PCCC) with two 8-state
constituent encoders and one turbo coded internal interleaver. The coding rate of the turbo encoder is
1/3. The structure of the turbo encoder is shown in Figure 7. The PCCC transfer function is as follows:

G(D) = [1,91(D)/g,(D)] 6)

where g,(D) = 1+D?+D3, g;(D) = 1+D+D3.

8 © ISO/IEC 2023 - All rights reserved
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When the input bits of the turbo encoder are encoded, the initial values of the shift registers of the

8-state constituent encoder shall all be zero.

Fork=0,1, 2, .., K-1, the output value of the turbo encoder is expressed as follows:

C3k = Xi
C3k+1 = Zk
C3k2 =2k

Output bits of the first and second 8-state constituent encoders for turbo encoder input

(6)

bits by, by, by,

b, ...|bg1 are zy, zy, z,, Z3, ..., Zg4 and z'y, z'y, z"p, Z'3, ..., Z'p1, and the output bits threygh the turbo

code internal interleaver that is described in Annex A are represented by by, b’;, b’,|b’
these putput bits are used as inputs for the second 8-state constituent encoder. Thé tuirbo
interl¢aver shall use Table A.1 in Annex A.

Trellig termination is performed by taking tail bits from shift register feedback after al

, . b’gq and
code internal

| information

bits have been encoded. The generated tail bits are added after encoding ofthe informatidn bits.

The first three tail bits are used for the first constituent encoderfermination and ndt the second
constituent encoder. The remaining three tail bits are used for the términation of the second constituent

encoder and not the first constituent encoder.

The bits transmitted for trellis termination are determined as follows:
—_ —_ ) -

C4p = Xp» C3B+3 = ZB+1) C3B+6 = X B C3B+9 = Z py1

C3B+1 = Zp C3p+4 = XB+2) €3B+7 = Z B C3B+10 = X B+2

—_ —_ —_ 7 n ’
C3B+2 = XB+1» €3B+5 = ZB+2) C3B+8 = X B+1» C3B+10T Z B2

(7)

© ISO/IEC 2023 - All rights reserved
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Xk
[
[ » (N 4 k)
I UV T
| A
| |
|
b | I
£ HP—» D > D > D :
: A |
: |
J— iy |
} s |
! |
2
3
| __________________________ ’
' | > T
| = AN
: |
|
b’ | |
k >4 H » D » D » D |
£ : A I
|
! 9 i
T J‘ |
: |
_________________________ Xlk
Key
1 turbo cdde internal interleaver
2 first constituent encoder
3 second ¢onstituent encoder
D register
b,  ak-th b]t of turbo encoder input
"« ak-thbit of turbo code internal interleaver output
X a k-th systematic bit of turbo encoder output
Zy a k-th bitt of first constituentencoder output

X, ak-thbit of second constituent encoder output for trellis termination
7z, ak-th bit of second censtituent encoder output

Figure 7 — Turbo encoder structure

Input bit seque b5 3 eduence
generated from turbo code internal 1nterleaver b’ by, b'z, b3, ... b'p4 have the following relatlonshlp

b.=b. (8)
where the mapping between the output bit index i and the input bit index j shall follow Table A.1 in
Annex A. Where j and i are as follows, and row and column numbers start at zero.

= (number shown in table) - 1

i = (row number in table)x16+(column number in table) 9)

10 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=900aed42a4484c6fc38c9693044309d1

ISO/IEC 4005-2:2023(E)

5.2.3 Rate matching

Rate ma_tchir?g outputs d,, dq, d,, d3, ..., dpq by puncturing the input bits ¢, ¢4, ¢y, ¢3, ..., ¢q. The
puncturing bit numbers are as follows.

— 43,131, 217, 305, 391, 479, 565, 653, 739, 827,913, 1001, 1087, 1175, 1261, 1349, 1435, 1523, 1609,
1697, 1783, 1871, 1957, 2045, 2131, 2219, 2305, 2393

5.2.4 Interleaving

The interleaver uses block interleaving with 38 rows and 64 columns.

el=d,

ml= (nx64)%2432 + [n/38] (10

wherq [x] means the largest integer among integers less than or equal to xand 0 < n < 2431.

5.2.5 | Modulation mapping

Modulation mapping generates a complex symbol f,, from the input' bite,,, 0 < n < 2431, § < m < 1215.
Two ifiput bits are mapped to one complex number as shown in‘Iable 2.

Table 2 — modulatiet¥mapping

€5,€2n41 00 01 10 11
fn exp(j/4m) exp(y+7/4m) exp(j-3/4m) exp(j-5/4m)

<

5.2.6 | Burst mapping

Outpyt complex symbols g, g, ..., g12g7-are generated from the input complex symbols f;,[f1, ..., f1215-

n
9 :szoc(k) -
wherdg, c(n) is shown in Table 3.

Table 3 — c(n)

n c(n) Numbl(:l(; 1(;f sym
0,1 TSS(n) 2
2, ..., 37 PTS1(n-2) 36
38, ..., 443 fo3s 406
444, ..., 459 PTS2(n-444) 16
460, ..., 865 Srns4 406
866, ...,881 PTS2(n-866) 16
882, ..., 1285 70 404
1286, 1287 TSS(n-1286) 2

where TSS(n), PTS1(n), and PTS2(n) are shown in Table 4, Table 5 and Table 6 respectively.
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https://iecnorm.com/api/?name=900aed42a4484c6fc38c9693044309d1

ISO/IEC 4005-2:2023(E)

Table 4 — TSS(n)

T55(0) TSS(1)
exp(j-3/4m) exp(j-7/4m)
Table 5 — PTS1(n)
n PTS1(n) n PTS1(n) n PTS1(n)
0 exp(j-5/4m) 12 exp(j-5/4m) 24 exp(j-7/4m)
1 exp(j-7/4m) 13 exp(j/4m) 25 exp(j-5/4m)
2 exp(j-7/4w) 14 exp(j/d4m) 26 exp(j-7/Am)
3 exp(j-5/4m) 15 exp(j-5/4m) 27 exp(j/4m)
4 exp(j/4m) 16 exp(j-7/4m) 28 expfy+5/4m]
5 exp(j/4m) 17 exp(j/4m) 29 exp(j-3/4m]
6 exp(j-3/4m) 18 exp(j-5/4m) 30 exp(j-3/4m}
7 exp(j-5/4m) 19 exp(j-3/4m) 31 exp(j/4m)
8 exp(j-3/4m) 20 exp(j-7/4m) 32 exp(j/4m)
9 exp(j/4m) 21 exp(j/4m) 33 exp(j-5/4m]
10 exp(j-5/4m) 22 exp(j/4m) 34 exp(j-3/4m}
11 exp(j-5/4m) 23 exp(j-3/4m) 35 exp(j-7/4m]
Table 6 — PTS2(n)

n PTS2(n) n PTS2(n) n PTS2(n)
0 exp(j/4m) 6 exply-5/4m) 12 exp(j-3/4m]
1 exp(j-3/4m) 7 exp(j-3/4m) 13 exp(j-3/4m]
2 exp(j/4m) 8 exp(j-5/4m) 14 exp(j/4m)
3 exp(j-7/4m) 9 exp(j-7/4m) 15 exp(j-7/4m)
4 exp(j-7/4m) 10 exp(j-5/4m)

5 exp(j-3/4m) 11 exp(j-7/4m)

12
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5.2.7 Pulse mapping

The complex symbol g,,, is converted into a complex signal h,, where the oversampling ratio of the filter
is OS times and depends on implementation. For 0 < n < 1295x0S, the complex signal is defined as
follows.

nT; 1287 (~n
hn—w[os )Zmzop[(os m 4)Ts)gm (12)

where symbol duration T is the 1/672000 second and pulse shape p(t) is defined as SRRC function of
roll-off factor 0,35 as follows.

COS[ (1+o)mt ]+ sin((1-o)t / Ty)

)= 1 . T, 4at /T,
1. (L-o)m 1-(4at /T,)*

4o

Here yindow function w(t) to process tapering at signal start and end is intreduced for ggod frequency
charagteristics reducing spurious emission. The w(t) is defined as follows.

(13)

(1/2)(1—cos(mt/2T,)), 0<t<2T,
1, 2T, <t <1293T,

w(t) (14)

_(1/2)(1—c05(%(t—1295Ts)]), 1293T, <t <1295T,
S
0, otherwise

The njodulated signal is shown in Figure 8. D répresents the modulation mapping output. Timing of
modulated signal transmission is as described in 5.1.1.2 i.e. the modulated signals are tfansmitted in
the tipe intervals of T, to T3, Ty to T, Ty, to, Ty, and Ty, to Ty in Figure 2.

Key
filter delay, 4 symbols
TLS, 2 symbols

PTS;, 36«symbols
ddtasymbol, 406 symbols

PLS 16 symbels

data symbol, 406 symbols
PTS,, 16 symbols

data symbol, 404 symbols

TLS, 2 symbols

filter delay, 3 symbols
Modulated signal, 1295 symbol.

O© 0 N O U1 o W N =

[EnN
o

I8

Figure 8 — Modulated signal structure

© ISO/IEC 2023 - All rights reserved 13


https://iecnorm.com/api/?name=900aed42a4484c6fc38c9693044309d1

ISO/IEC 4005-2:2023(E)

5.3 Physical layer procedure

5.3.1 Slot synchronization
The synchronization mode of the unit includes 'A sync’, 'B sync' and 'C sync".
— Asyncis synchronization obtained from UTC.

B sync is secondary synchronization acquired from the synchronization signal of the A sync unit.

C sync is sync status within 20 seconds after sudden loss of sync in A or B sync mode.

A sync unit slfalt Know the date, hour, minute, second, SIOt NUMDbDeET.,

The time errqr of A sync shall be within £0,4 ps. The time error of B sync shall be within +4 (i3, Thle time
error of C syrjc shall be within #5 ps.

The frequencfy error of A sync shall be within +0,1ppm. The frequency error of the B sync¢ shall be yithin
+0,2ppm. The frequency error of the C sync shall be within +0,3ppm.

5.3.2 Transmit power control

The upper la[rer can designate the transmit powers for specific slot blocks. All units have the same
transmission| power for the same slot block. Normal slot transmit“power is PTXnormalSCH. The
transmission| power of the tone subslot is a value obtained by adding PTX_SCHTCH_differ fo the
transmission{power of the related data slot block.

5.3.3 Measurements

5.3.3.1 General

The physicallayer shall have the ability to measure the following parameters. It shall be possjble to
measure the fone subslot received signal power;the data slot received signal power, and the propagation
delay time of|the received data signal. The received power decision point shall be the receiving arjtenna
connector.

5.3.3.2 Slof map

The slot map|consists of 500,/bitstrings. The n-th bit indicates whether n-th data slot is usable or pot. '1'
means the slgt is available, and '0' means the slot is not available. The physical layer shall dynamically
update the slpt map for,every slot block interval.

The availabiljty of the-Corresponding data slot is determined by receiving a signal of the slot clearing
subslot in the tone subslot set mapped with the corresponding data slot. If the power of the slot clgaring
subslot signa| is{greater than PRXtoneCompeteThre, it is determined that the data slot mapped thereto

is occupied.

5.4 Coexistence operation

If the hardware of shared communication described in this document and the hardware of control
communication described in ISO/IEC 4005-3, and the hardware of video communication described in
ISO/IEC 4005-4 are completely physically isolated and do not affect each other at all, it shall be allowed
that they do not perform coexistence operations, which is implementation dependent. In general, the
three communications affect each other, and in this case, the following coexistence operations shall be
performed.

The TX operation of a shared slot includes the TX operation of the corresponding shared slot and the
mapped tone subslot set. The TX operation of a control communication includes TX of the mapped tone
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subslot set and CSCH TX. The TX operation of video communication includes TX of the mapped tone
subslot set and VSCH TX.

When a UA periodically broadcasts its information to a shared slot of a shared channel, a shared slot
and a tone subslot set mapped to the shared slot generally require 1 slot and 4 slots, respectively, for TX
operation. If the TX operation of the shared slot used for mandatory periodic broadcasting and the TX
operation of the control channel overlap, the TX operation of the shared slot shall be performed.

The talk slot TX operation of a shared channel shall not overlap with the periodic broadcast slot TX
operation of the conversation partner, and also the conversation partner's CSCH TX and the VSCH TX.

6 ta linkK layer

6.1 eneral

The dqta link layer describes the behaviour of units for broadcast links and unigast links. This document
describes the allocation, occupation and return of data slots which arewireless communication
resoufrces.

Since this document uses a synchronous distributed communicatiomj-inits allocate slot|resources by
themgelves, occupy the allocated slot resources by themselves, and return slot resources bly themselves.
When| occupying the allocated slot resource, collision check«s_continuously performeg for the slot
resoufce.

This data link describes only the basic functions of génerating, maintaining, and termjnating links.
If necessary, additional functions for the link are implemented in the upper layer. The upper layer is
mainly an application layer that provides services, as'shown in Figure 9.

~
Application Protecol
. B Upper
APPLICATION APPLICATION layer
7
Data link protocol ~
- >
DATA LINK DATA LINK
| PHY|&datallik
PHY protocol layer
) | - >
PHY PHY /
” I

Transmission medium

Key
PHY physical layer

Figure 9 — Protocol stack structure

Slots and channels are used in this document. There are data channel and tone channels, and one data
channel and one tone channel work by mapping to each other.

The upper layer can flexibly design the frames and slots of the data channel, i.e. the length of the frame
can be longer than 1 sec for certain slots or slots for a specific unit can be designated or transmission
power of specific slots can be designated.
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6.2 Channel and slot

6.2.1 General

The data channel means a channel through which information is transmitted. The tone channel refers
to a channel in which competition for using a data channel is performed or information tones are
transmitted.

The data channel consists of data slots. There are two types of data slot: broadcast slot and talk slot. The
broadcast slot is a slot for broadcasting information. The talk slot is a slot for exchanging information

with a specific counterpart.

There are tw]
information f{
composed of
tone slots.

The competi

information ffone slot is a slot for the purpose of transmitting information.

6.2.2 Infor

An informati
be given to o
to be allocate
given to one
subslot groug

In Figure 24,
As such, the

0 types of tone channels: information tone channels and competition tone chanme
one channel is composed of information tone slots, and the competition tone~cha
competition tone slots alone or a combination of competition tone slots and inforn

ion tone slot is a slot in which competition for allocating data slats-is performe

mation tone slot

bn tone slot is a slot to which meaning is given to transmit-information. One meani
e tone slot, or different subslots in the tone slots canhave different meanings. Mej
d are defined at the upper layer. When meaning is-given to a subslot, one meaning
bubslot, or many subslots can be grouped into one.subslot group to give a meaning
. Meaning related with the subslot group is defined in the upper layer.

Lhe tone slot block mapped to the linearization slot is configured as information tong
ompetition tone slot mapped to the dedicated data slot can be utilized as an inforr]

k
nel is

. The

hation

bd. An

1g can
inings
Can be
to the

slots.
nation

tone slot.
6.3 Allocation and occupation and return of data slot

6.3.1 Gendral

A unit can allpcate, occupy, or return a broadcast slot. On the other hand, a unit can allocate a talk slot,

but cannot oqcupy and returny
tina
a slot

A unit can allpcate only one.data slot in one slot block. In addition, a unit cannot allocate a data s
contiguous slot block, i€.-a unit that allocates a data slot in an n-th slot block cannot allocate a d
in the (n-1)-th or (n+1)-th slot block.

6.3.2 Map‘)ing of data slots and competition tone slots

The competition for allocating a data slot is performed in the competition tone slot blocks mapped
thereto. Starting in this subclause, for convenience, 'competition’ is omitted from “competition tone
slot” and is referred to as the “tone slot”.

Tone slot block n’ is mapped to data slot block n, where n’ is (n+124) mod 125, where mod stands for
modulo operation. One exception is that the data slot block 0 is mapped to the tone slot block 124 of the
previous frame.
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| |
l¢ »!
| |
| |
| |
| b | | c | |
<« » « |
I | | | |
1 #0 #1 #2 #3 000 #4n |[#4n+1|#4n+2|#4n+3| @ @ @ | #496 | #497 | #498| #499
| e f P |
I - - - P - - |
HAn'+ | H4n'+ | HA4An'+
2 #0 #1 000 #4n' 1 2 3 [ X X ] 000 #496 | #497 | #498| #499
= —3 =
(0,4n") | (0,4n'+1)| (0,4n'+2) | (0,4n'+3)| eee |(16,4n'+3) (17,4n") | eee }(32,4n'+2)|(32,4n[+3) :
|
a I __>: : '
e e
' ' ' ' ]
Key
1 d4qta channel
2  tope channel
2 1frame, Tf=1second = 500 T..
b 1§lot, Ty=2 ms.
¢ slptblockn, Ty, =8 ms.
d Tl =60ups.
e 40 ps.
f Mhppping relation.
Figure 10— Mapping of data slots and tone subslot sets
The data slot numbers forconstituting the n-th data slot block is 4n, 4n+1, 4n+2, and 4n+3|The tone slot
block fonfiguration i§ shown in Figure 10.
A tong subslot sets'mapped to data slots 4n, 4n+1, 4n+2, and 4n+3 are as follows.
{.54”} = (SSO’ 4”’), (551, 4n’), ey (5532, 4'”’)
{4ina) = (SSo, (4n’+ 1)), (SSy, (40’ + 1)), .., (SSsp, (40" + 1))

{Sane2} = (SSo, (40" + 2)), (SSy, (4" + 2)), ..., (SS3,, (4n"+ 2))
{Sans3t = (S5p, (41" + 3)), (S5, (41" + 3)), .., (SS3, (40" + 3))

where

{S,} is a tone subslot set mapped to the data slot S,

SS, is the x-th tone subslot constituting {S,}.
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In this document, {F,, S

.} is defined as a tone subslot set mapped to <F,, S, >, o Sn

o<F,S > and <F,, S,> means data slot

yin frame x, where F, means frame x and S,, means slot n. In addition, {F,, S,, SS,} means the z-th subslot

of {F,, S,}.
{S,} can be sh

Key
{Sa}

own as Figure 11.

0 00 31 32

{S)

tone subslot set mapped to data slot S,

6.3.3 Allod

6.3.3.1 General

Broadcast sld
occupied slot

6.3.3.2 Brq

6.3.3.2.1 S

After receivi

Figure 11 — Pictorial representations of {S,}

ation and occupation and return of broadcast slot

ts are generally assigned through competition, and collision che&cking is performed
5. The upper layer can designate a broadcast slot that can be allocated without compe

adcast slot allocation

plection of a broadcast slot to attempt allocation

hg the slot allocation command UPtoDL.RéqGetSCH from the upper layer, the daf

shall check t

if the reception power of the slot clearing subslot is’greater than or equal to PRXtoneCompet

it is deter

InfoPowerParamSCH from the upper layer.

If the number of allocable slots is NUMg e4table siov
generator. THe unit selects nMax of Nordinal(n)-th slots, where nis 0, 1, 2, ..., nMax-1. nMax is re

from the up
slot to the (
calculating M
be excluded fi

The Nordinal
Xo] represent

e broadcast slots that can be allocated within the time period TselectRegion. At thij

ined as an already occupied slot® PRXtoneCompeteThre is received as U]

the unit selects nMax allocable slots using a PJ

r layer through the URtoDL.InfoSharedChannel interface. As for the order from th
UMjelectable_slot1)-thislat, the order of the small slot numbers is determined faster.
ordinal(n), the prefiously selected slots corresponding Nordinal(0),... , Nordinal(n-1

rom the list of alleeable slots.

1) is calculated with PN code generator shown in Figure 12 as follows, where [x; 4,
5 X as a binary number with i bits. x; ; is the MSB.

pn the
tition.

a link

time,
EThre,
PtoDL.

N code
ceived
e 0-th
When

shall
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a,=1 a, a, a, A3 az, ays
Dy > D, D> D, D> D, | 0@ @ Doy D D,, D Dys D
b, \I;bl \F b, b, by, b,, b,
s ant D Yy &b < b— PN
Key

a, ak-th bit for AND operation with D,
b, ak-th bit for AND operation with D,
D, ak-thregister

PN PN code generator output

~

— o o
o O O

S

Figure 12 — PN code generator

25(0), D24(0), ..., Do(0)] = [SAzs, SAzg, - SAg]

e By oo bio] = [SAg) SAoy .o SAY

16 b15s -+ D11l = [fs, fo s fo]

100 Do s Dol = [Ms, My, M3, My, My, Mo, Hy, Hy, Hy, Hy, Ho)
<) gy o Q] = [SAg SAy, o Ay 1]

PN(clk) = (Dy(clk) & by) * (D;(clk) & b} A*... * (Dys(clk) & bys)

(16)

Npn(n) = [PN(16n+15), PN(16n+14), ..., PN(16n+1), PN(16n)]
Nrdinal(n) = floor (Npn(m*NOM geiectape_sor)/216)
wherg

D}(clk) is a x-th bit of shift register D at clock clk;

S4, is a x-th bit of source address, the number of SA bits is greater thap or equal 26;

fx is a x-th bit of frame number, the number of f bits is 6;
is a x-th bit of minute, the number of M bits is 6;

H, is a x-th bit of hour for 24-hour clock, the number of H bits is 5 and H has the
value from 0 to 23;

PN(clk) is a pseudo random bit of PN code generator at clock clk;

& is AND bit operation that means a logical multiplication;

" is exclusive OR bit operation that means exclusive logical sum operation;

floor(x) means the largest integer among integers smaller than or equal to x.

The B sync unit that does not know the current time sets each bit of [byg, by, ..., byl to [1,0,1,0,0,0, 1,
0,1,0,0,1,0,1,0,1,1].

© ISO/IEC 2023 - All rights reserved
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When there is no broadcast slot that can be allocated, the unit shall report this to the upper layer with
DLtoUP.NotiGetSCH.

Figure 13 shows the selection procedure for a broadcast slot to attempt allocation.

Investigation for usable broadcast slots
within TselectRegion

'

anarttannnar lavzar

2eport-to-uppertayer
DLtoUP.NotiGetSCH) e usable slots >0

=y

6.3.3.2.2 C

The tone sub
twice in the s

Yes

Calculating Nordindl (i)

gure 13 — Selection procedure for a broadcast slot to attempt allocation

pmpetition method for broadcast slot allocation

lot set consists of 33 tone subslots. The competition for allocating data slot n is perf

ame tone subslot set {S,}. These are the first competition and the second competitiop.

The first comjpetition is performed as follows:

a) The first
b) Carriers

c) Ifthe car
the recey

d) If the cal
first subs

The second c
number is 32

The second ¢

a) Theseco

subslot, S5y, is selected among the subslots from SSg, .. to $S3,.

start
ensing is performed until before S5y ..

rier sensing result is 'signal’detection’, it is determined that the competition is lost,
tion power threshold value for determining tone detection is PRXtoneCompeteThre

rier sensing result is 'no signal detection’, the tone signal transmission starts frg
lot.

bmpetition istperformed only by the unit winning the first competition. If the first g
the second.competition is not performed.

bmpetition is performed as follows:

hd'Subslot, SS¢...,q is selected among the subslots from the next subslot of S5 . to §

brmed

=

where

m the

ubslot

532.

b) The unit performs carrier sensing instead transmitting a competition tone signal in the second

subslot.

c) Ifthe sensing resultis 'signal detection', it is determined that the competition is lost and unit stops
to transmit a competition tone signal.

d) If the sensing result is 'no signal detection’, a competition tone signal is transmitted from the next
subslot of SS.,.onq t0 SS3,.

Figure 14 shows the competition procedure for slot allocation.

20
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first

randomly
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first
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Voo

Is there detected signals?

No

Starting to transmit tone signal
and
random selection for SS

second

Stopping to transmit tone signal
and
carrier sensing at SS

second

Is there detected signals?

Restarting to.fransmit tone signal
and
allocation success

Figure 14 — Competition procedure for slot allocation

TCS

A 4

Allocation fail

Yes
Allocation fail

The fifst subslet and the second subslot are calculated in the PN code generator in Figure [Ll2, where the

used j

)

arameter values are as follows:

M D (O] =154 1

£ D SA S A
VA S Lt 7 A S PR g LW A | Py oy o1l

b25, b24, ery b17] = [58’ 57, ) So]

blo, bg,

025, (124,

[
[
[b16) D15y - D111 = [fs) far - fol
[
[

y ao] = [SAo, SAl’ ey SA24, 1]

, bol = [Ms, My, M3, My, My, My, Hy, H3, Hy, Hy, H]

PN(clk) = (Dy(clk) & by) » (D4 (clK) & by) ... » (Dys(clk) & byg)
Npy1 = [PN(12), PN(11), ..., PN(1), PN(0)]
Npy, = [PN(25), PN(24), ..., PN(14), PN(13)]
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SSfirst = SSstart +floor((NPle(33-Ssstart))/213)

Sssecond = SSfirst +1 +floor((NPNZX(32'szirst))/213) (17)
where

Sy is a x-th bit of slot number, the number of bits of sis 9;

others are the same with Formula (16).

The B sync unit that does not know the current time sets each bit of [byg, bys, ..., by] to '1".

See Annex E.

6.3.3.2.3 Broadcast slot allocation procedure

The data link receives a broadcast slot allocation request UPtoDL.ReqGetSCH fram-the upperf layer.

Thereafter, afprocedure for allocating a broadcast slot by a unit is as follows:

a) DatalinK{ selects slots for allocation competition using 6.3.3.2.1, where TselectRegion is 1 sed and k
is 0. If there is no available slot, it is reported as DLtoUP.NotiGetSCH atthé upper layer.

b) The datallink reselects the fastest slot among the selected usable slots. In addition, the data link
performg the allocation competition in 6.3.3.2.2 for the selected-slot, where SS, .. is 1.

c) If data link wins the slot allocation competition, this is.feported to the upper layer as DLtoUP.
NotiGetS‘EH and then upper layer requests a packet transmission on the allocated data slof with
UPtoDL.ReqTxBslot.

d) Ifthe datia link loses the slot allocation competitionfit increases k by 1. If k is kMax, the DLL r¢ports
the failufe to the upper layer. When k is less\than kMax, if allocable usable slots remain, b) is
performgd again. If there are no allocable usable slots, perform a) again, where kMax s is refeived

from the

Figure 15 sha

upper layer through the UPtoDL.InfoSharedChannel interface.

ws the broadcast slot allocation procedure.

22
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Reception of the allocation request from
upper layer, k=0
(UPtoDL.ReqGetSCH )

\
Selecting nMax slots for competition,

TselectRegion =1 sec <
(§6.3.3.2.1)
\ 4
R Reporting the failure to upperayer
~ usable slots >0 No (DLtoUP.NotiGetSGH)
Yes
Selpcting a fastest slot among usable slots,
and Performing the competition for slot
llocation at a selected slot ves No
a - usable slots >0 >
(§6.3.3.2.2)

Allocation success? k=k+1

Reporting to upper layer
(DLtoUP.NotiGetSCH) Reporting the failuer to upper layer
Transmitting data packét (DLtoUP.NotiGetSCH)
(UPtoDL.ReqTxBslot)

Figure 15 — Broadcast slot allocation procedure

6.3.3.8 Occupation and collision management and return of a broadcast slot

6.3.3.8.1 (General

The uhitcan rnnfinnnnc]y occupy the allocated broadcast slot from the next frame of the allocation
frame by performing slot clearing. The occupation decision on the allocated broadcast slot is determined
by the upper layer. Returning of the occupied slot is performed by not performing slot clearing. If the
slot allocated by the unit is used only in the frame, slot clearing is not performed in the next frame.

The unit shall continuously monitor the resource collision of the occupied broadcast slots. For this
monitoring, the unit transmits a collision tone in the subslot set mapped with the occupied broadcast
slots. If the detected power of received collision tone exceeds the predefined threshold, the unit shall
stop slot clearing in the occupied broadcast slot.

When the occupied slot is returned because of the collision, the unit automatically can attempt to
allocate a new broadcast slot. Upper layers can cancel or limit such an attempt.
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6.3.3.3.2 Slot clearing

'Slot clearing’ means that a unit transmits a tone signal in subslot 0 of the tone subslot set mapped with
the allocated data slot in order to continuously use the data slot allocated in the previous frame.

After allocating a slot through competition, as shown in Figure 16, the unit occupies the slot by
performing slot clearing from the next frame in the tone subslot set mapped to the allocated data slots.
If slot clearing is stopped, the slot is considered returned. In Figure 16, <F,, S,> means data slot y of
frame x and {F,, S,} means a tone subslot set mapped to <F,, S,>. See Annex F for a slot clearing example.

Unit A Other Units

Competition at {F , Sy}

Data broadcasting

Data transmission in <F , Sy>

Slot clearing at {F, Sy, SS,}

+17

L Data broadcastin
Data transmission in <F _, Sy> g

Continuots use ofSy

Figure 16 — Procedure for allocation and-occupation of broadcast slot

6.3.3.3.3 Cpllision management of a broadcastslot

A unit performs collision management in the-subslot set mapped to the occupied broadcast slot, i.e.
collision marnagement is performed only when slot clearing is performed. The unit transmits|three
collision tongs of the corresponding supslot set and detects the collision tones of other units [in the
subslots in which the collision tones areiot transmitted.

The transmigsion region of the callision tone is divided into two parts as shown in Figure 17. The first
transmission|region is from substot 1 to subslot 16, and the second transmission region is from sjubslot

17 to subslot{32. The lengths of the first transmission region and the second transmission regipn are
both 16.

24 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=900aed42a4484c6fc38c9693044309d1

ISO/IEC 4005-2:2023(E)

{S} 0 1 2 3 000 v+ 17|18 OO O | 31 | 32

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
-
Y
C
Key
{S,} [one subslot set mapped to data slot S,
a First transmission region.
b Second transmission region.
¢ Renumbering of each transmission region.
Figure 17 — Transmission region for collision tones

When|the unit transmits the collision tone, the unit whose last bit of SA4 is 0 uses the firstjtransmission
regior] in the even-numbered frame and uses the-second transmission region in the ofld-numbered
frame{ The unit whose last bit of SA is 1 uses the.Second transmission region in the even-numbered
frame|and uses the first transmission region imthe odd-numbered frame.
The upit transmits its tone signal three times in one of the two transmission regions. The unit shall
detect the tones of the other unit by performing carrier sensing on subslots that do not tfansmit their
collisipn tones among the subslots of the two regions.
Subslgt numbers that transmittheir tones in a transmission region are determined using the PN code
generator shown in Figure 12\ First, No1(0), Ncp(1), N¢p(2) are calculated as follows:

[225(0), D24(0), .., Dg(O)] = [SAzs, SAzy, - SA(]

(Y25, D24s s D17 =458, 57, - S0

[b16‘ b15, "y bll] = [f5’f4‘ -.-,fo]

[blo, bg, oy bo] = [Ms, M4_, M3, Mz, Ml’ Mo, H4, H3, Hz, Hl’ Ho]

[07'21 a?A.i (11 an] = [SAHJ SA1) [LX}) SA')A; 1]

PN(clk) = (Dy(clk) & by) * (D1(clk) & by) * ... » (Dys(clK) & byc)

Npyy(n) = [PN(12n+11), PN(121+10), ..., PN(12n+1), PN(121)]
Ncr(0) = floor((16x Npy;(0))/212)
Ner(1) = floor((15x% Npy4(1))/212)
Ncr(2) = floor((14x Npy,(2))/212)
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where

Sx

others

is a x-th bit of slot number, the number of bits of sis 9;

are the same with Formula (16).

The positions N, N1, and N, of the three collision tones are as follows:

Nco = Nep(0) + Nerogeset

NCl = NCT(l) + NCToffset,

= N¢f
Ny = Ney
= N|

= N

where Nt

S|
The B sync uI

There are th
collision tone

Second, the

PRXcollsiontpneThre0 is detected in one frame and another one tone was detected in the pr

frame.

Third, when |
Here, FrmAv(
average powsg
received pow
greater than
largest receiy

When the ref
NotiGetSCH
TschReturn i

was determined.

Figure 18 sha

if Nep(1) < Nep(0)

L4 k| AL +L ML Lo AL Y
(L) T L T IVCToffset, I eTV) =1VeTl)
(2) + NCToffset,

(2) +1+ NCToffset,

(2) +2+ NCToffset,

if Nep(2) < Nep(0) and Nep(2) < Nep(1)
if Nep(0) < Nep(2) < Nep(1) or Nep(1) < Nep(2) $Ncr(0)
if N¢p(0) < Nep(2) and Nep(1) < Nep(2)

¢ is 1 for the first transmission region and 17 for the second transmission region.

it that does not know the current time sets each bit of [b,g b5, ..., by] to '1.

‘ee collision detection conditions. First, the slot returm\is determined when two of
s with received power greater than PRXcollsiontoné€Thre0 are detected in the subsl

slot return is determined when one tonewith a received power greater]

DT is an average power of one frame*average power during PRXnumAvgFrm. One
r is calculated in a subslot set by-averaging received power values of detected tones
ers are equal to or greater thah-PRXcollsiontoneThrel. If the number of detected tq
B in the subslot set, the one frame average power is calculated with the three values
ed power.

urn of the slot is determined, the unit informs this return to the upper layer as D
hnd returns the collision slot after the TschReturn frame from the current
5 greater than O because the unit cannot return a slot in the frame for which the slot 1

ws slot teturn procedure based on collision tone detection.

(19)

more
Dt set.

than
bvVious

‘rmAvgDT is equal to or greater than PRXcollsiontoneThre2, the slot return is detertnined.

frame
those
nes is
of the

.toUP.
‘rame.
eturn
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Slot allocation was done

A

Sensing collision tone
in{F, Sy}

Investigation of return conditions

Wait'a next frame
(x=x+1)

Have one or more return

conditions been met?

Slot return after TschReturn frame &

notification to upper
(DLtoUP.NotiGetSCH)

Figure 18 — Slot return\procedure based on collision tone detection

If a co]lision occurs and it is deterximined that the broadcast slot is returned, the upper lay¢r determines
whether to reassign the broddeast slot. If the reallocation is determined at the upper layer, the unit
performs the allocation procedure in 6.3.3.2.3 again.

Even yhen no collision‘o¢curs, the upper layer can return the occupied broadcast slots as needed.

6.3.3. Transmission of a broadcast slot

When|the DLL Teceives UPtoDL.ReqTxBslot from the upper layer, it transmits the desighated data in
the designated slot. When a broadcast slot is allocated and occupied, the upper layer shall send UPtoDL.
ReqTxBslet related to the corresponding broadcast slot to DLL.

6.3.4 Talk slot allocation transmission and response transmission

6.3.4.1 General

Talk slots are allocated through competition. The unit to which the talk slot has been allocated transmits
information through this slot, and the unit which has received the talk slot transmits response
information using response clearing. The talk slot is not occupied. Thus, no resource collision check is
performed for the talk slot. One unit transmits the information through the one-time allocation, and the
other unit receiving the talk slot transmits the response through the one-time allocation.

Talk slot transmission occurs when TslotTxEvent occurs. TslotTxEvent refers to an event that transmits
a talk slot. TslotTxEvent occurs when UPtoDL.ReqTxTslot is received from the upper layer, CSCH
number negotiation is performed, or VSCH number negotiation is performed. When UPtoDL.ReqTxTslot
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is received from the upper layer, the SC DLL reports the success or failure of the talk slot transmission
to the upper layer using DLtoUP.NotiTxTslot.

6.3.4.2 Talk slot allocation

When a TslotTxEvent is generated, the procedure for the data link to allocate the talk slot is as follows:

a) DLL uses the method of 6.3.3.2.1 to select a talk slot. In this case, the same process is performed
for the talk slot instead of the broadcast slot, where TselectRegion is 1 sec, and when the data link
selects a talk slot, nMaxTalk slots are selected from among NUM..taple slor @llOcable talk slots, i.e.
Nordlnal(O) Nordmal(l), . Nordmal(nMaxTalk 1) are Calculated When calculatmg Nordmal(n) the

of alloca

b) DLL sele

leslots Ifthere is no allocable slot the unlt falls to transmlt talk slot 7

ts one among the nMaxTalk slots that is fastest to the current time.

c) Inthe selected slot, allocation competition is performed using the method of 6.3.3¢22, where,

is 1.

the list

SS

start

d) If DLL wins the slot allocation competition, the talk slot allocation request packet is transmifted in

the alloc

e) If DLL log

hted slot.

among tHe selected slots, and c) is performed again.

f) Ifallocat

If necessary,
slot transmis

on fails in all of the selected slots, the unit fails totransmit talk slot.

sion.

Figure 19 shqws the allocation procedure of talk slot:for talk request.

ses the slot allocation competition, the slot closest to the-¢current time is selected from

he SC DLL notifies the upper layer or CC DLL ot VC DLL of the success or failure of the talk
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Talk slot transmission event
(TslotTxEvent)

A
Selecting the slots for competition,
TselectRegion=1,n=0, 1, ..., nMaxTalk
(§6.3.3.2.1)

Transmission fail

A 4

Is there usable slots?

No

S

D

ecting a fastest slot from current time |«

A
Performing the competition for slot
allocation at a selected slot
(§6.3.3.2.2)

Yes

Allocation success?

Is there usm>
among selected slots?

Trgnsmitting data packet.in-allocated data

Transmission fail
slot

Figure 19 — Allocation procedure of talk slot for talk request

If the pinitSucceeds in allocating and transmitting the talk slot, the response clearing is pefformed once
in the[sdme slot of the next frame. The subslot related to response clearing is the first subslot.

6.3.4.3 Talkresponse slot allocation

The unit receiving a talk request packet shall transmit a response packet when the corresponding
destination address matches its own address and the corresponding reception packet requests a
response. The slot allocation procedure for response is as follows:

First, the talk request packet is received at <F,, Sy>.
Second, response clearing is performed in {F,,4, S, SSo}-

Third, by using the method of 6.3.3.2.2, slot allocation competition is performed in {F,,4, Sy}, and if the
unit wins the competition, a response packet is transmitted, and if the unit loses, a response packet is
not transmitted, where, SS . is 1.
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When the talk response packet is generated from the upper layer, the upper layer transmits UPtoDL.
ReqTxTslot to the DLL after the first step. At this time, ResponseClearing is set to '1".

Figure 20 shows the allocation procedure of talk slot for talk response.

Receiving a talk request packet at <F , S>

Response clearing in {F

x+1’

S .55}

A

Performing the competition for slot
allocation in {F _,, Sy}
(§6.3.3.2.2)

Allocation success? Not transmitting

Transmitting a data packet at <F

x+1’

S>>
y

Figure 20 — Allocation procedure of talk slot for talk response

6.4 Data Hroadcast and exchange

6.4.1 Data|packet format

The data packet format’has two types, one is a broadcast packet used in a broadcast slot as shgwn in
Figure 21 and the otHenis a talk packet used in a talk slot as shown in Figure 22.

The packet h¢ader.determines the packet type. In this document, packet headers, 0x00, 0x02, and 0x04
are broadcasg packet headers, and 0x01, 0x03, 0x05 and 0x06 are talk packet headers.

Packet Sync Source Trust
header field address field 73;;1 22%‘3{
(8bits) | (2bits) | (26bits) | (8 bits) (748 bits) (24 bits)

< 816 bits >

Figure 21 — Broadcast packet format
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Packet Sync Source | Destination| Trust Data CRC
header field address address field (722 bits) 24 bit
(8bits) | (2bits)| (26bits) | (26bits) | (8 bits) (24 bits)
816 bits
i L

Figure 22 — Talk packet format

A broadcast packet consists of packet header, sync field, source address, trust field, data field, and CRC.
The talk packet consists of packet header, sync field, source address, destination address, trust field,
data fleld, and CRC.

6.4.1. Data packet header

The pgcket header consists of 8 bits. The packet header is determined at the upper layer exicept for some
headefs. Some packet headers shown in Table 7 are determined by the datalink layer.

Table 7 — Packet header list predefined by datalink layer

P3cket header Description
0x00 General broadcast slot header
0x01 General talk slot header
0x02 Broadcast slot header including parsing block for talk
0x03 Talk slot header including parsing block for broadcast
0x04 Broadcast slot header for control channel operation
0x05 Talk slot header for control €channel operation
0x06 Talk slot header for video channel operation
0x07 +~0xFF TBD for the upper layer

6.4.1.2 Sync field

The sync field is 2 bits. The meaning of the sync field is shown in Table 8.

Table 8 — Sync field meaning

Sync field Description
0x0 A sync
0x1 B sync
0x2 C sync
0x3 reserved

6.4.1.3 Source address and destination address

[t is recommended to set the source address and the destination address to 26 bits. However, the upper
layer can set the unit address bit number larger. In this case, the upper layer shall shorten the data field
length by the increased number of bits.

6.4.1.4 Trustfield

The trust field shall be received by all units, but the trust check shall be performed only by an authorized
receiver.

The trust field generation method uses the LFSR of the following structure as shown in Figure 23.
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input (clk+TrustOffset)

a,= a, a, 23 K a, Ay
y \
4 »D—» D Dil»D»D | 0o0@® D, > D, |»D—» D D _ (clk)

PN(clk)

) 4

\ 4

W™

=N

\/

N N LA X N N, N

PN(0) PN(1) PN(2) PN(3) PN(28) PN(29) PN(30) PN(31)
CO g g 5 H g : C30 C31
N o—TF,
Key
Input(clk+TrugtOffset) a (clk+TrustOffset)-th bit of a data field
a a k-th bit for AND operation with D ¢
b, a k-th bit for AND operation with'R);,
Cx a k-th bit for AND operation with PN(k)
dj, a k-th bit for AND operation‘with input(clk+TrustOffset)
D, a k-th register
D, (clk) output of shift register D4, at clock clk
PN(clk) PN coded generator output for trust field generation at clock clk
TF, a x-th bit of trust field

X

Figure 23 — Trust field generation LFSR structure

[D31(0), I134(0),25P76(0)] = [K1g1, Kyggs - Kog]
[D35(0), B5500); ... Do(0)] = [SAys5, SAzg, -..r SAg]

[d31, d30, - 23] = [Sg, 7 - So]

(22, dy1s s di7) = s, f4r o S

[d1¢ 15, - d11] = [Ms, My, M3, My, My, My)]
[d1o, dy, .., dg] = [Hy, H3, Hy, Hy, Ho)

[ds, dy, ... dg]l = Uy J3, -+ ] Kol

[b31, b3 -+ Dol = [Kgs, Koy, .., Kgy]

[e31, €30, -+ Col = [Ke3, Koy oo K]

[6131, a30, ey ao] = [K31, Kgo, ey Kl' 1]
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PN(clk) = (Dy(clK) & bg) * (D1(clk) & by) » ... » (D34 (clK) & byy)
TF, = (PN(4n) & c,,) * (PN(4n+1) & c,,.1) » (PN(4n+2) & c,,,5) * (PN(4n+3) & ¢4,,5), n=0,1, ..., 7, [C4p

Can+1> Can+2r Can+3] #[0,0,0,0] (20)
where

Sy is a x-th bit of slot number, the number of bits of s is 9;

Iy is a x-th bit of a date and ] has a value from 1 to 31;

K s ax-thrbitof asecretkey between thetrust theck systermmamdthe unit and K

has a length of 102 bits;
TF, is a n-th trust bit of trust field. n=0, 1, ..., 7;
others are the same as Formula (16).

The LFSR is updated as follows.
D((clk+1) = (D34 (clk) & ay) ™ (input(TrustOffset + clk) & d)

D/[clk+1) = D;4(clk) * (D31(clk) & a))  (input(TrustOffset +«¢lk) & d)),i=1, ..., 31 (21)

wherq 'input' means bits of a data field and TrustOffsetis determined by an upper layer.

B syn¢ units that does not know the current time seteach bit of [d,,, d,4, ..., d;] to '1",
6.4.1.p Data field

6.4.1..1 General

The data field consists of parsing.blocks. The parsing block consists of a parsing header and a parsing
field. The parsing header is 8 bits,\and the length of the parsing field depends on the parsing header. Each
parsing block can be inserted anywhere in the data field. However, the parsing block anf the parsing
block ghall be attached without empty space, and the first parsing block shall be located immediately
after fhe trust field.

The upper layer shall'transmit data of a length less than or equal to the length of the data field to the
data link layer. Ifithe length of information provided from the upper layer is smaller than|the length of
the data field, the remaining bits are processed as follows.

If the lengthiof unused extra data bits is less than 8, the extra data bits are filled with '0". If the length of
unusejd\extra data bits is greater than or equal to 8, the extra data bits are filled with a parsing header
'0x80and a padding bit string of length 97 indicating padding. The padding bits are constructed by
using a string of bits of length 97 repeatedly. A 97-bit sequence consists of the next 96-bit sequence
followed by a bit of '1".

— ‘0x71E5477D_AS5B32BF7_E5469C8E’

where "' is used to distinguish 32 bits without meaning and ‘0x’ means hex notation.
6.4.1.5.2 Parsing header and parsing field

6.4.1.5.2.1 General

The parsing header consists of 8 bits. If the most significant bit of the parsing header is '1), it has a
unique meaning regardless of the packet header. If the most significant bit of the parsing header is '0’, it
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has a different meaning depending on the packet header, and each meaning is determined by the upper
layer. However, some parsing headers are exceptionally determined in this document.

Among the parsing headers with the most significant bit '1', parsing headers not described in this
document are determined in the upper layer as shown in Table 9.

Table 9 — Parsing header list predefined by data link layer

Parsing header Description
0x00~0x7F Reserved for the upper layer
0x80 Data padding
0x81 This is used in talk packet. This requests to transmit a response on a talk slot/bhy| using
broadcast slot only or both broadcast slot and talk slot.
0x82 Current time including date, hour, minute, second, slot number
0x83 Current time including slot number
0x84 Request for current time information
0x85 This is used in talk packet when sending a response on the data réceived in a broadcast
slot by using a talk slot.
0x86 Position and power information related with control channel (described in ISO/IEC 40 05-3)
0x87 CSCH map (described in ISO/IEC 4005-3)
0x88 Position and power information related with video channel (described in ISO/IEC 4(05-4)
0x89 VSCH map (described in ISO/IEC 4005-4)
0x8A Position and power information related witlivideo channel and control channel (desfribed
in ISO/IEC 4005-4)
0x8B Indicating that its parsing field is a parsing block for the control channel (descriped in
ISO/IEC 4005-3)
0x8C Indicating that its parsing field is aparsing block for the video channel (described ip ISO/
[EC 4005-4)
0x8D Position and velocity information of a UA and a controller
0x8E Position and way point information of a UA and a controller
0x8F~0xFF Reserved for the upper layer
6.4.1.5.2.2 |Parsing field of 0x80
The parsing flield of parsingtheader 0x80 means an unfilled portion of the data field. Parsing fields are
handled in the manner des¢ribed in 6.4.1.5.
6.4.1.5.2.3 |Parsingfield of 0x81
This parsing|fiéld is used in talk packet. This requests to transmit a response on a talk slot by| using

La ol ) - e - - DI 1 - T 1.1 1.0
broadcast slot—Tthereisone parameter T tIIS T I ds SITOWIT IIT TdDolic 1U.

Table 10 — Parsing field of PB 0x81

Bits’

Description

RequestMethod
‘0’ - Broadcast slot only

‘1’ - Both broadcast slot and talk slot
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6.4.1.5.2.4 Parsing field of 0x82

Table 11 — Parsing field of 0x82

Bits’ Description
[0:8] Current slot number 0~499
[9:14] Second 0~59
[15:20] Minute 0~59
[21:25] Hour 0~23
[26:30] Date 1~31
Parsirjg header 0x82 provides the current time including day, hour, minute, second, and slot number as

shown in Table 11.

6.4.1.

5.2.5 Parsing field of 0x83

Table 12 — Parsing field of 0x83

Bits Description

[0:8]

Current slot number 0~499

Table

6.4.1.
There,

12 shows the parsing field of 0x83.

b.2.6 Parsing field of 0x84

is no parsing field for parsing header 0x84*The unit that does not know current

current time information from another unit by parsing header 0x84.

6.4.1.

There

b.2.7 Parsing field of 0x85

is no parsing field for parsing-header 0x85. This parsing header is used in talk

sending a response on the data recgived in a broadcast slot by using a talk slot.

ime requests

packet when

6.4.1.5.2.8 Parsing field of PB 0x8D
This parsing block provides information about the location and speed of the UA and contrgller. The first
two bjts of the parsifig field indicate the information type. Table 13, Table 14, Table 15,|and Table 16
show the parsing field of PB 0x8D according to information types. The details of each field shall follow
Anney B.
Table 13 — Parsing field of PB 0x8D with information type ‘00’
RBits Decserintion
Bits Description
[0:1] ‘00’. This Information type means UA location information.
[2:25] Own latitude
[26:49] Own longitude
[50:61] Own altitude
Table 14 — Parsing field of PB 0x8D with information type ‘01’
Bits’ Description
[0:1] ‘01". This Information type means UA location and velocity information
[2:25] Own latitude
[26:49] Own longitude
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Table 14 (continued)
Bits’ Description
[50:61] Own altitude
[62:69] Own horizontal ground speed
[70:77] Own heading, degree
[78:84] Own vertical speed
Table 15 — Parsing field of PB 0x8D with information type ‘10’
Bits’ Description
[0:1] ‘07". This Information type means UA and controller location information
[2:25] Own latitude
[26:49] Own longitude
[50:61] Own altitude
[62:77] Latitude difference between the controller and the UA
[78:97] Longitude difference between the controller and the UA
[98:105] altitude difference between the controller and the UA
Table 16 — Parsing field of PB 0x8D with information type ‘11’
Bits’ Description
[0:1] “10’. This Information type means UA and controller location and UA velocity inforration
[2:25] Own latitude
[26:49] Own longitude
[50:61] Own altitude
[62:69] Own horizontal ground speed
[70:77] Own heading, degree
[78:84] Own vertical speed
[85:100] Latitude differencebéetween the controller and the UA
[101:120] Longitude difference between the controller and the UA
[121:128] Altitude difference between the controller and the UA
6.4.1.5.2.9 [Parsing field.of 0x8E
This parsing plock provides information about the location of the UA and the controller, and inforrhation
about the UAls wayspoint. The first bit of the parsing field indicates the information type. Table 17 and
Table 18 show the.parsing field of PB 0x8E according to information types. The details of each field shall
follow Annex|{B\and Annex C.

Table 17 — Parsing field of PB 0x8E with information type ‘0’

63:62+53x([1:2]+1)]

Bits’ Description
[0] ‘0. This Information type means UA information only
[1:2] The number of way points is ‘[1:2]+1".
[3:26] Own latitude (see B.1).
[27:50] Own longitude (see B.2).
[51:62] Own altitude (see B.3).
[

Way points information, the length is 53 x ([1:2]+1).
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Table 18 — Parsing field of PB 0x8E with information type ‘1’

Bits Description

[0] ‘1. This Information type means UA and controller location and UA way points infor-
mation

[1:2] The number of way points is ‘[1:2]+1".
[3:26] Own latitude (see B.1).
[27:50] Own longitude (see B.2).
[51:62] Own altitude (see B.3).
[63:78] Latitude difference between the controller and the UA (see B.7).
[79:98] Longitude difference between the controller and the UA (see B.8).
[99:1(6] Altitude difference between the controller and the UA (see B.9).
[107:106+53%([1:2]+1)] |Way points information, the length is 53 x ([1:2]+1).

6.4.2

6.4.2.1

Slot planning

General

One dpta channel and one tone channel mapped to it each have 500 slots in one second f

the 50

the ugper layer.

6.4.2.2

Slot planning rules

6.4.2.2.1 General

Slot planning in the upper layer shall satisfy.the following rules:

a)
b)

g)
h)

The data slot block 1 is all dedicated slots, the data slot 3 is a linearization data slot, t|

is|la linearization tone slot. Tane slots from tone slot 0 to tone slot 2 are information to
c@nsist of 99 subslots. Se€ Eigure 24.

Both talk slot and breadcast slot can exist in one slot block.

The transmifpower of all slots in one slot block shall be the same.

Tone slets mapped to dedicated slots can be used as information tone slots, in w
transmit power of the tone slots is determined by the upper layer.

0 slots is predefined to talk slots or broadcast slots. Detailed slot planning is the res

The data channel and the tone channel'mapped to it are composed of slot block units. §

Alslot block can select only one slot type among dedicated slot, fixed slot and normal §

fame. Each of
ponsibility of

ee Figure 10.

he tone slot 3
he slots. They

lot.

hich case the

Even if there are a plurality of upper Iayers, slot planning for one physical channelist

Ne same.

If there are multiple channels, slot planning of each channel shall be designed to minimize mutual

interference.

Interfaces used for slot planning are UPtoDL.InfoApprovedSlotMap, UPtoDL.InfoBslotMap, UPtoDL.
InfoTslotMap, UPtoDL.InfoSuperFrameSlot and UPtoDL.InfoDedicatedSlot.
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6.4.2.2.2 Super frame slot

A super frame slot is a slot whose frame period is longer than 1 second. The super frame slot shall be
predefined in the upper layer. Possible periods of super frame slot, Ty are 2, 3, 4, 5, 6, 10, 12, 15, 20, 30,
60 seconds. The super frame slot S, with T period is extended as T slot resources as follows:

S, 0<i

xi’

<Tsg

(22)

The configuration of the super frame slot is determined by the upper layer. If video communication is
used with shared communication, it is strongly recommended that super frame is not used.

6.4.2.2.3 Dledicated slot and fixed slot and normal slot

The upper lay
a normal slot

The dedicatd
competition.

The fixed slo
unit previous

The normal s

rer can reclassify the broadcast slot and the talk slot into a dedicated slot, a fixedsl¢
as shown in Table 19.

d slot is a preallocated slot by the upper layer, and unit shall usé“this slot w

is a predefined slot by the upper layer, and only a unit satisfyinga specific conditic
ly authorized by the upper layer can allocate this slot through'\competition.

ot means a slot allocated by the general unit through competition.

Table 19 — Slot classification by transmissiontype and allocation type

t, and

ithout

nora

Transmisrion type

Allocation type

dedicated fixed normal

broadcast

dedicated broadcast slot fixed broadcast slot normal broadcast

Slot

ta

k dedicated talk slot fixed talk slot

normal talk slog

6.4.2.2.4

The competit]
the upper layj]
toslot 2 are §

6.4.2.25 L

The linearizd
amplifier. Th
tone lineariz
frame startt

Information tone slot

er can define this slot a§ an information tone slot. In this document, tone slots from
et as information tone slots.

nearization slot

tion slot is)predefined for signal transmission used to linearize the transmitter’s
e data lihéarization slot is data slot 3, which is the interval of T;, to T;5 in Figure
htion-slot is tone slot 3. The tone linearization interval is 6060 us to 7980 us based
me,

ion tone slot mapped with thie dedicated data slot do not perform competition. Accorgingly,

slot 0

bower
. The
bn the
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A

\4

Key

1 ddta channel

2 tope channel

3  lifearization interval

3 1frame, Tf=1second = 500 T..

o

Lihearization slot.
bdicated slot block.
d  Mppping relation.

¢ 6 mns (Information tone slots).
£ 6( ps (guard time).

1920 ps.
h 20 ps.
6.4.3 | Databroadcasting
6.4.3.1\ <General

Figure 24 — Linearization slot and timing
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Methods for data broadcasting include one-time data broadcasting and continuous data broadcasting.

6.4.3.2 One-time data broadcasting

One-time data broadcasting can be performed through a broadcast slot or a talk slot.

One-time data broadcasting through a broadcast slot is achieved by not performing slot clearing after

broadcast slot allocation.

There are two ways for one-time data broadcasting through a talk slot. The first method is not to
perform response clearing after talk slot allocation. In this case, 0x03 is used for the packet header, and
all destination address fields shall be filled with '0'.
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The second method is to use a parsing header that means a data broadcasting in the talk packet. In this
case the talk packet has a valid destination address field. Parsing headers for broadcasting shall be

predefined by the upper layer.

6.4.3.3 Continuous data broadcasting

Continuous data broadcasting is performed through a broadcast slot, i.e. the unit performs slot clearing
after broadcast slot allocation to continuously broadcast data.

6.4.4 Data exchange

6.4.4.1 General

There are twjo methods of data exchange: exchange using a talk slot and exchange usingja-broadcast
slot.

6.4.4.2 Data exchange using talk slots

6.4.4.2.1 One-to-one data exchange

6.4.4.2.1.1 |General

The unit can pstablish one or a plurality of one-to-one data links,

6.4.4.2.1.2 |Single link

A unit can sefd and receive data using the destination address of another unit in the manner desgribed
in 6.3.4. In tHe case of a single link, there is no parsing block that requests to talk with the othgr unit
except the unlit of destination address in the talk packet.

In addition, the unit can transmit a talk requestusing the talk slot, and the destination unit can trgnsmit
a talk responge using the broadcast slot. Insthis case, the talk request unit shall include a parsing block
'0x81' in the falk packet. At this time, the parsing field RequestMethod is set to '0', and response clearing
is not perfortped. If the parsing field ReguestMethod is set to '1', the unit performs response cleaifing.
The destination unit that has recejved the talk packet containing the parsing block '0x81' shall trgnsmit
a response trough the broadcast slot. At this time, if the parsing field RequestMethod is set to 1), the
unit shall respond with the sanie response through the talk slot.

The parsing block thatperforms the response is associated with the application service and is defined
at the upper layer.

6.4.4.2.1.3 |Multiple link

A unit can send and receive data using the destination address of another unit in the manner described
in 6.3.4, and at the same time, by using PBs, transmit information to other units that have the different
destination addresses with the packet destination address. These PBs are mainly designed by upper
layer.

In this case, the unit pointed by a PB cannot transmit the response information using the talk slot. The
unit shall unilaterally receive the information or give a response through the broadcast slot occupied
by itself. When responding with a broadcast slot, the related parsing block shall be used. The related
parsing block is determined at the upper layer.
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6.4.4.3 Data exchange using broadcast slots

The unit can send information to a specific unit by using a parsing block in a broadcast slot occupied
by the unit. This parsing block contains the destination address and has the purpose for sending
information to another unit.

When the unit of the destination address included in the parsing block receives the broadcast packet
including the parsing block, the receiving unit generally responds using the broadcast slot occupied by
the receiving unit. In this case, a parsing block including a destination address is similarly used.

If the upper layer requests a response by allocating a talk slot, the unit allocates a talk slot and then
transmits a response including a 0x85 parsing header immediately after the trust field in the allocated
talk slot. The detailed method for this is decided by the upper Iayer.

6.4.5 | Interworking with CC and VC

6.4.5. General

If the PC DLL, CC DLL and VC DLL exist separately, the SC DLL, CC DLL and*VC DLL shall interwork with
each dther. If the SC DLL, CC DLL and VC DLL are integrated into one BLI; the interworking can be done
in ong DLL, which is implementation dependent.

6.4.5.2 Interworking with CC

When| the SC DLL receives CCtoSC.ReqNegoCSCH from<the CC DLL, it shall perfornp subchannel
negotlation according to ISO/IEC 4005-3: 2023, 6.3.2.{When the SC DLL receives CCtoSC.;TBTXReq from
the C¢ DLL, it generates TslotTxEvent and shall netify SCtoCC.PBTxNoti of the success| or failure of
transimission. When the SC DLL receives the contrelchannel related packet, it shall transnjit it to the CC
DLL uping SCtoCC.PBRxFwd.

6.4.5.8 Interworking with VC

When| SC DLL receives VCtoSC.ReqNegoVSCH from VC DLL, it shall perform subchanngl negotiation
according to ISO/IEC 4005-4:2028; 6.3.2. When SC DLL receives VCtoSC.PBTxReq from VC DLL, it
generates TslotTxEvent and shall'notify SCtoVC.PBTxNoti of success or failure of transnjission. When
the S¢ DLL receives a video channel related packet, it shall transmit it to the VC DLL fyising SCtoVC.
PBRxfwd.

6.5 PBSynchronizatien

A unif shall knew the date, hour, minute, second, slot number for synchronization. When the number
of extfa data'bits in the broadcast slot is greater than or equal to 39, the A sync units shall transmit a
parsing héader '0x82' and an associated parsing field. A sync unit shall transmit a parsing header '0x83'
and a|related parsing field if the number of extra data bits in the broadcast slot is lesg than 39 and
greater than or equal to 17.

The B sync unit shall know the date, hour, minute, second, slot number in order to occupy the slot.
If the B sync unit does not know the current slot number, transmission shall not be performed.

If the B synchronization state unit knows the current slot number, but lacks time information such as
date, hour, minute, and second, only one-time transmission is possible. In this case, the B sync state
unit can transmit a packet including the parsing header '0x84' requesting current time information to
the nearby units. When receiving the parsing header '0x84’, the units knowing all time information can
transmit the parsing header '0x82' and an associated parsing field when transmitting the next data
slot. However, this is not mandatory, but recommended.

The C sync unit can broadcast data by using the broadcast slot occupied previously.
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6.6 Data link layer security

In shared communication, units broadcast information or perform one-to-one communication.
Generally, broadcasting does not require security, but security can be applied depending on the service
in one-to-one communication.

If the upper layer requests the use of data link security, then the following security shall be used.

The data link layer receives the security key U from the upper layer. The data field, as shown in
Figure 25, is scrambled by the PN code generated by the PN generator as follows.

aO=1 — a, — a, — a —da, —a —d,.
CO '\U_> Cl =\|/_= Cz '\U_= C3 [ X X ] ng VW_= C30 > C31
—b0 b1 bz b3 b29 b3o b31
(X X J
& PN
€ 21 €, €; €29 €3 €31
Fo =m=F1 =m=FZ >m=F3 Y X ) F29 >m=F30 ¢m=F3l
d,=1 d, d, d, dyg dy, d;,
Key
a a k-th bit for AND operation with Cgj
by a k-th bit for AND operation with €},
Cy a k-th register of upper LFSR
F a k-th register of lower EESR
d, a k-th bit for AND opération with F3;
ey a k-th bit for ANDoperation with F,
PN1 outpput of upperbFSR
PN2 outpput of Jower LFSR
PN outputof PN code generator

Figure 25 — PN code generator used for data scrambling

[asq, azg, - gl = [Uye, Uys, Sg, Uny, oy Ugg, g Ugs, oo Ug, 53, Uy, oo, U, S, 1]

(D31, b30, -+ bol = [Uss, - Uaz f5, Uses - U3z f3, Use, - Uasg, for Upsl

[C31(0), C50(0), .., €5 (0)] = [U7, ..., Uz3, M5, My, My, Hy, H3, Hy, U7y, ..., Ugy, Y3, Yy, W3, Wy, Ug, .., Usg]
[d31, d3g, - do] = [Us03, 57 S5, U2, -+ Ug3, S4, Ugy, -y Ugs, S2, Uga, -+ Uzg, 51, 1]

eol = [U132, -+ Urz6 f» Urzs v Ut1a f2, U113, -+ Usgs, f1, Ugoal

[F31(]0), FSO(O)’ LEEY) FO(O)] =[U154’ LEEY) U150' M3, Ml, MO, Hl’ HO, U149’ ey U138, Y4, YZ, YO’ WZ, WO, U137’ ey
U133

[es1, €305 oo
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PN1(clk) = (Cy(clK) & b) * (C4(clk) & by) ... * (Caq(clk) & bsy)
PN2(clk) = (Fy(clk) & eg) * (Fy(clK) & eq) » ... " (Fs4(clK) & e)

PN(clk) = PN1(clk) » PN2(clk)

where

C,(clk)
F,(clK)

is a x-th bit of upper shift register C at clk;

is a x-th bit of lower shift register F at clk;

ISO/IEC 4005-2:2023(E)

(25)

U
fx

7
PN(cIK)

The first bit of the data field is scrambled With PN(O ... Subsequent data bits are al
sequeptially, where O ¢ 1S [U159, Ugsg, mUiss].

The padding block in data field is not scrambled.

is a x-th bit of a security key provided by the upper layer;

is a x-th bit of frame number, the number of fbits is 6;

is a x-th bit of slot number, the number of s bits is 9;

is a x-th bit of minute, the number of M bits is 6;

is a x-th bit of hour for 24-hour clock, the number of H bits is 5 4

value from 0 to 23;

is a x-th bit of date, with a value from-1 to 31, the number of Y bits
is a x-th bit of month, with a value,from 1 to 12, the number of W1

is a pseudo random bit of PN:cede generator at clk, and PN(0) is the H
the initial value is loaded into the two PN code generation registe

6.7 [Interface with upper layér

6.7.1 | General

nd H has the

is 5;
its is 4;

N value when
S.

50 scrambled

The interface with the upper layer consists of ‘00’ and the interface header and the followinlg parameters

as shogwn in Figure 26. The number of bits of the header is 8 bits, and the number of param

numbegr of bits.6f'each parameter are different for each interface header.

00

Header

Parmeterl

Parmeter2

eters and the

Parmetey

N

Figure 26 — Interface packet structure with upper layer

6.7.2 Initialization interface

6.7.2.1 General

The initialization interfaces are used when the unit is initialized. The upper layer can use these
interfaces shown in Table 20 after initialization if necessary.
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Table 20 — Initialization interface list

Interface name Header value Direction
UPtoDL.InfoSharedChannel 0x01 to DL
UPtoDL.InfoSecurity 0x02 to DL
UPtoDL.InfoApprovedSlotMap 0x03 to DL
UPtoDL.InfoBslotMap 0x04 to DL
UPtoDL.InfoTslotMap 0x05 to DL
UPtoDL.InfoSuperFrameSlot 0x06 to DL
UPtoDL.InfolndividualSlotTxPwr 0x07 to DL
UPtoDL.InfoDjedicatedSlot 0x08 to DI}
6.7.2.2 UPtoDL.InfoSharedChannel
Table 21 shows the parameters of UPtoDL.InfoSharedChannel.

Table 21 — UPtoDL.InfoSharedChannel Parameter
Paragmeter name bits Description
PRXtoneComﬂeteThre 5 Power threshold for carriersefising,
-115dBm(0) ~ -84dBm(31)
PRXcollsiontdneThre0 5 Power threshold for,cellision tone sensing,
-115dBm(0) ~ -84dBm(31)
PRXcollsiontdneThrel 5 Power thresholdfor collision tone sensing,
-115dBm(0)<* -84dBm(31)
PRXcollsiontgneThre?2 5 Power threshold for collision tone sensing,
-115dBm(0) ~ -84dBm(31)
PRXnumAvgHrm 3 Number of frames for average in collision detection
1(0)~8(7)
nMax 3 Parameter for usable slot selection
kMax 5 Parameter for broadcast slot allocation
nMaxTalk 4 Parameter for broadcast slot allocation
PTXnormalSQH 5 Normal slot transmission power,
-8dBm(0) ~ 23dBm(31)
PTX_SCHTCH] differ 4 Power difference data slot with tone slot,
0 dB(0) ~-15 dB(15)
TschReturn 4 When the return of the slot is determined, the unit returps the
collision slot after the TschReturn frame from the current frame.
DataLen 10 Maximum length of data field
SrcAddrLen 6 The length of source address
SrcAddr 40 The unit's own address, Only the lower bits corresponding to the
length of SrcAddrLen are meaningful.
DstAddr 40 The counterpart address, Only the lower bits corresponding to
the length of SrcAddrLen are meaningful.
In the case of a UA, this is the address of the controller, and in the
case of a controller, this is the address of the UA.
‘0’ means no counterpart.
44 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=900aed42a4484c6fc38c9693044309d1

ISO/IEC 4005-2:2023(E)

6.7.2.3 UPtoDL.InfoSecurity

Table 22 shows the parameters of UPtoDL.InfoSecurity.

Table 22 — UPtoDL.InfoSecurity Parameter

Parameter name bits Description
TrustOffset 5 Input offset used for calculating trust field
K 102 |Secretkeybetween the trust check system and the unit
U 160 |Secret key for data field scrambling

6.7.2.Il- UPtoDL.InfoApprovedSlotMap

Table

3 shows the parameters of UPtoDL.InfoApprovedSlotMap.

Table 23 — UPtoDL.InfoApprovedSlotMap Parameter

Parameter name bits Déscription
ApprdvedSlotMap 500 |‘1’is usable and. QY is unusable.
Default valués are all ‘1.
The parameter of UPtoDL.InfoApprovedSlotMap is ApprovedSlotMap. ApprovedSlotMap cnsists of 500
bits. Bit n indicates permission to use slot n. The data link/can’ only allocate slots marked 1" In the case
of a syper frame slot, if the corresponding bit is '1’, all siper frame slot resources of the cprresponding
slot nyimber are available.
6.7.2.5 UPtoDL.InfoBslotMap
Table P4 shows the parameter of UPtoDL.InfoBslotMap.
Table 24 ~ UPtoDL.InfoBslotMap Parameter
Parameter name bits Description
BslotNlap 500 |1’ means broadcastslotand ‘0’ means both broadcast
slot and talk slot are possible.
Default values are all ‘0’.
The parameter of URtoDL.InfoBslotMap is BslotMap. BslotMap consists of 500 bits. Bit n represents the

type d

6.7.2.

f slot n. The-data link recognizes slots marked with '1" as broadcast slots

b UPtoDL.InfoTslotMap

Table

j shows the paramnfnr of UPtaoDI TnFnTc]nfMap

Table 25 — UPtoDL.InfoTslotMap Parameter

Parameter name bits Description

TslotMap 500 |1’ means talk slot and ‘0’ means both broadcast slot

and talk slot are possible.

Default values are all ‘0’.

The parameter of UPtoDL.InfoTslotMap is TslotMap. TslotMap consists of 500 bits. Bit n represents the
type of slot n. The data link recognizes slots marked '1' as talk slots.
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6.7.2.7 UPtoDL.InfoSuperFrameSlot

Table 26 shows the parameters of UPtoDL.InfoSuperFrameSlot.

Table 26 — UPtoDL.InfoSuperFrameSlot Parameter

Parameter name

bits

Description

Period

6 Possible values are 1, 2, 3,4, 5, 6,10, 12, 15, 20, 30, 60.

SlotNum

9 Slot number

The parameters of UPtoDL.InfoSuperFrameSlot are Period and SlotNum. SlotNum is a super frame slot

number havifgaperiodof Period:

6.7.2.8 UPtoDL.InfolndividualSlotTxPwr

Table 27 shows the parameters of UPtoDL.InfolndividualSlotTxPwr.

Table 27 — UPtoDL.InfolndividualSlotTxPwr Parameter

Parameter name bits Description
SlotNum 9 Slot number wherepower value is applied.
SlotTxPwr 6 (-20 + SlotTxPwg)dBm

The parametgrs of UPtoDL.InfolndividualSlotTxPwr are SlotNuf’ and SlotTxPwr. The transmit power

of a slot SlotNum is (-20 + SlotTxPwr)dBm.

6.7.2.9 UPtoDL.InfoDedicatedSlot

Table 28 shows the parameters of UPtoDL. InfoDedicatedSlot.

Table 28 — UPtoDL.InfoDedicatedSlot Parameter

Parameter name bits Description
SlotNum 9 Dedicated slot number
SlotTxPwr 6 Dedicated slot transmission Power,

(-20 + SlotTxPwr)dBm

The parameters of UPtoDL.InfoDedicatedSlot are SlotNum and SlotTxPwr. The transmit pow¢r of a
dedicated slof SlotNumyis {20 + SlotTxPwr)dBm.

6.7.3 DyndmicInterface

6.7.3.1 Genretrat

The dynamic interfaces shown in Table 29 are used after unit initialization when a corresponding event

occurs.

Table 29 — Dynamic interface list

Interface name Header value Direction
UPtoDL.ReqGetSCH 0x11 to DL
DLtoUP.NotiGetSCH 0x12 to UP
UPtoDL.ReqTxTslot 0x13 to DL
UPtoDL.ReqTxBslot 0x14 to DL
DLtoUP.NotiTxTslot 0x15 to UP
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Table 29 (continued)

Interface name Header value Direction
DLtoUP.RsvSCHData 0x16 to UP
UPtoDL.ReqReturnSCH 0x17 to DL
UPtoDL.ResponseACK 0x18 to DL
DLtoUP.ResponseACK 0x19 to UP

6.7.3.2 UPtoDL ReqGetSCH
Table 20 shows the parameter of UPtoDI ReqGetSCH
Table 30 — UPtoDL.ReqGetSCH Parameter
Parameter name bits Description
IsOccyipy 1 ‘1’ means occupation, ‘0’.mhedans one-time transmission.

The parameter of UPtoDL.ReqBslotAllocate is IsOccupy. If IsOccupy is '1/7it means that slot clearing after
slot aljocation is performed to continuously occupy the slot, and if it i§/0", it means one-time allocation.

6.7.3.3 DLtoUP.NotiGetSCH

Table B1 shows the parameters of DLtoUP.NotiGetSCH.

Table 31 — DLtoUP.NotiGetSCH Parameter

Parameter name bits Description
IsSucdess 1 ‘I’ means success. ‘0’ means allocation fail or slot return
by slot collision.
k 5 k value at the time this interface is repqrted
SlotNyim 9 Allocated or return slot number, 0x1FF njeans one-time
allocation success.

6.7.3.4 UPtoDL.ReqTxTslot

Table B2 shows the parameters of UPtoDL.ReqTxTslot.

Table 32 — UPtoDL.ReqTxTslot Parameter

Parameter name bits Description

DestAddr 40 The destination address, only the lower bits corre-
sponding to the length of SrcAddrL¢n in UPtoDL.
InfaSharadChannnl o oot gfil
InfoSharedChannelare meaningful
‘0’ means no counterpart.

SlotNum 9 Transmission slot number, 0x1FF means random slot
number.

ResponseClearing 1 ‘1’ - Performing response clearing
‘0’ - Not performing

DesignatedSlot 1 ‘1’ - Transmission in designated slot
‘0’ - Transmission in normal slot

SlotNum 9 Response slot number, meaningful only when Desig-
natedSlotis ‘1’
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Table 32 (continued)

Parameter name bits Description
DataSecurity 2 ‘00’ - No security

‘01’ - Data scrambling with PN code
‘10’, ‘11’ - reserved

DataLen 10 DataLen is the length of Tx data.
Data DataLen |Txdata

6.7.3.5 UPtoDL.ReqTxBslot

Table 33 shows the parameters of UPtoDL.ReqTxBslot.

Table 33 — UPtoDL.ReqTxBslot Parameter

Parameter name bits Description
SlotNum 9 Slot number for data transmission
DataLen 10 The length of Tx data
Data DataLen |Tx data

6.7.3.6 DL{oUP.NotiTxTslot

Table 34 shows the parameters of DLtoUP.NotiTxTslot.

Table 34 — DLtoUP.NotiTxTslot Parameter

Parameter name bits Description
IsSuccess 1 ‘I’ means success. ‘0’ means allocation fail.
SlotNum 9 Slot number where packet is transmitted

6.7.3.7 DL{oUP.RsvSCHData

Table 35 shows the parameters of DLteUP.RsvSCHData.

Table 35 — DLtoUP.RsvSCHData Parameter

Parameter name bits Description

SrcAddr 40 Only the lower bits corresponding to the lenjgth of
SrcAddrLen are meaningful.

‘0’ means broadcast slot that has no SrcAddr.
DatalLen 10 The ]pngfh of Rx data

Data DataLen |Rxdata

6.7.3.8 UPtoDL.ReqReturnSCH

Table 36 shows the parameter of UPtoDL.ReqReturnSCH.

Table 36 — UPtoDL.ReqReturnSCH Parameter

Parameter name bits Description

SlotNum 9 Slot number for return
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6.7.3.9 UPtoDL.ResponseACK

Table 37 shows the parameters of UPtoDL.ResponseACK.

Table 37 — UPtoDL.ResponseACK Parameter

Parameter name bits Description
Ack 1 ‘1’is ACK, ‘0" is NACK.
InterfaceHeader 8 Interface header received from DLL

When the DLL sends an interface packet to the upper layer, the upper layer can respond using UPtoDL.

Resp

6.7.3.110 DLtoUP.ResponseACK

Table B8 shows the parameters of DLtoUP.ResponseACK.
Table 38 — DLtoUP.ResponseACK Parameter
Parameter name bits Description
Ack 1 ‘1" is ACK, ‘0%is NACK.
InterfpceHeader 8 Interface header received from upper |ayer
When| the upper layer sends an interface packet to the DLL, the DLL can respond yith DLtoUP.

ResponseACK. The use of this interface is implementation’dependent.

6.8

6.8.1

This dlocument describes the interface between SC DLL and CC DLL and VC DLL. T

Interface with other communication layer

General

his interface

is desfribed under the assumptionthat each DLL is independent. three DLLs can be integrated and
operated as a single DLL. It is implementation dependent. When integrated into a single D|LL, the use of
the inferface below is implementation dependent.
6.8.2 | Interface with CE
6.8.2.1 General
The injterfaces with CC DLL as shown in Table 39 are used for some reason like CSCH negotiation. The
upperflayer<can designate interfaces for multiple purposes.
Table 39 — Interface list with CC
Interface name Header value Direction
CCtoSC.ReqNegoCSCH 0x40 to SC
SCtoCC.NotiNegoCSCH 0x41 to CC
CCtoSC.PBTxReq 0x42 to SC
SCtoCC.PBTxNoti 0x43 to CC
SCtoCC.PBRxFwd 0x44 to CC

6.8.2.2 CCtoSC.ReqNegoCSCH

CCtoSC.ReqNegoCSCH has four parameters as shown in Table 40, the meaning of each parameter is as
follows.
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Table 40 — Parameters of CCtoSC.ReqNegoCSCH

Parameter name bits Description
UsePB0x81 ‘1’ means PB 0x81 use, ‘0’ means PB 0x81 not use.
RequestMethod This value is used only when UsePB0x81 is ‘1",

‘1’ - SC Bslot & Tslot use.
‘0’ - SC Bslot use.
m The range of -4(0) ~ 3(7)
n The range of -4(0) ~ 3(7)

6.8.2.3 SCtoCC.NotiNegoCSCH

SCtoCC.NotiNegoCCH has five parameters as shown in Table 41, the meaning of each paramete

follows.

Table 41 — Parameters of SCtoCC.NotiNegoCCH

I is as

Paramleter name

bits

Description

IsSuccess ‘1’ means success, ‘0’ means fail.
m This value is meaningful when fsSuccess is’0’.
The value of m when negotiation is finished.
The range of -4(0) ~ 3(7)
n 3 This value is meaningful when IsSuccess is '0’.
The value of m When negotiation is finished.
The range of~4(0) ~ 3(7)
ChannelNum 5 This valué is meaningful when IsSuccess is '1".
Frequercy channel number of an allocated channel
SubchannelNum 5 This value is meaningful when IsSuccess is '1’.

Subchannel number of the allocated ChannelNum

6.8.2.4 CCtoSC.PBTxReq

CCtoSC.PBTxReq has two parameters as shown in Table 42. the meaning of each parameter is as fd

Table 42 — Parameters of CCtoSC.PBTxReq

llows.

Paramleter name

bits

Description

PBLength

10

PB length

PB

DRI +1
IDLCIIZgUT

D : 1.1 1 f .
FdISIIlg UIUCK TUT TX

6.8.2.5 SCtoCC.PBTxNoti

SCtoCC.PBTxNoti has one parameter as shown in Table 43, the meaning of this parameter is as follows.

Table 43 — Parameters of CCtoSC.PBTxNoti

Parameter name bits Description
IsSuccess 1 ‘l’ means PB transmission success, ‘0’ means PB transmission fail.
50
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6.8.2.6 SCtoCC.PBRxFwd

SCtoCC.PBRxFwd has two parameters as shown in Table 44, the meaning of each parameter is as

follows.
Table 44 — Parameters of SCtoCC.PBRxFwd

Parameter name bits Description
PBLength 10 PB length
PB PBLength |Parsing block received in SC
6.8.3 | Interface with VC
6.8.3.l General
The injterfaces with VC DLL as shown in Table 45 are used for some reason like)VSCH negotiation. The

upper

layer can designate interfaces for multiple purposes.

Table 45 — Interface list with CC

Interface name Header value Direction
VCtoS[C.ReqNegoVSCH 0x45 to SC
SCtoV[.NotiNegoVSCH 0x46 toVC
VCtoSC.PBTxReq 0x47, to SC
SCtoV[L.PBTxNoti 0x48 toVC
SCtoVL.PBRxFwd 0x49 to VC

6.8.3.2 VCtoSC.ReqNegoVSCH
VCtoS[L.ReqNegoVSCH has four parameters as shown in Table 46. The meaning of each parameter is as
followfs.

Table)46 — Parameters of VCtoSC.ReqNegoVSCH

Parameter name bits Description
UsePH0x81 1 ‘1’ means PB 0x81 use, ‘0’ means PB 0x81 not use.
RequgstMethod 1 This value is used only when UsePB0x81 is ‘1".

‘1’ - SC Bslot & Tslot use.
‘0’ - SC Bslot use.

3 The range of -4(0) ~ 3(7)

3 TheTange of —4(0)~3(7)

6.8.3.3 SCtoVC.NotiNegoVSCH

SCtoVC.NotiNegoVSCH has five parameters as shown in Table 47. The meaning of each parameter is as

follows.
Table 47 — Parameters of SCtoVC.NotiNegoVSCH
Parameter name bits Description
IsSuccess 1 ‘1’ means success, ‘0’ means fail.
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