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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
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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 ¢
Shared (¢
ground ¢
commun

The IS0/
— 180/

communication model and the requirements that this model shall satisfy.

— IS0/

oper
— IS0/
— IS0/

The Int
Commisg
involve t

ISO and I[EC take no position concerning the evidence;validity and scope of these patent rights.

The hold
under re
In this rg
Informat

Attention is drawn to the possibility that some of the elements of this document may be the subje

of patent
identifyi

OIT U dllO d UPPO O U dl101 petwece UAS, U~A dI10 O O11€ , UEL d
quipment, UAs and landing devices, and UAs and obstacle devices. A wireless distributg
cation described by this document is intended to be used in licensed frequency bands:

[EC 4005 series consists of the following four parts:

EC 4005-1: To support various services for UAs, it describes a wirgless distributg

EC 4005-2 (this document): It describes communication in which_alldnits involved in U

EC 4005-3: It describes the control communication for the controller to control the UA.
EC 4005-4: It describes video communication for UAs tossend video to a controller.

ernational Organization for Standardization (ISOY and International Electrotechnic
ion (IEC) draw attention to the fact that it is claim€d that compliance with this document m
he use of patents.

ers of these patent rights have assured\ISO and IEC that they are willing to negotiate licenc
hsonable and non-discriminatory tefms and conditions with applicants throughout the worl
spect, the statements of the halders of these patent rights are registered with ISO and IE
ion may be obtained from the patent database available at www.iso.org/patents.

rights other than those-in the patent database. ISO and IEC shall not be held responsible f
ng any or all such patent rights.

htions can broadcast or exchange information by sharing communication resources with ea¢
other.

ommunication allows all units related with UAs to communicate with UAs when necessary.

Vi

© ISO/IEC 2023 - All rights reserved


https://www.iso.org/patents
https://standardsiso.com/api/?name=900aed42a4484c6fc38c9693044309d1

INTERNATIONAL STANDARD

ISO/IEC 4005-2:2023(E)

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

Part 2:
Physical and data link protocols for shared communic

tion

T
C(
le

0
d

Scope

his document describes communication protocols for the physical and data-link layer ¢
mmunication, which is a wireless distributed communication network for uhits related wi
vel I1.

PIysical layer includes frame structure, encoding procedure, physical layer procedure and co

erations. Data link layer includes channel and slot, resource managément, broadcast and ex
ita, synchronization, security, and interface with upper layer and‘ether communication layer

Normative references

he following documents are referred to in the text in\such a way that some or all of thei
nstitutes requirements of this document. For dated Treferences, only the edition cited ap
ndated references, the latest edition of the refereneed document (including any amendments

0/IEC 4005-1, Telecommunications and inforimation exchange between systems — Unmanne
ea network (UAAN) — Part 1: Communication model and requirements

0/IEC 4005-3:2023, Telecommunications and information exchange between systems — U
rcraft area network (UAAN) — Part3: Physical and data link protocols for control communicat

0/IEC 4005-4:2023, Telecommunications and information exchange between systems — U
rcraft area network (UAAN)=="Part 4: Physical and data link protocols for video communicatio

0 21384-4, Unmanned aircraft systems — Part 4: Vocabulary

Terms and.definitions

F:Kr the purposes of this document, the terms and definitions defined in ISO/IEC 4005-1, ISO

d the fellowing apply.

0 and{IEC maintain terminology databases for use in standardization at the following addre

f shared
th UAs in

pxistence
thange of
S.

" content
blies. For
applies.

1 aircraft
nmanned

on

nmanned
h

21384-4

5SES:

s TaVaWrat h 1 - 1 £ L | 1.1 1 L L - L1
15U UNIIC DIOWSIITE PI1AUOINIL dVAlldDIC dUHLLDS. /7 W W W.150.01 5 /00D

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

3.

1

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

©
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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 blodj
block in yhich 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 exchange information with a specific counterpart

3.8
tone slog block
block in yhich multiple slots are grouped together to perform efficiefit competition

4 Abbreviated terms

cc Control Communication

CRC Cyclic Redundancy Check

CSCH Control Subchannel

DL Data Link

DLL Data Link Layer

DQPSK Differential Quadpature Phase Shift Keying
GF Galois Field

LFSR Linear‘Feedback Shift Register

PCCC Parxdllel 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
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VC Video Communication

VSCH Video Subchannel

5

5

(3}

©

Physical layer

.1 Physical layer frame structure

1.1 Data channel

1.1.1 Frame structure
he frame length of the data channel is 1 second and consists of 500 slots. The oné-slot time 1

ms in length as shown in Figure 1. The frame number changes from 0 to 59 in*l min interval

|
< : »
|
|
|
|
|
|

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

1 frame, Ti=1 second=500 T.
1 slot, T¢=2 ms.
1 slot block, Ty,=8 ms=4 T,.

Figure 1 — Data channel frame structure

1.1.2 Slot blockdransmit time mask

he transmissioh time mask of a slot block is shown Figure 2.

[ is 2 ms.

data slot block has four slots. Therefore, there are 125 slot blocks in one frame;’and the sloft block is
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TO Tl TZ T3 T4 TS T6 T7 TB T9 TlO Tll T12 T13 T14 T15 T16 T17
Key
Ty 0 us
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 T4 Ty, Ts, Tg, T7, Tg, To, T1oo T11> T120 T3 T14r T1sy T1gs T17 are symbol'effsets from T, and symb
time is 1/672000 second. Each value is as follows.
T,is 152| T, is 154, T3 is 1449, T, is 1451, T5 is 1456.5, Ty is 1459.5, Fyis 2754.5, Tgis 2756.5, Ty is 276

Tyo is 2765, T is 4060, T, is 4062, T, is 4068.0, Ty, is 4070.5, Ty 18 5365.5, Ty is 5366.5, T, is 537,

Tyis O p
gated on
modulati
modulatg
transmis
Te, T, to
signal tr3

51.2 1
5.1.2.1

5.1.2.1.1

There ay
informat
and man
documen

use the information tone channel is determined by the upper layer.

as the start time of the slot block. T;, Ts, Tq and Tyg dre offsets when the power amplifier
and unmodulated fine signals begin to be transmitted. T,, Ty, T, and T,, are offsets at whi
on signal transmission starts. T3, T, T;;, and Tys'are offsets at which the transmission of t
d signal ends. Ty, Tg, T;,, and Ty are offsetsiat which the power amplifier is gated off, a
sion of unmodulated fine signals is stopped. The transmit powers of T; to T,, T3 to Ty, Ts

g, Ty to Ty, T11 to Tqy, T13 toT, and Tyg¥0 Ty shall be atleast 50 dB less than the modulati¢n

Insmit power.
'one channel
Frame structure

General

e two types<oftone channels. One is a competition tone channel and the other is :

hgementoperations. Information tone channels are used to convey simple information. In th
t, the frame structure for the information tone channel is described, but whether and how

jon tone charnel. The competition tone channel is used for resource allocation, occupation,

Oy W

is
'h
e
d

fo

L1

is
Lo

5.1.2.1.2

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 42 #3 | sessescesces | #498 | #499
N -~ |
. ; -7 |
- - I
// I
|
- I
_ |
- // I
- - - I
et |
#0 #1 #2 #3 | eoseseses | #31 | #32 :
|
|

| | —pl <

e L

1 frame, Ty = 1 second = 500 T§.

1slot, Ty =2 ms.
Ty =60 ps.
20 ps.

Figure 3 — Frame structure of information tone channel

1.2.1.3 Competition tone channel frame'structure

he frame length of competition tone channel is 1 sec and the number of slots per frame is !
ne slots constitute one slock block.(Thus, there are 125 slot blocks in one second frame. Th
tal of 132 subslots in one slot black: The length T of the subslot is 60 ps. The 132 subslots ar|
into four parts, as shown in Figure 4, according to each slot numbers.

00. Four
ere are a
e divided
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\ 4

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

#499

0,0 @D 02)[03)| 1) [(@L1D)]12)](13)] eee |(163)] |(17.0/(17,1)|(17,2)

_>: |
e

a 1 frampe, Ty = 1 second = 500 T..
b 1slof, To=2ms.

¢ 1slogblock, Ty, = 8 ms.

d T, =p0 ps.

e 40 pd

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

— (0, 4}), (0, (4n + 1)), (0, (4n + 2)), (0, (4n + 3F(L, 4n), (1, (4n + 1)
4n), (32, (4n + 1)), (32, (4n + 2)), (32, (4n+'3))

where (x]y) is the x-th subslot of the y-th subslot set. The 132 subslots constitute 4 subslot sets.

5.1.2.2 | Subslot transmit time mask

Subslot transmission time maskiis shown in Figure 5.

Figure 4 — Frame structure of compétition tone channel

(32,0)((32,1)[(32,22(632.3)

), (4, 4n + 2)), (1, (4n + 3)),..., (32,

© ISO/IEC 2023 - All rights reserved
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a b
. '
' '
s Loy 40 ps s 1us gy d :
<4+—Pr¢————————————————————————————————— PPt Pt
' ' ' ' '
' . ' ' '
. . ] ' '
[} 0 c [ [} ]
. . ] ' '
[ ] '] [] [] (]
TO Tl TZ T3 T4

Key

T{ T,, T3, and T, are time offsets from T,

T{is 1 ps

T{is 41 ps

T{is 42 ps

TJ}is 60 us

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

trinsmitted

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

T{is the time when the power amplifier is gated off and the transmissiofiof unmodulated fine signals is §topped

a| Subslot start.

b Subslot end.

¢ Tone signal.

d]  Guard time.

Figure 5 — Subslot transmission time mask
The transmission power between T, and T; and between T, and T3 shall be 50 dB less or less than the

Wi

aximum transmission power of themodulated signal.

1.2.3 Subslot signal waveform

ised cosine functiomn) The subslot signal is generated by the following formula.

gt = cos(ma(t—2T)) : sinc(
I=(20(t-2T)/T)

(t-2T)
T

), 0<t<4T

here

a is 0,75 as a roll-off factor;

ne modulation scheme of stibslot signal is on-off keying. The subslot transmission signal is transmitted
the 40 ps interval fxom T, to T, in Figure 5. The waveform of the subslot transmission sigijal uses a

e8]

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.

©
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a d
— CRC — Turbo — > Rate —> )
. . . Interleaving
encoding encoding matching
g f :
e Pulse L Burst <¢— Modulation
mapping mapping mapping

The numper of symbols according to each encoding stage is shown in Table 1.

52.1 (

The inpu
the numbh

Jerel

The encd
The resu
ayDA

After CR
between

Figure 6 — Encoding procedure

Table 1 — Number of symbols at each encoding stage

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

SQ (|0 |[u|n [T

RC encoding

er of input sequences. Parity bits are generated through CRC generation polynomial as follow

D) = D24 + D22 + D6 + D5 + Det\1 (

ding performed threugh the cyclic generator polynomials has a systematic form as follow
ting polynomial hds-Zéro remainder when it is divided by gcrc(D) on GF(2).

23 + q,DA*22 (¥ a, 1 D%4 + p D23 + p, D22+ ... + p,,D1 + p,q (

a, and-by, is as follows.

[ bits are defined as a, a4, a,, as, ...,.ag: and parity bits as py, py, p, p3, ..., P23 where, A represenits

[ insertion, bits are represented by b, by, by, b3, ..., bg1 (Where B = A + 24), and the relationshjp

©n

)

q),, fork=0,1,2,---,A-1

by

_Pk—A' fork=A,A+1,A+2,---,A+23

5.2.2 Turbo encoding

(4)

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)

where g

=[1,91(D)/g0(D)]

(D) = 1+D?+D3, g4(D) = 1+D+D3.

© ISO/IEC 2023 - All rights reserv
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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

(6)

0
b;
C(
th

itput bits of the first and second 8-state constituent encoders for turbo encoder input bits
, - bpq are zy, zy, z,, z3, .., Zg4 and z'y, z'y, 2’5, z’3, ..., 2’54, and the output bits through f
de internal interleaver that is described in Annex A are represented by by, b’;, by, b5, ...,
ese output bits are used as inputs for the second 8-state constituent encoder. Théturbo codg

interleaver shall use Table A.1 in Annex A.

Ti

T
Cq

ellis termination is performed by taking tail bits from shift register feedback after all inf

bits have been encoded. The generated tail bits are added after encoding.of the information bi

he first three tail bits are used for the first constituent encoder-termination and not th
nstituent encoder. The remaining three tail bits are used for the termination of the second co

enncoder and not the first constituent encoder.

T

he bits transmitted for trellis termination are determinedyas’ follows:
—_ —_ ) -
C3p = Xp» C3B+3 = ZB+1) C3B+6 = X B C3B+9 = Z py1
C3B+1 = Zp C3p+4 = XB+2, C3B+7 = Z B C3B+10 = X p+2

— — — N\ /
C3B+2 = XB+1» €3B+5 = ZB+2) C3B+8 = X B+1» C3B+10T Z B+2

bo» b1, by,
he turbo
b’p4 and
internal

brmation
S.

e second
nstituent

(7)
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X,
R
! » (M Txy
I % N
| A :
b | |
' |
£ HP—» D > D > D :
: A |
, |
s | Y |
1 < ,
' |
e a
2
3
| __________________________ 7
' | > P
: # A )
|
' |
b, ! o - |
>4 HH—» D D > D ,
|
| 1 i
1 o I
' |
. .
X k
Key
turpo code internal interleaver
firsft constituent encoder
secpnd constituent encoder
regjster
b,  aki{thbit of turbo encoder input
"« ak{th bit of turbo code internal interleaver output
X a kith systematic bit of turbo encoder output
Zy a kith bit of first constituent encoder output
X, akjth bit of second constitiient encoder output for trellis termination
z’,  akjth bit of second canstituent encoder output
Figure 7 — Turbo encoder structure
Input bitf sequénce of turbo code internal interleaver, b, b;, by, bs, ..., by, and output bit sequen
generatefl ffom turbo code internal interleaver, by, b’;, b’,, b’s, ..., b’p 1 have the following relationship
b’;=b; (8)

1

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.

j = (number shown in table) - 1

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

10

(9)
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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.

e, =d,
m = (nx64)%2432 + [n/38] (10

where [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 inpiit bite,,, 0 < n < 2431, 0 < m < 1215.
Tyvo input bits are mapped to one complex number as shown in. Table 2.

Table 2 — modulation mapping

€5,€2n41 00 01 10 11
fn exp(j/4m) exp(Jj+7/4m) exp(j-3/4m) exp(j-5f4m)

5{2.6 Burst mapping

Opitput complex symbols g, g, ..., 91253.are generated from the input complex symbols f, f1, ..}, f1215-

n
gn =T, _oc(k) (11)
where, c(n) is shown in Table/3.

Table 3 — c(n)

n c(n) Numbl(::l 1(;f sym
0,1 TSS(n) ?
2, ..., 37 PTS1(n-2)
38, ..., 443 fo3s 406
I
444,459 PTS2(m44%) 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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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-7/3T) T3 exp(j/aT) 75 explJ-5/4T)
2 exp(j-7/4m) 14 exp(j/4m) 26 exp(j-7/4m)
3 exp(j-5/4m) 15 exp(j-5/4m) 27 exp(j/4)
4 exp(j/4m) 16 exp(j-7/4m) 28 exp(j-574m)
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 exp{j-5/4m) 12 exp(j-3/4m)
1 exp(j-3/4m) 7 éxp(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
rqll-off factor 0,35 as follows.

COS[ (1+o)mt ]+ sin((1-o)t / Ty)
. T, 4at /T,
1. (L-o)m 1-(4at /T,)*

4o

Hpre window function w(t) to process tapering at signal start and end is introduced for good ffequency
characteristics reducing spurious emission. The w(t) is defined as follows:

(13)

p(t)=

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

w(t)= T (14)
(1/2)(1-cos F(t—12957‘s) , 1293T, <t <d295T,
N
0, otherwise
The modulated signal is shown in Figure 8. D represents the modulation mapping output. Timing of
modulated signal transmission is as describeddn 5.1.1.2 i.e. the modulated signals are transpitted in

the time intervals of T, to T3, Ty to T, Ty, to T4, and Ty, to Ty in Figure 2.

Py

filter delay, 4 symbols
TLS, 2 symbols

PTS;, 36 symbols
datassymbol, 406 symbols
PTS5,"16 symbols

data symbol, 406 symbols
PTS,, 16 symbols

data symbol, 404 symbols
TLS, 2 symbols

filter delay, 3 symbols
Modulated signal, 1295 symbol.

© 0 N O Ul AW N R

[EnN
o

I8

Figure 8 — Modulated signal structure
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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 syncis secondary synchronization acquired from the synchronization signal of the A sync unit.

A sync unit shall know the date, hour, minute, second, slot number.

The time|error of A sync shall be within +0,4 ps. The time error of B sync shall be within +4 |is,/The tinhe
error of ¢ sync shall be within #5 ps.

The freqliency error of A sync shall be within +0,1ppm. The frequency error of the B sywc shall be withjn
+0,2ppm| The frequency error of the C sync shall be within +0,3ppm.

transmisjsion power for the same slot block. Normal slot transnfit power is PTXnormalSCH. T
transmission power of the tone subslot is a value obtained byyadding PTX_SCHTCH_differ to t
transmisjsion power of the related data slot block.

(¢

The uppé¢r layer can designate the transmit powers for specific slot bloeks. All units have the sarISe

5.3.3 easurements

5.3.3.1 | General

The phydical layer shall have the ability to measure the following parameters. It shall be possible fo
measure(the tone subslot received signal power-the data slot received signal power, and the propagatiIn
delay tinle of the received data signal. The-received power decision point shall be the receiving antenna
connectdr.

5.3.3.2 | Slot map

The slot map consists of 500.bit)strings. The n-th bit indicates whether n-th data slot is usable or not. |1'
means tHe slot is availablepand '0' means the slot is not available. The physical layer shall dynamically
update the slot map for,every slot block interval.

The availability of the'corresponding data slot is determined by receiving a signal of the slot clearing
subslot ifh the tone subslot set mapped with the corresponding data slot. If the power of the slot clearing
subslot sjgnalids'greater than PRXtoneCompeteThre, it is determined that the data slot mapped therefo
is occupigd.

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| Data link layer

6/1 General

The data link layer describes the behaviour of units for broadcast links and unic¢ast links. This dJocument
d¢scribes the allocation, occupation and return of data slots which are)wireless commfinication
rgsources.

Since this document uses a synchronous distributed communicatién; Units allocate slot resqurces by
tHemselves, occupy the allocated slot resources by themselves, and return slot resources by th¢mselves.
When occupying the allocated slot resource, collision check is-continuously performed foy the slot
rgsource.

This data link describes only the basic functions of geherating, maintaining, and terminating links.
If|necessary, additional functions for the link are implemented in the upper layer. The uppey layer is
mfainly an application layer that provides services, as’shown in Figure 9.

~
Application Protocol
. B Upper
APPLICATION APPLICATION layer
7
Data'link protocol ~
- >
DATA LINK DATA LINK
PHY & d3ta llik
/‘ -
PHY protocol layer
- >
PHY PHY /

Transmission medium

Key

P IAVA L 3 11
1 lJll_yDlLCll lCl_yCl
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 splecific counterpart.

There arg two types of tone channels: information tone channels and competition tone channgls. The
informatjon tone channel is composed of information tone slots, and the competition tone channel |is
composef of competition tone slots alone or a combination of competition tone slots and-informatign
tone slots.

The competition tone slot is a slot in which competition for allocating data sldts)is performed. An
informatjon tone slot is a slot for the purpose of transmitting information.

6.2.2 Il[:formation tone slot

An inforfnation tone slot is a slot to which meaning is given to transmit information. One meaning can
be given [to one tone slot, or different subslots in the tone slots carthave different meanings. Meanings
to be allqcated are defined at the upper layer. When meaning is.given to a subslot, one meaning can be
given to pne subslot, or many subslots can be grouped into ong;subslot group to give a meaning to the
subslot group. Meaning related with the subslot group is defined in the upper layer.

In Figurd 24, the tone slot block mapped to the linearization slot is configured as information tone slogs.
As such, the competition tone slot mapped to the dedicated data slot can be utilized as an informatign
tone slot

6.3 Allocation and occupation and return of data slot

6.3.1 (General

A unit cap allocate, occupy, or return a broadcast slot. On the other hand, a unit can allocate a talk slgt,
but cannpt occupy and returng

A unit cah allocate only onée\data slot in one slot block. In addition, a unit cannot allocate a data slot ifj a
contiguofs slot block, i€ a’unit that allocates a data slot in an n-th slot block cannot allocate a data slpt
in the (n41)-th or (n+1j¢th slot block.

6.3.2 appingof data slots and competition tone slots

The compétition for allocating a data slot is performed in the competition tone slot blocks mappé¢d
thereto. Starting i this subctause, for CONVeTience, competition 15 omitted fromn OIMpetition to
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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data channel

tone channel

1 frame, T¢= 1 second = 500 T..

2N R R

b1 1slot, Tg=2 ms.

¢| slotblockn, Ty, =8 ms.
d] T, =60ups.

el 40 ps.

f'1 Mapping relation.

Figure 10,— Mapping of data slots and tone subslot sets
The data slot numbers fer.constituting the n-th data slot block is 4n, 4n+1, 4n+2, and 4n+3. The|tone slot
block configuration is-shiown in Figure 10.

Altone subslot sets'mapped to data slots 4n, 4n+1, 4n+2, and 4n+3 are as follows.
{S4n} = (SSO’ 4”’), (551, 4n’), ey (5532, 4'”’)

(St = (SSo, (4n’+ 1)), (SSy, (40 + 1)), .., (SSp, (40" + 1))

{Sinia} = (SSg (40 + 2)), (SS,, (40’ + 2)), .., (S5, (41" + 2)
{S4n+3} = (8So, (4n"+ 3)), (SSy, (4n’ + 3)), ..., (5S3,, (4n"+ 3)) (15)

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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.} is defined as a tone subslot set mapped to <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 {Fy, Sy}

{S,} can be shown as Figure 11.

Key

{s} 0 1 2 3 000 31 32

{S,} ton

6.3.3 /

6.3.3.1

Broadcas
occupied

6.3.3.2

6.3.3.2.1

After re
shall che
if the req
it is de
InfoPowsg

If the number of allocable slots is NUM,

generato
from the
slot to th
calculati
be exclud

The Nord
Xq] repre

e subslot set mapped to data slot 5,

Figure 11 — Pictorial representations of {S,}

\llocation and occupation and return of broadcast slot

General

t slots are generally assigned through competition, and collision checking is performed on tj;e
slots. The upper layer can designate a broadcast slot that can be allocated without competiti

Broadcast slot allocation

Selection of a broadcast slot to attempt allocatien

eiving the slot allocation command UPtoDL.Re§GetSCH from the upper layer, the data link
Ck the broadcast slots that can be allocated within the time period TselectRegion. At this tinle,
eption power of the slot clearing subslot;is’greater than or equal to PRXtoneCompeteThie,
fermined as an already occupied slot: PRXtoneCompeteThre is received as UPtoD[L.
rParamSCH from the upper layer.

seléctable slor the unit selects nMax allocable slots using a PN cogle
. The unit selects nMax of Nordinal(n)-th slots, where nis 0, 1, 2, ..., nMax-1. nMax is receiv¢d
upper layer through the URtoDL.InfoSharedChannel interface. As for the order from the 0-th
e (NUMgectable slor-1)-th.Slot, the order of the small slot numbers is determined faster. Whe¢n
ng Nordinal(n), the previously selected slots corresponding Nordinal(0),... , Nordinal(n-1) shall
ed from the list of allocable slots.

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

18
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a,=1 a, a, a, A3 ay, ays
by > Dy > >0 oo D> > Dy D
bO b b 4 bZS
N> N> oo e N> N7 r— PN
Key
aj ak-th bit for AND operation with D,
bj ak-th bit for AND operation with D,
Dl ak-th register
PN PN code generator output
Figure 12 — PN code generator

[D35(0), D24(0), ..., Dy(0)] = [SAzs, SAzy, -y SAo]

[b25, b24, eey b17] = [SAS’ SA7, eey SAo]

(D16 D155 -+ D11l = [fs5 far - fo

[blo, bg, aeny bo] = [Ms, M4, M3, Mz, Ml’ Mo, H4_, H3, Hz, Hl’ Ho]

[6125, 024, aasy ao] = [SAo, SAl’ ey SA24, 1]

PN(clk) = (Dy(clk) & bg) ™ (D1(clk) & b\ ... * (Dy5(clk) & bys)

Npy(n) = [PN(16n+15), PN(16n+14),%.., PN(16n+1), PN(16n)]

Nordinal(n) =ﬂoor((NPN(n)xNUMselectable_slot)/216) (16)
where

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

SA, is a x-th bit of source address, the number of SA bits is greater than or pqual 26;

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

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

”X is a2 v-th hit of hour for 24.-hour r‘]nrlz' the number of H bhits 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].
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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

Report to upper layer

(DLtoUP.NotiGetSCH) usable slots >0

6.3.3.2.2

The tone
twice in 1

The first

a) The

b) Carr

c) Ifthe
the 11

d) Ifth
first

The seco
number i

The seco

Calculating Nordinal(n)

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

Competition method for broadcast slot allocation

subslot set consists of 33 tone subslots. The competition for allocating data slot n is performg
he same tone subslot set {S,}. These are the first cémpetition and the second competition.

competition is performed as follows:

irst subslot, SSy;,.¢; is selected among the subslots from SS, . to SS5,.

start
er sensing is performed until before\§Sg; ...

carrier sensing result is 'signal‘détection’, it is determined that the competition is lost, whe
eception power threshold value-for determining tone detection is PRXtoneCompeteThre.

subslot.

hd competition is-performed only by the unit winning the first competition. If the first subsl
s 32, the second competition is not performed.

hd competition is performed as follows:

becond subslot, SS¢. . nq IS selected among the subslots from the next subslot of SSy; .., to 553,.

b carrier sensing result-is<no signal detection', the tone signal transmission starts from the

e

e

pt

uhit performs carrier sensing instead transmitting a competition tone signal in the second

a) The
b) The
subs

ot.

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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Starting to transmit tone signal
and
random selection for SS

second

Stopping to transmit tone signal
and
carrier sensing at SS

second

Yes
Is there detected signals?

Restarting to-transmit tone signal
and
allocation success

used parafmeter values are as follows:

[226(0), D24(0), .., Dy(0)] = [SAzs, SAzg, - SAg]

Allocation fail

Allocation fail

Figure 14 — Competition procedure for slot allocation

he first subslot and the second subslot are calculated in the PN code generator in Figure 12, where the

thre b b1 ="1s557 501

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

[D10, o, s bo] = [Ms, My, M3, My, My, My, Hy, H, Hy, Hy, Ho]
[y, Qygy o Qg) = [SAg SAy, o SAgyy 1]

PN(clk) = (Dy(clK) & bg) ™ (D4(clK) & by) * .. ™ (Dys(clk) & bys)
Npyq = [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
S is a x-th bit of slot number, the number of bits of sis 9;

X

others are the same with Formula (16).

The B sy

See Annd

6.3.3.2.3

The data
Thereaft

nc unit that does not know the current time sets each bit of [by¢, bys, ..., bg] to 1",

x E.

Broadcast slot allocation procedure

link receives a broadcast slot allocation request UPtoDL.ReqGetSCH from/the upper layér.
b1, a procedure for allocating a broadcast slot by a unit is as follows:

link selects slots for allocation competition using 6.3.3.2.1, where TselectRegion is 1 sec and k
f there is no available slot, it is reported as DLtoUP.NotiGetSCH at.the upper layer.

Hata link reselects the fastest slot among the selected usable slots. In addition, the data link

performed again. If there are no allocable usable slots, perform a) again, where kMax s is received

perflrms the allocation competition in 6.3.3.2.2 for the selected slot, where SS

start 1S 1.

a link wins the slot allocation competition, this is teported to the upper layer as DLtoUP.
(etSCH and then upper layer requests a packet transmission on the allocated data slot with
DL.ReqTxBslot.

data link loses the slot allocation competitipnyit increases k by 1. If k is kMax, the DLL reporits
ailure to the upper layer. When k is less\than kMax, if allocable usable slots remain, b) [is

the upper layer through the UPtoDL.InfoSharedChannel interface.

b shows the broadcast slot allocdtion procedure.

a) Data
is 0.
b) The
¢ Ifd
Noti
UPtd
d) Ifthg
the f
from
Figure 11
22
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Reception of the allocation request from
upper layer, k=0
(UPtoDL.ReqGetSCH )

A
Selecting nMax slots for competition,
TselectRegion =1 sec <
(§6.3.3.2.1)

usable slots >0 Reporting the failure to upper-layer

(DLtoUP.NotiGetSGH)
Selecting a fastest slot among usable slots,
and Performing the competition for slot
1 . ) dsl Yes No
allocation at a selected slot < 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 packet (DLtoUP.NotiGetSCH)
(UPtoDL.ReqTxBslot)

Figure 15 — Broadcast slot allocation procedure

6J3.3.3 Occupation and collision management and return of a broadcast slot

6J3.3.3.1_<CGeneral

The unit can continuously occupy the allocated broadcast slot from the next frame of the dllocation
frpme by performing slot clearing. The occupation decision on the allocated broadcast slot is defermined
by theupper tayer- Returning of the occupied stotisperformed by ot performing stotctearing. 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.

[Init A Other nits

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

Continuoeus use ofSy

Figure 16 — Procedure for allocation and-e¢cupation of broadcast slot

6.3.3.3.3] Collision management of a broadcastslot

A unit p¢rforms collision management in the subslot set mapped to the occupied broadcast slot, ile.
collision [management is performed only wheén slot clearing is performed. The unit transmits three
collision [tones of the corresponding subslot set and detects the collision tones of other units in the
subslots |n which the collision tones are not transmitted.

The tranpmission region of the collision tone is divided into two parts as shown in Figure 17. The first
transmisjsion region is from suhslot 1 to subslot 16, and the second transmission region is from subslpt

17 to subslot 32. The lengtlis-of the first transmission region and the second transmission region afe
both 16.
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{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
{,} tone subslot set mapped to data slot S,
a First transmission region.
b Second transmission region.
¢ Renumbering of each transmission region.
Figure 17 — Transmission regiondor collision tones
When the unit transmits the collision tone, the unit whese last bit of SA4 is 0 uses the first transmission
rggion in the even-numbered frame and uses the.§eécond transmission region in the odd-numbered
frpme. The unit whose last bit of SA is 1 uses the'second transmission region in the even-numbered

C(

g4

frame and uses the first transmission region in-the odd-numbered frame.

Subslot numbers that transmit their tones in a transmission region are determined using the

llision tones among the subslots of the two regions.
nerator shown in Figure 12:First, No1(0), Nop(1), Nep(2) are calculated as follows:

D;5(0), D24(0), .., Dol0)] = [SAzs, SAz4, - SA¢]

b16’ b15, " 1Y) bll] = [fs,f4, ...,fo]

[

[b2s, bayy - b1z} = Sg, S50 -0 Sl

[

(D10, b5 bo] = [Ms, My, M3, My, My, My, Hy, H3, Hy, Hy, Ho)

[025, 024, veey ao] = [SAo, SAl’ eny SA24, 1]

PN(clk) = (Dy(clk) & bg) * (Dy(clk) & by) * ... " (Dag(clk) & bo;)

©

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)

ISO/IEC 2023 - All rights reserved

The unit transmits its tone signal three times in one of the two transmission regions. The finit shall
d¢tect the tones of the other unit by perferming carrier sensing on subslots that do not trans

mit their

PN code

(18)
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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 positions N, N1, and N, of the three collision tones are as follows:

Nco = Nep(0) + Nerogeset

Nca F Ner(2) + Neroeser, if Nep(2) < Nep(0) and Nep(2) < Nep(1)

where N
The B sy

There ar
collision

Second,
PRXcolls
frame.

Third, wl
Here, Frn

=N (1) o N HF AL (1 AN L0
STCTUR) T AP CTottset, SEATCTUR) =2 CTUYT

F Ner(1) + 1+ Nepofgset, if Nep(0) < Nep(1)

T Ner(2) + 1+ Neogtset, if Ner(0) < Nep(2) < Nep(1) or Nep(1) < Nep(28<Ncr(0)
T Ner(2) + 2 + Nerofpset, if Ne1(0) < Ner(2) and Nep(1) < Nep(2) (1

Toffset 1S 1 for the first transmission region and 17 for the second trahsmission region.
nc unit that does not know the current time sets each bit of [b;¢bys, ..., bg] to '1".

b three collision detection conditions. First, the slot returnyis determined when two or mo
tones with received power greater than PRXcollsiontonéThre0 are detected in the subslot se

the slot return is determined when one tone“with a received power greater thj
ontoneThre0 is detected in one frame and anoth€r one tone was detected in the previo

nen FrmAvgDT is equal to or greater than PRXcollsiontoneThre2, the slot return is determine

average

received [powers are equal to or greater than-PRXcollsiontoneThrel. If the number of detected tones
greater than 3 in the subslot set, the one frame average power is calculated with the three values of the
largest r¢ceived power.

When thg return of the slot is determined, the unit informs this return to the upper layer as DLtoU
NotiGetSCH and returns the~collision slot after the TschReturn frame from the current fram
TschRetyrn is greater than @’because the unit cannot return a slot in the frame for which the slot retu
was detefmined.

Figure 1

ower is calculated in a subslot set byjaveraging received power values of detected tones tho

b shows slot tetiirn procedure based on collision tone detection.

hAvgDT is an average power of one frame average power during PRXnumAvgFrm. One frame

e

L1

d.

Se
is

P.
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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 collision occurs and it is determined that the broadcast slot is returned, the upper layer deftermines
whether to reassign the broadeast slot. If the reallocation is determined at the upper layer| the unit
pé¢rforms the allocation prdcedure in 6.3.3.2.3 again.

Eyen when no collision{ occurs, the upper layer can return the occupied broadcast slots as needed.

6J3.3.4 Transmission of a broadcast slot

When the DEE-receives UPtoDL.ReqTxBslot from the upper layer, it transmits the designated data in
tHe designated slot. When a broadcast slot is allocated and occupied, the upper layer shall send UPtoDL.
ReqTxBslot related to the corresponding broadcast slot to DLL.

cabionftfrancomiccion-and roecnonce francomiccion
CULIVII LT dIIJIIIIoJIVII dAifuu' I vayullav CIAIIJIIIIOJIVIY

6 2 A Toallr cl
Con T

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_.;...;.n1e <ot 2llocable talk slots, i.e.

NorTnal(O), Nordinal(1),..., Nordinal(nMaxTalk-1) are calculated. When calculating Nordinal(n);;the

prevjously selected slots corresponding Nordinal(0),..., Nordinal(n-1) shall be excluded from theTist

of allocable slots. If there is no allocable slot, the unit fails to transmit talk slot.

b) DLL kelects one among the nMaxTalk slots that is fastest to the current time.

c) Inthp selected slot, allocation competition is performed using the method of 6.3.312:2, where, SS_1 ..
is 1.

d) If DL wins the slot allocation competition, the talk slot allocation requestpacket is transmitted fn
the dllocated slot.

e) If DIIL loses the slot allocation competition, the slot closest to the gurrent time is selected from
among the selected slots, and c) is performed again.

f) If allpcation fails in all of the selected slots, the unit fails to.transmit talk slot.

If necessary, the SC DLL notifies the upper layer or CC DLL or, VC DLL of the success or failure of the tallk
slot trangmission.

Figure 19 shows the allocation procedure of talk slotfor talk request.

28 © ISO/IEC 2023 - All rights reserved


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

Talk slot transmission event
(TslotTxEvent)

A

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

ISO/IEC 4005-2:2023(E)

Is there usable slots?

Selecting a fastest slot from current time

¢

Transmission fail

A

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

Allocation success?

Transmitting data packetin-allocated data
slot

613.4.3 Talk response slot allocation

Yes

Is there usm

among selected slots?

Transmission fail

Figure 19 — Allocation procedure of talk slot for talk request

Ifithe unit§ucceeds in allocating and transmitting the talk slot, the response clearing is perfor
inf the same slot of the next frame. The subslot related to response clearing is the first subslot.

med once

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.

© ISO/IEC 2023 - All rights reserved
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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, 58}

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+1V

§i>
v

Figure 20 — Allocation procedure of talk slot for talk response

6.4 Data broadcast and exchange

6.4.1 Ipata packet format

The datal packet format'has two types, one is a broadcast packet used in a broadcast slot as shown fn
Figure 21 and the othieris a talk packet used in a talk slot as shown in Figure 22.

The pacKet headerdetermines the packet type. In this document, packet headers, 0x00, 0x02, and 0x(4
are broadlcast'packet headers, and 0x01, 0x03, 0x05 and 0x06 are talk packet headers.

Packe Sync Source Trust _— -
header field address field . .
(8bits) | (2bits)| (26Dbits) | (8 bits) (748 bits) (24 bits)

< 816 bits >

Figure 21 — Broadcast packet format
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Packet Sync
header field
(8 bits) (2 bits)

Source | Destination| Trust
address address field
(26 bits) | (26 bits) | (8 bits)

Data
(722 bits)

CRC
(24 bits)

816 bits

Figure 22 — Talk packet format

d4ta field, and CRC.

64.1.1 Data pack

et header

Table 7 — Packet header list predefined by data/link layer

Aproadcast packet consists of packet eader, SyTc fietd, Source address, trust fietd, data fietd;jand CRC.
The talk packet consists of packet header, sync field, source address, destination address, tifust field,

The packet header consists of 8 bits. The packet header is determined at the upper layer except{for some
he¢aders. Some packet headers shown in Table 7 are determined by the datallink layer.

Packet header Description
000 General broadcast slot header
0Ix01 General talk slot header
0Ix02 Broadcast slot header including parsing block for talk
0Ix03 Talk slot header including parsing block for broadcast
0|x04 Broadcast slot header for contiol channel operation
OIxOS Talk slot header for contrelehannel operation
0Ix06 Talk slot header for video channel operation
007 ~OXFF TBD for the upper layeér

64.1.2 Sync field

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

Table 8 — Sync field meaning

Sync field Description
OK0 A sync
lel B sync
0Ix2 C sync
0|x3 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)
I

d, d d d d d d

1 2 3 4 30 31

AT (e e e
\QET,)J=D 30D D (clk

az a3
L) Ry %:DZE\‘S:D \.‘..l‘é_»D
b b

T o o> 1 3 23 24 T\UU 7| F2s alit
bO 1 2 b3 b30 b31
b b b 'YX ) b < D—» PN(clk
PN(0) PN(1) PN(2) PN(3) PN(28) PN(29) PN(30) PN(31)

Q

Cl CZ C3 CZB C29 C30 C31
000
N N — TF, N AN &—TF,

Key

Input(clkqTrustOffset) 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.B}

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 D5, at clock clk

PN(clk) PN coded genetator output for trust field generation at clock clk
TF, a x-th bit of trust field

X

Eigure 23 — Trust field generation LFSR structure

[D31(0), D34(0), 55D26(0)] = [K101, K1gos -+ Kogl
[D25(0), D409, ..., Do(0)] = [SAzs, SAz4, -y SAo]
[d31,)dgey, -» d23] = [Sg) 57 -+ So]

[dyo) dy1s - di7] = s fao - S0l

[d1 dis5, - d1q] = [Ms, My, M3, My, My, M]

[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) & ¢4,,1) * (PN(4n+2) & c4,,,7) * (PN(4n+3) & ¢4,,,3), =0, 1, ..., 7, [c4p»

Can+1r Cans2r C4ns3] # 10, 0,0, 0] (20)
where

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

I icavth hit of - data and Thac A vyalun frroan 1 40 2.

+ is-ax-th-bitefa-date-andfhasavaluefromtto-3+

K, is a x-th bit of a secret key between the trust check system and ¢he’upit 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.

Dy (clk+1) = (D34 (clk) & ay) ™ (input(TrustOffset + clk) & d)

D,(clk+1) = D;4(clk) " (D34(clk) & a)) * (input(TrustOffset +&lk) & d),i=1, ..., 31 (21)
where 'input' means bits of a data field and TrustOffset issdetermined by an upper layer.
Blsync units that does not know the current time setéach bit of [d,,, d,4, ..., d;] to '1",
64.1.5 Data field
6{4.1.5.1 General
The data field consists of parsing(®locks. 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 hedder. Each
parsing block can be inserted-anywhere in the data field. However, the parsing block and th¢ parsing
block shall be attached without empty space, and the first parsing block shall be located imrhediately
after the trust field.
The upper layer shallfransmit data of a length less than or equal to the length of the data fi¢ld to the
data link layer. Ifthe length of information provided from the upper layer is smaller than the [length of
tHe data field,£he’remaining bits are processed as follows.
Ifithe length/of unused extra data bits is less than 8, the extra data bits are filled with '0". If the[length of
unused-extra data bits is greater than or equal to 8, the extra data bits are filled with a parsing header
'0Ox80%and a padding bit string of length 97 indicating padding. The padding bits are constijucted by
uging a string of bits of length 97 repeatedly. A 97-bit sequence consists of the next 96-bit fequence

followed by a bit of '1".
— ‘0x71E5477D_A5B32BF7_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

0x00~0xZE Reserved for the upper layver

0x80 Data padding

0x81 This is used in talk packet. This requests to transmit a response on a talk slotby usirg
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'teceived in a broadcast
slot by using a talk slot.

0x86 Position and power information related with control channel{described in ISO/IEC 4005-3)

0x87 CSCH map (described in ISO/IEC 4005-3)

0x88 Position and power information related with video-cliannel (described in ISO/IEC 4005-4)

0x89 VSCH map (described in ISO/IEC 4005-4)

0x8A Position and power information related with«video channel and control channel (describgd
in ISO/IEC 4005-4)

0x8B Indicating that its parsing field is a patsing block for the control channel (described in
ISO/IEC 4005-3)

0x8C Indicating that its parsing field i§ a parsing block for the video channel (described in 1SQ/
IEC 4005-4)

0x8D Position and velocity infg¥mation of a UA and a controller

0x8E Position and way pointinformation of a UA and a controller

0x8F~O0xFF Reserved for the upper layer

6.4.1.5.22 Parsing field of 0x80

The parsjing field of parsingthedder 0x80 means an unfilled portion of the data field. Parsing fields afe
handled |n the manner deseribed in 6.4.1.5.

6.4.1.5.23 Parsingfield of 0x81

This parging fiéld*is used in talk packet. This requests to transmit a response on a talk slot by using
broadcadt slot.{There is one parameter in this PF as shown in Table 10.

Table 10 — Parsing field of PB 0x81

Bits Description
[0] 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

shown in Table 11.

6:4.1.5.2.5 Parsing field of 0x83

Parsing header 0x82 provides the current time including day, hour, minute, second, and |slot nimber as

Table 12 — Parsing field of 0x83

Bits’

Description

[0:8]

Current slot number 0~499

T4ble 12 shows the parsing field of 0x83.

614.1.5.2.6 Parsing field of 0x84

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

614.1.5.2.7 Parsing field of 0x85

sgnding a response on the data re€ejved in a broadcast slot by using a talk slot.

614.1.5.2.8 Parsing field of PB 0x8D

There is no parsing field for parsing header 0x84:(The unit that does not know current time

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

This parsing block proyides information about the location and speed of the UA and controller,
two bits of the parsing-field indicate the information type. Table 13, Table 14, Table 15, and

requests

ket when

The first
Table 16

show the parsing field of PB 0x8D according to information types. The details of each field shhll follow
Ahnex B.
Table 13 — Parsing field of PB 0x8D with information type ‘00’
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 cénfroller location and UA velocity informatign
[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 difference between 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
6.4.1.5.29 Parsing field of 0x8E
This parging block provides information about the location of the UA and the controller, and informatiIn
about th¢ UA's way point. The first bit of the parsing field indicates the information type. Table 17 anjd
Table 18 fhow the'parsing field of PB 0x8E according to information types. The details of each field shqll
follow Anex Bxand Annex C.

o field-of PB-0xBE-with inf . 2

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).
[Y9:98] Longitude difference between the controller and the UA (see B.8).
[99:106] 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).

64.2 Slot planning

6/4.2.1 General

One data channel and one tone channel mapped to it each have 500"slots in one second fram¢. Each of
tHe 500 slots is predefined to talk slots or broadcast slots. Detajled slot planning is the responsibility of
tHe upper layer.

64.2.2 Slot planning rules

64.2.2.1 General
Slot planning in the upper layer shall satisfy thé following rules:

a) The data channel and the tone channiel'mapped to it are composed of slot block units. See Higure 10.

b] The data slot block 1 is all dedicated slots, the data slot 3 is a linearization data slot, the t¢ne slot 3
is a linearization tone slot. Tone slots from tone slot 0 to tone slot 2 are information tone slpts. They
consist of 99 subslots. See Figure 24.

c) Both talkslot and bréadcast slot can exist in one slot block.
d] A slotblock can select only one slot type among dedicated slot, fixed slot and normal slot.
e) The transmitpower of all slots in one slot block shall be the same.

f)] Tone slots mapped to dedicated slots can be used as information tone slots, in which|case the
transmit power of the tone slots is determined by the upper layer.

g] -Even if there are a plurality of upper layers, slot planning for one physical channel is the sgme.

h) 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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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

xi’

0<i<Tqp (22

)

The configuration of the super frame slot is determined by the upper layer. If video communication is

used withshared communication itis Qﬁ'nng]v recommended that super frame isnotused

6.4.2.2.3

The uppe
anormal

The ded
competit]

The fixed
unit prev

The norn

Dedicated slot and fixed slot and normal slot

slot as shown in Table 19.

jon.

slot is a predefined slot by the upper layer, and only a unit satisfying a specific condition or
iously authorized by the upper layer can allocate this slot through.cempetition.

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

Table 19 — Slot classification by transmission.type and allocation type

r layer can reclassify the broadcast slot and the talk slot into a dedicated slot, a fixed slot, afd

cated slot is a preallocated slot by the upper layer, and unit shall use this slot without

L. Allocation type
Tran$mission type - -
dedicated fixed normal
Hroadcast dedicated broadcast slot fixed broadcast slot normal broadcast slot
talk dedicated talk slot fixed talk slot normal talk slot
6.4.2.2.4 Information tone slot

The competition tone slot mapped with the'dedicated data slot do not perform competition. According

the uppe
to slot 2 ;

6.4.2.2.5

The lined
amplifier
tone line
frame st:

I layer can define this slot as’an information tone slot. In this document, tone slots from slot
ire set as information tone slots.

Linearization slot

. The data linedrization slot is data slot 3, which is the interval of Ty, to T5 in Figure 2. TI:
hrizationsslot is tone slot 3. The tone linearization interval is 6060 ps to 7980 us based on t
irt time.

38

rization slot is predefined for signal transmission used to linearize the transmitter's powgr

N

e
e
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Figure 24 — Linearization slot and timing

64.3 Databroadcasting

644.3.1-.General

Meethods for data broadcasting include one-time data broadcasting and continuous data broadicasting.

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 Dataexchange

6.4.4.1 | General

There arp two methods of data exchange: exchange using a talk slot and exchange using.a broadcalst
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 fcan establish one or a plurality of one-to-one data links.

6.4.4.2.112 Single link

A unit cah send and receive data using the destination addtess of another unit in the manner describé¢d
in 6.3.4. In the case of a single link, there is no parsing block that requests to talk with the other ugit
except tlle unit of destination address in the talk packet.

In additign, the unit can transmit a talk request using the talk slot, and the destination unit can transmnjit
a talk regponse using the broadcast slot. In this case, the talk request unit shall include a parsing blotk
'0x81' in fhe talk packet. At this time, the parsing field RequestMethod is set to '0', and response clearipg
is not pefformed. If the parsing field RequestMethod is set to '1', the unit performs response clearing.

The dest{nation unit that has received the talk packet containing the parsing block '0x81' shall transnjit
a responge through the broadeast’slot. At this time, if the parsing field RequestMethod is set to '1’, the
unit shalf respond with the same response through the talk slot.

The parsfng block thatperforms the response is associated with the application service and is defin¢d
at the upper layer.

6.4.4.2.113 Multiple link

A unit cah&end and receive data using the destination address of another unit in the manner describg¢d
in 6.3.4, andatthesametime; b_y using PBsrtramrsmit informationtootherunitsthathavethedifferent
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 thc uppc1 }Cl_yCl 1C\1ucatb d 1 CD}JUIIDC lLJy alluuatius (=) ta}}\ D}Ut, thc uuit a}}ULQtCD d ta}][\ D}Ut nd then
transmits a response including a 0x85 parsing header immediately after the trust field in the&pllocated
tdlk slot. The detailed method for this is decided by the upper layer.

64.5 Interworking with CC and VC

64.5.1 General

Iflthe SC DLL, CC DLL and VC DLL exist separately, the SC DLL, CC DLL andVC DLL shall interwork with
each other. If the SC DLL, CC DLL and VC DLL are integrated into one DLL, the interworking can be done
in one 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 perform supchannel
ne¢gotiation according to ISO/IEC 4005-3: 2023, 6.3.2.0Nhen the SC DLL receives CCtoSC.PBTxReq from
tHe CC DLL, it generates TslotTxEvent and shall natify SCtoCC.PBTxNoti of the success or failure of
transmission. When the SC DLL receives the contrgl channel related packet, it shall transmit itjto the CC
DLL using SCtoCC.PBRxFwd.

614.5.3 Interworking with VC

When SC DLL receives VCtoSC.RegNegoVSCH from VC DLL, it shall perform subchannel nejgotiation
agcording to ISO/IEC 4005-4:2023)6.3.2. When SC DLL receives VCtoSC.PBTxReq from V[ DLL, it
generates TslotTxEvent and shall notify SCtoVC.PBTxNoti of success or failure of transmissi¢gn. When
tHe SC DLL receives a videe~channel related packet, it shall transmit it to the VC DLL using SCtoVC.
PBRxFwd.

6{5 Synchronization

Alunit shall knew/the date, hour, minute, second, slot number for synchronization. When th¢ number
of extra databits in the broadcast slot is greater than or equal to 39, the A sync units shall tfansmit 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 less thap 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.

a3 1 a a, a, Ay as, a,
Co >0 C1 > Cz > C3 [ X X J ng D> C30 D> C31
b0 b1 bz b3 b29 b3o b31
(X X J
&—»PN
eO el eZ e3 eZ9 630 e31
Fo =m=F1 =m=FZ >m=F3 Y X ) F29 >m=F30 ¢m=F3l
d,q1 d, d, d, dyg dy, d;,
Key
a A k-th bit for AND operation with C3y
by A k-th bit for AND operation with\Cj,
Cy A k-th register of upper LFSR
F A k-th register of lower LESR
dy A k-th bit for AND opération with F3;
e A k-th bit for AND 'eperation with F,
PN1 output of upp€riFSR
PN2 output of lewer LFSR
PN output ©f PN code generator
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Figure 25 — PN code generator used for data scrambling

[031, a30, ey ao] = [U26’ U25’ 58, U24, ey U16’ S6’ U15, vany U8, 53, U7, ey UO’ SO, 1]

[b31, b3g, -+ bo] = [Uss, - Usz fs, Use - Usz f3, Uzgy - Uzg, fo U]

[C31(0), C30(0), aeny Co(o)] = [U77, ey U73, M5, M4, Mz, H4_, H3, Hz, U72, ey U61’ Y3, Yl’ W3, Wl’ U60’ ey U56]

[d31, d3g, - do] = [Us03, 57 S5, U2, -+ Ug3, S4, Ugy, -y Ugs, S2, Uga, -+ Uzg, 51, 1]

[e31, €30, -+ €0] = [U132, -+ U126, fao U125, - U114, f2, U13, - Uggs, f1, Uppal

[F31(]0), F30(0), ) Fo(o)] :[U154, aeny U150, M3, Ml’ Mo, Hl’ Ho, U149, ) U138’ Y4, Yz, Yo, Wz, Wo, U137,
U133

© ISO/IEC 2023 - All rights reserved



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

ISO/IEC 4005-2:2023(E)

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) (25)
where

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

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

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

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

s 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 and H has the
value from 0 to 23;

Y, is a x-th bit of date, with a value fromr-I<to 31, the number of Y bits is 5
w, is a x-th bit of month, with a value.from 1 to 12, the number of W bits i$ 4;
PN(clk) is a pseudo random bit of PN code generator at clk, and PN(0) is the PN vdlue when

the initial value is loaded‘into the two PN code generation registers.

The first bit of the data field is scrambled with PN(O ... Subsequent data bits are also s¢rambled
sdquentially, where O ¢ i [U159, Ugsg, - U755]

The padding block in data field is not sgrambled.
6{7 Interface with upper layer

6J7.1 General

The interface with theupper layer consists of ‘00’ and the interface header and the following pafameters
ag shown in Figuré26. The number of bits of the header is 8 bits, and the number of parameterfs and the
nyiimber of bits.of each parameter are different for each interface header.

00 Header Parmeterl Parmeter2 o000 ParmeterN
Liclino 2L Lt focao mnaclrat ok okazsia variile suaeae o0y 1
L 3 ls“l C &U TIILCT IAdUT pabl\cl. SLUIUCLUI T WILII “Pl.'cl la.y I

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.IpfeSuperkrameStet 306 to-bt:
UPtoDL.InfolndividualSlotTxPwr 0x07 to DL
UPtoDL.InfoDedicatedSlot 0x08 to DIy
6.7.2.2 | UPtoDL.InfoSharedChannel
Table 21 shows the parameters of UPtoDL.InfoSharedChannel.

Table 21 — UPtoDL.InfoSharedChannel Parameter

Parameter name bits Description

PRXtoneCompeteThre 5 Power threshold for carrier,sensing,
-115dBm(0) ~ -84dBm(31)

PRXcollsjontoneThre0 5 Power threshold for.¢ollision tone sensing,
-115dBm(0) ~ -84dBm(31)

PRXcollsjontoneThrel 5 Power threshpld for collision tone sensing,
-115dBm(0Q)* -84dBm(31)

PRXcollsjontoneThre2 5 Power threshold for collision tone sensing,
-115dBm(0) ~ -84dBm(31)

PRXnumAvgFrm 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

nMaxTall 4 Parameter for broadcast slot allocation

PTXnornjalSCH 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 returns tHe
collision slot after the TschReturn frame from the current framg.

DataLen 16 Maximumrtengthrof data fietd

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.
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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
T60  |Secret Key for data field scrambling

6]7.2.4 UPtoDL.InfoApprovedSlotMap

T4ble 23 shows the parameters of UPtoDL.InfoApprovedSlotMap.

Table 23 — UPtoDL.InfoApprovedSlotMap Parameter

Parameter name bits Description

ApprovedSlotMap 500 |1’ is usable and~*0%is unusable.

Default valués are all ‘1.

The parameter of UPtoDL.InfoApprovedSlotMap is ApprovedSletMap. ApprovedSlotMap consigts of 500
bits. Bit n indicates permission to use slot n. The data link<aif only allocate slots marked '1". Irff the case
ofl a super frame slot, if the corresponding bit is '1’, all super frame slot resources of the correfponding
slpt number are available.

6J7.2.5 UPtoDL.InfoBslotMap

T4ble 24 shows the parameter of UPtoDL.InfeBslotMap.

Table 24 ~~UPtoDL.InfoBslotMap Parameter

Parameter name bits Description

jos]

slotMap 500 |1’ means broadcastslotand ‘0’ means both hroadcast
slot and talk slot are possible.

Default values are all ‘0’.

The parameter of UPtoDL.InfoBslotMap is BslotMap. BslotMap consists of 500 bits. Bit n reprejsents the
tyfpe of slot n. Theydata link recognizes slots marked with '1' as broadcast slots

617.2.6 UBtoDL.InfoTslotMap

T4ble25 shows the parameter of UPtoDL.InfoTslotMap.

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 parilmeters of UPtoDL.InfoSuperFrameSlot are Period and SlotNum. SlotNum is a super frameslpt
a

number having a period of Period.

6.7.2.8 | UPtoDL.InfolndividualSlotTxPwr

Table 27 shows the parameters of UPtoDL.InfolndividualSlotTxPwr.

Table 27 — UPtoDL.InfolndividualSlotTxPwr Parameter

Parameter name bits Deseription
SlotNum 9 Slot number where power value is applied.
SlotTxPwr 6 (-20 + SlotTxPwr)dBm

The pardmeters of UPtoDL.InfolndividualSlotTxPwr are SlotNum<and SlotTxPwr. The transmit powgr

of a slot §lotNum 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 pardmeters of UPtoDL.InfoDedicatedSlot are SlotNum and SlotTxPwr. The transmit power of|a

dedicated slot SlotNumyis (20 + SlotTxPwr)dBm.

6.7.3 Dynamicinterface

6.7.3.1 | General

The dynamicinterfaces shown in 1able 29 are used after unit initiatization 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 30 shows the parameter of UPtoDL.ReqGetSCH.

Table 30 — UPtoDL.ReqGetSCH Parameter

Parameter name

bits

Description

—

§0ccupy

1

‘1’ means occupation, ‘0’/medns one-time transmission.

617.3.3 DLtoUP.NotiGetSCH

Table 31 shows the parameters of DLtoUP.NotiGetSCH.

Table 31 — DLtoUP.NotiGetSCH Parameter

The parameter of UPtoDL.ReqBslotAllocate is IsOccupy. If IsOccupy is "1, \itieans that slot cleafing after
slpt allocation is performed to continuously occupy the slot, and if it is\'.0’, it means one-time alllocation.

Parameter name bits Description
I$Success 1 ‘I’ means success. ‘0’ means allocation fail or sjot return
by slot collision.
5 k value at the time this interface is reported,
SlotNum 9 Allocated or return slot number, 0x1FF meand one-time
allocation success.

6]7.3.4 UPtoDL.ReqTxTslat

T4ble 32 shows the parameters of UPtoDL.ReqTxTslot.

Table 32 — UPtoDL.ReqTxTslot Parameter

Parameter name bits Description

DestAddr. 40 The destination address, only the lower bjts corre-
sponding to the length of SrcAddrLen in| UPtoDL.
InfoSharedChannel are 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 | DLtoUP.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 | DLtoUP.RsvSCHData

Table 35 shows the parameters of DLtoUP.RsvSCHData.

Table 35 — DLtoUP.RsvSCHData Parameter

Parameter name bits Description

SrcAddr 40 Only the lower bits corresponding to the length ¢f
SrcAddrLen are meaningful.

‘0’ means broadcast slot that has no SrcAddr.
DataLen 10 The length 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

48 © ISO/IEC 2023 - All rights reserved


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

ISO/IEC 4005-2:2023(E)

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

67.3.10 DLtoUP.ResponseACK

T4ble 38 shows the parameters of DLtoUP.ResponseACK.

Table 38 — DLtoUP.ResponseACK Parameter

Parameter name bits Description
Ack 1 ‘1" is ACK, ‘0%is NACK.
InterfaceHeader 8 Interfacerheader received from upper layer

When the upper layer sends an interface packet to thel DLL, the DLL can respond with| DLtoUP.
ResponseACK. The use of this interface is implementation'dependent.

6{8 Interface with other communication layer

6/8.1 General

This document describes the interface between SC DLL and CC DLL and VC DLL. This [interface
is| described under the assumption that each DLL is independent. three DLLs can be integirjated and
operated as a single DLL. It is implementation dependent. When integrated into a single DLL, fhe use of
tHe interface below is implementation dependent.

6J8.2 Interface with CC

6J/8.2.1 General

The interfacesiwith CC DLL as shown in Table 39 are used for some reason like CSCH negotiation. The
upper layer-can designate interfaces for multiple purposes.

Table 39 — Interface list with CC

L Interfacename Headervalue 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.

© ISO/IEC 2023 - All rights reserved 49


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

ISO/IEC 4005-2:2023(E)

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 3 The range of -4(0) ~ 3(7)
n 3 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 parameter is

follows.

Table 41 — Parameters of SCtoCC.NotiNegoCCH

P4qrameter name

bits Description

IsSuccesd ‘1’ means success, ‘0’ means fail.

m This value is meaningful when IsSuccess is’0’".
The value of m when negotiation is finished.
The range of -4(0) ~ 3(A)

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 valueiis meaningful when IsSuccess is '1".

Frequerticy channel number of an allocated channel

SubchanpelNum

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 follow

Table 42 — Parameters of CCtoSC.PBTxReq

P4rameter name

bits Description

PBLength

10 PB length

PB

PBLength |Parsing block for 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 ‘1’ means PB transmission success, ‘0’ means PB transmission fail.
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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

r
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6/8.3 Interface with VC

618.3.1 General

Table 45 — Interface list with CE

The interfaces with VC DLL as shown in Table 45 are used for some reason like VSCH negotidtion. The
upper layer can designate interfaces for multiple purposes.

Interface name Header value Direction
VICtoSC.ReqNegoVSCH 0x45 to SC
SCtoVC.NotiNegoVSCH 0x46 toVC
VICtoSC.PBTxReq 0x47, to SC
SCtoVC.PBTxNoti 0x48 to VC
SCtoVC.PBRxFwd 0x49 to VC

fallows.

648.3.2 VCtoSC.ReqNegoVSCH

Table'46 — Parameters of VCtoSC.ReqNegoVSCH

V{toSC.ReqNegoVSCH has four parameters as shown in Table 46. The meaning of each paramieter is as

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

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".

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

The range 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’ means success, ‘0’ means fail.
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