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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 altitudes will provide a variety of commercial services in
the near future. UAs that provide these services are distributed in the airspace. In level I, many people
operate their own UAs without the assignment of communication channels from a central control

centre.

This document describes video communication, which is a wireless distributed communication. Video
communication allows UAs distributed over the airspace to transmit video without serious interference
to the relevant video receiver which is usually a controller. The channels used for video communication
have a multi-channel structure, which enables UA and video receiver pairs to independently use the

occupied compimunication link. A wireless distributed communication described by this docanjent is

intended to b|

The ISO/IEC 4

ISO/IEC 4005

ISO/IEC 4005

ISO/IEC 4005
ISO/IEC 4005

The Internafional Organization for Standardization *(ISO) and International Electrotec

Commission
involve the u

[SOand [ECt

The holders ¢
under reason

e used in licensed frequency bands.

005 series consists of the following four parts:

1:  Tosupportvarious services for UAs, it describes a wireless distributeéd communi
model and the requirements that this model shall satisfy.

-2:  Itdescribes communication in which all units involved in\U&’operation can bro
or exchange information by sharing communication resources with each othe

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

-4 (this document): It describes video communigation for UAs to send video to a cont

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

f these patent rights have agsured ISO 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 flrawn to the possibility that some of the elements of this document may be the s
of patent rights other thafi.those in the patent database. ISO and IEC shall not be held responsi
identifying any or all such'patent rights.

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

cation

hdcast
I,

roller.

hnical

IEC) draw attention to the fact that it isClaimed that compliance with this document may

Fences
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 4:
Physical and data link protocols for video communication

1 S
This

commjunication, which is a wireless distributed communication network. fer units

unma

This ¢
video

transiitted from a UA to multiple receivers.

2 Normative references

The fi

Cope
locument specifies communication protocols for the physical and data-link 13

hned aircrafts (UAs) in level II.

from a UA to a video receiver. For the specific use of vidéo communication,

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

yer of video
related with

locument describes video communication, which is one-to-one communication thhat transmits

yideo can be

their content

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

undat

1SO/11
area n

1SO/IH
area n

1SO/IH
area n

ISO 21

3 T

For th
ISO/IH

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

C 4005-1, Telecommunications and inforination exchange between systems — Unmg
etwork (UAAN) — Part 1: Communication model and requirements

C 4005-2, Telecommunications and'information exchange between systems — Unmg
etwork (UAAN) — Part 2: Physiédl and data link protocols for shared communication

C 4005-3, Telecommunicatiens and information exchange between systems — Unm(
etwork (UAAN) — Part 3:Physical and data link protocols for control communication

384-4, Unmanned-gircraft systems — Part 4: Vocabulary

brms and‘definitions

e purposes of this document, the terms and definitions defined in ISO/IEC 4005-1, IS
C 4005-3,1S0O 21384-4 and the following apply.

ents) applies.

nned aircraft

nned aircraft

nned aircraft

/IEC4005-2,

[SOa
— IS

J 1L C
\eu § M v

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

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

4 Abbreviated terms

CC
CB
CRC

Control Communication
Coding Block

Cyclic Redundancy Check
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CSCH Control Subchannel
DL Data Link
DLL Data Link Layer

DQPSK Differential Quadrature Phase Shift Keying

DS Dedicated Slot

FN Frame Number

GF alois Field

PCCC rallel Concatenated Convolutional Code
PB rsing Block

PH rsing Header

PKH cket Header

PN eudo Noise

SA Spurce Address

SC Shared Communication
SRRC Spuare Root Raised Cosine
TSB ne Slot Block

UTC (joordinated Universal Time
VC ideo Communication

VSCH Vlideo Subchannel

5 Physical layer

5.1 Channlel and frame structure for data channel

5.1.1 The pumber.of data channels and bandwidth

The number

pf'data channels is L. L is greater than or equal to one. The bandwidth of one data clrannel

is5 MHz as s

IOWII lll Flg ulrc l l llU L: lb UULUI uuucu lll LllU Uupprti ldyel

5 MHz 5 MHz
(#0) #1

5 MHz
(#L-1)

Figure 1 — Data channels in frequency region
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5.1.2 Frame structure

The frame length of the data channel is 1 sec and consists of 250 slots. The one slot time T is 4 ms. A
data slot block has 2 slots. Therefore, there are 125 data slot blocks in one frame, and the data slot block
is 8 ms in length as shown in Figure 2. The frame number, FN changes from 0 to 59 in a 1 min interval,
and has the same value as the second of the current time.

a

A 4

i
<

A4

A

#0

#1

#2

#3

#4

#5

#6

#7

#248

#249

frame, T; = 1 second = 250 T,.

o
[UnN

slot, T = 4 ms.
Slot block, Ty, =8 ms=2T,.

Figure 2 — Data channel frame structure

5.1.3 | Slot transmit time mask

The tifansmission time mask of a slot is as showin Figure 3.

a

N

o b

PANN
TO Tl TZ T3 T4
Key
Ty 0 us
Ty, Ty [l5 T, symbeloffset from T,
a 4ms.
b Modulated signal.

N = - - £ 1
Flgul e3— HIE trammsmIssIon timre “laSk O d 510U

T;, T,, T3, T, are symbol offsets from T, and symbol time is 1/2688000 sec. Each value is as follows: T is
8, T, is 10380, T3 is 10388, T, is 10752.

Ty is 0 ps as the start time of the slot and the power amplifier is gated on and unmodulated fine signals
begin to be transmitted. T; is an offset at which modulation signal transmission starts. T, is an offset
at which the transmission of the modulated signal ends. T3 is an offset at which the power amplifier is
gated off, and transmission of unmodulated fine signals is stopped. The transmit power of T to Ty, T, to
T; shall be atleast 50 dB less than the modulation signal transmit power.

© ISO/IEC 2023 - All rights reserved 3
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5.1.4 Sub channels

190
200
210
220
230

240

a VX

b VX,O
¢ Vx, 1
d Vx,8
N Vx,9

Figure 4 — Sub chahnél structure of video communication in even frame

One data chapnnel consistsyof“10 subchannels as shown in Figure 4. Subchannel y of video chanrlel x is
composed of the followingslot set.

Vx, = Sx,z' SX,Z+10' Sx,z+20' e Sx,z+240
a2yuen Frnmo
. y 5 )
y+1-|(ymod2)/2|x2, odd frame
where
y is subchannel number, y=0, 1, ..., 9;
S is slot z of video channel x.

X,Z

4 © ISO/IEC 2023 - All rights reserved
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The subchannel consists of 25 slots, the i-th slot resource of the subchannel y of the channel x is indicated

by SR, ;, and the subchannel y of frequency channel x is indicated by V, . Therefore, V, , is as follows:
VX,y = SRX,y,O’ SRX,y,l’ eey SRX,y,24 (2)
where SR, ,; is i-th slot resource of subchannel y of channel x, i=0, ..., 24.

All slots of video channel are downlink.

5.1.5 Dedicated subchannels
The quUl ld_yUl CdIl PI CL‘IULUI lllillt? OIIC O 5€VCLI dl bu‘ULlldllIlelb dsS dUdiLdLCd bu‘UL}ldlllltilb In thlS case,
the tohe subslot set mapped with the dedicated subchannel is not used as a competition tohe and can be
used fpr other purposes.
Dedicpted subchannel information is received from an upper layer® through UPtoDL.
InfoD¢dicatedChannel.
5.2 [(Channel and frame structure for tone channel
5.2.1| General
The t¢ne channel of video communication means a competitive tone channel. The tone channel used
for vileo communication resource allocation and the tene channel used for control communication
resoufce allocation are the same channel (see ISO/IEC4005-3).
5.2.2 | Slot transmit power
The maximum transmission power PmaxTCH of the tone slot mapped to the video subchpnnel (VSCH)
is rec¢ived as UPtoDL.InfoPowerParamVCH:from the upper layer. The power of the tone $ubslot signal
is det¢rmined by adding the PTX_VCHTCHZdiffer value to the transmission power of the mapped VSCH.
5.3 Encoding procedure
The emncoding follows the following procedure. CRC encoding, turbo coding, rate matching)interleaving,
modulation mapping, burst mapping, and pulse mapping are performed in this order|as shown in
Figurg 5.
a b c d e
— €RC —> Turbo — Rate — )
. : . Interleaving
eéncoding encoding matching
h g J ,
-+ Pulse o Burst <€4— Modulation
mapping mapping mapping

Figure 5 — Encoding procedure

The number of symbols according to each encoding stage is shown in Table 1, where the encoding
input consists of two code blocks, CBO and CB1 as shown in Figure 14. Each code block undergoes CRC
encoding, turbo coding, rate matching, interleaving, and modulation mapping processes, respectively.
The length of each code block in these processes is 4094, 4928, 9868, 9856, 9856, and 4928. The two
code blocks are merged into one burst during burst mapping.

© ISO/IEC 2023 - All rights reserved
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Table 1 — Number of symbols at each encoding stage

Stage Number of symbols
a 4904 x 2 (binary)
b 4928 x 2 (binary)
c 9868 x 2 (binary)
d 9856 x 2 (binary)
e 9856 x 2 (binary)
f 4928 x 2 (complex)
g 10364 (complex)
h 10372 x 0S (complex)
5.3.1 CRC encoding
The input bit§ are defined as a, ay, a,, as, ..., a1 and parity bits as pg, py, p, 3, ..., Doz Where A reprpsents
the number off input sequences. Parity bits are generated through CRC generation polynomial as fdllows.
Jcre(D) =|D%* + D22+ D6+ D5+ D + 1 (3)
The encoding performed through the cyclic generator polynomials hasa systematic form as fdllows.
The resulting polynomial has zero remainder when it is divided by ggrc(D) on GF(2).
ayDA*23 +|a, DA*22 + .+ a, D?* + p D23 + p;D?%+ ... + p,,D1 £ 54 4)
After CRC insertion, bits are represented by b, by, by, b3, %051 (Where B = A + 24), and the relatignship
between a; apd b, is as follows.
ay, fork=0,1,2,---,A-1
by = (5)
Py, fork=A,A+1,A+2,--,A+23
5.3.2 Turbo encoding
The turbo efcoder consists of Parallel Concatenated Convolutional Code (PCCC) with two §-state
constituent epncoders and one turbo coded internal interleaver. The coding rate of the turbo encqder is
1/2. The structure of the turbg encoder is shown in Figure 6. The PCCC transfer function is as follows.
G(D) = [1,9,(D)/g,(D)] (6)
where go(D) F 1+D%D3) g, (D) = 1+D+D3.
When the inpucbits of the turbo encoder are encoded, the initial values of the shift registers [of the

8-state const

Fork=0,1,2,

Cak = X2k

tuentencodershattattbezero:

..., B/2-1, the output value of the turbo encoder is expressed as follows.

Cak1 = Z2k

Cake2 = X1

© ISO/IEC 2023 - All rights reserved
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Caks3 = Z'2ks1 (7)

Output bits of the first and second 8-state constituent encoders for turbo encoder input bits b, by, by,
bs, ..., bgq are zy, z4, z,, Z3, ..., Zgq and z'y, z’y, z5, Z'3, ..., Z’54, and the output bits through the turbo code
internal interleaver that is described in Annex A are represented by b’y, b’;, b5, b’3, ..., b’z 1. These output
bits are used as inputs for the second 8-state constituent encoder.

Trellis termination is performed by taking tail bits from shift register feedback after all information
bits have been encoded. The generated tail bits are added after encoding of the information bits.

The first three tail bits are used for the first constituent encoder termination and not the second

constiEumfm&aﬁhmmmghemeﬁsmmkﬁrﬁeﬁmﬁmﬁﬂwmd constituent
encodpr and not the first constituent encoder.

The bits transmitted for trellis termination are determined as follows.

C2B=Xp C2p+3 = ZB+1, C2B+6 = X B C2B+9 = Z B4
CoB+1 =2 C2p+a = Xp42, €247 = Z B €410 = X g2

CoB+2 = XB+1 €2B+5 = Zp+2, €2B+8 = X B+1» €2B+11 = Z B+2 (8)

© ISO/IEC 2023 - All rights reserved 7
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Key
turbo cod
first const]

second co
register
b, ak-thbit
"« ak-thbit

Xk‘
| N AL
I > J \J T L
A |
| I
b ' '
I
k 1 r\ A A A . I
24 i N D D » D |
A I
| ‘L |
| I
1 DA |
| I
l _________________________ )
2
3 ,
1 | T L
| QN NP
A |
| I
| [
b’ e , l
k >4 i \J ' g D » D > D |
A I
A ! L 4 |
! M '
: N |
e e 2 N2 J,
X

b internal interleaver
ituent encoder
hstituent encoder

f turbo encoder input
fturbo code internal interleaver output

X,  ak-th systematic bit of turbo encoder output

z, ak-thbit
X', ak-thbit
7', ak-thbit

Input bit sequencesof turbo code internal interleave, b, by, by, b3,

generated frd

f first constituent encoder-output
f second constituent encoder output for trellis termination
f second constituentencoder output

Figure 6 — Turbo encoder structure

aeey

bp.1 and output bit sedquence

mytirbo code internal interleaver, b’y, b’;, by, b’s, ..., b’p1 have the following relationghip.

(9)

where the mapping between the output bit index i and the input bit index j shall follow Table A.1 of
Annex A where j and i are as follows, and row and column numbers start at zero.

j = (numb

i=(rown

er shown in table) - 1

umber in table) x 16+(column number in table)

(10)

© ISO/IEC 2023 - All rights reserved
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5.3.3 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.

— 821, 1643, 2461, 3283, 4101, 4923, 5741, 6563, 7381, 8203, 9021, 9843

5.3.4 Interleaving
The interleaver uses block interleaving with 77 rows and 128 columns.
e,=d,

m

mlz (nx 77) %9856 + |n/128] (11)

wherd [x] means the largest integer among integers less than or equal to x andy0 < n < 9455.

5.3.5| Modulation mapping

Modulation mapping generates a complex symbol f, from the input\bit e,,, 0 < n < 9855, D < m < 4927.
Two ipput bits are mapped to one complex number as shown in Fable 2.

Table 2 — Modulation mapping

€21€2n+1 00 01 10 11
fn exp(j/4m) exp(j:7/4m) exp(j-3/4m) exp(j-5/4m)

5

5.3.6 | Burst mapping

Output complex symbols g, g4, ..., 94977 ane,generated from f, f1, ..., f49o7 of CBO and f, f3, .}, f49,7 0f CB1.
n

g =11, ek (12)

wherd c(n) is shown in Table 3.

Table 3 — c(n)

n c(n) Numbg: losf sym-
0,4 TSS(n) 2

2, .., 37 PTS1(n-2) 36
38, ..., 767 f,2g 0f CBO 730
768, ..., 803 PTS1(n-768) 36
804, .., 1533 fr74 of CBO 730
1534, .., 1569 PTS1(n-1534) 36
1570, ..., 2299 fi110 of CBO 730
2300, ..., 2335 PTS1(n-2300) 36
2336, ..., 3065 fr146 0f CBO 730
3066, ..., 3101 PTS1(n-3066) 36
3102, .., 3831 f182 0f CBO 730
3832, ..., 3867 PTS1(n-3832) 36
3868, ..., 4597 fn-218 0f CBO 730
4598, ..., 4633 PTS1(n-4598) 36

© ISO/IEC 2023 - All rights reserved 9
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Table 3 (continued)

n c(n) Numble:z l(;f sym
4634, ..., 5181 fn-254 0f CBO 548
5182, ...5363 fn-5182 0f CB1 182
5364, ..,5399 PTS1(n-5364) 36
5400, .., 6129 fo-s218 Of CB1 730
6130, ..., 6165 PTS1(n-6130) 36
6166, ..., 6895 fn-5254 0f CB1 730
6899, ..., 6931 PTS1(n-6896) 36
6931, ..., 7661 frr-5200 Of CB1 730
76613, ..., 7697 PTS1(n-7662) 36
7694, ..., 8427 fn-5326 0f CB1 730
8428, ..., 8463 PTS1(n-8428) 36
8464, ..., 9193 fn-5362 0f CB1 730
9194, ..., 9229 PTS1(n-9194) 36
9239, ..., 9959 fr-539 Of CB1 730
9960, ..., 9995 PTS1(n-9960) 36
9996} ..., 10361 fn-5434 0f CB1 366
10362, 10363 TSS(n-10362) 2
where TSS(n){and PTS1(n) are shown in Table 4 and Table 5'tespectively.
Table 4 —@SS(n)
TSS(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-7/41m) 14 exp(j/4m) 26 exp(j-7/4m]
3 exp/j5/4m) 15 exp(j-5/4m) 27 exp(j/4m)
4 exp(j/4m) 16 exp(j-7/4m) 28 exp(j-5/4m]
5 exp(j/4m) 17 exp(j/4m) 29 exp(j-3/4m}
6 expt7=37/4T) 18 exp{y5/4T) 30 expt7=37/4m)
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)

10
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5.3.7 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 < 10372 x OS, the complex signal is defined as
follows.

nT; 10363 n
hn _W[ 0S )Zmzo p((g_m_él')’rs )gm (13)

where symbol duration T is the 1/2688000 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-a)t / Ty)

T, 4ot /T,

pl=——— : ot/ (14
1 d-o)m 1-(4at /T,)
4o
The wlindow function w(t) is defined as follows.
(1/2)(1—-cos(mt/2T,)), 0<t<2T

1, 2T, <t<10370T,

w(t) (15)

_(1/2)(1—cos(%(t—10372T5))), 103707, <t <10372T,
N
0, otherwise

The nodulated signal is shown in Figure 7. Timing of modulated signal transmission is ag described in
5.1.3, |.e. the modulated signals are transmitted iftthe time intervals of T, to T, as shown |n Figure 3.

1 |2 3 4 5 6 eoe | 7 8 9 10 11 1P

A
Y

Key
filcer ripple (4 symbols)

T$S (2 symbols)

PTS1 (36 symbels)

ddta (730 symbols)

PTS1 (36symbols)

ddta{(730 symbols)

PTST{36symbols)

data (730 symbols)

PTS1 (36 symbols)

data (336 symbols)

TSS (2 symbols)

filter ripple (4 symbols)

Modulated signal (10372 DQPSK symbol).

—

O© 0 N O U1 o W N =

[ Y
N R O

o

Figure 7 — Modulated signal structure
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5.4 Physical layer procedure

5.4.1 Synchronization

All messages shall be transmitted based on UTC time. All times are measured based on UTC.
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 wi

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

The time errqr of A sync shall be within +0,4 ps. The time error of B sync shall be within ¥4 us. Thi time
error of C syrjc shall be within +5 ps.

The frequendy error of A sync shall be within #0,1 ppm. The frequency error of the B sync shall be

within +0,2 ppm. The frequency error of the C sync shall be within +0,3 ppm

5.4.2 Subchannel power

The maximu
layer. The ma
as UPtoDL.In|
in the resour

power PmaxVCH of the VSCH is received as UPtoDL.IiifoPowerParamVCH from an
ximum transmission power and minimum transmission power of each VSCH are re
foPowerParamVCHsub from the upper layer. The)pewer control of each VSCH is des
Ce allocation procedure.

upper
reived
Cribed

5.4.3 Meagurements

signal
of the
eiving

layer shall have the ability to measure the following parameters. The received
ne subslot, the received signal power of a data slot, and propagation delay time
signal shall be measured. The receiving power determination point shall be the red
ector.

The physical
power of a t
received datg
antenna conj

5.4.4 Coexjstence operation

If the hardw
communicati
in this docun
that coexistd

hre of shared communication described in ISO/IEC 4005-2 and the hardware of ¢
bn described ifa [SO/IEC 4005-3 and the hardware of video communication des
hent are completely physically isolated and do not affect each other at all, it is pc
nce operation is not performed, which is implementation dependent. In gener

ontrol
cribed
ssible
1, the

three commuynications.affect each other, and in this case, the following coexistence operation shall be

performed.

The TX oper ration
in the mapped tone subslot set. The TX operation of a control communication includes TX of the mapped
tone subslot set and TX in the subchannel for transmitting control data. The TX operation of video
communication includes TX of a mapped tone subslot set and TX in a subchannel for transmitting video
data.

When a UA periodically broadcasts its information to a shared slot of a shared channel, a shared slot
and a set of tone subslots 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 video channel overlap, the TX operation of the shared slot shall be performed.

A control subchannel (CSCH) and a VSCH shall be allocated so that they do not overlap in time.

The TX time of the tone subslot set mapped with mandatory periodically broadcasted shared slot, the
TX time of the tone subslot set mapped with the CSCH, and the TX time of the tone subslot set mapped
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with the VSCH shall not overlap each other. If the video tone slot block type is TSBtypeO0, the video tone
subslot set and the shared tone subslot set can be located in the same TSB. In this case, the two tone
subslot set numbers shall be different. If the video TSB type is not TSBtype0, the video tone subslot set
and the shared tone subslot set cannot be located in the same TSB.

The TX operation time of the tone subslot set mapped with a CSCH may overlap the TX time of a VSCH,
and in this case, the corresponding video slot cannot be transmitted. The TX operation time of the tone
subslot set mapped with a VSCH may overlap with the slot TX time of a CSCH, and in this case, the
corresponding control slot cannot be transmitted.

6 Data link layer

6.1 [General

The data link layer allocates subchannels consisting of 25 slots to controllers,and UAs. The controller
can use this subchannel to receive video from the UA. In this case, the contreller shall include a video
channlel receiver. The representative application service of video communication is that the controller
receivies video from the UA, but it is possible to provide other services-thfough the formed video link.
This i$ determined at the upper layer.

The pfrocess of using the VSCH is almost the same as the proeess of using the CSCH gnd shown in
Figurg 8.

— ne¢gotiation of subchannel number to be allocated;

— cqmpetition for allocation and generated link confirmation;
— o¢cupation and management of subchannels;

— subchannel return or reallocation.

Firstly, the UA and the controller eachigenerate a map of the available subchannels. Tihe controller
selectp one of the subchannels available together and the controller transfers the selected subchannel
number to the UA where the subchannel negotiation is performed by the SC DLL or the CC|DLL.

After that, the UA and the controller attempt to allocate subchannel at the same time. Supchannel can
be allpcated only when the UAand the controller succeed in allocation at the same time. The controller
shall donfirm whether a link is generated.

If the §ubchannel allocation is successful, the UA and the controller simultaneously perfornp slot clearing
to occppy the subehannel. While occupying a subchannel, the UA and the controller constaptly check for
collisipns of sub¢hannel resources. They also calculate the amount of interference fron neighboring
channels.

If colljsion,of subchannel resources or interference with neighboring channels exceeding fhe threshold
is deté : A and the controller reallocate the subchannel To dothis the UA and the controller
decide which subchannels to reallocate and perform allocation competition on that subchannel.

Ly

The UA and the controller return the subchannel when they can no longer maintain or need to maintain
them.

© ISO/IEC 2023 - All rights reserved 13
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Start
(UPtoDN.ReqGetVSCH)

Subchannel number negotiation <

Competition forsubciranme attocation

A

Generated link confirmation
(DNtoUP.NotiGetVSCH)

Subchannel occupation and management

Return or Reallocation;?
(DLtoUP.NotiVSCHStatus)

Reallocation

Return

Subchannel return

Figure 8 — Subchannel use procedure

6.2 Channel mapping and measurements

6.2.1 Gendral

Allocating subchannel resources is performed by tone channel. One subslot set in a tone channel and
one subchannel have a mapping relationship. When one tone subslot set is allocated, a subchannel
mapped thereto is allocated.

In order for the UA and the controller to allocate a subchannel, the UA and the controller shall find
subchannels that can be allocated at the same time. To this end, the UA and the controller determine the
allocable subchannels by calculating the interference power for each subchannel.

6.2.2 Mapping of communication resources and subslot sets

The competition for allocating a subchannel is performed in the subslot set mapped thereto. Subslot
sets are mapped to subchannels.
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The tone subslot set {S4g0.,m.,} 1S mapped to the subchannel V,

where m is (((x mod 2)+ 2y+8) mod 20)
-20 x |x/2]and n is as follows.

Xy’

0, even frame

= (16)
20—(| x/2|mod2)x40, odd frame

Thereafter, {Sygo+pm.,} mapped to V, , is expressed as {S, }.

This mapping shape is shown in Figure 9 key.

a) even frame

####################}

2 |48|48(48|48|48|48|48|48|48|48|49(49|49(49{49(49|49|49|49|49
011|12(3[4(5|6|7|8[9[|0|1]|2,374|5|6|7|8]|9

HH|# | #|#|H#|H | #|##|# |G\ H | ##|# | # | #|##
46|46|46|46|46(46|46|46|46|46(4747|47|47|47 (47|47 |47|47|47
011|12(3[4(5|6|7|8[9%011|2|3|4|5|6|7|8]|9

b) odd frame

a  Tgne subslot set.
b

Ve Vie = Via Vos Vi
¢ Vie Ve - Vs Vo5 Maw

4,

Figure 9 — Mapping of video subchannel (VSCH) and tone subslot sets

6.2.3 | Interference power calculation

In ordert fn ')”nr")fa f]'\o ‘ICP” tha cantrallor chall calenlato tho intarforance BOWer m the al]ocable

T e CoTtr O e oo Conrtta e t et E e e S e te—p o Tt

subchannel. Interference constants for calculating the interference power are received as UPtoDL.
InfolCConstant in the upper layer. The unit is dB. The estimated interference power of the subchannel is
expressed as PImVCH, ,

The interference power of the subchannel V, , experienced by the controller is calculated as follows.

N-1
PImcVCH, =3 " " (PmdVCH; , ~ICpy ;) (17)

where PmdVCH, , is the reception power of the tone transmitted by the UA in the tone subslot set
mapped with V; , and the unit of this is dBm. The unit of (PmdVCH;, - IC ;) is also dBm.
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6.2.4 Subchannel map

Each unit shall make a subchannel map indicating the availability of subchannels. The subchannel map
is expressed by 2 bits per subchannel.

In the case of a controller, a subchannel map shall be made as follows in consideration of the subchannel
interference.

If the subchannel interference PImVCH, Xy is PTH_SMIO or less, it is written as '11". If it is greater than
PTH_SMIO and less than PTH_SMI1, it is written as '10', if it is greater than PTH_SMI1 and less than
PTH_SMI2, it is written as '01', and if it is greater than PTH_SMI2, it is written as '00', where, PTH_

SMI0, PTH_SMI1, and PTH_SMI2 are threshold values for subchannel map creation, and are received as
UPtoDL.InfofowerParamVCH from an upper layer. In addition, the upper Iayer can designate ayiilable
subchannels ps UPtoDL.InfoApprovedSubchMap, and subchannels that cannot be used in this)interface
are indicated|as '00'.

allocated a VSCH shall broadcast its location and transmission power.through the SC
using a PB 0x88 parsing header. If the UA has allocated both VSCH and CSCH, it usesPB0x8A whejre ‘0x’
means hex nqtation

Each unit shalll receive SC signals transmitted by other UAs. Each unit can knew the currently oc¢upied
subchannels [from the SC signal, and if the distance to the UA occupying the subchannels is greater
than d_mapl, subchannels whose transmission power is less than RFXmapO0 are expressed gds '10’,
and PTXmapp subchannels above and below PTXmap1 are expressed*as '01', and subchannels[above
PTXmapl ar¢ expressed as '00". If the distance to the UA occupying-the subchannels is greater than d_
map0 and legs than or equal to d_map1, subchannels with transmission power less than PTXmap?2 are
expressed as|'10', and subchannels greater than PTXmap2 and’smaller than PTXmap3 are expresjsed as
'01' Is expregsed as, and subchannels greater than or equalito PTXmap3 are expressed as '00',
PTXmapO0, PTXmapl, PTXmap2, PTXmap3, d_map0, and*d_map1 are threshold values for subchannel
map creation} and are received as UPtoDL.InfoPowerRaramVCH from an upper layer.

As a result of receiving the tone signal of the tone subslot set, if the received power is greatef than
PTH_TONE, ile. if the subchannel is occupied, the subchannel is denoted as '00'". In addition, if ti:zre is
no informatign on the subchannel, it is expréssed as '00". The number of bits of the subchannel map is
20L. L is the iumber of VCH channels. The.data link layer can transmit the subchannel map by diyiding
it into one pafket or several packets.

When creatinjg a subchannel map, a UA can make a subchannel map with '00' for subchannels tHat are
overlapped with an own occupiedshared slot and a tone subslot set mapped to this.

Among the 1( subchannels.existing in one video channel, 4 subchannels correspond to this. To th|s end,
the upper laygr sets the.SE€make00 value of the UPtoDL.InfoMapOption interface to '1' or '3". In adflition,
the UA can mjake a subchannel map with '00' for subchannels in which transmission overlaps with the
tone subslot §et mapped to the CSCH currently occupied by the UA. To this end, the upper layer s¢ts the
SCmake00 value ofthe UPtoDL.InfoMapOption interface to '2' or '3".

6.3 Subchannel negotiation for allocation

6.3.1 General

The upper layer can determine in advance a CSCH to be allocated and transfer it to the data link. In
this case, UPtoDL.ReqAllocatingDedicatedVSCH or UPtoDL.ReqUsingDedicatedVSCH is used. When
a subchannel to be allocated is not determined, the UA and the controller shall first negotiate which
subchannel to allocate before allocating a subchannel as shown in Figure 10. In this case, UPtoDL.
ReqGetVSCH is used.

a) For subchannel negotiation, the controller first requests the UA to transmit a subchannel map with
a PB 0x12.
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b) When the UA receives this request, it transmits its own subchannel map to the controller using PB
0x13.

c) After receiving the UA's subchannel map, the controller selects one of the allocable subchannels.
Then, it requests the UA to allocate the selected subchannel using PB 0x14.

d) If the subchannel requested for allocation is allocable, the UA transmits an ACK using PB 0x15 and
goes to the subchannel allocation stage. If it is not allocable, it transmits its own subchannel map
again with NACK.

e) When the controller receives an ACK, the controller goes to the subchannel allocation stage. Or
receiving the NACK, the controller performs c) again. If all ACK/NACK is not received, the controller

p¢rforms aj again or report a failure to the upper layer.

When
using

trans
trans

6.3.1.

The cq
effect

6.3.1.

to su?ﬁ:hannel negotiation is performied using PB 0x16 and PB 0x17. PB 0x16 repres

Controller UA

Subchannel map request

Subchannel map response

Subchannel
negociation < Decided VSCH

ACK/NAEK

Figure 10 — General subechannel negotiation procedure

the UA and the controller negotiate’a’ subchannel number, they perform subchanng

] negotiation

shared communication or a dedicated slot or CSCH. Transmission power coptrol related

ission power and reception;power of the counterpart's signal, and PB 0x17 repre
ission power and designates the power to be transmitted by the counterpart.

I Generation of‘effective subchannel map

ve subchanhel'map is generated by selecting a lower value from the two subchanne

P Parsing block of shared channel related to subchannel allocation

ents its own
sents its own

ntroller recejves’the subchannel map from the UA and generate an effective subchamnel map. The

maps.

The U

Avcan broadcast its subchannel map using PB 0x89 in the slot of the shared channe

. The parsing

field o

I Pb 0x89Y 1s shown 1n Table 6.

Table 6 — Parsing field of PB 0x89

Bits Description
[0:5] Starting channel number
[6:10] Map length that indicates [6:10]*20.
[11:[6:10]*20+10] Variable subchannel map

[x:y] means from the x-th bit to the y-th bit of the related field.

© ISO/IEC 2023 - All rights reserved
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6.3.1.3 Parsing block of control channel related to subchannel allocation

The parsing blocks used in the control channel are 0x12, 0x13, 0x14, 0x15, 0x16, 0x17. PB 0x12 has no
parsing field.

The parsing field of PB 0x13 is shown in Table 7.

Table 7 — Parsing field of PB 0x13

Bits Description
[0:4] Starting channel number
[5:9] Maptengthis{5-91*26-
[10:[5:9]*20+9] Variable subchannel map

The parsing ffield of PB 0x14 is shown in Table 8.

Table 8 — Parsing field of 0x14

Bits Description
[0:4] Channel number

[5:9] Subchannel number

The parsing field of PB 0x15 is shown in Table 9 and Table 10.

Table 9 — Parsing field of PB 015 with ACK

Bits Description
[0] This bit is ‘1" and means ACK.

Table 10 — Parsing field of PB 0x15 with NACK

Bits Description
[0] This bit is ‘0’ and means NACK.
[1:5] Starting channel nimber
[6:10] Map length is [6:10]*20.
[11:[6:10]*20410] VariableSubchannel map

The parsing fiield of PB 0x16.is shown in Table 11.

Table 11 — Parsing field of PB 0x16

Bits Description
[0:6] Owirtramsmit power withr thie Tange of =40 d B0 ~40dBm(86)
[7:13] Received power of counterpart signal with the range of -115 dBm(1) ~ -10dBm(106), 0xFF
means ‘unknown’ and 0x00 means smaller than -115dBm.

The parsing field of PB 0x17 is shown in Table 12.

Table 12 — Parsing field of PB 0x17

Bits Description
[0:6] Own transmit power with the range of -40 dBm(0) ~ 40 dBm(80)
[7:13] Required transmit power of counterpart, the range is same with [0:6].
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6.3.1.4 Subchannel selection for allocation

The data link of the controller generates an effective subchannel map using the subchannel map
transmitted by the UA and its own subchannel map. In this case, when the UA transmits only a part of
the subchannel map, all values that are not transmitted are regarded as a value of '00". The effective
subchannel map is achieved by selecting a lower value from the two subchannel maps, i.e. if one of the
two values is '00', regardless of the other value, the value of the corresponding subchannel is '00". The
data link of the controller determines one subchannel for allocation from the effective subchannel map.
If there is no valid subchannel, it is reported to the upper layer.

If there are subchannels having a value of '11', the controller shall select one among these subchannels.

If the]
the sy
InfoM

If thel
amon

If the
usable
zerot}

hpOption interface is set to 1.

number of selectable subchannels is NUM o taple subchy the controller calculates t
subchannel from the effective subchannel map using a PN code generator. The ot

subchannel to the (NUMggectaple subch ~1)-th subchannel is determined by the follow

The SII)aller the x value in the subchannel V, , the faster the order. And when the x values

thes

aller the y value, the faster the order.

e are no subchannels having a value of "1T', the controller can select one subchanne] from among
bchannels having a value of '10' only when the value of SubChannelAbility10 off the UPtoDL.

e are no subchannels having a value of '11' or '10', the controller can,select subfhannel from
b subchannels having a value of '01' only when the value of SubChannelAbility01 is set to 1.

e Nordinal-th

=1 a a a a,, ay, Ay

Diloeoe —I

Key
a, a
b, a
D, a
PN P]

€
€
€
q

25

DO Dl DZ 3 D23 D24
bO bl bZ b3 b23 b24
NV NP NV o000 o NV

k-th bit for AND operation with D,
k-th bit for AND operation with D
k-th register

N code genérator output

Figure 11 — PN code generator

The Nordinal is calculated with PN code generator shown in Figure 11 as follows where [x, 4, X5, ...

is the i-bit binary representation of x.

[D

25(0), D24(0), .., Dy(0)] = [SAzs, SAz4, -y SA(]

[b16, b15, vany bll] = [fs,f4, ,fo]

(D19, bg, s bo] = [Ms, My, M3, My, My, My, Hy, H3, Hyp, Hy, Ho)
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[az5, Azqs -

) ao] = [SAO’ SAl, aeny SA24p 1]

PN(clk) = (Dy(clk) & by) * (D(clk) & by) * ...~ (Dys(clK) & bye)

Npy = [PN

Nordinal =

where

(15), PN(14), ..., PN(1), PN(0)]

fIOOY'((NpN x NUMselectable_subch)/z16)

D, (clk)

PN(clk)
&
floor(x)

6.3.2 Subc

6.3.2.1 General

UAs and cont
shall allocate
shared chann
data related
the PBs from
from the upy
is a subchan
perform subd
NotiNegoVSC

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

is a x-th bit of source address, the number of SA bits is greater than or equal 26;
is a x-th bit of frame number, the number of fbits is 6;

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 f
to 23;

is a pseudo random bit of PN code generator at clock clk;
is AND bit operation that means a logical multiplieation;
is exclusive OR bit operation that means exclusive logical sum operation;

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

hannel negotiation using shared-channel

Follers can perform subc¢hannel negotiation using shared channels. To do this, the con

(18)

rom 0

[roller

a talk slot of a shared channel to communicate with the UA. Allocating a talk sl
el shall follow the-Scheme described in ISO/IEC 4005-2. When transmitting and re

tin a
iving

fo the video channel in the shared channel, PKH 0x06 is used. When PKH 0x06 i used,

subchannel 1

0x00 to 0x7F mean the PBs of the video channel. VC DLL receives UPtoDL.ReqGefVSCH
er layer. At this time, if the NegoMethod parameter is '0', VCtoSC.ReqNegoVSCH, [which
el negatiation request, is transmitted to SC DLL. Upon receiving this, the SC DLL shall
hannelnegotiation. When the subchannel negotiation is over, the SC DLL delivers S{toVC.
H to-the VC DLL. If the subchannel negotiation is successful, the VC DLL entefs the
egotiation stage, and if the subchannel negotiation fails, the VC DLL notifies the [upper

layer of the failure to DLtoUP.NotiGetVSCH.

The controlle

a)

r's SC DLL performs subchannel negotiation shown in Figure 12 as follows.

nd n are set. m and n can have negative values.

SC DLL receives the VCtoSC.ReqNegoVSCH requesting subchannel allocation from VC DLL. At this

SC DLL requests the UA to transmit the UA subchannel map. For this, the controller shall transmit

a request packet by allocating the talk slot of the SC. The PKH of the SC used here is 0x06, and
the subchannel map transmission request PB is 0x12, where the controller SC DLL can use PB
0x81 to utilize the SC broadcast slot of UA for subchannel negotiation. If talk slot allocation and

sion fails, m is increased.

The SC DLL repeats b), increasing m until it receives PB 0x13. If PB 0x13 is not received and m

is greater than 3, the SC DLL reports it to the VC DLL using SCtoVC.NotiNegoVSCH and performs

time, m a
b)

transmis
c)
20
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d) when the subchannel map is received, where the controller can receive the subchannel map
through the response slot related to the allocated talk slot or the currently occupied broadcast slot
of the UA.

d) After receiving the UA's subchannel map, the SC DLL generates an effective subchannel map and
selects one subchannel from the effective subchannel map.

e) Afterallocatingthe talkslot, the SC DLL transmits the allocation request for the selected subchannel
to the UA using PB 0x14. If talk slot allocation and transmission fails, n is increased.

f)  When SC DLL receives ACK from PB 0x15, it notifies VC DLL to SCtoVC.NotiNegoVSCH. Upon
receiving the NACK, d) is performed again. If PB 0x15 is not received, n is increased, and if n is

gl
3,
tg

eater than 3,1t 1s reported to the VC DLL as SCtoVC.NotiNegoVSCH, and 1T it is [ess th
d) is performed again, where the controller receives ACK/NACK through a respon5
the allocated talk slot or a currently occupied broadcast slot of the UA.

hn or equal to
e slot related
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Receiving subchannel number
negotiation request from VC DLL
(VCtoSC.ReqNegoVSCH)

y

The SC DLL requests a subchannel map

A

to the UA.
i No
No
I'he controller receives Jmem+1 R >3
subchannel map of the UA? » m=m » m
Yes
Yes
The SC DLL makes a effective subchannel Reporting afail to VC DLL
map. (SCtoVE.NotiNegoVSCH)
To decide a subchannel for allocation
y
The SC DLL requests allocation of the
decided subchannel to the UA.
No
Not
NACK Does SC DLL receiye received |
ACK/NACK? n=n+l n>3

Yes
Repofting a success to VC DLL Reporting a fail to VC DLL
(SCtoVC.NotiNegoVSCH) (SCtoVC.NotiNegoVSCH)

Figure 1 fideo-subehanne d

cannel

The UA's SC DLL shall respond to the controller's request for subchannel negotiation. First, when a
subchannel map request is received by PB 0x12, the UA's SC DLL shall transmit its subchannel map to
the controller using PB 0x13. When a UA transmits a subchannel map, it shall transmit a subchannel
map of a length that can be transmitted.

The UA's SC DLL receives a subchannel allocation request by PB 0x14, and if the subchannel is available
for allocation, transmits an ACK to the controller using PB 0x15, and informs the VC DLL of the ACK
transmission through SCtoVC.NotiNegoVSCH. If the subchannel cannot be allocated, it transmits NACK
and its own subchannel map to the controller. After UA's VC DLL receives SCtoVC.NotiNegoVSCH, if the
parameter IsSuccess is 1, it enters the resource allocation step.
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If PB 0x81 is included in the packet sent by the controller and the parsing field RequestMethod has
a value of '0', the UA responds with the SC broadcast slot it has already occupied. If the parsing field
RequestMethod has a value of '1’, the UA responds with the SC broadcast slot it has already occupied,
and simultaneously performs response clearing and allocation competition, and responds with a talk
slot allocated by the controller. If PB 0x81 is not included in the controller's packet, response clearing
and allocation competition are performed to respond with a talk slot allocated by the controller.

When responding to the SC broadcast slot, the video channel parsing block is transmitted using PB
0x8C. The parsing field of the PB 0x8C carries the video parsing block. When responding with an SC
talk slot, PKH 0x06 is used.

6.3.2.2

T PP : beal 1 P
11 dAdIIoIIIIOOIVIL PUVVCI 11 OUULIIAIIIIU]T llcsutlablull

When|the controller and UA perform subchannel negotiation with the SC, they use theltransmit power
speciffied in the SC.

6.3.3| Subchannel negotiation using dedicated slot

6.3.3.L. General

Dedicpted slots designated by upper layer in ISO/IEC 4005-3 can Bejused for VSCH negotigtion.

The UA and the controller can perform VSCH negotiation u$ing a predetermined dedicdted slot. The

proceflure for the controller to perform subchannel negotiatien is as follows.

a) The VC DLL receives the subchannel allocation cgmmand UPtoDL.PBReqGetVSCH frpm the upper
lalyer. At this time, NegoMethod is '1, and m andin are set and VC DLL sends VCtoCC.ReqNegoVSCH
td CC DLL.

b) The CC DLL requests the UA to transniit the UA subchannel map using PB 0x12.|For this, the
cantroller uses a dedicated slot.

c) The CCDLL repeats b) while increasing m until it receives the UA subchannel map thrqugh PB 0x13.
Ifithe subchannel map is not received and m is greater than 3, the CC DLL delivers the|failure to the
VC DLL with CCtoVC.NotiNegoVSCH, and the VC DLL reports this to the upper layer with DLtoUP.
NptiGetVSCH, if the subcliannel map is received then and d) is performed, where the CC DLL of the
cqntroller receives the subchannel map in the next dedicated slot of the dedicated slo§ used in b).

d) After receiving the UA's subchannel map, the CC DLL makes an effective subchanpel map, and
sdlects one subchannel from the effective subchannel map.

e) The CC DLL%ransmits the allocation request for the selected subchannel to the UA using PB 0x14.

f) When-the CC DLL receives an ACK from the UA, it transmits it to the VC DLL ysing CCtoVC.

N

ptiNegoVSCH. Upon receiving the ACK, the VC DLL reports it to the upper laysg

N

r as DLtoUP.

btiGetVSCH and goes to the subchannel allocation stage When the controller's CC D

LL receives a

NACK from the UA, it executes d) again. When neither ACK nor NACK is received, n is increased, and
if n is greater than 3, CC DLL transmits a failure to the VC DLL using CCtoVC.NotiNegoVSCH. Upon
receiving the failure, the VC DLL reports the failure to the upper layer with DLtoUP.NotiGetVSCH. If
nisless than or equal to 3, the CC DLL performs d) again where the CC DLL receives ACK or NACK in
the next dedicated slot of the dedicated slot used in e).

The UA continuously receives its dedicated slots according to the settings of the upper layer. When a UA
receives a packet requiring a response from the controller, it shall transmit a response in a dedicated
slot next to the dedicated slot in which the request was received.

When a subchannel map request PB 0x12 is received in a dedicated slot, the UA's CC DLL shall transmit
its subchannel map to the controller using PB in a dedicated slot next to the dedicated slot in which the
request was received.
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After receiving the subchannel allocation request PB 0x14, the UA’s CC DLL responds with PB 0x15.
At this time, if the subchannel is available for allocation, ACK is transmitted to the controller, and ACK
transmission is notified to the VC DLL using CCtoVC.NotiNegoVSCH. When the VC DLL receives the ACK
transmission, it enters the subchannel allocation stage. If the subchannel cannot be allocated, the UA’s
CC DLL transmits NACK and its subchannel map to the controller.

6.3.3.2 Transmission power in subchannel negotiation

The power during subchannel negotiation is controlled by the CC DLL, as described in ISO/IEC 4005-3.
However, instead of PB 0x06 and PB 0x07, PB 0x16 and PB 0x17 are used.

6.3.4 Subc[nannel negotiation using CSCH

6.3.4.1 General
When the CSCH is in use, the controller can use the CSCH for VSCH negotiation.
The procedure for the controller to perform subchannel negotiation is as follows.

a) The VC OLL receives the subchannel allocation command UPtoDL.PBRégGetVSCH from the [upper
layer. At this time, NegoMethod is '3', and m and n are set. VC DLL sends\,VCtoCC.ReqNegoVSCH to CC
DLL.

b) The CC OLL requests the UA subchannel map transmission to the UA using PB 0x12. For thiis, the
controller uses the uplink slot of the occupied CSCH.

L repeats b) while increasing m until it receives the UA subchannel map through PH 0x13.
If the sujchannel map is not received and m is greaterthan 3, the CC DLL delivers the failure|to the
ith CCtoVC.NotiNegoVSCH and the VC DEL reports this to the upper layer with DL.toUP.
NotiGetVISCH. When the subchannel map is received, d) is performed. Where, the CC DLL |of the
receives the subchannel map in thefirst downlink slot after the uplink slot used in|b).

d) After regeiving the UA's subchannel map,*the CC DLL makes an effective subchannel map, and
selects ofie subchannel from the effective subchannel map.

e) The CCDLL transmits the allocation‘request for the selected subchannel in the uplink slot to the UA
using PB[0x14.

f) When the CC DLL receives'an ACK from the UA, it transmits it to the VC DLL using CftoVC.
NotiNegdVSCH. Upon receiving the ACK, the VC DLL reports it to the upper layer as D[LtoUP.
NotiGetVISCH and goes'to the subchannel allocation stage. When the CC DLL of the controller receives
a NACK ffom the UA7it executes d) again. If both ACK and NACK are not received, n is increasgd, and
if n is greater than' 3, the failure is transmitted to the VC DLL using CCtoVC.NotiNegoVSCH{ Upon
receiving the/failure, the VC DLL reports the failure to the upper layer with DLtoUP.NotiGetV$CH. If
n is less thad,or equal to 3, the CC DLL performs d) again, where the CC DLL receives ACK or[NACK

in the firstd Toole ol os o £0 oo o] Liale olos q: 0
1n the firstaownnrsrotattertne HPHMRSIoTUHSeaHreJ-

In this procedure, the controller can transmit a response in a plurality of uplink slots for one downlink
slot, i.e. the controller can transmit PB 0x12 or PB 0x14 in a plurality of slots. This is implementation
dependent.

When the UA receives PB 0x12 or PB 0x14 from the controller, it shall transmit PB 0x13 or PB 0x15 in
the first downlink slot after the uplink slot that received it.

When the UA receives PB 0x12, the UA's CC DLL shall transmit its subchannel map to the controller
using PB 0x13.

The UA's CC DLL responds with PB 0x15 after receiving PB 0x14. At this time, if the subchannel is
available for allocation, ACK is transmitted to the controller, and ACK transmission is notified to the VC
DLL using CCtoVC.NotiNegoVSCH. When the UA's VC DLL receives an ACK transmission from the CC DLL,
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it enters the subchannel allocation stage. The UA's CC DLL transmits a NACK and its own subchannel
map to the controller if the subchannel cannot be allocated.

6.3.4.2 Transmission power in subchannel negotiation

The transmission power of the CSCH is described in ISO/IEC 4005-3, and follows ISO/IEC 4005-3 when

subch

6.4

6.4.1

annel negotiation is performed using the CSCH occupied by the unit.
Subchannel allocation and generated link confirmation
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When
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If the
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=

y

The DLL processes the competition for
allocation.

No
Success?

Yes
y

Transmitting and receiving packets DLL sends the failure to upper,
during 1 second (DLtoUP.NotiGetVSCH])

A

No
Packet error rate <

LinkConfirmError

DLL sends the success to upper.
(DLtoUP.NotiGetVSCH)

A

Go to occupation stage >

Figure 13 4 Resource allocation conipetition and generated link confirmation of a contreller

6.4.2 Subchannel resource allocation competition

6.4.2.1 General

The competitfion for atllgcating VSCH is same with that of CSCH except power control.

6.4.2.2 Tonesnbslot transmission power in subchannel allocation

When the controller and UA perform subchannel allocation, the transmit power of the tone subslot
signal, PTX_comp_Tone, is calculated as follows:

First, when subchannel negotiation is performed with an SC signal, it is as follows:

PTX_comp_Tone = MIN( (PtargetVCH + PL_SC + SNRrequiredVCH + PmarginTCH ), PmaxTCH) (19)

where
PtargetVCH is the target reception power of the VSCH;
PL_SC is the path loss measured from the received SC signal;
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SNRrequiredVCH is the SNR required for the control channel to be received;

PmarginTCH is the power margin for the tone channel associated with the video channel.
The data link receives the main power parameter as UPtoDL.InfoPowerParamVCH from the upper layer.

Second, when negotiation is performed with a dedicated slot or a CSCH, the unit uses a value obtained

by adding PTX_VCHTCH_differ to the last transmission power used in subchannel negotiation.

6.4.3

Generated link confirmation
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the UA at least once in the next frame.

6.4.3.2 Transmitting and receiving parsing block of controller

ileo packet to

In the generated link confirmation stage, the controller can transmit the PB using SC, CSCH, and
DS. Related interfaces are VCtoSC.PBTxReq and VCtoCC.PBTxReq. The method of transmission is
implementation dependent. However, the controller cannot use the SC when the UA's SC slot signal is
not received, cannot use the CSCH when the CSCH is not used, and cannot use the DS when the DS is not
allocated.

The controller’s VC DLL can receive PB through SC, CSCH, DS, and VSCH. Related interfaces are SCtoVC.
PBRxFwd and CCtoVC.PBRxFwd.
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6.4.3.3 UA transmission power control at generated link confirmation stage

The transmission power of the VSCH in one frame is the same. The UA determines the initial VSCH
transmission power as follows.

a) In case of performing subchannel negotiation with SC signal:

PTX_DR_VCH_ini = MIN((PtargetVCH + PL_SCc + SNRrequiredVCH + PmarginVCH), PmaxVCH) (20)
where

PtargetV H ts-the-tat SCL T CLClJLlUll powet ofthe ‘v’CH

PL_SCc is the path loss measured by the UA receiving the SC signal from thecontoller;

SNRrequfiredVCH is the SNR required to receive the video channel;

PmarginYCH is the power margin for the video channel.

DLL recejves main parameters from upper layer as UPtoDL.InfoPowerParamVCH.

b) When negotiation is performed with a dedicated slot or CSCH, the DL calculates a value obfained
by addinf PTX_VCHCCH_differ to the last transmission power used during negotiation, PT|X_DR_
DS_prev or PTX_DR_CC_prey, as transmission power:

PTX_DR_|VCH_ini = (PTX_DR_DS_prev or PTX_DR_CC_prev) +PTX_VCHCCH_differ (21)

The UA determines the VSCH transmission power plus PFX. VCHTCH_differ as the transmission power

of the tone sybslot.

The controlldr shall transmit PB 0x17 to the UA atleast once in the generated link confirmation|stage,

and the UA's fransmission power shall be set as.dbove.

6.4.4 Broadcasting video subchannel (VSCH) information being allocated or occupied

The UA shall proadcast information 6nsthe VSCH that it is attempting to allocate or occupying through

the occupying SC slot. The related*PBs are PB 0x88 and PB 0x8A, and the related parsing fiells are

shown in Tab|

le 13 and Table 14.

Table 13 — Parsing field of PB 0x88 in SC

Bits Description
[0:5] Video channel number
[6:9] VSCH number, the range is 0 ~ 9.
[10:33] Own Tatitude, see ISO/TEC 4005-2:2023, B.1
[34:57] Own longitude, see ISO/IEC 4005-2:2023, B.2
[58:69] Own altitude, see ISO/IEC 4005-2:2023, B.3
[70:85] Latitude difference between the controller and the UA, see ISO/IEC 4005-2:2023, B.7
[86:105] Longitude difference between the controller and the UA, see ISO/IEC 4005-2:2023, B.8
[106:113] Altitude difference between the controller and the UA, see ISO/IEC 4005-2:2023, B.9
[114:120] VSCH TX power of the UA, the range of -40dBm(0) ~ 40dBm(80)

Table 14 — Parsing field of PB 0x8A in SC

Bits Description

[0:4] Control channel number
28
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Table 14 (continued)
Bits Description
[5:9] CSCH number, the range is 0 ~ 19.
[10:34] Own latitude, see ISO/IEC 4005-2:2023, B.1
[35:59] Own longitude, see ISO/IEC 4005-2:2023, B.2
[60:71] Own altitude, see ISO/IEC 4005-2:2023, B.3
[72:87] Latitude difference between the controller and the UA, see ISO/IEC 4005-2:2023, B.7
[88:103] Longitude difference between the controller and the UA, see ISO/IEC 4005-2:2023, B.8
[104:113] Altitude difference between the controller and the UA, see ISO/IEC 4005-2:2023, B.9
[114:120] CSCH TX power of the UA, the range of -40dBm(0) ~ 40dBm(80)
[121:726] Video channel number
[127:130] VSCH number, the range is 0 ~ 9.
[131:137] VSCH TX power of the UA, the range of -40dBm(0) ~ 40dBm/(80)

6.5

6.5.1 | General

Subchannel occupation and collision management

In the|occupation stage, the UA shall broadcast VSCH information in a SC slot using PB 0x8B or PB 0x8A.

The cpntroller shall use PB 0x17 to control the power, ofithe UA. The UA shall transmit| the received

power of the packet transmitted by the controller using PB 0x16.

At this stage, the UA and the controller occupy the'subchannel. Occupation is achieved by|slot clearing.
The UA and the controller perform slot clearing one and collision tone transmission in th¢ tone subslot
set mapped with the occupied subchannel. Résource collision monitoring is accomplished by detecting
the collision tone of other units. Measuremént of the amount of interference for neighboufing channels

is alsq performed.

6.5.2 | Power control in occupation stage

The controller uses PB 0x17 toJinform its own transmission power and adjusts the UA's transmission
powel. The UA shall use PB 0x16 to inform the VSCH transmission power and the reception power of
the packet including PB-Ox17. The controller can calculate path loss using PB 0x16 received from the UA
or PB|0x17 transmitted by itself. It is implementation dependent for the controller to perform the UA's
transmit power control using the calculated path loss. However, the following rules shall be observed in

transmit power<ontrol.

a)

b)

The transmit power within one frame is the same. The power change is applied when the frame
changes.

[f the transmission power is less than or equal to Pmax_dmapI, the maximum power increase per
frame is 5 dB, and if the transmission power is greater than or equal to Pmax_dmap1 and less than
Pmax_dmap2, the maximum power increase per frame is 3 dB, and if the transmission power is
Pmax_dmap2 or more, the maximum increase power per frame is 1 dB. Where, Pmax_dmap1 and
Pmax_dmap?2 are received as UPtoDL.InfoPowerParamVCH from the upper layer.

The maximum power Pmax_occupy in the occupation state is generally equal to PmaxVCH?.

However, when a unit using the same channel resource is found in the SC, power control is as
follows. If the distance to the unit is greater than d_map1, Pmax_occupy is Pmax_dmap2, and if the
distance to the unit is less than or equal to d_mapl and greater than d_map0, Pmax_occupy is
Pmax_dmapl. If the distance to the unit is less than or equal to d_mapO0, the unit maintains the
current power for the associated subchannel.
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The UA and the controller determine the VSCH transmission power plus PTX_VCHTCH_differ as the
transmission power of the tone subslot. The transmit power of the tone subslot cannot exceed PmaxTCH.

6.5.3 Subchannel occupation and return method

The occupation of the subchannel is achieved by the unit transmitting a tone signal in subslot 0 of the
tone subslot set mapped with the subchannel, i.e. the UA and the controller each perform slot clearing.
The return of the occupied subchannel is made by stopping slot clearing. The upper layer can request
the return of the occupied VSCH by UPtoDL.ReqReturnVCH as necessary.

6.5.4 Collision tone transmission and collision management

Collision tong transmission and collision management of the VSCH are the same as those of/the|CSCH.
However, the|following are excluded.

a) PRXcollsjontoneThre0 and PRXcollsiontoneThrel are received from the upper layer as UPtoDL.
InfoPowgrParamVCH.

b) When it |s determined to return the subchannel resource, the unit shall-inform the countgrpart
unit of itfusing PB 0x1D. The unit that receives the PB 0x1D indicating«the’decision to retupn the
subchaniel resource shall transmit the PB 0x1D whose parsing field\value is 4. This PB[ 0x1D
exchangg shall take place within TimeOf1DTry seconds. If the PB.0x1D exchange fails, the unit
immediafely returns the channel.

6.5.5 Parsing block for video channel

6.5.5.1 ACK transmission

After receivipg the VSCH slot, the controller can transmit an ACK for each slot. ACK transmission is
performed when the value of UAAckReq is 1"

The fields of PB 0x1B transmitted by the contraller are shown in Table 15.

Table 15= Parsing field of PB 0x1B

Bits Description
[0:24] 25 ACK bits, ' means ACK, 0 means NACK, ACKs for a downlink video slot during onefframe

6.5.5.2 PB|0x18

PB 0x18 has a parsingblock for the SC as a parsing field.

6.5.5.3 PB|0x19

PB 0x19 has a parsing block for the CC as a parsing field.
6.6 Reallocation

6.6.1 General

When the same resource collision occurs or when the neighbouring channel interference is greater
than the threshold value, the unit that detects this shall reallocate the subchannel. First, the unit can
detect the same resource collision as a collision tone or SC reception information. The neighbouring
channel interference can be detected by receiving the mapping subslot sets of the tone channel or as SC
reception information.
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Reallocation decision

6.6.2.1 Reallocation decision due to same resource collision

The reallocation decision following collision tone detection is described in 6.5.3.

Units allocated the same subchannel can be detected by SC reception. In this case, subchannel
reallocation is determined under the following conditions.

a) When another UA allocated the same subchannel is detected, and the distance between the UA and
the controller connected to the UA is 500 m or more.

b) W

P
g W
d) W
di

6.6.2.

Since

The measurement of the amount of interference dueto\neighboring channels using 3

tone (
condit

a) W

le

b) W

th
c W

PImin

Accor
interf

The iy
using

determinesteallocation, where the interference power is calculated as follows.

amd another unit is less than d_map0,

hen another UA allocated the same subchannel is detected, and the UA's transmis
max_dmap?2 or higher.

hen another unit allocated the same subchannel is detected, and the distance’betw

hen the distance between own unit and another unit that has transmission poy
mapl or more is more than d_map0, and less than or equal to d_map0.

D

Reallocation decision due to neighboring channel interference

VSCH is a downlink, there is no channel interference between UAs or between contr

hannel is described in 6.2.2, and the unit decides’subchannel reallocation under
ions.

hen the calculated interference power is greater than or equal to (PImin - PImarg
5s than (PImin - PImargin - 3dB), whichlasts for 4 sec.

hen the calculated interference pawer is greater than or equal to (PImin-PImargin-
an (PImin-Plmargin) , which lasts'for 2 sec.

hen the calculated interference power is greater than or equal to (PImin - PImargiy
and PImargin are received as UPtoDL.InfoPowerParamVCH from the upper layer.

ling to the SC reception information, the unit determines subchannel reallg
brence with thengighboring channel is as follows.

the intefference channel, and if the interference power is greater than PlreallocO, {

sion power is

een own unit

ver of Pmax_

pllers.
competition
the following

n - 6dB) and

3dB) and less

cation when

terferencejpower is calculated from the transmission power and the current position of the UA

he controller

(22)

Plhivef= PTXvschDR,; - Lg(d) - IC); 4
where
i is the channel number of the controller;
j is the channel number used by the interference UA;
PTXvschDR; is the VSCH transmission power of the interference channel j;
d is the distance between the controller and the interference UA in km.
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The free space path loss L¢,(d) is calculated as follows.

Lgs(d) = 32,45 dB + 20l0g;o(dym funz) (23)

where fyp, is the centre frequency of the interference channel used by the UA where Plrealloc0 is
received as UPtoDL.InfoPowerParamVCH from the upper layer.

Subchannel reallocation is recommended when the neighbouring channel interference calculated from
the SC reception information is the following conditions.

If the future interference power calculated from the transmission power and location and the future

UA's way poiwmﬁmmmqmmn, the
controller cap determine reallocation, where the interference power is calculated as follows.

where
i is the channel number of the controller;
j is the channel number used by the interference UA;

PTXvschI)R; is the VSCH transmission power of the interference‘channel j;

dg is the minimum distance between the contreller and the interfering channel UA that
will be obtained within the next 10 sec.

It shall be calfulated from the way points, which is implementation dependent. The free space path loss
L (df) is calcylated as follows.

Leg(dg) = 32,45dB + 20log; o (df ke fmuz) (25)

where fyy, i the center frequency of the<interference channel used by the UA where Plreallocl is
received as UPtoDL.InfoPowerParamVCH from the upper layer.

6.6.2.3 Regllocation decision by increasing packet error rate

Subchannel rgallocation by inéreasing packet error rate is implementation dependent.
6.6.3 Subchannel reallocation procedure

6.6.3.1 Generat

When the UAlarcantroller decides to reallacate the VC DLI, shall notify the upper layer using DI.toUP.
NotiVCHStatus and inform the counterpart unit of this using PB 0x1D. The unit that receives the PB
0x1D indicating the decision to return the subchannel resource shall transmit the PB 0x1D whose
parsing field value is 4. This PB 0x1D exchange shall take place within TimeOf1DTry seconds. If the PB
0x1D exchange fails, the unit immediately returns the channel.

If the UA decides to reallocate, it can transmit its own subchannel map using PB 0x13 together with PB
0x1D. If the controller decides to reallocate, it can request the UA's subchannel map transmission using
PB 0x12 with PB 0x1D.

When subchannel reallocation is performed, the existing allocated subchannel is occupied for maximum
TVCHReturns. If reallocation is completed within TVCHReturn, the existing subchannel is immediately
returned. TVCHReturn is received as UPtoDL.InfoTimeParam from the upper layer.
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The subchannel reallocation procedure is the same as the subchannel allocation procedure except for
subchannel negotiation.

Subchannel negotiation is first performed by a method indicated by the ReallocMethod parameter
of UPtoDL.InfoVideoChannel. Regardless of the value of ReallocMethod, if the controller does not
receive the UA's SC slot, the controller cannot perform subchannel negotiation with SC. Likewise, if the
controller does not occupy the CC, subchannel negotiation cannot be performed with the CC. Likewise,
if there is no DS allocated by the controller, subchannel negotiation cannot be performed with a DS.

The method of performing allocation subchannel negotiation between the UA and the controller is the
same as in 6.3, but in the case of subchannel reallocation, additionally currently allocated subchannels
can be used simultaneously, i.e. the UA can respond to subchannel negotiation using the currently
allocaked VSCH.

The operation of using the currently allocated VSCH together in the allocation subchann¢l negotiation
is implementation dependent.

If subjchannel reallocation is successful, each unit shall inform the uppef layer of this as DLtoUP.
NotiVLHStatus.

A UA or controller performing the subchannel reallocation procedure can continue to pgrform power
contrgl for the currently allocated subchannel.

6.6.3.2 Parsing block for reallocation

The cgnfiguration of the 0x1D parsing field indicating thereallocation decision is shown ip Table 16.

Table 16 — Parsing field of PB 0x1D

Bits Description

[0:2] 0 - Collision tone detection
1 - Collision detectioirof the same resource through SC reception
2 - Threshold exeess of neighbouring channel interference

3 - Prediction‘of threshold excess of neighbouring channel interference

4 - Response to counterpart unit's decision to reallocate

6.7 Data exchange

6.7.1 | General

Parsing bloeksthat are equal to or higher than 0x80 share the same parsing blocks with SC. PBs that
can bg used.in the video channel are PBs from 0x00 to 0x7F, which is shared with the confrol channel.

The upperfayer can request packet transmission of the DEL using UPtoDL-ReqIXVCHThe DLL shall
deliver the received packet to the upper layer through DLtoUP.RsvVCHData. At this time, if all the
parsing blocks included in the received packet are in the header list of Table 18, it is possible that they
are not delivered to the upper layer.
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6.7.2 Data packet format

6.7.2.1 General

CBO CB1
p A N A )
feld | addess | field |, D CRe bata CRC
(2bits) | (26 bits) | (8 bits) (4 868 bits) (24 bits) (4 904 bits) (24 bits)
9 856 bits

Key
CBO code blqck 0
CB1 codeblqck1

Figure 14 — Video channel packet format

The packet fqrmat of the data link layer is shown in Figure 14. The souree address is generally 26 bits,

but the uppef layer can allocate a larger address with UPtoDL.InfoRPacketParam. The total le
the packet is[9856 bits, and the maximum length of data variestaccording to the length of the
address. The|upper layer can deliver data of length less than-0r/equal to the maximum data le

th of
ource
th to

DLL. The CR( is added at the physical layer, and the part from sync mode to the first CRC is CBO, ahd the

latter partis CB1.

6.7.2.2 Sync field

The sync field is 2 bits. The meaning of the sync¥fiéld is shown in Table 17.

Table.17 — Sync field meaning

Valug Description
0x0 A sync
0x1 B sync
0x2 Csync
0x3 reserved

6.7.2.3 S:[:ce address

It is recom

nded to set the source address to 26 bits However the upper ]:\ym‘ can set t

unit

address bit number larger. In this case, the upper layer shall shorten the maximum data field length by
the increased number of bits.

6.7.2.4 Trustfield

The trust field generation method of VC is same with that of CC.

6.7.2.5 Data field

6.7.2.5.1 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.

34
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Each parsing block can be inserted anywhere in the data field. However, a parsing block and another
parsing block shall be attached without empty space, and the first parsing block shall be located
immediately after the 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. If the 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 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
'0x80' and 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_A5B32BF7_E5469C8E’

wherq "' is used to distinguish 32 bits without meaning.

6.7.2.5.2 Parsing header and parsing field

The phrsing header consists of 8 bits. If the most significant bit ef\the parsing header is|'1’, it has the
same meaning in common in SC, CC, and VC. When the most significant bit of the parsing header is '0' in
VSCH,|PH in Table 18 has meanings related to VC and CC. Thé upper layer can define a parsing header
differ¢nt from Table 18.

Table 18 — Parsing header list

Value Description
0x12 Request to transmit a sub¢hannel map, it does not have a parsing field.
0x13 Subchannel map
0x14 Subchannel allocation request
0x15 ACK on subchanhel allocation request
0x16 Own transnrission power and reception power of the counterpart's signal
0x17 Own trdnsmission power and designation of the counterpart’s transmissipn power
0x1B ACKs.for downlink packets
0x1C Iiink confirmation failure, this has no parsing field.
0x1D Notification of reallocation decision

6.8 BSynchronization

A synf, B'sync and C sync units shall know the date, hour, minute, second, slot numbgr in order to
transmitd packet.

6.9 Data link layer security

In video communication, units generally perform one-to-one communication. Security can be applied
depending on the service of one-on-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 is scrambled by the
PN code generated by the PN generator as shown in Figure 15.
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a,=1 a, a, a, ) az, as
Co =D— G =D G, [ —~D—1C | 000 —H— (o —D—1 G5 [ ~D— G,
bO bl b2 b3 b29 30 b31
(X X )
— PN
PN2
eO el eZ e3 329 e30 e31
Fy —4 F, —® F, —® F; eee Fyo =P— F3p =1 Fyy
dO = 1 dl dZ d3 d29 d30 d31
Key
ay, a k-th|bit for AND operation with C34
by, a k-th|bit for AND operation with C,
Cy a k-thjregister of upper LFSR
F, a k-thiregister of lower LFSR
d, a k-th|bit for AND operation with F3;
ey a k-th|bit for AND operation with F,
PN1 outpuf of upper LFSR
PN2 outpuf of lower LFSR
PN outpuf of PN code generator
Figure 15-= PN code generator used for data scrambling
[6131, 6130, ey ao] = [U26’ U25, 58, U24, aeey U16’ 56, U15, aeey U8, 53, U7, eey Uo, So, 1]
[b31, b30, |- Dot = [Uss, - Uaz, f5, Use - U3z, f3, Usg, - Uag, fo, Upy]
[C51(0), C30107, - CoUOJT = U7, ..., Uy3, Mg, My, M,, Hy, H3, Hy, Uy, ..., Ugy, Y3, Y, W3, Wi, Ugg, -y Usgl
[d31, d30, -+ do] = [U103, 57 S5, U125+ U3, Sg Ugp, -y Ugs, 53, Ugy, -y Uzg, 51, 1]
[e31, €30) -+ €0l = [U132, - U126, f4» U125, s U14, f2, Ut13s -+ Usgs, f1, Usgal
[F31(0), F30(0), aeey Fo(o)] =[U154, wany U150, M3, Ml’ Mo, Hl’ Ho, U149, eey U138’ Y4_, Yz, Yo, Wz, Wo, U137, aeey
Uy33]
PN1(clk) = (Cy(clk) & bg) " (Cy(clk) & by) ™ ... * (C31(clk) & b34)
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PN2(clK) = (Fy(clk) & eg) * (Fy(clk) & e7) ... N (Faq(clk) & e31)
PN(clk) = PN1(clk) * PN2(clK) (26)

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;

§) loaxth bitolasecurily kov provided by the ypner lauepr

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

Sy 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;

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;
is a x-th bit of date, with a value from 1 to 31, thenumber of Y bits is 5;

W is a x-th bit of month, with a value from 1.to 42, the number of W bits is 4;

X

PIN(clk) is a pseudo random bit of PN code genérator at clk, and PN(0) is the PN v4lue when the
initial value is loaded into the two PN code generation registers.

The first bit of the data field is scrambled withyPN(O¢.).- Subsequent data bits are also scrambled
sequeptially where O is [U;159, Usg, - Upss].

The padding block in data field is not scrambled.
6.10 [Interface with upper layer

6.10.1 General

The interface with the ypper layer consists of ‘10" and the interface header and the followinjg parameters
as shown in Figure 16. The number of bits of the header is 8 bits, and the number of parameters and the
number of bits of each parameter are different for each interface header.

10 Header Parmeterl Parmeter2 (X N ParmleterN

Figure 16 — Interface packet structure with upper layer

The upper layer can transmit the interface packet to the DLL, and the DLL can transmit the interface
packet to the upper layer. In this case, sending ACK/NACK in response to the interface is optional and
implementation dependent.

6.10.2 Initialization interface

6.10.2.1 General

The initialization interface is used when the unit is initialized. The upper layer can use this interface
after initialization if necessary. Table 19 shows an initialization interface list.
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Table 19 — Initialization interface list

Interface name Header value Direction
UPtoDL.InfoPowerParamVCH 0x01 to DL
UPtoDL.InfoPowerParamVCHsub 0x02 to DL
UPtoDL.InfoMapOption 0x06 to DL
UPtoDL.InfoApprovedSubchMap 0x07 to DL
UPtoDL.InfolCConstant 0x08 to DL
UPtoDL.InfoTimeParam 0x09 to DL
UPtoDL.InfoPacketParam 0x0A to DL
UPtoDL.InfoVjdeoChannel 0x0D to DL
UPtoDL.InfoSgcurity 0x0E to DL
6.10.2.2 UPfoDL.InfoPowerParamVCH
UPtoDL.InfoRowerParamVCH has two parameters. The meaning of each parametegds shown in Taple 20.

Table 20 — Parameters of UPtoDL.InfoPowerParamVCH
Pargmeter name bits Description
PmaxVCH 7 Max VCH tx power with therange of -40dBm(0) ~ 40dBm(§0)
PminVCH 7 Min VCH tx power with-the range of -40dBm(0) ~ 40dBm(8])
PtargetVCH 5 PtargetVCH is the target reception power of the VCH.
-110dBm(0) ~ 79dBm(31)
PmarginVCH 4 Video channellpower margin,
0 dB(0)~15dB(15)
PmaxTCH 7 Max T.GH transmission power,
-43dBm(0) ~ 37dBm(80)
PmarginTCH 4 Power margin of tone channel mapped with the video channel,
0 dB(0)~15dB(15)
PTX_VCHTCH]| differ 4 Difference between subchannel transmission power and tone
channel transmission power,
-15 dB(0)~0 dB(15)
PTX_VCHCCH] differ 4 Difference between VSCH transmission power and CSCH trans-
mission power,
0 dB(0)~15dB(15)
SNRrequiredYCH 4 Required SNR of video channel,
0dB(0J~15dB(15)
PRXtoneCompeteThre 5 The detection threshold of the tone subslot performing competition,
-115dBm(0) ~ -84dBm(31)
PRXcollsiontoneThre0 5 The reception power threshold of the collision tone for determining
the subchannel return,
-115dBm(0) ~ -84dBm(31)
PRXcollsiontoneThrel 5 The reception power threshold of the collision tone for determining
the subchannel return,
-115dBm(0) ~ -84dBm(31)
Pmax_dmap0 6 Power parameter to determine the maximum power in the occu-

pation state,
-20dBm(0) ~ 40dBm(60)
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Table 20 (continued)

Parameter name

bits

Description

Pmax_dmapl

6

Power parameter to determine the maximum power in the occu-
pation state,

-20dBm(0) ~ 40dBm(60)

Pmax_dmap2

Power parameter to determine the maximum power in the occu-
pation state,

-20dBm(0) ~ 40dBm(60)

d_map0

Distance parameter used for subchannel management,

d_map0 x 100m

d_mapl

Distance parameter used for subchannel managemgnt,
d_mapl x 100m

PImin|

Maximum allowable value of the amotmt of interference due to
neighboring channels for decision toeturn subchannel resources,

-140dBm(0) ~ -109dBm(31)

PImai

gin

Interference margin value du€ toheighboring channgls for decision
to return subchannel resources,

0dB(0) ~ 15 dB(15)

PIrealllocO

Interference power threshold used when deciding to r¢turn subchan-
nel resources based on SC reception information,

-140dBm(0)& *409dBm(31)

Plreallocl

Interference;power threshold used when deciding to ret:trn subchannel
resourcésbased on SC reception information and futyre prediction,

-140dBm(0) ~ -109dBm(31)

PTH_T

'ONE

Receiving power threshold that determines whether the subchannel
is occupied,

-120dBm(0) ~ -89dBm(31)

PTH_

$MIO

Interference power threshold used when units generpte a subchan-
nel map,

-140dBm(0) ~ -109dBm(31)

PTH_

$MI1

Interference power threshold used when units generpte a subchan-
nel map,

-140dBm(0) ~ -109dBm(31)

PTH_

$MI2

Interference power threshold used when units generpte a subchan-
nel map,

-140dBm(0) ~ -109dBm(31)

PTX

Pe.

<5

(02

Powerparameterused-when-seneratinea-subehadnel map from

vy e poror et St ey e s et ooy SoroeHaT

occupied subchannel information received by the SC,
-40dBm(0) ~ 23dBm(63)

PTXmap1l

Power parameter used when generating a subchannel map from
occupied subchannel information received by the SC,

-40dBm(0) ~ 23dBm(63)

PTXmap2

Power parameter used when generating a subchannel map from
occupied subchannel information received by the SC,

-40dBm(0) ~ 23dBm(63)

PTXmap3

Power parameter used when generating a subchannel map from
occupied subchannel information received by the SC,

-40dBm(0) ~ 23dBm(63)
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6.10.2.3 UPtoDL.InfoPowerParamVCHsub

This interface is used to impose special power requirements on specified subchannels. UPtoDL.
InfoPowerParamVCHsub has 4 parameters. The meaning of each parameter is shown in Table 21.

Table 21 — Parameters of UPtoDL.InfoPowerParamVCHsub

Parameter name bits Description
ChannelNum 6 Frequency channel number of a video channel
SubchannelNum 4 Subchannel number of the ChannelNum
MaxPwr 7 Max transmit power with the range of -40dBm(0) ~ 40dBm(80)
MinPwr 7 Min transmit power with the range of -40dBm(0) ~ 40dBm(80)

6.10.2.4 UPtoDL.InfoMapOption

UPtoDL.InfoNlapOption has 3 parameters. The meaning of each parameter is shown(n-Table 22.

Table 22 — Parameters of UPtoDL.InfoMapOption

Pargmeter name bits Description
SubChannelApility10 1 If this value is ‘1, units can allecate a subchannel having a value of
'10" in the subchannel map.
SubChannelApility01 1 If this value is ‘1, units can allocate a subchannel having a value of
'01" in the subchannelmap.
SCmake00 2 ‘0’ - Subchannels related with SC, CC can be usable.

‘1’ - Subchannels.related with SC cannot be usable.
‘2’ — Subchannels related with CC cannot be usable.

‘3’ - Subehannels related with SC or CC cannot be usable.

6.10.2.5 UPfoDL.InfoApprovedSubchMap

UPtoDL.InfoApprovedSubchMap has 2'0t-more parameters. The meaning of each parameter is shgwn in
Table 23.

Table 23 & Parameters of UPtoDL.InfoApprovedSubchMap

Pargmeter name bits Description
N 9 Subchannel map length, this is (TheNumOfVCH of UPtoDI..Info-
VideoChannel) x 25.
EN, 1xN Units shall allocate subchannel among enabled subchangels. If
this value is ‘1’, x-th subchannel is usable. T
x = 25 x channel number + subchannel number,

6.10.2.6 UPtoDL.InfolCConstant

UPtoDL.InfolCConstant has (N+1) parameters. The meaning of each parameter is shown in Table 24.

Table 24 — Parameters of UPtoDL.InfolICConstant

Parameter name bits Description

N 5 Number of IC parameters
IC, 7 xN x-th IC, 1=x<N, 30 dB(0)~157 dB(127)

40 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=386b177eecea67e58206e3d1b2deddfd

6.10.2.7 UPtoDL.InfoTimeParam

ISO/IEC 4005-4:2023(E)

UPtoDL.InfoTimeParam has 1 parameter. The meaning of each parameter is shown in Table 25.

Table 25 — Parameters of UPtoDL.InfoTimeParam

Parameter name

bits

Description

TVCHReturn

When subchannel reallocation is performed, the duration of the
previously allocated subchannel,

0 second(0)~15 seconds(15)

TimeOf1DTry

When subchannel reallocation is decided, the maximum duration

of the exchange of PBOx1D,
0 second(0)~15 seconds(15)

Time(f1CTry

Duration for the controller to retransmit BB 0%1C to|the UA until a
response to PB 0x1C is received.

0 second(0)~15 seconds(15)

6.10.2.8 UPtoDL.InfoPacketParam

UPtoDL.InfoPacketParam has 2 parameters. The meaning of each'parameter is shown in Table 26.

Table 26 — Parameters of UPtoDL{InfoPacketParam

Parameter name bits Description

MaxDptaLen 16 Maximumiength of data field

SrcAddrLen 6 The length of source address

SrcAddr 40 The uhit's own address, Only the lower bits corresponding to the
length of SrcAddrLen are meaningful.

DstAddr 40 The counterpartaddress, 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.

UAAckReq 1 ‘0’ - UA does not transmit ACKs of occupied VSCH slpts.
‘1’ - UA transmit ACKs of occupied VSCH slots.

6.10.2.9 UPteDL.InfoVideoChannel

UPtoDL.InforideoChannel has 7 parameters. The meaning of each parameter is shown in Table 27.

I'able 27/ — Parameters of UPtoDL.InfoVideoChannel

Parameter name bits Description
TheNumOfVCH 6 The number of VCHs
TCHFreq 24 The centre frequency of TCH, TCHFreqkHz
FirstCenterFreq 24 The centre frequency of VCH?, FirstCenterFreq kHz
Interval OfVCH 12 The frequency interval between two VCHs, IntervalOfVCH kHz
LinkConfirmError 6 Packet error rate for link confirm during 1 frame
error rate = LinkConfirmErrorx0.01
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Table 27 (continued)
Parameter name bits Description

ReallocMethod ‘0’-SC

‘1’ - Dedicated slot of control channel

2’-CC
InterfaceAckResponse ‘0’ - no response

‘1’ - DLL responses to Upper layer.

‘2’ - Upper layer responses to DLL.

‘S—=btt&Yppertayerresponsetoeactrother:
6.10.2.10 UPtoDL.InfoSecurity

UPtoDL.InfoYecurity has 3 parameters. The meaning of each parameter is shown in Table 28.

Table 28 — UPtoDL.InfoSecurity parameter

Parameter name bits Description
TrustOffset 5 Input offset used for'calculating trust field
K 102  |Secretkey betweenthe trust check system and the unit
§) 160 |Secret key for data field scrambling

6.10.3 Dyndmic interface

6.10.3.1 General

The dynamid interface is used after unit initialization. The unit shall receive all slots except the slot
for performing the transmission. When data litfk transfers received packets to upper layer, D

RsvVCHData [is used. Other interface packets are used when a corresponding event occurs. Ta

shows a dyn3

mic interface list.

Table 29 — Dynamic interface list

.toUP.
ble 29

Interfaceianie Header value Direction
UPtoDL.ReqAl]locatingDedicatedVCH 0x20 to DL
UPtoDL.ReqUpingDedicatedVEH 0x21 to DL
UPtoDL.PBRefjGetVSCH 0x22 to DL
DLtoUP.NotiGetVSCH 0x23 to UP
DLtoUP.NotiVLHStatus 0x24 to UP
UPtoDL.ReqTxVCH %25 to DL
DLtoUP.RsvVCHData 0x26 to UP
UPtoDL.ReqReturnVCH 0x27 to DL
UPtoDL.ResponseACK 0x7E to DL
DLtoUP.ResponseACK 0x7F to UP

6.10.3.2 UPtoDL.ReqAllocatingDedicatedVCH

When receiving this interface, the DLL competes in the tone subslot set mapped with the corresponding
subchannel, and then uses the corresponding channel when the competition wins. The DLL shall
perform the functions of slot clearing, collision tone transmission, and collision tone detection in the
occupation stage of the corresponding channel. UPtoDL.RegAllocatingDedicatedVCH has 2 parameters.
The meaning of each parameter is shown in Table 30.
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Table 30 — Parameters of UPtoDL.ReqAllocatingDedicatedVCH

Parameter name bits Description
ChannelNum 6 Frequency channel number of a video channel
SubchannelNum Subchannel number of the ChannelNum

6.10.3.3 UPtoDL.ReqUsingDedicatedVCH

A DLL that has received this interface can use the subchannel directly. DLL does not perform slot
clearing, collision tone transmission, and collision tone detection in the subchannel occupation stage.
UPtoDL.ReqUsingDedicatedVCH has 2 parameters. The meaning of each parameter is shown in Table 31.

Table 31 — Parameters of UPtoDL.ReqUsingDedicatedVCH

Parameter name bits Description
ChannelNum 6 Frequency channel number of a videg-channel
SubchiannelNum 4 Subchannel number of the ChannelNum

6.10.3.4 UPtoDL.PBReqGetVSCH

UPtol}L.PBReqGetVSCH has 5 parameters. The meaning of each(arameter is shown in Table 32.

Table 32 — Parameters of UPtgDL:PBReqGetVSCH

Parameter name bits Description
NegoNlethod 2 '0°-SC
"1'- DS
‘3-CC
UsePH0x81 1 This value is used only when NegoMethod is ‘0.
‘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.

-4(0) ~ 3(7)

-4(0) ~ 3(7)

6.10.3.5 DLtOUP.NotiGetVSCH

DLtoUP.NotiGetVSCH has 6 parameters. The meaning of each parameter is shown in Table|33.

Table 33 — Parameters of DLtoUP.NotiGetVSCH

Parameter name bits Description

Status 2 ‘0’ - Subchannel allocation failure

‘1’ - Resource allocation failure

‘2’ - Link confirmation failure

‘3’ - Link confirmation success
NegoMethod 2 This value is meaningful when Status is '0".

‘0°-SC

"1'- DS

‘3’-CC
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Table 33 (continued)

Parameter name bits Description

m 3 The value of m when negotiation is finished.
This is meaningful when Status is’0’".

-4(0) ~ 3(7)

n 3 The value of n when negotiation is finished.

This is meaningful when Statusis’0’".

-4(0) ~ 3(7)
ChannelNum 6 ThisvatnetsmeaninstulwhenStatasis3=

Frequency channel number of a successful video channel
SubchannelNym 4 This value is meaningful when Status is 3.

Subchannel number of the successful ChannelNunt

6.10.3.6 DL{oUP.NotiVCHStatus

DLtoUP.Noti{CHStatus has 3 parameters. The meaning of each parameter is'shown in Table 34.

Table 34 — Parameters of DLtoUP.NotiVCHStatus

Paramleter name bits Description
ChannelNum 6 Frequency channel nimpber of an using video channel
SubchannelNym 4 Subchannel number, of an using ChannelNum
Status 2 ‘0’ - Reallocation‘due to the occurrence of the same resource cdllision

‘1’ - Reallog¢ation due to exceeding threshold of interfering channel
power

‘2’ - Reallocation success

‘8.2 Subchannel return

ChannelNumNew 6 This value is meaningful when Status is '2".

Frequency channel number of a reallocated video channel

SubchannelNy§mNew 4 This value is meaningful when Status is '2".

Subchannel number of the reallocated ChannelNumNew

6.10.3.7 UPtoDL.ReqTxVCH

UPtoDL.ReqIxVCH%as 5 parameters. The meaning of each parameter is shown in Table 35.

Table 35 — Parameters of IPtoDI.ReqTxVCH

Parameter name bits Description
ChannelNum 6 Frequency channel number of a video channel
SubchannelNum 4 Subchannel number of the ChannelNum
SubChSlotNum 5 Slot number of the subchannel,

‘0'~'24’ is slot number of the subchannel.

‘31’ mean ‘as fast as possible’.

DataSecurity 2 ‘00’ - No security
‘01’ - Data scrambling with PN code
‘10’, ‘11’ - reserved

DataLen 16 The length of Data
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Table 35 (continued)

Parameter name

bits

Description

Data

DataLen

Transmission Data

6.10.3.8 DLtoUP.RsvVCHData

When the VC DLL receives a packet from the other unit, it forwards it to the upper layer. DLtoUP.
RsvVCHData has 3 parameters. The meaning of each parameter is shown in Table 36.

Table 36 — Parameters of DLtoUP.RsvVCHData

Parameter name bits Description

SrcAddr 26 Source address of areceived packet, this can be-exterjded by SrcAd-
. drLen of UPtoDL.InfoPacketParam
(variable)
SlotNyim 9 The slot number of the received packét
Dataljen 16 The length of Data
Data DataLen Received data
6.10.3.9 UPtoDL.ReqReturnVCH
UPtoDL.ReqReturnVCH has 2 parameters. The meaning of each parameter is shown in Tahble 37.
Table 37 — Parameters of UPtoDL.ReqReturnVCH

Parameter name bits Description
ChannelNum 6 Frequéncy channel number of a video channel
SubchlannelNum 4 Subchannel number of the ChannelNum
6.10.3.10 UPtoDL.ResponseACK
When|the DLL sends an interfacepacket to the upper layer, the upper layer can respond ysing UPtoDL.

RespanseACK. UPtoDL.RespofiseACK has 2 parameters. The meaning of each paramete

Table

B38.

Table 38 — Parameters of UPtoDL.ResponseACK

- is shown in

Parameter,name bits Description
Ack 1 ‘1"is ACK, ‘0’ is NACK.
InterfhceHeader 8 Interface header received from DLL
6.10.3. 11T DLtoUP.ResponseACK

When the upper layer sends an interface packet to the DLL, the DLL can respond with DLtoUP.
ResponseACK. DLtoUP.ResponseACK has 2 parameters. The meaning of each parameter is shown in
Table 39.

Table 39 — Parameters of DLtoUP.ResponseACK

Parameter name

bits

Description

Ack

‘1" is ACK, ‘0’ is NACK.

InterfaceHeader

Interface header received from Upper layer
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