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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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INTERNATIONAL STANDARD ISO 21214:2015(E)

Intelligent transport systems — Communications access
for land mobiles (CALM) — Infra-red systems

1 Scope

This International Standard determines the air interface using infrared systems at 820 nm to 1 010 nm.

The International Standard provides protocols and parameters for medium range and medium to high
speefl wireless communications in the ITS sector using infrared systems.

Such|links are required for quasi-continuous, prolonged, or short communicationsbetween the following:

— vyehicles and the roadside;

— Dbetween vehicles;

— Ibetween mobile equipment and fixed infrastructure points;
— o¢ver medium and long ranges.

Vehi¢les may be moving or stationary.

Wherever practicable, this International Standard has®been developed by reference to suitable extant
Interjnational Standards, adopted by selection. Required regional variations are provided.

Due pccount is given to, and made use of, any relévant parts of appropriate communicatipns systems
such(as Global Positioning Systems (GPS), Digital Audio Broadcasting (DAB), Digital Video Broadcasting
(DVB), Radio Local Area Networks (RLANs); Digital Data Broadcasting (DDB), TETRA, FM subcarrier,
Mobile Broadband Systems (MBS, W-ATM)), Internet Protocols, and DSRC.

This|International Standard
— gupports data rates of 1 Mbit/s up to 128 Mbit/s (it may also support higher data rates,
— gupports vehicle speeds to a minimum of 200 km/h (closing speeds could be double this value),
— dlefines or referefieg environmental parameters relevant to link operation,

— Jupports comdnunication distances to 100 m (it may also support longer communicatipn distances
¢of 300 mto,1 000 m),

— gupports latencies and communication delays in the order of milliseconds,

— s compliant to regional/national regulatory parameters, and

— may support other regional/national parameters, as applicable.

Application specific requirements are outside the scope of this International Standard. These requirements
will be defined in the CALM management and upper layer standards and in application standards.

Application specific upper layers are not included in this International Standard but will be driven by
application standards (which may not be technology specific).

2 Conformance

Systems claiming conformance with this International Standard shall meet the specifications herein.

© IS0 2015 - All rights reserved 1
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3 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

For a list of related deliverables under concurrent development, see Bibliography.

ISO/IEC 8802-11:1999, Information technology — Telecommunications and information exchange between
systems — Local and metropolitan area networks — Specific requirements — Part 11: Wireless LAN
Medium Access Control (MAC) and Physical Layer (PHY) specifications

IEC 60825-1], Safety of laser products — Part 1: Equipment classification, requirements and user’s gui«lie

4 Terms and definitions

For the purgoses of this document, the terms and definitions given in ISO 21217 and-the'following qpply.

4.1 General terms and definitions

411
broadcast ywindow
BcW
window (4.1]27) used to broadcast information to slaves, even to those who have not yet performef the
“registratioh process”

4.1.2
chip
smallest infprmation unit communicated over the link

Note 1 to enftry: Depending on the chosen coding, one information bit may be represented by one or [more
consecutive ghips.

4.1.3
communicgtions profile
specific set pf data rate, modulation, and flow control

4.1.4
communicgtion zone
spatial zone|in which two GALM-IR units are able to communicate with acceptable performance

4.1.5
compatibility window
CmpW
window (4.1|27)\that enables non-CALM-IR systems that follow certain rules to co-exist with a CAM-IR
system withHout harmful interference

4.1.6

default data rate

data rate used in the default communications profile (4.1.7) to determine the data rate if not
otherwise specified

4.1.7

default communications profile

communications profile (4.1.3) used except where another communications profile is successfully
negotiated

2 © IS0 2015 - All rights reserved
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4.1.8

flush byte

8 bit sequence used to denote the end of the main body of the information to be transmitted using the
HHH (1,13) coding procedure

419

forward direction

forward link

forward window

communication flow from master to slave

4.1.16
frame length indicator
FLen|
codefused to calculate the frame length from the last slot index

4.1.11
frame organisation table
FOT
tablg that carries all organisational data of the TDMA frame

4.1.12
freefair time indicator
FATI
code|used to signal that “free air time” follows the current frame

Note|1 to entry: This airtime may be used by units notbeing a slave of the current master| to establish
“secondary mastership”.

4.1.13
guard time
TG
time[which precedes a ‘command alert’.CA'in certain cases in order to allow the automatic|gain control
of the receivers to re-settle

4.1.14
HHH (1,13) code
speclal run length limited code with d=1 and k=13 used in the CALM-IR communications prjofiles 2 to 6

4.1.15
manpgement windew
first window in a(CALM-IR frame and carries all organisational information for the current{frame

4.1.16
master identifier
code|which uniquely identifies a CALM-IR master

4.1.17

multicast window

McW

window (4.1.27) used for communication from master to multiple slaves, forward direction only

4.1.18
private window(s)
window(s) (4.1.27) that carry the information exchange between a master and a specific slave

4.1.19
registration phase
phase where a master identifies devices newly entering his communication zone

© IS0 2015 - All rights reserved 3
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4.1.20
slave

:2015(E)

device that is under the control of another device

4.1.21
spare wind
SpW

ow

window (4.1.27) not allocated to a slave and reserves airtime for slaves eventually registering during
the current frame in order to enable the master to instantly allocate them a private window without

the need for

frame reorganisation

4.1.22
slot index (
index used

4.1.23
TDMA frani
time structu

4.1.24
Time slot
subunit of a

4.1.25
temporary
TemplID
code used fo

Note 1 to ent

4.1.26
wake-up w
WuW
special case
zone of an a

4.1.27
window
smallest adg

4.2 Term

4.2.1
irradiance
Ee

(ata point o

)

0 count the time slots

e
re based on a train of consecutive time slots (at least one)

TDMA frame

identifier
r addressing the slave device while it resides in the,dommunication environment of the m

"y: Each time the slave registers in a communication zone, a new TemplD is created.

ndow

of a broadcast window and is usédto “wake-up” sleeping units entering the communic
Ctive master

Iressable time span-of a CALM-IR frame and may consist of one or multiple time slots

s and definitions of the optical parameters

F asurface) quotient of the radiant flux d®, incident on an element of the surface conta

aster

htion

ning

3 1 pa | £ 4l 1
the point, b) theareadAof thatelement

Equivalent definition. Integral, taken over the hemisphere visible from the given point, of the
following expression

L. -cos6-dQ

where

Le

solid angle d(};

0

is the angle between any of these beams and the normal to the surface at the given point

is the radiance at the given point in the various directions of the incident elementary beams of

© ISO 2015 - All rights reserved
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E_dCDe_J‘

= = L,-cos0-dQ2
dA

2msr e

Note 1 to entry: It is expressed in W/m?2,
[SOURCE: IEC 60050 (845-01-37), modified]

4.2.2
luminous flux
oy

quantity derived from radiant flux @, by evaluating the radiation according to its action upon the CIE
stanglard photometric observer. For photopic vision

LdD (A
-k, [

0

(=Y

V(2)d2

where

D (/1) is the spectral distribution of the radiant flux and V(A) isthe’spectral luminojus effi-
= ciency.

Note [l to entry: For the value Ky, (photopic vision) and K, (scotopicviSion), see IEC 60050 (845-01-56).
[SOURCE: IEC 60050 (845-01-35), modified]

4.2.3
luminous efficacy of radiation
K

\4

D
quotjent of the luminous flux @ by the corresponding radiant flux K =—-
e
Note [l to entry: When applied to monochyeniatic radiation, the maximum value of K(A) is denoted By the symbol
Km. Km = 683 Im. W-1 for vy = 540 x 1012-Hz (A, approximately 555 nm) for photopic vision. Ky = 1 700 Im. W-1
for A}, approximately 507 nm for scotopic vision.

For other wavelengths: K(A) = Kn W(A) and K'(A) = K’y V'(A).
[SOURCE: IEC 60050 (845-01-55), modified]

4.2.4
radiance
Le, L
(in given direction, at a given point of a real or imaginary surface) quantity defined by the following
formula;

—_ dme
© dA-cos6-dQ

where

d®, is the radiant flux transmitted by an elementary beam passing through the given point and
propagating in the solid angle d2 containing the given direction;

dA isthe area of a section of that beam containing the given point;
0 isthe angle between the normal to that section and the direction of the beam.

Note 1 to entry: It is expressed in W/sr-m?2.

[SOURCE: IEC 60050 (845-01-34), modified]

© IS0 2015 - All rights reserved 5
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4.2.5

radiant exitance

Me

quotient of the radiant flux d®. leaving an element of the surface containing the point, by the area dA
of that element

Equivalent definition. Integral, taken over the hemisphere visible from the given point of the
following formula:

do
M, =—*° :jzﬂsrLe-cose-dQ
dA

where

L -cos@-dQ Istheradiance at the given point in the various directions of the emitted elementary
¢ beams of solid angle d;

0 is the angle between any of these beams and the normal to the surface at the given
point

Note 1 to entry: It is expressed in W/sr-m2.
[SOURCE: IHC 60050 (845-01-47), modified]

4.2.6
radiant flux
alternative ¢xpression for radiant power

[SOURCE: IHC 60050 (845-01-24), modified]

4.2.7
radiant intensity
le
quotient of the radiant flux, d®,, leaving thé source and propagated in the element of solid angle, d(,
containing the given direction, by the element of solid angle

_do)
¢ do

I

Note 1 to entpy: It is expresseddn W/sr (Watt per steradian).
[SOURCE: IHC 60050 (845-01-30), modified]

4.2.8
radiant power
radiant power-®e is the power emitted, transmitted or received in the form of radiation

Note 1 to entry: It is expressed in W (Watt).
[SOURCE: IEC 60050 (845-01-24), modified]

4.2.9

steradian

sr

dimensionless SI unit of solid angle

Note 1 to entry: Solid angle that, having its vertex at the centre of a sphere, cuts off an area of the surface of the
sphere equal to that of a square with sides of length equal to the radius of the sphere. (ISO, 31/1-2.1, 1978)

Note 2 to entry: Usually, the abbreviation “sr” is appended although this is mathematically incorrect.
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The unity solid angle, in terms of geometry, is the angle subtended at the centre of a sphere by

an area on its surface numerically equal to the square of the radius (see Figure 1). Other than the figure might
suggest, the shape of the area does not matter at all. Any shape on the surface of the sphere that holds the same
area will define a solid angle of the same size.

« = 2arccos (1 -Q2%) o,

Rela

Usin

Figure 1 — Solidangle

tion between distance r, irradiance Ee, and.intensity /.

b a single radiation point source, we get the\following formula:

° dA dA  r*’|m

2

| do, 1-dQ I, [W}

[SOURCE: IEC 60050 (845-01-24),' modified]

5 S$ymbols (and abbreviated terms)

Symlpols and abbreviated terms used in this International Standard are listed below. Refe
also pe made to ISO\21217.

de radiant power, radiant flux

Dy luminous power or luminous flux

BcW! breoadeastwindow

BER bit error ratio

CA command alert

CALM communications access for land mobiles
CCI control channel indicator

CFA CALM fast application

Cmd command

© IS0 2015 - All rights reserved
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Pe radiant power, radiant flux

CmpW compatibility window

CRC cyclic redundancy check

D beam axis, “bore-sight direction”

DSRC dedicated short range communication
Ee irradiance

Ey illuminance

FATI free air time indicator

FB flush byte

FCIR fast CALM infrared packet format

FLen frame length indicator

FOT frame organization table

F-Sync frame synchronisation pattern

HHH Hirt, Hassner, Heise (inventors of the HHH(1,13) ‘code)
Ie radiant intensity

IR infrared

IR-CAL IR communication adaptation layer
IR-MAE IR management adaptation éntity

IR-ME IR management entity

Iy luminous intensity

K luminous efficaCy of radiation

Le radiance

Ly lumifance

MAC tnedium access control. Sometimes used synonym to MAC layer.
McW Tuiticast wimdow

M. radiant exitance

MID master identifier

MnW management window

Mv luminous exitance

Nframe number of time slots in a CALM-IR frame

Nmaxframe maximum number of time slots in a CALM-IR frame
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Pe radiant power, radiant flux

Nminframe minimum number of timeslots in a CALM-IR frame

OBU on board unit

PA preamble

PL payload

PP preamble period

Prw| private window

RLL run length limited code

RSU road side unit

S slot index

SAP service access point

SpW,| spare window

sr steradian

STA start flag

STO stop flag

Thit bit time (duration of one bit)

Tchip chip time (duration of one chip)

TCWAIT waiting time of the slave for a reply to a proposed TempID

TDMA time division multiple access

TDREG registration time-out

TempID temporaty ID

TF-Sync duration of the F-Sync signal

TG guard time

TL lead time - time from the rising edge of the last pulse of a synchronisation gignal
(F-Sync, W-Sync, CA) to the rising edge of the first pulse of the following cojmmand, etc

TPfall optical pulse fall time

TPon optical pulse on time

TPrise optical pulse rise time

TREG delay time before slave replies to an MC-RRQ or MC-REN

TRT waiting time of the master for a reply to its MC-IDP

TRW receiver window - time span around the allocated time slot when the receiver circuit

shall be ready to detect a W-Sync signal
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Pe radiant power, radiant flux

TRWAIT waiting time of the master for a reply to an MC-RRQ or MC-REN
TTemplD templID time-out

W-Sync window synchronisation pattern

Wuw wake-up window

) elevation angle

OH horizontal opening angle

(0)% vertical opening angle

® azimuth angle

bv luminous flux125

6 Requirements: Transmitter and receiver parameters
6.1 Transmitter wavelengths and bandwidths

Table 1 — IR Transmitter parameter specification

Parameter name Specification
Channel 870 Channel 970
(main channel) (alternate channel))
TX1 Nominal transmitter wavelength 870 nm 970 nm
TX2 Transmitter pass band 820 nm to 910 nm 920 nm to 1 010 nin
TX3 (oherence length <l mm
TX4 Tptal radiated power dependent on transmitter class (see 6.2)
TX5 Minimum receiver in-band (RX2) radiated 80 % of TX4
plower
TX6a Radiated power belew pass band not specified <10 % of TX4
TX6b Radiated powefabove pass band <10 % of TX4 not specified

NOTE R¢ parameter TX3:

2
L2
AL

where
Ic isthe coherence length;
A isthe wavelength;
AX is the bandwidth.

EXAMPLE A=900 nm, AA =40 nm

; 900 nm*
40nm

~20um
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6.2 Radiated power
6.2.1 Radiated power limits

Table 2 — IR transmitter parameter limits

Parameter name Specification

TX7 Maximum radiated intensity According to IEC 60825-1

TX8 Maximum transmitted power within the Not limited by this International Standarda
range of visible light

a  (lertain automotive standards can have limitations on this parameter.

6.2.2 Transmitter classes

The |transmitter class shall be declared in the associated product specification and shall be
orgapized as follows.

Table 3 — Transmitter classes

TX class T1 T2 T3 T4 T5 T6 T7 T8
TX44 - 0,36 0,75 15 3 6 12 25 50
Minifnum radiant inten- T9 T10 T11 T12 T13 T14 T15 T16
sity (W/sr)
(pulge peak value) 100 200 400 800 1600 3200 6400 12 800

6.3 | Receiver wavelengths and bandwidths

Table 4 — IR receiver parameter specification

Parameter name Specification
Channel 870 Channg¢l 970
(main channel) (alternate channel)
mandatory optidnal
RX1 Nominal receiver wavelength 870 nm 970 hm
RX2 Receiver pass band 835 nm to 905 nma 935nmto [l 005 nm
RX44 Lower receiver stop band <805 nm <905/nm
RX4M UppelTeceiver stop band 2935 nmb >1 03% nm
RX54 Receiver sensitivity in lower stop band not specified >10 dB abjove RX6
RXSII) Receiver sensitivity in upper stop band >10 dB above RX6¢ not spegified
Notspeciftedforreceiv-
ers which shall be able to
receive both channels

a  Receivers which shall be able to receive both channels employ an upper limit of 1 0005 nm
b Receivers which shall be able to receive both channels employ an upper limit of 1 035 nm.

¢ Not specified for receivers which shall be able to receive both channels.

The manufacturer shall declare whether he implemented in the equipment only the mandatory main
channel or as well as the optional alternate channel.
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6.4 Receiver class
The receiver class shall be declared in the associated product specification and shall be organized as
follows.
Table 5 — Receiver classes
RX class R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11
RX6 (mW/m?2)
better | better b b b better| better |better|better| better | better
Receiver sensitivity in | than | than | DCtter | Detter pbetter | o | than | than | than | than | than
boresight at RX2;RX8;T—37 To RS rthand than d———— 170,06 11,03
RX9 and RX11
RX7 (mW/mp)
Saturation liknitin ~ [12800| 6400 | 3200 | 1600 | 800 | 400 | 200 | 100 | 48 | 1h24 | €12
boresight
RX8
Reference bif error 10-6
ratio (B.E.R.]
RX9
Immunity to|interfer- >1 120 W/m?2 (sunlight spectraldistribution)
ence caused py natu-
ral optical rddiation
RX10 (mW/p2) better | better b b b better| better |better|better| better | bgtter
PR h than etter | better | better than | than | than | than | than than
Wake-up sersitivity in | than than 8 | than 4 | than2
boresight at 500 kHz | 32 16 1 | 05 |025]|012]| 008 | (03
RX11
Reference communi- Default communication profile
cation profilg

in the equip

7 Modul

7.1 Wakdg

In systems
a “wake-up
transmitted

711 85

The manufafturer shall declare the guaranteed sensitivity for all communication profiles implemegnted
ment.
ation and coding
-up modes
where receivers which have a “sleeping mode” are to be expected, the master has to[send
signal”<in/ order to eventually wake up “sleeping” slaves. The wake up signal is to be
in a ‘wake up window”.
coded- WU
'y
256 pus
18 ps 47,06 ps 188,24 ps
4 zero Manchester- Bits 2 times Identifier - Byte, Manchester encoded
0to 2,70 ps

wsyne, || r T

iCommand-Byte | Preamble, 85 kHz 85 kHz Manchester encoded Identifier (2x)

e s 1 S

12

Figure 2 — Wake-up signal
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Table 6 — Wake-up signal timing specification

Parameter name

Specification

TX11 |Wake-up signal Burst frequency: 85 kHz * 1 %, duty cycle:
45 % to 55 %
TX12a|max. allowed pulse rise time 1000 ns
(optical):
TX12b | max. allowed pulse fall time 1000 ns
(optical):
7.1. Transmitter generic modulation parameters
Table 7 — IR transmitter parameter TX10 specification
Parameter name Specification
TX10 |Tolerance of bit clock 0,1%
7.1.3 Receiver generic modulation parameters
Table 8 — IR receiver parameter RX12 specification
Parameter name Specification
RX12 |Tolerance of bit clock 0,1%
NOTE “Tracking” of the receiver clock or equivalent techniques are assumed in the sync
modes.
7.2 | Communications profiles

CALM IR employs a whole set of data ratés-and coding schemes, which have to be selected d

the application and on the actual linK quiality achieved.

Spec

The following profiles apply!

NOTH

Interphational Standard-

fic data rates and coding sehemes constitute a “communications profile”.

Some of the.parameters of profile 5 and profile 6 will be defined in future ver

Table 9 — Communications profiles

epending on

sions of this

Profile 0 Profile 1
(base pro- (default Profile 2 Profile 3 Profile 4 Profile 5 Profile 6
file) prgﬁle)
Data rate 1 Mb/s 2 Mb/s 8 Mb/s 16 Mb/s 32 Mb/s 64 Mb/s 128 Mb/s
Modulation |[3/16 OOK-RZ |6/16 CIR-8 CIR-16 CIR-32 CIR-64 CIR-128
OOK-RZ HHH(1,13) |[HHH(1,13) |HHH(1,13) |HHH(1,13) |[HHH(1,13)
Bit time Tpit |1 000 ns 500 ns
1% 1% n.a.
Chip time 1000 ns 500 ns 83,4 ns + 41,7 ns 20,8 ns + 10,4 ns 52 ns
Tchip +-1% +-1% 6,6 ns 3,3ns 1,6 ns ’

a  Fordetails, see Annex B.

NOTE 1 Further profiles may be added in future.

Equipment employing several communications profiles shall conform to the most stringent values, irrelevant of which
profile is active at a given time

© ISO 2015 - All rights reserved
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Table 9 (continued)

Profile 0 Profile 1
(base pro- (default Profile 2 Profile 3 Profile 4 Profile 5 Profile 6
file) profile)

Optical 190 ns + 20 ns {190 ns + 83,4ns t 41,7 ns = 20,8 ns £ 10,4 ns
pulse on 20 ns 6,6 ns 3,3 ns 1,6 ns 5,2 ns
Optical
pulse rise
time (Tprise}r=75 =75 =381 =191 =5T1S tobeaddedTtobeadded
(See Note
below)
Optical
pulse fall
time (Tpfan] | <75 <75 <38ns <19 ns <9ns to beradded |to be added
(See Note
below)
Format: Sync
MAC flow By MAC commands
control: (“Block start”, “Block end”, “Packet start”, “Packet end”, “Start of control-block”)
Forward
error cor- Hamming L=12,D =3a nonea
rection
Multiple
error deteci |[Hamming L=12,D =3a CRC32
tion

Equipment employing several communications profiles shall conform to the most stringent values, irrelevant of which
profile is actiye at a given time

NOTE 1 Further profiles may be added in future.

a  For details, see Annex B.

7.3 Profile 0 (base profile) and profile 1 (default profile) modulation
po D1 D2z D3 D4 DS D6 D7 ECO EC1 EC2 EC3

DBL: Data Byte Length

|

Figure 3 — Modulation of profile 0 and profile 1

The coding and decoding rules for the communications profile 0 and profile 1 are defined in Annex A.

7.4 Profile 2 to profile 6

Profile 2 to profile 6 does not employ forward error correction.
NOTE Burst errors at these data-speeds are much more likely than single bit errors.
Burst errors are detected by the CRC.
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The complete coding and decoding rules for the communications profile 2 to profile 6 (e.g. modulation
types CIR-8 to CIR-128) are given in 0.

8 Directivity and communication zones

8.1 Directivity parameters

For a directional communication with CALM-IR devices, a three-dimenional coordinate system (XcaLm,
ycaLM, and zZcarm) has to be constituted. The origin of the coordinate system corresponds to the source
of the beam. The x-axis of the CALM-device corresponds with the forward direction of the vehicle.

Figufe 4 shows the azimuth angle, ¢, and the elevation angle, §, of the beam axis TD"”[“bore-sight
direqtion”) in relation to the x-axis (“main direction”).

ZcALM A D

— =
\\417{ @ X can
R

Figure 4 — Azimuth and elevation angle of the beam axis

Further parameters of directivity are.the horizontal opening angle, Oy, and the vertical opening angle,
Oy, ap detailed in Figure 5.

Zp

Ov

» D Wb

p |
.

e

a

Figure 5 — Horizontal opening and vertical opening angles

Azimuth and elevation are measured according to Figure 4.
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Openings are symmetrical to the beam axis D.

Valid horizo

ntal openings Oy encompass values from 0° to 360°.

Valid vertical openings Oy encompass values from 0° to 360°.

The resoluti

on of these angles is Opasic (~ 1,5°).

8.2 Communication zones

8.2.1 Bas

A “basic bed
and vertical

8.2.2 Communication zone construction

8.2.2.1 CA
“antenna arl

Alternativel
defined by
vertical ope

8.2.2.2 An
from each
dynamicallyj

8.2.2.3 In
defined in T

ic beam

m” is defined to be a beam (in arbitrary direction) with the minimum possible heriz
opening angles equal to the resolution Opasic = 1,5°

LM-IR communication zones with any “footprint” on the spher¢ filluminated” by

ay” can be defined by assigning a number of “basic beams” being a‘member of it.

[y, a CALM-IR communication zone with a regular (i.e. symmetrical) footprint ca
ts associated directivity parameters azimuth ¢, elevatiofiy8, horizontal opening Oy
hing Oy.

y communication zone may be assigned a specific transmitter or receiver class independ
pther. The assignment of transmitter and recgiver classes to communication zon
controllable.

:

bide the communication zone, the transmitter class and the receiver class paramete
hble 2, Table 3, Table 4, and Table 5 shall*apply.

NOTE 1
identical com

NOTE 2
thus carryin]
controllable)

NOTE3 Is

8.2.3 Conmpmunication-zones shortcuts

In order to|
shortcuts af

Any communication zone can be associated with the same “communication channel”, thus car

Alternatively, any communicdtion zone can be associated with a different “communication cha
g different communicatioh streams which are independent from each other (dynamjically

munication streams.

blation between multiple communication zones is not defined by this International Standard.

speed up the direction control for pre-defined communication zones, the follo
e defined.

Table 10 — Transmitter communication zones shortcuts

bntal

the

n be

and

ntly
s is

Ir's as

rying

hnel”,

wing

Dimensions are in degrees

Zone @ 8 OH (0)Y Description
FG 0 30 90 90 Forward general
FS 7,5 7,5 Forward straight
FR -18 9 7,5 Forward right
FL 18 9 7,5 Forward left
BG 180 30 90 90 Backward general
BS 180 0 7,5 7,5 Backward straight

16

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=3981ac39c702ce5798bccd3beb8a4472

ISO 21214:2015(E)

Table 10 (continued)

Zone @ ) OH eV Description
BR -156 0 21 7,5 Backward right
BL 156 0 21 7,5 Backward left
GR -90 30 90 90 General right
SR -45 0 15 7,5 Side right
UR -60 36 21 21 Up right
GL 90 30 90 90 General left
SL 45 0 15 7,5 Side left
UL 60 36 21 21 Up left
HS 90 210 210 Hemispheric
us 0 42 21 21 Up straight
R 0 0 360 7,5 Disk-radiator

Table 11 — Receiver communication zones shortcuts
Dimensions gre in degrees

Zgne @ 8 OH eV Deéscription
HG 0 30 90 90 Forward general
§S 7,5 7,5 Forward straight
HR -18 0 9 7,5 Forward right
HL 18 0 9 7,5 Forward left
BG 180 30 90 90 Backward general
BS 180 0 %5 7,5 Backward straight
BR -156 0 21 7,5 Backward right
BL 156 0 21 7,5 Backward left
(R -90 30 90 90 General right
9R -45 0 15 7,5 Side right
UR -60 36 21 21 Up right
GL 90 30 90 90 General left
SL 45 0 15 7,5 Side left
UL 60 36 21 21 Up left
HS 90 210 210 Hemispheric
Us 0 42 21 21 Up straight
DR 0 0 360 7,5 Disk-radiator

NOTE For the RSU, no communication zone is defined because it depends strongly on the geographical location.

9 Frames and windows

9.1 General structure

This part of the International Standard describes the CALM-IR framing, the window structure, and
window management.

The framing describes the CALM-IR TDMA scheme as media access method for simultaneous
communication of multiple communication partners.
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In a single communication environment with two or more communication partners, there shall exist
exactly one master, which controls the organization of the TDMA sequence.

If no dedicated master exists, a procedure is provided to establish a new master.

Direct “slave-to-slave” communications requires that one of the slaves acts as a temporary master.

The CALM IR-frame consists of Nframe time slots and is defined and organized by the master.

The framing structure is defined by reserved signals which by definition never can occur in a data
stream. This allows simple detection circuitry without the necessity to constantly supervise and
analyse the data stream.

The followir

F-Sync 4
W-Sync
CA - cor

The pattern

9.2 Frame

9.2.1 Frai

A frame emj

18

The CAl

1g signals are used:

frame synchronisation signal;

- window synchronisation signal;
hmand alert.

5 and the use of these signals are described and defined in the following subclauses.

me structure
ploys the following characteristics.

LM-IR TDMA frame is generated by the master-and starts with the F-Sync signal.

The fraie is either terminated by the F-Sync sigiial of the consecutive frame or, in the event tha

option ‘
A frame
The ma
A framg
The CAl

The ma
size of t|

The ver

free air time” is used, with a W-Sync'signal and the MAC command “free air time” (MC-
is subdivided into timeslots Ts.

ximum length of the frame is-Nmaxg-ame time slots, the minimum length is Nmingrame.
is organised in “windows” by means of window synchronisation signals W-Sync.
LM-IR TDMA frame-€ontains at least one window.

kimum number 0f windows within one frame is a dynamic parameter and depends o
he windows,

 first window of a frame is always the management window MnW.

TOMA frame

tthe
FAT).

h the

) 4

McW and/or
MnW Priv 1 Priv 2 PW3 PriW4 Privn BeW

==l —-—

Ll | - | 1 1 Ll Lt 1 1 1 i L1 L

2 4 6 8 10 12 14 N-4 N-2 N

Slot index

Figure 6 — CALM-IR frame structure, example
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9.2.2 Frame synchronisation signal (F-Sync)

The frame synchronisation signal F-Sync is generated by the master at the beginning of a frame and has
the following pattern as shown in Figure 7.

Start of new frame

T on Tsp

—m —a L
A A I T
P O I

TE-sync, lead | T Tp T
2,
’ ] ]
TE-sync First Byte of MnW = (MID)
- .

All a
an F-

F-Syn
Tg (9
slaveg

9.3
9.3.1

9.3.1
mast

9.3.1
(slav

9.3.1

Figure 7 — F-Sync
Ctive slaves not being in a “transmit state” shall be ready to recognize an F-Sync at anj

¢ never shall be sent directly after a “receive state” of the)master. A guard interval
ee 9.5) shall be inserted before the sending of F-Sync in order to allow the receiver cil
s to re-settle.

Windows
Window structure and types

.1 Frames are divided into windews by the window synchronisation signal W-Sync
er.

.2  Windows may carryforward information (master to slave), as well as return
e to master).

.3 There exist thefollowing types of window which are described in subsequent subg

anagementwindow (MnW);
rivate window (Prw);

ultiGast window (McW);

Iy time, since

Sync can also interrupt frames in progress, for example to prioritize emergency messages.

of duration
cuitry of all

sent by the

information

lauses:

raadcast window (BcW);

— compatibility window (CmpW);

— spare window (SpW);

— wake-up window (WuW).

9.3.1.4 The information flow within a window is controlled by MAC commands.

9.3.2 Window synchronisation (W-Sync)

9.3.2.1 The window synchronisation signal W-Sync is sent by the master at the beginning of all windows
PrW, BcW, McW, and WuW except the first window of the TDMA-frame which is marked by the F-Sync.

© ISO

2015 - All rights reserved
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9.3.2.2 Because of the propagation delay times, the receiver shall be protected by guard time Tg (see
9.5). Therefore, the W-Sync can be slightly asynchronous in respect to the time slot index.

9.3.2.3 Inorder to care for this effect on the receiver side, the receiver circuitry shall be ready to detect
the W-Sync not just at the beginning of the time slot allocated by the FOT but from slightly before until
slightly after the allocated time within the W-Sync receiver window TwTreceive-

. Expected start of the window (t =0)

.
N
a TWTreceive

~

TWTtransmit

Figure 8 — W-Sync receiver and transmitter window

9.3.2.4 Infthe event that a system is configured with the feature “free air time%-the very last window
(which may|either be an MnW, a PrW, an McW, or a BcW) shall be followed, by“a W-Sync and the MAC
command MC-FAT.

Tion T sp Start of window

—_— —n]

|

TW—Sync, lead|

MAC command

Figure 9 — W-Sync

9.3.2.5 A W-Sync shall never follow(directly after a “receive state”. In such a case, a guard interyal of
duration Tglshall be inserted before\the sending of W-Sync in order to allow the receiver circuitry gf the
communications partner to re-settle.

9.3.3 Management window

9.3.3.1 THe management window is the first window in a CALM-IR frame and carries all organization
information|for thécurrent frame as described below.

9.3.3.2 Within the management window (MnW)

— slaves newly entering the communication zone are registered and allocated appropriate window
parameters,

— sufficient communication time is dynamically allocated to each slave,

— care is taken that timing requirements for time critical applications are met,
— care is taken that required command response/reaction times are met,

— if necessary, time slots are re-arranged, and

— short broadcast messages are sent.

In the management window, only the default communications profile shall be used.
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9.3.3.3 The MnW follows immediately after the frame-Sync signal. It is subdivided into the generic
frame information (i.e. MID, FLen, and FATI) and optional MAC commands for registration (MC-REG) and
organization (MC-FOT, MC-FOTU, MC-FOTS, MC-SUS, and MC-SUA) (see Clause 12). The generic frame
information is defined as follows.

9.3.3.4 The master identifier “MID” is the unique identifier of any CALM IR communications master. It
consists of a three byte integer which comprises two parts as follows.

9.3.3.4.1 The one byte class identity gives information about the master (e.g. fixed roadside beacon,
vehicle onboard unit, mobile enforcement, PDA or laptop, point-to-point link).

MSB Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 LSB
M F1 FO S K3 K2 K1 KO
1 Function of the master Sub - Kind of master
master
Figure 10 — Structure of the class identity code
Table 12 — Class identity-codes
Bit position Value Meaning Description
M 1 Master identifier Used/in MAC address to distinguish slaves gnd masters
F1, FO 1,1 Broadcaster Indicates that the sender of the MID is a “brpadcaster”
only (e.g. a “Talking traffic sign”). The “brogdcaster”
supports no registration of slaves.
1,0 Master Indicates a normal master to which slaves rhay register.
0,1 |Premaster Indicates a (normally mobile) unit which cah become a
slave or master.
0,0 |Internettaccess point Indicates that the Internet is accessible thrgugh the
master.
S 1 FlagJactive as sub-master |Indicates that the unit currently performs the following
two functions at the same time:
— itworks as a slave versus a master (usuglly posi-
tioned in the infrastructure);
— it works as secondary master, usually ofla moving
cluster.
0 Flag: active as master — Indicates that the unit currently works 3s the mas-
ter of a usually moving cluster.
Ill CaoT th;D L«}uot\al CUIIIC O ;lltU th\a CUIITIT unications
zone of a master, the unit assumes the function of a
slave versus the master and as a secondary master ver-
sus the cluster and sets the flag to 1.
K3, K2, K1, KO Reserved for future use If not used, set to 0.

9.3.3.4.2 16 bit binary number.

In the event of a stationary master, this shall be a fixed number identifying the master and is assigned

during installation time.

In the event of a temporary master, this shall be a random number created by the device which wants to

take the master function.

© ISO 2015 - All rights reserved
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9.3.3.5 The frame length indicator (FLen) gives the total length of the current frame in terms of
available time slots as a one byte integer.

9.3.3.6 The free air time indicator (FATI) gives the air time following the last window of the current
frame which is not used by the current master in order to allow other masters to build up a communications
frame between two frames of the current master. The free air time is given in terms of the number of time

slots unused by the current master between two consecutive frames as a single byte integer.

~ Free Air Time ‘CALM-IR Frame

CALM-IR Frame

».
2

= I =
S o= oE S |9%
2 E E ...... E ...... § LTJ_ E
Figure 11 — Example of free air time
9.3.3.7 The coding and modulation during the management window is alway$ according the dgfault
profile.
9.3.4 Priyate window
9.3.4.1 Prjvate windows carry the information exchange between.a master and a specific slave. Prjivate
windows arp allocated to a master-slave relation by using a temporary MAC address, which is dalled
“temporary jdentifier” (TemplID), which is created during the reégistration process and “published” in the
FOT during the management window.
9.3.4.2 Orle slave may use more than one private window. To do this, he should register again and a
new TemplD) will be created and allocated to him.
9.3.4.3 Communications in a private windéw starts by using the default communications profile. Upon
negotiation with the master, any communications profile which both master and slave support and which
gives suffici¢nt link quality may be usedfor subsequent information exchange.
9.3.4.4 A private window (PrWJ employs at least one information transfer phase in “forward direqtion”
and zero or more information transfer phases in “return direction”.
9.3.4.5 Each private window (PrW) starts immediately after the window synchronisation dignal
W-Sync emifted by the naster.
9.3.4.6 THe window phase now starting transfers information from the master to the flave
(“forward djreetion”).

9.3.4.6.1
command

Immediately after the synchronisation signal W-Sync, the master sends an appropriate MAC

— in the event that a new message shall be transmitted, the MAC command “Block Start” MC-BLS

shall be

used,

in the event that the information to be transferred is the remainder of an earlier message which did

not fit in the slave’s last private window, the MAC command “Packet Start” (MC-PAS) shall reinitiate
the transfer of the whole packet, and

— in the event of “nothing to send”, the MAC command “Token” (MC-TKN) shall be sent.

9.3.4.6.2 The length of the information stream is signalled
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© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=3981ac39c702ce5798bccd3beb8a4472

ISO 21214:2015(E)

— either inherently by the MAC command itself, or
— if the end is not inherently given by the MAC command,

— in the event that all the information which is to be transmitted fits in the current window, by the
MAC command “block end” (MC-BLE) after the data, and

— in the event that all the information which is to be transmitted does not fit in the current window
and will be continued in a further private window of the slave, by the MAC command “packet end”
(MC-PAE) after the data.

NOTE All MAC commands which do not start immediately after a W-Sync have to be preceded by a command
alertignal CA.

9.3.4.7 Now that the (first) transfer in forward direction (master to slave) is finished, the (first)
trangfer from slave to master (return direction) starts.

9.3.4.7.1 After the recognition of the end of reception (described above), the slave has to wait a “guard
time| T before starting sending (this guard time allows the receiver on.the other end of the link to re-
establish correct thresholds).

9.3.4.7.2 The slave then sends an appropriate MAC command (preceded by a command algrt CA).

9.3.4.7.3 The slave then transfers information towards thesmaster (in “return direction”) ih exactly the
sam¢ manner as described above for the “forward direction”.

9.3.4.8 Where the pre-assigned window size allews, the slave switches to its “receive state” and the
master may again send information to the slave.

9.3.4.8.1 In such cases, the master starts ‘the second transfer in “forward direction” by|waiting the
“guard time” Tg and issuing an appropriate MAC command.

9.3.4.8.2 The further sequence is identical to that described above, until the window tinje expires or
untilinone of the partners wants'to exchange any more information.

9.3.3 Broadcast window

9.3.3.1 Broadcast, windows (BcW) are used to broadcast information to all stations within the
cominunication.zéne of the “broadcaster”, even to those which did not yet perform the {registration
process”.

NOTH Unregistered slaves can also receive and decode the FOT and thus, decode the frame and receive the
broadcast window.

A frame shall contain zero or one broadcast window.
The broadcast window is addressed by a reserved templID (see 11.2) in the frame organization table FOT.
The broadcast window can have any position in the frame.

The broadcast window (BcW) employs only one information transfer direction, namely “forward
direction”.

In the BcW, the default profile shall be used.

The broadcast window (BcW) starts immediately after the window synchronisation signal W-Sync
emitted by the master.
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The broadcast now commences.

9.3.5.2 Immediately after the synchronisation signal, W-Sync the master/broadcaster sends either of
the following:

— MAC command “block start” (MC-BLS) in case a new broadcast message is to be broadcasted;

— MAC command “packet start” (MC-PAS) if the following information is the continuation of an earlier
broadcast message which did not fit in a single window.

9.3.5.3 The end of the information stream is signalled by either of the following:

— by the subsequent MAC command “block end” (MC BLE) in the event that all the information-which
is to be proadcasted fitted in the current window;

— by the $ubsequent MAC command “packet end” (MC-PAE) in the event that all-the informpation
which i$ to be broadcasted does not fit in the current window and will be continued in a fufther
broadcqst window.

NOTE All MAC commands which do not start immediately after a W-Sync have to.be'preceded by a command
alert signal ClA.

9.3.5.4 Asd|the stations shall not respond in a BcW, the information transfer phase is now finished
9.3.6 Multicast window

9.3.6.1 Multicast windows are used to transfer information to a certain group of registered stations
(within the gommunication zone of the “multicast”) whigh;had been included in that group.

NOTE Pitocedures on how slaves are assigned to«fulticast groups” are not defined in this International
Standard.

9.3.6.2 Multicast windows are addressed by one of the reserved TempIDs allocated to multicasting
(see 11.2) inj the frame organization table\EOT.

”

9.3.6.3 A multicast window (McW)-employs only information transfer phases in “forward directiqn”.

9.3.6.4 In|[an McW, the cémmunications profile which is set with the first MAC command of the
multicast window shall be'used (see below).

9.3.6.5 The multicast window McW starts immediately after the window synchronisation gignal
W-Sync emifted by-the master.

9.3.6.6 T el h tartine—t £ s AR £l PN SRR
DU T VWIIITUUVV lJllClDC ITUVV  oStal Lllls I dllsitTr o U Iiiativull 11TUIIT UIT 1IIIdotll LU LUIIC Sld e S

(“forward direction”).

9.3.6.6.1 Immediately after the synchronisation signal W-Sync, the master shall send in each
McW the MAC command “set multicast profile” (MC-SMP) in order to signal to the slaves with which
communications profile the information will be sent.

9.3.6.6.2 Subsequently, either the MAC command “block start” (MC-BLS) in case a new multicast
message is to be sent, or the MAC command “packet start” (PAS), if the following information is the
continuation of an earlier multicast message which did not fit in a single window.

NOTE All MAC commands which do not start immediately after a W-Sync have to be preceded by a command
alert signal CA.
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9.3.6.6.3 The end of the information stream is signalled either

— by the subsequent MAC command “block end” (MC-BLE) in the event that all the information which
is to be multicasted fitted in the current window, or

— by the subsequent MAC command “packet end” (MC-PAE) in case the information which is to be
multicasted does not fit in the current window and will be continued in a further multicast window.

NOTE All MAC commands which do not start immediately after a W-Sync have to be preceded by a command
alert signal CA.

9 3 Lo 4 Ac ctatio chall naot vac o A o Mo tlhn 1o at gy cfornha 2 fin h d
.3.6F—As-statiensshal-retrespondinan-MeWtheinformationtransterphaseisrow-Haished.

9.3.17 Spare window

9.3.7.1 Spare windows (SpW) are used to reserve airtime for slaves eventually registering during the
curr¢gnt frame in order to enable the master to instantly allocate them a private window withput the need
for filame reorganization.

9.3.71.2 Spare windows start with a W-Sync addressed by a reservedTemplID (see 11.2).

9.3.7.3 The maximum number of spare windows in a frame is set in the master by|the system
administration.

9.3.8§ Compatibility window

9.3.8.1 A compatibility window (CmpW) may b€inserted into a frame in order to enable non-CALM-IR
systgms which observe certain rules to co-exist without harmful interference with a CALM-IR system.

9.3.8.2 The CmpW starts with a W-SyncC addressed by a reserved TemplID.

NOTH This allows CALM-IR units to recognize the compatibility window in a frame and thus, does not use it
thempelves for any reason.

9.3.8.3 No CALM-IR unitshall use the CmpW for information transfers, etc.

9.3.84 The CmpW4may consist of one or multiple time slots. The number of time slots{depends on
the properties of-the non-CALM-IR system to be considered and is set in the master by] the system
administration.

9.3.8.5 , The proper use of a CmpW is explained in Annex E.

9.3.9—Wake-up window

9.3.9.1 A wake-up window (WuW) is used to broadcast the wake-up signal pattern (see 7.1.1) in order
to activate “sleeping” slaves in the communication area of the master.

9.3.9.2 The WuW starts with a W-Sync addressed by a reserved TemplID.
9.3.9.3 The wake-up signal follows directly after the W-Sync and the MAC Command MC-WU.

9.3.9.4 The wake-up window may consist of one or multiple time slots. The number of time slots of the
wake-up window depends on the properties of the OBU population of the system and is set in the master
by the system administration.
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9.3.9.5 The wake-up window is terminated by the next F-Sync or W-Sync.

9.4 Command alert (CA)

9.4.1 Command alerts provide the possibility to interrupt current communications for immediate
signalling of high prioritised messages (e.g. emergency situation).

9.4.2 Command alerts can be initiated from both master, as well as slave, devices.

94.2.1 A

CA within an MnW can be sent only by the master and is dedicated to all slaves, even t

unregistere(
9.4.2.2 A

94.2.3 A
and is dedic

9.4.24 A
partner has

9.4.2.5 Th
enforce the

| ones.

CA within an McW is sent only by the master and is dedicated only to the active slaves.

hted only to the communications partner.

the right to send.

e exception is if in the “receiving state”, the signal isost. In such a case, it is allow
sending of CA.

the

CA within a PrW may be sent by either the master or by the slave that {6wns” the wifdow

CA shall only be sent, with one exception defined below, if the driginating communications

bd to

9.4.2.6 In|the event that the intended sending of CA is preceded by a “receive state”, the CA shall be
preceded by a guard interval of duration Tg.
Toon | Ts? Start of command
Teatead| | Tr | Tp T
T;A MAC command

9.5 Framie and window parameters, summary

Figure 12 — Command alert (CA)

Table 13 — Frame and window parameters

Parameter Description Value Remark
name
Frame parameters
Nframemax |[Maximum time slots per frame 256 Refer to 9.2.1.
Tts Length of one time slot 256 us
Tg Guard time when changing from receive state to 15000 ns This guard time shall

send state
device changes from the
receive state to the send
state.

always be obeyed when a

Frame synchronisation

26
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pulse

Parameter Description Value Remark
name
F-Sync Frame synchronisation signal pattern Refer to 9.2.2.
TE-Sync Total length of F-Sync 7 500 ns
NE-synclead |Number of leader pulses in F-Sync 2 Refer to 9.2.2.
NE-Synctrail |Number of trailer pulses in F-Sync 1 Refer to 9.2.2.
TLoN On time of leader and trailer pulses 190 ns

Tr-fynclead | T1Me between F-Sync leader pulses 500 1S From rising edge of first
pulse to rising.gdge of sec-
ond pulsel

NE-sync Number of synchronisation pulses 4
TTL Time from last leader pulse to first synchronisa- 1000 ns Erom rising edge of last
tion pulse leader pulse to rising edge
of first synchronisation
pulse.
TL Time from last synchronisation pulse to trailer 2 500ns From rising edge of last syn-
pulse chronisation puflse to rising
edge of trailer pulse.
Tsp On time of synchronisation pulse 500 ns
Tp Time between two synchronisation pulses 1000 ns From rising edge to rising
edge.
Window parameters
Nwitdowmax | Maximum time slots per window 256
Window synchronisation
W-Sync  |Window synchronisation signalpattern Refer to 9.3.2.

Twtransmit | W-Sync detect tolerance, Sender -8 us..+20 us |The master shall start to
send the W-Synf signal not
earlier or not later than this
time with refer¢nce to the
window’s start fime allo-
cated in the mapagement
window.

Twirreceive | W-Syncdetect tolerance, receiver (ps) -16 ps .. +32 ps | The slave shall be ready to
detect the W-Syjnc signal
within this timg window
with reference fo the win-
dow’s start timg allocated in
the managemert window.

T _bync TUtCl} }Cllsth Ulc ‘VAV’ S_y IIC (J SCG 115
Nwsynclead |Number of leader pulses in W-Sync 2 Refer to 9.3.2.

NE-Wynctrail |Number of trailer pulses in W-Sync 1 Refer to 9.3.2.

TLON On time of leader and trailer pulses 190 ns

Twsynclead |Time between W-Sync leader pulses 500 ns From rising edge of first
pulse to rising edge of sec-
ond pulse.

Nw-Sync Number of synchronisation pulses 3
TL Time from last synchronisation pulse to trailer 2500ns From rising edge of last syn-

chronisation pulse to rising
edge of trailer pulse.

© ISO 2015 - All rights reserved
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Table 13 (continued)

Parameter Description Value Remark

name

Tsp On time of synchronisation pulse 500 ns

Tp Time between two synchronisation pulses 1000 ns From rising edge to rising
edge.

Command alert
CA Command alert pattern Refer to 9.4.
Tca Tatal ]pngfh of CA S 800 ns
NcAlead Number of leader pulses in CA 2 Refer to 9.4.
NcAtrail Number of trailer pulses in CA 1 Refer to 9.4.
TLON On time of leader pulses 190 ns
TcAlead Time between CA leader pulses 500 ns From rising’edge of firsf
pulse tolrising edge of sec-
ond'pulse.

Nca Number of CA pulses 2

TL Time from last CA pulse to trailer pulse 2500ns From rising edge of last{syn-
chronisation pulse to rifing
edge of trailer pulse.

TrTL Time from last leader pulse to first CA pulse 1.000 ns From rising edge of last
leader pulse to rising eqge
of first CA pulse.

Tsp On time of CA pulse 500 ns

Time-out
TTempip ||TemplD time-out 255 Measured in number of
consecutive frames in
which the slave did not
respond although not bging
suspended.

TDREG Registration time-out 60s Measured in seconds sipce
the last frame in which fom-
munications took place

10 MAC commands

10.1 General

10.1.1 MA({ egmmands are a special signalling mechanism between peer entities of the MAC layer of
CALM-IR.

10.1.2 MAC commands may be initiated

— onrequest of the IR communication adaptation layer IR-CAL (see 14.2),

— onrequest of the IR management adaptation entity IR-MAE (see 14.3), or

— onrequest of the IR management entity IR-ME (see Clause 13).

10.1.3 A MAC command is always preceded either by

— command alert (CA), or

28
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— window sync (W-Sync).

10.1.4 Any MAC command which is sent directly following the “receive state” shall be preceded by a
guard interval of duration, Tg, before starting sending. This guard interval allows the receiver on the
other end of the link to re-establish correct threshold levels.

10.1.5 A MAC command has a minimum length of one byte and may be followed by an optional attribute,
the length of the attribute depends on the MAC command.

Optional payload data shall follow directly the attribute of the relevant MAC command or, if there is no

attri

10.1

bute, r‘]irnr‘fly the MAC command

6 MAC commands and their attributes always use the data rate, modulation,-and c

defaylt communications profile.

bding of the

10.1}7 For payload data, the valid communications profile is used (i.e. either the.default communications
profile or a negotiated and agreed communications profile).
10.2 MAC commands related to the frame and window organization
10.2{1 Frame organization table (MC-FOT)
10.2{1.1 Function
The |command MC-FOT indicates that the table‘\following the command contains| the frame
orgahization table FOT.
It shall be used in the MnW only.
10.2{1.2 Semantics of the service primitive
MC-HOT {FOT length}
Attribute Description
FOT length 2 bytes)provide the total length of the FOT in number of bytes
MC-HOT is immediatelyfollowed by the table containing the FOT.
Table 14 — Structure of the frame organization table FOT
Length Meaning Description
2 byte TempID_1 Entry of slave 1
1 byte Start slot index of
window
2 byte TemplID_2 Entry of slave 2
1 byte Start slot index of (indicates at the same time the end of win-
window dow 1)
2 byte TempID_3 Entry of slave 3
1 byte Start slot index of (indicates at the same time the end of win-
window dow 2)
The last entry of the FOT does not relate to any of the slaves in the communication zone of
the master but is used only to have a placeholder to signal the length of the last window
in the list. The value of the Dummy-ID is a “Reserved TempID” which shall not be able to be
generated during the registration process by any slave.
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Table 14 (continued)

10.2.2 Wh

10.2.2.1 Th
changed fro
limit, or the

10.2.2.2 In
order to sav

10.2.2.3 Th
10.2.3 Effe

10.2.3.1 Up
indicated in

10.2.3.2 Th
the appropr;
window, brd

10.2.4 Fraj

Length Meaning Description
Entries of further slaves
2 byte TempID_n Entry of last slave
1 byte Start slot index of (indicates at the same time the end of the
window last but one window)
Z byte DummyID (Se€ note) Reserved TemplD (see 11.Z]
1 byte Slot index of last time  |(Indicates the end of the last window)
slot
The last entry of the FOT does not relate to any of the slaves in the communication zonepof
the master but is used only to have a placeholder to signal the length of the last window
in the list. The value of the Dummy-ID is a “Reserved TempID” which shall not be able to be
generated during the registration process by any slave.

bn generated

is command is generated by the MAC after the end of the<registration phase in case s
n “registered” to “not registered” or vice versa, and the number of these changes exce
window timing needs to be re-arranged.

the event that fewer slaves have changed the status, the command MC-FOTU shall be us
b frame time.

e limit between the use of MC-FOT and MCFOTU is at the discretion of system administrs

ct on receipt

the FOT for subsequent communication.

e receiving MAC shall enable the detection of a windows synchronisation signal, W-Sy
jate time interydl-defined in the FOT and shall interpret the allocated window as his pij
adcast windew;,.or multicast window, respectively.

me organization table update (MC-FOTU)

laves
bds a

ed in

ition.

on receipt of this command;-the slave uses the window with a start and stop time slot as

e, in
ivate

10.2.4.1 Fy

nction

The frame organization table update FOTU announces changes of the timing information that have
occurred since the last reception of an MC-FOT or MC-FOTU.

It shall be used in the MnW only.

10.2.4.2 Semantics of the service primitive

MC-FOTU {FOTU length}
Attribute Description
FOTU length 1 byte provides the total length of the FOTU in number of bytes

MC-FOTU is immediately followed by the table containing the FOTU.

30
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Table 15 — Structure of the FOTU

Length Meaning Description

w:n

Entry for slave “i” which shall change

2 byte TemplD_I its window position

1 byte Start slot index of window

1 byte Stop slot index of window

Entry for slave “k” which shall change

2byte TemplD_k its window position

1 bhuta Startslatindavw of vwindaxas
=7

1 byte Stop slot index of window

4.3 When generated

ped from “registered” to “not registered” or vice versa, and the numbeér of these chan

exceed a limit, or the window timing needs to be re-arranged.

10.2
save

10.2

4.3.2 In case more slaves have changed the status, the comfand MC-FOT shall be use
frame time.

4.3.3 The limit between the use of MC-FOT and~MC-FOTU is at the discretion

administration.

10.2

10.2
new

10.2
the a

4.4 Effect onreceipt

4.1 Upon receipt of this command,.the-slave whose start and/or stop index have cha
window with a new start and stop time slot as indicated in the FOTU for subsequent conj

4.2 The receiving MAC shall\enable the detection of a windows synchronisation sign
[ppropriate time interval defined in the FOTU and shall interpret the following window 4

window, broadcast window, orjmulticast window, respectively.

10.2

10.2
The

5 Frame organization table steady (MC-FOTS)

5.1 Function

fommand"frame organization table steady” is sent if the registration status of the sl

chaniged,since the last frame and the timing of windows is maintained.

It sh

4.3.1 This command is generated by the MAC after the end of the registration phase i case slaves

res does not

1 in order to

of system

nged uses a
munication.

al W-Sync in
s his private

hves has not

IIHe used in the MnW only.

10.2

.5.2 Semantics of the service primitive

MC-FOTS {}

10.2

.5.3 When generated

This command is generated by the MAC in the event that no slaves have changed from “registered” to

“not

10.2

registered” or vice versa since the last frame.

.5.4 Effect on receipt

The MAC receiving this command does not alter its window timing.
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10.2.6 Submaster organization table (MC-SOT)

10.2.6.1 Function

The command MC-SOT indicates that the table following the command contains the submaster
organization table SOT.

It shall be used in the MnW only.

10.2.6.2 Semantics of the service primitive

MC-SOT {SOT length}
Attribute Description
SOT length 2 bytes provide the total length of the SOT in number of bytes

MC-SOT is immediately followed by the table containing the SOT.

Table 16 — Structure of the ‘Submaster organization table’(SOT)

Length Meaning Description

3 byte MID_1 Entry of submaster 1

1 byte Start slot index of window

3 byte MID_2 Entry of submaster 2

1 byte Start slot index of window Indicates at the same time the end of
window 1

3 byte MID_3 Entry of submaster 3

1 byte Start slot index of window Indicates at the same time the end of
window 2

Entries of further submasters

3 byte MID_n Entry of last submaster

1 byte Start sloPindex of window Indicates at the same time the end of
the last but one window

3 byte Dummy_MID (see note) Reserved MID

1 byte Slot index of last time slot Indicates the end of the last window

The last.entry of the SOT does not relate to any of the submasters in the communication zone
ofthé master but is used only to have a placeholder to signal the length of the last window in
the list. The value of the Dummy-MID is a “reserved MID” which shall be Oh.

10.2.6.3 When generated

This command is generated by the MAC after the indication of a slave in its Pri¥ to use the free air of the
master for submaster purposes.

10.2.6.4 Effect on receipt

On receipt of this command, the submaster may use the “free air time” with a start and stop time slot as
indicated in the SOT for subsequent communication with its own slaves. After the TDMA frame ,the first
timeslot of the free air time shall be indicated by the command MC-FAT (free air time).
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10.2.7 Get submaster area (MC-GSA)

10.2.7.1 Function

With this command, a submaster requests time to communicate with its registered slaves within the
free air time of the master.

It shall be used in a Pri¥ only.

10.2.7.2 Semantics of the service primitive

MC-REST {ownMID, Slave_count, Timeslots}

Attrjbute Length Description

ownMID 3 byte MID of the submaster

Slave_count 1 byte Number of registered Slaves at ownMID
Timgslots 1 byte Number of required timeslots

10.2{7.3 When generated

This{command is generated by the IR-ME of the slave (submastér):

10.2{7.4 Effect on receipt

In the event that the master can accept the required submaster area, the IR-ME informis the CALM
mangagement about change of address. The master responds with the command “Subrpaster Area
Confjrmed” (MC-SAC).

In calse the master cannot accept the required’submaster area, the master responds with the command
“Submaster Area Denied” (MC-SAD).

10.2{8 Submaster status (MC-SST)

10.2{8.1 Function
With| this command, the'sitbmaster informs the master about a changed status of its slaves

It shall be used in aPri only.

10.2({8.2 Semantics of the service primitive

MC-SST {Slave_count, Timeslots}

Attribute tength Description
Slave_count 1 byte Number of registered slaves at the submaster
Timeslots 1 byte Number of required timeslots

10.2.8.3 When generated

This command is generated by the IR-ME of the slave (submaster).
10.2.8.4 Effect on receipt

10.2.8.4.1 In the event that the master can accept the changed status, the IR-ME informs the CALM
management. The master responds with the command “Submaster Area Confirmed” (MC-SAC).
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10.2.8.4.2 In the case the master cannot accept the changed status, the master responds with the
command “Submaster Area Denied” (MC-SAD).

10.2.9 Sub

master area confirmed (MC-SAC)

10.2.9.1 Function

With this co

mmand, the master confirms the requested submaster area within its free air time.

It shall be used in a Pri¥ only.

10.2.9.2 Se
MC-SAC{}

mantics of the service primitive

10.2.9.3 When generated

This comm4

nd is generated by the MAC of the master to confirm the submaster area.

10.2.9.4 E

ct on receipt

Ile
IR-ME informs the CALM management about the confirmed communication area.

10.2.10Submaster area denied (MC-RESD)

10.2.10.1

Function

With this command, the master denies the requested sibmaster area to the slave.

It shall occu

10.2.10.2
MC-SAD {}

10.2.10.3

This commd

r in the PriW only.

Semantics of the service prinmiitive

When generated

Ind is generated’by the MAC of the master to deny the requested submaster area i

event that the free air timé.is not available.

10.2.10.4

Effect.on receipt

IR-ME infor
free air tim

s the CALM management about the rejection of the requested submaster area withi
ofthe master.

h the

n the

10.2.11Broadcast (MC-BRC()

10.2.11.1

Function

This command indicates that the following data stream is a broadcast message.

Broadcast messages sent in the management window shall not be continued in another frame. They
shall fit in the current management window.

It shall be used in the MnW only.

34
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10.2.11.2 Semantics of the service primitive

MC-BRC {broadcast length}

Attribute Description

Broadcast length One byte length of broadcast message in terms of transmitted 12 bit units
(8 bit info plus 4 bit Hamming)

10.2.11.3 When generated

This command-is gnnnrnfnr‘ hy the MAC on rnqnncf ofthe JR-CAIL

This|command shall be followed immediately by the data to be broadcast.

10.2{11.4 Effect on receipt

The hroadcast data are forwarded by the receiving MAC to the IR-CAL, togethen with address [nformation.
10.2{12Re-establish session (MC-REST)

10.2j12.1 Function

With| this command, a slave which lost and re-established the link and thus, now has a new fempID, may
ask the master to re-establish all sessions related to his “eld”" TemplD.

[t shall be used in a Pri¥ only.

10.2{12.2 Semantics of the service primitive

MC-REST {MID, TempID}

Table 17 — Session re-establishment

Attribute Lerigth Description
MID 3 byte MID of last master the slave has communicated with
TemplID 2 byte Last valid TempID

10.2112.3 When generated

This|command, is generated by the IR-ME of the slave in the event that the communication link was
lost for moresthan two times the maximum frame duration and new registration was sjuccessful at
the same niaster.

10.2.1TZ% Effect on receipt

10.2.12.4.1 In the event that the master can accept the command, the IR-ME informs the CALM
management about change of address. The master responds with the command “session re-establishment
confirmed” (MC-RESC).

10.2.12.4.2 In case the master cannot accept the command, he responds with the command “session
re-establishment denied” (MC-RESD).
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10.2.13Session re-establishment confirmed (MC-RESC)

10.2.13.1
With this co

Function

mmand, the master confirms the requested session re-establishment to the slave.

[t shall be used in a Pri¥ only.

10.2.13.2
MC-RESC{}

Semantics of the service primitive

10.2.13.3

This comm4

10.2.13.4

When generated

nd is generated by the MAC of the master to confirm the re-establishment of the sessi

Effect on receipt

IR-ME informs the CALM management about change of address.

10.2.14 Ses;

10.2.14.1

sion re-establishment denied (MC-RESD)

Function

With this command, the master denies the requested session re-establishment to the slave.

It shall occu

10.2.14.2
MC-RESD { }

10.2.14.3

This commd
the event th

10.2.14.4

r in the Priv only.

Semantics of the service primitive

When generated

nd is generated by the MAC of the master to deny the re-establishment of the sessio
ht the session parameters’are not available.

Effect on receipt

IR-ME informs the CALMdmanagement about loss of communication.

10.2.15Change master identifier (MC-CMI)

ns in

10.2.15.1

Function

With this co

It shall occu

mmand, the master changes its MID to a new one.

r in the MnW only.

10.2.15.2 Semantics of the service primitive

MC-CMI {newMID}

Attribute Length Description

NewMID 3 byte New MID of the master
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10.2.15.3 When generated

This command is generated by the IR-ME of the master to change its MID.

10.2.15.4 Effect on receipt

IR-ME informs the CALM management about change of masters MID. The new MID is valid after the next
F-Sync of the master.

10.2.16Kill all (MC-KIA)

10.2j16.1 Function

This|command orders all slaves in the communication zone of the master to terminate all registered
communication with the master.

It shall be used in the MnW only.
If us¢d, it shall occur before MC-FOT or MC-FOTU.

10.2|16.2 Semantics of the service primitive

MC-KIA {}

10.2}16.3 When generated

This{command is generated by the MAC on request of'the IR-ME to terminate communicatidn.

10.2{16.4 Effect on receipt

On r¢ceipt of this command, the MAC shall

— inform the IR-ME about loss of communication,
— ¢ancel the association with-the' master,

— I:zlete pending frames, and

invalidate the TemplD.

The glave may enter.a new registration process at any convenient time.
10.2{17Kill slave (MC-KIS)

10.2|17.1 Function

This command orders a dedicated slave in the communication zone of the master to terminate
communications related to the specific TemplD, i.e. to invalidate this TemplID.

It shall be used in the MnW only.
If used, it shall occur before MC-FOT or MC-FOTU.

10.2.17.2 Semantics of the service primitive

MC-KIS {TempID}

Attribute Description

TemplID The identifier of the slave which has to be killed
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10.2.17.3 When generated

This command is generated by the MAC on request of the IR-ME to terminate communication.

10.2.17.4 Effect on receipt
On receipt of this command, the MAC shall
— inform the IR-ME about loss of communication,

— cancel the association with the master,

— delete pending frames, and
— invaliddte the TemplID.

The slave mpy enter a new registration process at any convenient time.
10.2.18De-register (MC-DREG)

10.2.18.1 Function
This command requires the peer entity to terminate the communicatign,relation.

It shall be uged in the Pri¥ only.

10.2.18.2 Semantics of the service primitive

MC-DREG {}

10.2.18.3 When generated

This commdnd is generated by the MAC on request of the IR-ME to terminate communication relption
and to avoid new registration within a defined time of Tprgg.

10.2.18.4 Effect on receipt

10.2.18.4.1| On receipt of thiscemmand by the master, the MAC shall
— inform the IR-ME aboutloss of communication,
— delete the association with the slave, and

— delete afll pending frames.

10.2.18.4.2 On receipt of this command hy the slave the MAC shall

— inform the IR-ME about loss of communication,
— delete the TempID, and

— delete all pending frames.

10.2.18.4.3 The slave may enter a new registration process at this master offered by the MAC
command MC-REN only after a waiting time of Tprgg.

10.2.18.4.4 The slave shall immediately enter a new registration process at this master offered by the
MAC command MC-RRQ.
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10.2.19Suspend all (MC-SUA)
10.2.19.1 Function

10.2.19.1.1  This command orders all registered slaves in the communication zone of the master to
suspend communications in their private windows and the related time-outs during this frame.

It shall be used in the MnW only.
If used, it shall occur before the MC-FOT or MC-FOTU is sent.

10.2}19.1.2  In the event that a following MC-FOT, MC-FOTU, or MC-FOTS command again allocates a
PrW ffor this TemplID, this MC-FOT, MC-FOTU, or MC-FOTS command overrides the suspend‘cqmmand.

NOTH This command is used to keep all slaves “alive” although not being addressed”in the cfirrent frame.
The rfow unused “airtime” of the current frame can now be used for example for a broadcast window or by “non-
CALM” masters, assumed they are synchronised appropriately with the “CALM master”. See Annex|E.

10.2{19.2 Semantics of the service primitive

MC-SUA {}

10.2}19.3 When generated

This| command is generated by the MAC IR-ME itself depending on the priority [of pending
trangmission requests.

10.2{19.4 Effect on receipt

10.2{19.4.1 On receipt of this command; the MAC shall suspend any communications in private
windows in the current frame and shall suspend related timer time-out in the current frame

10.2]19.4.2  Inthe eventthatafollowing MC-FOT, MC-FOTU, or MC-FOTS command again allgcates a slave
a TemplID this MC-FOT, MC-FOTU, or MC-FOTS command, respectively, overrides the suspend cdqmmand.

10.2{20Suspend slave (MC-SUS)
10.2{20.1 Furiction

10.2}20.1.1 -8 _This command orders a specific slave in the communication zone of the master to
suspend its’communication in the private window related to the concerned TempID and related time-
outs |during this frame.

It shall be used in the MnW and PrW only.
If used in an MnW, it shall occur before the MC-FOT or MC-FOTU command is sent.

10.2.20.1.2  In the event that a following MC-FOT, MC-FOTU, or MC-FOTS command again allocates a
PrW for this TemplID, this MC-FOT, MC-FOTU, or MC-FOTS command overrides the suspend command.

NOTE This command is issued by the master to a newly registering slave in case in the current frame a

window cannot be allocated instantly but complete frame reorganization is necessary. However, the slave is
indicated that his registration attempt was successful.
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10.2.20.2 Semantics of the service primitive

MC-SUS {TempID}

Attribute Description

TemplID 2 byte TemplD identifies the slave to be suspended
10.2.20.3 When generated

This command is issued by the master to a newly registering slave in the event that in the current

frame, a win

Al canno.

10.2.20.4

10.2.20.4.1

suspen

suspend

10.2.20.4.2
a TemplID, th|

10.2.21Freq

10.2.21.1

This comm4d
time” is allo

10.2.21.2
MC-FAT { }

10.2.21.3

In the event
after the W-

10.2.21.4

Slaves inten

Effect on receipt

On receipt of this command, the MAC shall
| any communications in private windows in the current frame, and

| related timer time-out in the current frame.

In the event that a following MC-FOT, MC-FOTU, or MC-FOTS.command again allocates a

is MC-FOT, MC-FOTU, or MC-FOTS command, respectively, oyerrides the suspend command.

e air time (MC-FAT)

Function

nd is used by the master to indicate the start of the free air time in the event that “fre
rated before the start of the next framé.

Semantics of the service primitive

When generated

that free air time shall be allocated, this command shall be sent after the last window
Sync indicating the end of the last window).

Effect on receipt

ding to become a sub-master use the free air time to set up a frame, etc.

slave
i

e air

(e.g.

10.2.22Free air time (MC-FAT)

10.2.22.1

Function

This command is used by the master to indicate the start of the free air time in the event that “free air
time” is allocated before the start of the next frame.

10.2.22.2
MC-FAT {}

40

Semantics of the service primitive
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10.2.22.3 When generated

In the event that free air time shall be allocated, this command shall be sent after the last window (e.g.

after

the W-Sync indicating the end of the last window).

10.2.22.4 Effect on receipt

Slaves intending to become a sub-master use the free air time to set up a frame, etc.

10.2.23Spare window (MC-SPW)

10.2
This
The

10.2
MC-§

10.2
In th
indig

10.2

10.2
This
The

10.2
MC-Y

231 Function
command is used by the master to indicate the start of a spare window.

rommand shall be used in a spare window only.

23.2 Semantics of the service primitive

PW {}

23.3 When generated

e event that a spare window shall be allocated, thistsecommand shall be sent after
ating of the spare window.

24Wakeup (MC-WU)

241 Function
command is used by the master to.ifidicate the start of a wakeup window

rommand shall be used in a waketp window only.

24.2 Semantics of the service primitive

VU {identifier}

the W-Sync

Attr

bute Description

ident

ifier One byte identifier

10.2

24.3 When generated

[tis 4

renerated on request (or setup) by the IR-ME

10.2.24.4 Effect on receipt

The command informs devices within the communication zone of the starting wakeup window.
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10.3 MAC commands related to flow control

10.3.1 Busy (MC-BSY)

10.3.1.1 Function

This command indicates to the communication partner that he is busy and not able to communicate
within the current window.

The command shall be used in a private window only.

10.3.1.2 Se
MC-BSY {}

mantics of the service primitive

10.3.1.3 When generated

The MAC semds this command in case no communication resource is available at(this point of time.

10.3.1.4 Effect on receipt

The receiviy
window. Th

b communication is not falling into the timeout conditien:

10.3.2 Command not supported (MC-CNS)

10.3.2.1 Fy
This comm4
This comm4

The comma

10.3.2.2 Se
MC-CNS {CN,

nction

nd implies the transfer of a token.

nd shall be used in a private window only.

mantics of the service/,primitive

%

nd indicates that a command previously received in a Pri¥ is not supported.

1g MAC interrupts the communication to the communication partner until the next priivate

Attribute

Description

CNS

Onebyte code of the command which is not supported

10.3.2.3 When generated

At the earlie

stypossible point in time after receipt of the unsupported command

10.3.2.4 Effect on receipt

The IR-ME is informed that the peer entity does not support the command indicated.

42
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10.3.3 Token (MC-TKN)
10.3.3.1 Function

10.3.3.1.1 With this command, the sending device hands over the token to his communication partner
in the event that there is nothing to be sent. The token indicates the right to transmit.

The command shall be used in a private window only.

10.3.3.1.2 An answer is expected within TTR. In the event of a time-out, the token falls back.

10.3}3.2 Semantics of the service primitive

MC-TKN {}

10.3{3.3 When generated

The MAC sends this command in case no data or commands are to be transmitted at this pdint in time.

10.3{3.4 Effect on receipt

The receiving MAC changes the device state from the receive ‘state to the transmit statq in order to
contjnue communications.

10.3{3.4.1 In the event that the receiving MAC has data-pending to be sent, the MAC sends this data.
10.3{3.4.2 In the event that the receiving MAC has’nothing to send, the MAC replies with MCITKN.
10.3}4 Block start (MC-BLS)

10.3}4.1 Function

With| this command, the sendingWAC indicates the start of transmission of a data block for CALM-fast
applications.

MC-HLS shall be used in@ll'windows except in a wake-up window or a spare window.

10.3}4.2 Semantics/of the service primitive

MC-BLS {block_number}

Attribute Description

block_number Qne byvte number of block

10.3.4.3 When generated

This command is sent by the MAC at the start of a data block for CALM-fast applications to be transmitted.

10.3.4.4 Effect on receipt
Open a new receive buffer for CALM-fast applications.

NOTE The first packet in a block always has packet number 00H.
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10.3.5 Control channel block start (MC-CCBS)

10.3.5.1 Function

With this command, the sending MAC indicates the start of transmission of a control data block. This is
equivalent to using the CALM control channel.

MC-CCBS may be used in all windows except in a wake-up window or a spare window.

10.3.5.2 Semantics of the service primitive

MC-CCBS {block_number}

Attribute Description

U

Block_numbegr One byte number of the block

10.3.5.3 When generated

This command is sent by the MAC at the start of a data block in the control channel.

10.3.5.4 Effect on receipt
Open a new [receive buffer for the CALM control channel.

NOTE The first packet in a block always has packet number 00H;
10.3.6 IEEE frame block start (MC-FBS)

10.3.6.1 Fynction

With this command, the sending MAC indicates.the start of transmission of a data block in the IEEKE 802
compliant mode.

The command shall be used in a privatéwindow only.

10.3.6.2 Semantics of the service primitive

MC-FBS {blork_number}

Attribute Description

Block_numbgr One byte number of the block

10.3.6.3 W|hen generated

This command is generated by the MAC in case an [EEE IPv6 frame has to be transmitted.

10.3.6.4 Effect on receipt
Open a new receive buffer for IEEE 802 compliant mode.

NOTE The first packet in a block always has packet number 00H.
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10.3.7 Start of MAC control block (MC-SM()

10.3.7.1 Function

With this command, the sending MAC indicates the start of transmission of a command block to be
forwarded to the IR-ME of the receiving CALM device.

The command shall be used in a private window only.

10.3.7.2 Semantics of the service primitive

MC-SMC {block_number}

Attrjbute Description

Block_number One byte number of the block

10.3{7.3 When generated

This|command is generated by the MAC on request of the IR-ME in“the event that a mgnufacturer-
depejndent service application wants to “tunnel” information into theyreceiving MAC.

10.3}7.4 Effect on receipt
Open a new receive buffer for MAC control block.

NOTH The first packet in a block always has packet number 00H.
10.3|8 Packet start (MC-PAS)

10.3}8.1 Function
With| this command, the sending MAC.indicates the start of a data packet.
This|data packet is the continuation of a transmission which did not completely fit in the preyious packet.

MC-HAS shall be used in alLwindows except in a wake-up window or a spare window.

10.3{8.2 Semantics©fthe service primitive

MC-HAS {block_ntimber, packet_number}

Attribute Description
block_ntdmber Number of block to which the packet belongs
pack t-Aumber Number of actual pnr‘](nf

10.3.8.3 When generated

This command is sent by the MAC at the start of a data packet to be transmitted.

10.3.8.4 Effect on receipt

Add received data to the corresponding receive buffer.
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10.3.9 Block start CRC16 (MC-BLS16)

10.3.9.1 Function

With this command, the sending MAC indicates the start of transmission of a data block encoded with
CRC.

MC-BLS16 shall be used in all windows except in a wake-up window and a spare window.

10.3.9.2 Semantics of the service primitive

MC-BLS16 {hlock_number, CRC}

Attribute Description
block_number One byte number of block
CRC CRC16 check sum according to CRC-CCITT (CRC-16)

10.3.9.3 When generated

This command is sent by the MAC at the start of a CRC encoded data block fer CALM-fast applicatigns.

10.3.9.4 Effect on receipt
— Open a new receive buffer for CALM-fast applications.
— Start CRC decoding.

NOTE The first packet in a block always has packet numbyer 00H.
10.3.10Packet start CRC16 (MC-PAS16)

10.3.10.1 Function
With this command, the sending MACindicates the start of a CRC encoded data packet.

This data packet is the continuation of a transmission which could not completely fit in the preyious
packet.

MC-PAS 16 ghall be used infall'windows except in a wake-up window or a spare window.

10.3.10.2 Semantics of the service primitive

MC-PAE {block_number, packet_number, CRC}

Attribute Description

block_number Number of block to which the packet belongs
packet_number Number of actual packet

CRC CRC16 check sum according to CRC-CCITT (CRC-16)

10.3.10.3 When generated

This command is sent by the MAC at the start of a CRC encoded data packet to be transmitted.

10.3.10.4 Effect on receipt

Start CRC decoding for current packet.
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10.3.11Packet end (MC-PAE)

10.3.11.1 Function

With this command, the sending device indicates that a packet of data has been transmitted. Exceptin a
BcW or an McW, the transmit token is given to the receiving device.

The command implies that at least a further packet will follow.

MC-PAE shall be used in all windows except in a wake-up window or a spare window.

10.3[{11.2 Semantics of the service primitive

MC-RAE { }

10.3|11.3 When generated

Thiscommand is sent by the MAC of the sending device at the end of a transmitted data pacKet if another
packpt of the same block is pending.

10.3{11.4 Effect on receipt

Accofding to the communication profile used, the receiving MACperforms error correction|.

10.3{11.4.1 In the event of no or correctable errors, the’MAC replies with MC-TAck or MC-TAck& and
adds|the received data to the corresponding receive buffer.

10.3{11.4.2 In the event of non-correctable exfors, the MAC replies with MC-TNAck or MC{TNAck& and
discqrds the packet.

10.3{12Block end (MC-BLE)

10.3|12.1 Function

With[this command, the sending device indicates that a packet of data has been transmitted gnd indicates
the eind of the block. Exceptin a BcW or an McW, the transmit token is given to the receiving flevice.

MC-BLE may be used dhyall windows except in a wake-up window.

10.3}12.2 Semantics of the service primitive

MC-BLE {block_number}

Attribute Description

block_number Number of block of which the last packet was sent to at least once

10.3.12.3 When generated

This command is sent by the MAC of the sending device at the end of a transmitted information block.

10.3.12.4 Effect on receipt

According to the communication profile used, the receiving MAC performs error correction.

10.3.12.4.1 In the event of no or correctable errors, the MAC replies with MC-TAck or MC-TAck& and
adds the received data to the corresponding receive buffer.
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10.3.12.4.2  In the event of non-correctable errors, the MAC replies with MC-TNAck or MC-TNAck& and
discards the packet.

10.3.12.4.3 In the event of error free reception of the packet, the completeness of the block is
checked. If the block is complete, it is forwarded to the IR-CAL and successful reception of the block
is acknowledged to the peer station with the MAC command MC-BAck. If packets are missing, then re-
transmission of these packets is requested with the MAC command MC-RTQ.

10.3.13 Transmission acknowledged (MC-TAck)

10.3.13.1 Function
With this command, the MAC confirms the error-free receipt of a data packet.
The command shall be used in a private window only.

The commuhication token is given back.

10.3.13.2 Semantics of the service primitive

MC-Tack { }

10.3.13.3 When generated

In the eventlof a transmission received with no or corrected erxrors.

10.3.13.4 Effect on receipt
The last trapsmitted packet will be erased from the buffer.

The commuhication token is recognized.
10.3.14Transmission acknowledged and (MC-TAck&)

10.3.14.1 Function

With this command, the MAC confirms the error-free receipt of a packet.
The commuhication tokendsynot given back.

Additional information\shall follow this command.

The command shallkbe used in a private window only.

10.3.14.2 Semantics of the service primifivp

MC-TAck& { }

10.3.14.3 When generated

In the event of a transmission received with no or corrected errors and information pending for
transmission.

10.3.14.4 Effect on receipt
The last transmitted packet will be erased from the buffer.

The receiving unit waits for the MAC command following the MC-TAcké.
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10.3.15Transmission NOT acknowledged (MC-TNAck)

10.3.15.1 Function

With

this command, the MAC confirms the erroneous receipt of a data packet.

The communication token is given back.

The command shall be used in a private window only.

10.3.15.2 Semantics of the service primitive

MC-T]

10.3

In th

10.3
The 1

10.3

10.3
With
The
Addi
The

10.3

MC-T]

10.3

In tH
trans

10.3

INAck { }

15.3 When generated

b event of a transmission received with uncorrectable errors.

15.4 Effect on receipt

eceiving device re-transmits the last packet.
16 Transmission NOT acknowledged and (MC-TNAck&)

16.1 Function

this command, the MAC confirms the erroneous receipt of a data packet.
fommunication token is not given back.

fional information shall follow this comtmand.

fommand shall be used in a private'window only.

16.2 Semantics of the service primitive

INACk& { }

16.3 Whern-generated

e event of_a transmission received with uncorrectable errors and information
missiong

164 Effect on receipt

pending for

The receiving unit waits for the MAC command following the MC-TNAcké&.

The receiving device retransmits the last packet at the earliest possible point of time.

10.3.17Retransmission request (MC-RTQ)

10.3.17.1 Function

If a non-correctable transmission error is detected by the MAC, this command requests the
retransmission of the packet.

The command shall be used in a private window only.
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Semantics of the service primitive

MC-RTQ {block_number, packet_number}

Attribute

Description

block_number

One byte number of block which contains the corrupted/missing packet

packet_number

One byte number of the corrupted/missing packet

10.3.17.3

When generated

This commd
not complet

10.3.17.4

The receiviy
10.3.18Blo

10.3.18.1
This comm4

The comma

10.3.18.2
MC-BAck {bl

nd 1s generated by the MAC 1T a non-correctable transmission error is detected or a plq
e at time of successful reception of the last packet of this block.

Effect on receipt

g MAC repeats the requested packet.
'k acknowledge (MC-BAck)

Function
nd acknowledges the successful, error-free reception of @ complete block.

nd shall be used in a private window only.

Semantics of the service primitive

bck number}

ckis

Attribute

Description

Block numbd

One byte number of block which is to be acknowledged

10.3.18.3

Generated b

10.3.18.4
Erase tif

Release

When generated

y the MAC after successful re-assembly of the received block.

Effect on receipt
ansmit bloek'buffer.

block number.

10.4 MAC

rommands related to the registration process

10.4.1 Reg

istration enable (MC-REN)

10.4.1.1 Function

This command indicates the start of a registration phase which enables all devices as selected by the

attribute to

participate.

It shall be used in the MnW only.
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EN {selector}
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Attri

bute Description

Selec

tor One byte:
Selector bit = 0: Registration of the related group is disabled

Selector bit = 1: Registration of the related group is enabled

10.4

Geng
regis

10.4
Devi

10.4

10.4

This
attri

It sh{

Tabln 18 MC-REN aroup selegtgl:

Selector Related group
Bit Nr.

0 (LSB) Group 0: Safety services (highest priority)

Group 1: Governmental services

Group 2: Standard CALM-fast applications

1

2

3 Group 3: Standard Internet services
4 Group 4: thd
5

6

7

Group 5: tbd
Group 6: thd
(MSB) Group 7: tbd (lowest priority)

1.3 When generated

rated by the MAC of the master in order teiallow only devices of the indicated groups
tration process.

1.4 Effect on receipt

Ces belonging to at least one.of.the enabled groups to enter the registration process.
2 Registration request(MC-RRQ)

2.1 Function

command indicates the start of a registration phase which forces all devices as seld
bute to participate.

111 be'Ursed in the MnW only.

to enter the

ected by the

10.4.2°2—Semantics of the service primitive

MC-RRQ {Selector}
Attribute Description
Selector One byte:

Selector bit = 0: Registration of the related group is disabled
Selector bit = 1: Registration of the related group is enforced

See also Table 18
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10.4.2.3 When generated

Generated by the MAC of the master in order to force devices of the indicated groups to enter the

registration process.

10.4.2.4 Effect on receipt

Devices belonging to at least one of the indicated groups are forced to enter the registration process.

10.4.3 Identifier request (MC-IDQ)

10.4.3.1 Fuynction
With this command, the slave proposes to the master a TemplD.

The command shall be used in MnW only.

10.4.3.2 Semantics of the service primitive

MC-1DQ {TemplID}
Attribute Description
TemplID The TempID proposed by the slave

10.4.3.3 When generated

This command is generated by the MAC of the slave.
10.4.3.4 Effect onreceipt

10.4.3.4.1 In the event that the proposed TemplID is not yet used by one of the slaves in the ma
communication zone, the master confirms to the slave that the proposed TemplID can be used.

10.4.3.4.2 In the event that the proposed TemplID is yet used by one of the slaves in the ma
communicafion zone, the master gives no reply at all.

10.4.3.4.3 In the event that the proposed TemplID is disturbed or faulty, the master gives no reply at

10.4.4 ldentifier response (MC-IDP)

10.4.4.1 Function

bter’s

bter’s

all.

With this comthandthemasterconfirmsto-theslave-thatthe propesedFemptbcanbeused:
The command shall only be used in MnW.

10.4.4.2 Semantics of the service primitive

MC-IDP {TempID}

Attribute Description

TemplID The TempID proposed by the slave
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10.4.4.3 When generated

In the event that the proposed TemplID is not yet used in the communication zone of the master, this
command is sent as confirmation that the use of the proposed TemplD is granted.

10.4.4.4 Effect on receipt

10.4.4.4.1 In the event that the MAC recognizes the TemplID proposed by him, he reconfirms with the
command registration confirmation and the IR-ME is informed about establishment of a new association
with a master.

10.4{4.4.2 In the event that TemplD is not recognized as the one proposed, the slave enters the
registration process again.

10.4{5 Registration confirmation (MC-REC)

10.4(5.1 Function

The fommand registration confirmation is sent by the MAC of the $lave if the master sernds back the
proppsed TemplID of the slave.

The ¢ommand shall be used in an MnW only.

10.4{5.2 Semantics of the service primitive

MC-REC{}

10.4{5.3 When generated

Thisicommand is generated by the MAC ofithe slave after receiving its proposed TempID from the master.

10.4{5.4 Effect on receipt
The proposed TemplD of the slavge'is validated.

The IR-ME is informed about-establishment of a new association with a master.
10.5 MAC commands related to the PHY layer parameters
10.5|1 Profilescrequest (MC-PRQ)

10.5{1.1¢ Function

This command requests the receiving device to submit the code of all communication profiles the
device is able to handle.

The command shall be used in a private window only.

10.5.1.2 Semantics of the service primitive

MC-PRQ {}

10.5.1.3 When generated

This command is generated by the MAC on request of the IR-ME.
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10.5.1.4 Effect on receipt

The receiving MAC forwards the request to the IR-ME.

10.5.2 Profiles response (MC-PRP)

10.5.2.1 Function

This command replies to the command MC-PRQ with a table containing all the designators of the
communication profiles the responding device is able to use.

The command shall be used in a private window only.

10.5.2.2 Semantics of the service primitive

MC-PRP {prdfile indicator}

Attribute

Description

Profile indicator

Two bytes. Meaning of bits as defined in Table 19

Table 19 — Profile indicators

Bit Position Profile profile selector
0 (LSB) Profile 0 0
1 Profile 1 1
2 Profile 2 2
3 Profile 3 3
4 Profile 4 4
5 Profile 5 5
6 Profile 6 6
7 Profile Z(reserved for future use) 7
8 Profile 8 (reserved for future use) 8
9 Profile 9 (reserved for future use) 9
10 Profile 10 (reserved for future use) 10
11 Profile 11 (reserved for future use) 11
12 Profile 12 (reserved for future use) 12
13 Profile 13 (reserved for future use) 13
14 Profile 14 (reserved for future use) 14
+5-(MSB3 Extenstorrindicatot Notapplieable

If a bit position is set to “1”, the related profile is indicated.

If the MSB (i.e. the extension indicator) is set to “1”, further profiles exist. This functionality is reserved.

10.5.2.3 When generated

This command is generated by the MAC on request of the IR-ME as response to an MC-PRQ.

10.5.2.4 Effect on receipt

The receiving MAC forwards the profile designators to the IR-ME.
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3 Request new profile (MC-RNP)

3.1 Function

With this command, a slave requests the master to assign a new communications profile to the
private window.

The command shall be used in a private window only.

10.5.3.2 Semantics of the service primitive

MC-K

NP {profile_selector}

Attr

bute Description

profij

le selector One byte indicating the requested profile (see Table 19)

10.5
This

10.5

10.5

10.5
until

10.5
outsil

10.5
requ

10.5

— ]

q

— 1

1

jttribute in order-to continue with the current profile, if the requested new profile inj
dlata rate thaf’the actual one, or

3.3 When generated

command is generated by the MAC on request of the IR-ME, when ‘a_ ehange of profile is
3.4 Effect on receipt
3.4.1 The receiving MAC forwards the request to the /R-ME.

3.4.2 The receiving device suspends all “non-egmmand” communications in the priy
a new communications profile is set.

3.4.3 The IR-ME decides on acceptance©r non-acceptance of this request. The underly|
de the scope of this International Standard.

3.4.4 In the event of acceptance; the IR-ME shall request the MAC to transmit MC-S
ested profile designator as attribute.

3.4.5 In the event of non“acceptance of any of the requested profiles, the IR-ME shall

equest the MAC-to-transmit MC-SPR with the profile selector of the currently use

equest the’ MAC to transmit MC-SPR with the profile selector of the default profile in ord
equestor to the default profile.

necessary.

ate window

ng rules are

PR with the

d profile as
plies higher

ler to set the

10.5

C-SPR)

o oty

10.5.4.1 Function

With this command, the master sets the appropriate profile to communicate with the slave in its private
window (Priv).

The command shall be used in a private window only.
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10.5.4.2 Semantics of the service primitive

MC-SPR {profile_selector}

Attribute

Description

profile selector

One byte indicating the requested profile (see Table 19)

10.5.4.3 W

hen generated

This command is generated by the MAC of the master on request of the IR-ME.

10.5.4.4 Eljfect on receipt

The receivir
for this priv

The slave gd
The MC-SPR

10.5.5 Set

10.5.5.1 Fuy

This comms4g

10.5.5.2 Se
MC-SPC {}

g MAC forwards the request to the IR-ME in order to adjust the own communicatiens pi
ate window.

ts the token.

shall be confirmed with MC-SPC.
profile confirmation (MC-SPC)

nction

nd confirms the successful activation of the profile-as'indicated with the command M(]

mantics

10.5.5.3 When generated

This comm4

nd is generated by the MAC after successful activation of the profile.

10.5.5.4 Effect on Receipt

The new prq
The master

The IR-ME if

10.5.6 Set

file becomes validt¢
pets the token

informed about the new communication profile.

multicast profile (MC-SMP)

rofile

-SPR.

10.5.6.1 Function

This command sets the communications profile which is to be used in the current multicast window.

The command shall be used in a multicast window only.

10.5.6.2 Semantics

MC-SMP {profile_selector}

Attribute

Description

profile selector

One byte indicating the requested profile (see Table 19)
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10.5.6.3 When generated

This command is generated by the MAC at the beginning of each multicast window.

10.5.6.4 Effect on Receipt

The new profile becomes valid.
10.6 MAC commands related to test and services

10 6 1 _Dinng (M DIANOY
. T g (1MIC T 1Iivay

10.6{1.1 Function

This| command is used to request derive the field strength of the received signal of the
communication partner.

10.6{1.2 Semantics of the service primitive

MC-BING {}

10.6}1.3 When generated

Thiscommand is generated by the MAC to enable field stféngth measurement.

10.6{1.4 Effect on receipt

In the event of reception MC_PING, the MAC responds immediately with the command MC-PONG.
10.6{2 Pong (MC-PONG)

10.6/2.1 Function

This| command is used to(smpport the measurement of the receiver field strerlgth of the
cominunication partner.

This|command shall be usSed in the Pri¥ only.

10.6{2.2 Semandics of the service primitive

MC-HONG {}

10.6{2:3 “When generated

This command is generated by the MAC immediately after the reception of MC-PING.

10.6.2.4 Effect on receipt
In the event of reception, an RSSI measurement is triggered by the receiving MAC.

NOTE RSSI means received signal strength indication.

10.6.3 Status requestl (MC-SRQ1)

10.6.3.1 Function

This command requests the transmission quality parameters of the communication partner.
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The command shall be used in a private window only.

10.6.3.2 Semantics of the service primitive

MC-SRQ1 {transmission_quality_parameters_indicator}

Attribute Description
transmission_quality_parameters_ One byte indicating the requested parameters (see Table 20)
indicator
I'able 24U — 1ransmission quality parameters

Bit Positigdn Status parameter Description
0 (LSB) Bit_counter Total number of received information bits
1 Bit_uncorrected Number of uncorrected information bits
2 Bit_corrected Number of corrected information bits
3 Packet counter Total number of received informationypackets
4 Packet retransmission Number of received re-transmitted information packets
5 Block counter Total number of received infofmation blocks
6 Block retransmission Number of received re-tfansmitted information blocks
7 reserved for future use

If a bit-positjion is set to “1”, the related status

10.6.3.3 When generated

information istequested.

This commagnd is generated by the MAC on request‘ofthe IR-ME.

10.6.3.4 Effect on receipt

10.6.3.4.1 In the event of reception with none or correctable errors, the receiving MAC responds

MC-TAck and forwards the request t¢ the IR-ME.

10.6.3.4.2 In the event of recepfion with uncorrectable errors, the receiving MAC responds with MC-T!

10.6.4 Staflus request2{MC-SRQ2)

10.6.4.1 Function

This commanidrequests the radiation parame

ters from the communication partner.

with

VAck.

The command shall be used in a private window only.

10.6.4.2 Semantics of the service primitive

MC-SRQ2 {field_parameters_indicator}

Attribute Description

Table 21)

field_parameters_indicator One byte with all bits indicating the requested parameters set to one (see
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Table 21 — Field parameters

Bit Position Status parameter Description
0 (LSB) Receiver class Sensitivity class of receiver
1 Transmitter class Power class of the transmitter
2 Field strength Measured field strength at receiver input
3 Solar radiation Measured solar brightness at receiver input
4 reserved for future use
5 reserved for future use
6 reserved for future use
7 reserved for future use

If a biit-position is set to “1”, the related status information is requested.

10.6}4.3 When generated

This|command is generated by the MAC on request of the IR-ME.

10.6}4.4 Effect on receipt

10.6}4.4.1 In the event of reception with none or correctable errors, the receiving MAC re
MC-TAck and forwards the request to the IR-ME.

10.6{4.4.2 In the event of reception with uncorrectable errors, the receiving MAC responds wif

10.6{5 Status request3 (MC-SRQ3)

10.6{5.1 Function

This|command requests the envirgnmental parameters from the communication partner.

The ¢ommand shall be used inaprivate window only.

10.6{5.2 Semantics ofthe service primitive

MC-SRQ3 {environniental_parameters_indicator}

sponds with

h MC-TNAck.

Attrijbute Description

envifonmental_parameters_indicator |One byte with all bits indicating the requested parameter

(see Table 23)

5 set to one

Table 22 — Environmental parameters

Bit Position Status parameter Description

0 (LSB) Temperature Ambient temperature

Voltage Battery voltage

Battery charge remaining battery charge

reserved for future use

reserved for future use

reserved for future use

N |UT [ W N

reserved for future use

© ISO 2015 - All rights reserved

59


https://standardsiso.com/api/?name=3981ac39c702ce5798bccd3beb8a4472

ISO 21214:2015(E)

Table 22 (continued)

Bit Position

Status parameter

Description

7

reserved for future use

If a bit position is set to “1”, the related status information is requested.

10.6.5.3 When generated

This command is generated by the MAC on request of the IR-ME.

10.6.5.4 Effecton receipt

10.6.5.4.1 In the event of reception with none or correctable errors, the receiving MAC responds|with

MC-TAck and

forwards the request to the IR-ME.

10.6.5.4.2 In the event of reception with uncorrectable errors, the receiving MAC resporids with MC-TNAck.

10.6.6 Stafus request4 (MC-SRQ4)

10.6.6.1 Fy

nction

This commajnd requests the manufacturer and certification parameters from the communication partner.

The comma

10.6.6.2 Se
MC-SRQ4 {m

nd shall be used in a private window only.

mantics of the service primitive

anufacturer_and_certification_parameteks,_indicator}

Attribute

Description

manufacturg

r_and_certifica-

tion_paramefters_indicator

Table 23)

One byte with all bits indicating the requested parameters set to one (see

Table 23 -~Manufacturer and certification parameters

If a bit position is set to “1”, the related status information is requested.

Bit Position Status parameter

0(LSB) Manufacturer ID

1 Serial number

2 Certification 1

3 Certification 2

% Certificatiom3

5 Certification 4

6 reserved for future use

7 reserved for future use

10.6.6.3 When generated

This command is generated by the MAC on request of the IR-ME.
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10.6.6.4 Effect on receipt

10.6.6.4.1 In the event of reception with none or correctable errors, the receiving MAC responds with
MC-TAck and forwards the request to the IR-ME.

10.6.6.4.2 In the event of reception with uncorrectable errors, the receiving MAC responds with MC-TNAck.
10.6.7 Status responsel (MC-SR1)

10.6.7.1 Function

Thisicommand responds the requested transmission quality parameters to the communication partner.

The ¢ommand shall be used in a private window only.

10.6{7.2 Semantics of the service primitive

MC-SR1 {transmission_quality_parameters_indicator}

Attribute Description

trangmission_quality_ |One byte indicating the available parametets)(see Table 24)
parameters_indicator

The command shall be immediately followed by a table ‘containing the requested status jnformation.
The gtatus information is transmitted starting with theleast significant entry.

Table 24 — Transmission quality parameters report

Parameter Description Format
Parameterl |Bit_counter 4 Byte Counter, LSB first
Parameter2 |Bit_uncorrected 4 Byte Counter, LSB first
Parameter3 |Bit_corrected 4 Byte Counter, LSB first
Parameter4 |Packet counter 4 Byte Counter, LSB first
Parameter5 (|Packet retransmission 4 Byte Counter, LSB first
Parameterée~’|Block counter 4 Byte Counter, LSB first
Paramieter?7 |[Block retransmission 4 Byte Counter, LSB first
Paraimeter8 |reserved for future use 4 Bytes

The fable is sent using the negotiated communications profile of the private window. The table is neither
lead hor‘trailed by any block or packet command.

10.6.7.3 When generated

This command is sent by the MAC on request of the IR-ME.
10.6.7.4 Effect on receipt

10.6.7.4.1 In the event of reception with none or correctable errors, the receiving MAC responds with
MC-TAck and forwards the table to the IR-ME.

10.6.7.4.2 In the event of reception with uncorrectable errors, the receiving MAC responds with MC-TNAck.
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10.6.8 Status response2 (MC-SR2)

10.6.8.1 Function
This command responds the requested radiation parameters to the communication partner.

The command shall be used in a private window only.

10.6.8.2 Semantics of the service primitive

MC-SR2 {radiation_parameters_indicator}

Attribute Description

radiation_parameters_indicator |One byte indicating the available parameter (see Table 25)

The commahpd shall be immediately followed by a table containing the requested status information.
The status information is transmitted starting with the least significant entry.

Table 25 — Radiation parameters report

Parameter Description Format
Parameterl |receiver class one byte
Parameter2 |transmitter class onebyte
Parameter3 |field strength two bytes
Parameter4 |solar radiation two bytes
Parameter5 |reserved for future use two bytes
Parameter6 |reserved for future use two bytes
Parameter7 |reserved for future use two bytes
Parameter8 |reserved for futupe use two bytes

The table is pent using the negotiated comimunications profile of the private window. The table is negither
lead nor trajled by any block or packef command.

10.6.8.3 When generated

This commagnd is sent by the MAC on request of the IR-ME.

10.6.8.4 Effect on receipt

10.6.8.4.1 In the'‘event of reception with none or correctable errors, the receiving MAC responds|with
MC-TAck and fepwards the table to the IR-ME.

10.6.8.4.2 In the event of reception with uncorrectable errors, the receiving MAC responds with MC-TNAck.
10.6.9 Status response3 (MC-SR3)

10.6.9.1 Function
This command responds the requested environmental parameters to the communication partner.

The command shall be used in a private window only.
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10.6.9.2 Semantics of the service primitive

MC-SR3 {environmental_parameters_indicator}

Attribute Description
environmental_parameters_ One byte indicating the available parameters (see Table 26)
indicator

The command shall be immediately followed by a table containing the requested status information.
The status information is transmitted starting with the least significant entry.

Table 26 — Environmental parameters report

Parameter Description Format
Parameterl Temperature one byte
Parameter2 Voltage one byte
Parameter3 Battery charge one byte
Parameter4 reserved for future use orie byte
Parameter5 reserved for future use two bytes
Parameter6 reserved for future use two bytes
Parameter?7 reserved for future use two bytes
Parameter8 reserved for future use two bytes

The fable is sent using the negotiated communications-profile of the private window. The talle is neither
lead hor trailed by any block or packet command,

10.6}9.3 When generated

This|command is sent by the MAC on request of the IR-ME.
10.6{9.4 Effect on receipt

10.6{9.4.1 In the event of-reeeption with none or correctable errors, the receiving MAC regponds with
MC-TAck and forwards the'table to the IR-ME.

10.6{9.4.2 In the event of reception with uncorrectable errors, the receiving MAC responds with MC-TNAck.
10.6}10Status response4 (MC-SR4)

10.6{10.1 Function

This command responds the requested manufacturer and certification parameters to the
communication partner.

The command shall be used in a private window only.

10.6.10.2 Semantics of the service primitive

MC-SR4 {manufacturer_and_certification_parameters_indicator}

Attribute Description

manufacturer_and_certifica- One byte indicating the available parameters (see Table 27)
tion_parameters_indicator
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The command shall be immediately followed by a table containing the requested status information.
The status information is transmitted starting with the least significant entry.

The table is
lead nor tra

10.6.10.3

This comm4
10.6.10.4

10.6.10.4.1
with MC-TAq

10.6.10.4.2
TNAck.

10.6.11Ech

10.6.11.1

This commd
predefined (
distance bef

MC-EA shall

Table 27 — Manufacturer and certification parameters report

Parameter Description Format
Parameterl Manufacturer ID 4 bytes, LSB first
Parameter2 Serial number 4 bytes, LSB first
Parameter3 Certificationl 4 bytes, LSB first
Parameterd Certification? HyptesH5B-Hest
Parameter5 Certification3 4 bytes, LSB first
Parameter6 Certification4 4 bytes, LSB first
Parameter7 Reserved for future use 4 bytes, LSB first
Parameter8 Reserved for future use 4 bytes, LSB first

sent using the negotiated communications profile of the private windew. The table is n¢g
led by any block or packet command.

When generated

nd is sent by the MAC on request of the IR-ME.
Effect on receipt

In the event of reception with none or.¢orrectable errors, the receiving MAC resp
k and forwards the table to the IR-ME.

In the event of reception with un€orrectable errors, the receiving MAC responds with

p alert (MC-EA)

Function

ind requests theMAC of the recipient to prepare for answering the echo request w
lelay time ingOrder to enable the requestor to calculate the signal travelling time respect
ween the twe communication partners considering the delay time.

be followed by no other command than MC-ERQ.

MC-EA is on

ither

onds

) MC-

ith a
ively

yovalid for the current window.

The command shall be used in a private window only.

10.6.11.2
MC-EA{}

10.6.11.3

Semantics of the service primitive

When generated

On request of the service application through the IR-ME.
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10.6.11.4 Effect on receipt

10.6.11.4.1 In the event of reception with none or correctable errors, the receiving MAC prepares for
aresponse to an MC-ERQ with a defined delay time.

10.6.11.4.2 In the event of reception with uncorrectable errors, the receiving MAC responds with MC-
TNAck.

10.6.12Echo request (MC-ERQ)

10.6j12.1 Function

This|command requests the MAC of the recipient to respond after the delay time TgcWith the command
echo|(MC-ECH) in order enable the requestor to calculate the signal travelling time tespectively distance
between the two communication partners.

The ¢ommand shall be used in a private window only.

10.6{12.2 Semantics of the service primitive

MC-BRQ{}

10.6{12.3 When generated
This{command is generated by the MAC on request of the' IR-ME after sending the command MC-EA.
The ¢gommand shall be preceded by the command#¢-EA in the current window.

After sending the command, the sending MAC.shall change to the receive state and wait for|a reply.
10.6{12.4 Effect on receipt

10.6}12.4.1 In the event of reteption with none or correctable errors, the receiving MAC changes
immediately into the “send state” and responses with the command “echo” after the delay Tgp in the
curr¢nt window.

10.6{12.4.2 In theevent of reception with uncorrectable errors, the receiving MAC responds with MC-
TNAGgk.

10.6{13 Echo{(MC-ECH)

10.6]131 Function

This command is sent by the MAC as reply to the command MC-ERQ.

The command shall be used in a private window only.

10.6.13.2 Semantics of the service primitive

MC-ECH {echo_delay_time}

Attribute Description

echo_delay_time Two byte giving the implementation dependent, device internal, delay time (ns) in
between the reception of the first bit of the received command MC-ERQ and the first bit
of the command MC-ECH
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10.6.13.3 When generated
This command is generated by the MAC as reply to MC-ERQ.

Effect on receipt

10.6.13.4.1 In the event of reception with none or correctable errors, the receiving MAC forwards
“echo delay time” to the IR-ME to be considered when calculating the signal travelling time or distance,
respectively.

10.6.13.4.2 _ In the event of reception with uncorrectable errors, the receiving MAC responds with MC-
TNACck.

10.6.14Service table (MC-ST)

10.6.14.1 Function
The command indicates that the table following to the command contains the setvice table ST.

It shall be uged in the MnW and PrW.

10.6.14.2 Semantics of the service primitive

MC-ST {ST length}

Attribute Description

ST_length 3 bytes provide the total number of service

MC-ST is immediately followed by the table containing the service table.

Table 28 — Structure of the service table ST

Length Meaning
3 byte Service 1
3 byte Service 2
3byte Service n

Service is a humber pafttitioned in three parts: category + subcategory + service_number.

Category shpll be a'one byte number.

Subcategory shall be a one byte number.

Service_number shall be a one byte number.

10.6.14.3 When generated

This command is generally generated by the IR-ME in the MnW or on request of a communication
partner in a Pri.

10.6.14.4 Effect on receipt

In the event of reception, the registered slaves are informed about the availability of services provided
by the master.
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10.6.15Service table request (MC-STQ)

10.6.15.1

Function

With this command, a slave requests the master to announce services provided by the master.

10.6.15.2

Semantics of the service primitive

MC-STQ {category, subcategory, service_number}

Attribute Description

category One byte defining the category

subcptegory One byte defining the subcategory

service_number One byte defining the service

NOTHE 1 In case category is 00h, the whole service table is requested (subcategory byte and seijvice_number

byte |s ignored).

NOTE 2

byte |s ignored).

NOTH 3

10.6{15.3

This|command is generated by the MAC on request ofithe /IR-ME.

10.6{15.4

The receiving MAC forwards the request to the IR-ME.

10.6{16Service subscribe (MC-SVS)

10.6{16.1

This|command requests seryvices or service categories of the communication partner.

The ¢ommand shall Bexused in a private window only.

10.6{16.2

MC-Service.Subscribe {SVS_length}

In case subcategory is 00h, the whole services of a categorycare requested (the ser

In case service_number is 00h, the whole services of a subeategory are requested.

When generated

Effect on receipt

Function

Semantics of the service primitive

vice_number

Attrjbute Description
SVS_length 3 bytes provide the number of services/service categories to subscribe
MC-SVS is immediately followed by the list containing the service numbers.

©1S0 2015

Table 29 — Structure of the service table ST

Length Meaning
3 byte Service 1 or service category 1
3 byte Service 2 or service category 2
3 byte service n or service category n
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When generated

This command is generated by the MAC on request of the /IR-ME.

10.6.16.4

10.6.16.4.1

Effect on receipt

In the event of reception with none or correctable errors, the receiving MAC responds
with MC-TAck and forwards the request to the IR-ME.

10.6.16.4.2 In the event of reception with uncorrectable errors, the receiving MAC responds with MC-
TNAck.

10.6.17Seryice (MC-SVC)

10.6.17.1 Function

With this cgmmand, the sending MAC indicates the start of a service requested/by the communicption
partner.

The command shall be used in a private window only.

10.6.17.2 Semantics of the service primitive

MC-SVC {seryice}

Attribute Description

service 3 bytes indicating the service

MC-SVC is ilnmediately followed by the content ofithe service. The content shall be finalized b

command M

If it is not pqg

into packetg.

10.6.17.3

This comm4

10.6.17.4

Open a new

C-BLE.

When generated

nd is sent by the MAC at the start of the service to be transmitted.

Effect onireceipt

receive buffer for the CALM infrared service channel.

NOTE Tllle first packet in a block always has packet number 00H.

ssible to transmit the whole content within the current window, the block shall be di¥

y the

rided

10.6.18Service unsubscribe (MC-SVU)

10.6.18.1

Function

This command terminates a subscribed service.

The command shall be used in a private window only.
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Attribute Description
Service 3 bytes provide the number of services/service categories to subscribe to
10.6.18.3 When generated
This command is generated by the MAC on request of the IR-ME.
10.6{18.4 Effect on receipt
In the event of reception, the receiving MAC terminates the specified service.
10.7 MAC command set overview
Table 30 — List of MAC commands
Conpmand MAC command Mnemonic Length of Used in Initiated
code attribute window by
(bytes) types
Commands related to the frame and window organization
$2h Frame organization table MC-FOT {FOT dength} 2 MnW MAC
EiiSh Frame organization table MCFOTU {EOTFU_length} 2 MnW MAC
update
4h Frame organization MC-FOTS { } none MnW MAC
table-steady
[1h Get submaster area ME-GSA {ownMID, #Slaves, 5 Priw IR-ME
#Timeslots}
8Ch Submaster status MC-SST {#slaves, #Timeslots} 2 Priv IR-ME
$Bh Submaster organizatipn MC-SOT {SOT length} 2 MnW IR-ME
table
| 7h Submaster area.con- MC-SAC{} none Priv IR-ME
firmed
| 8h Submaster area denied MC-SAD{} none Priv IR-ME
43h Broadcast MC-BRC {broadcast_length} 1 MnW MAC
[Oh Re“establish session MC-REST {MID, TempID} 5 Priv IR-ME
)Ch Session re-establishment MC-RESC{} none Priv IR-ME
confirmation
0Dh Session re-establishment MC-RESD {'} none Priv IR-ME
denied
CSh Change master identifier MC-CMI {newMID} 3 MnW IR-ME
06h Kill all MC-KIA {} none MnW IR-ME
86h Kill slave MC-KIS {TempID} 2 MnW IR-ME
01h De-register MC-DREG {} none Priv IR-ME
OFh Suspend all MC-SUA{} none MnW MAC
8Ah Suspend slave MC-SUS {TempID} 2 MnW MAC
05h Free air time MC-FAT { } none MnW IR-ME
15h Spare window MC-SPW { } none SpwW IR-ME
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Table 30 (continued)
Command MAC command Mnemonic Length of Used in Initiated
code attribute window by
(bytes) types
55h Wakeup MC-WU {identifier} 1 wuw IR-ME
Commands related to flow control
00h Busy MC-BSY {} None Prw, McWw, MAC
BcW
44h Command not supported MC-CNS {CNS} 1 Priv MAC
10h Token MC-TKN {} none Priv MAC
42h Block start MC-BLS {block_number} 1 Prw, McW, IR-CAL
BcW, MnW
45h Control channel block MC-CCBS {block_number} 1 Pri~BeW, | IR-CAL
Start McW
46h IEEE-Frame block Start MC-FBS {block_number} 1 PrW, BcW, IR-CAL
McW
4Ch Start of MAC control MC-SMC {block_number} 1 Prw, McW, IR-ME
block BcW, MnW
87h Packet start MC-PAS {block_number, packet_ 2 Prw, McWw, MAC
number} BcW
07h Packet end MC-PAE {} none PrW, McWw, MAC
BcW
41h Block end MC-BLE {block_numbér} 1 Prw, McW, MAC
BcW, MnW
C2h Packet start CRC16 MC-PAE16 {block_number, 4 All MAC
packet_number, CRC}
C3h Block start CRC16 MC-BLE16Yblock_number, CRC} 3 All MAC
11h Transmission acknowl- MC-TAck { } none Priv MAC
edge
12h Transmission acknowl- MC-TAck& { } none pPriv MAC
edge &
13h Transmission not MC-TNAck {} none Priv MAC
acknowledge
14h Transmissiopnet MC-TNAcké& { } none Priv MAC
acknowledge &
89h Retransmission request | MC-RTQ {block_number, packet_ 2 Priv MAC
number}
40h Block acknowledge MC-BAck {block_number} 1 Priv MAC
Commands related to the registration process
47h Registration enable MC-REN {selector} 1 MnW MAC
48h Registration request MC-RRQ {selector} 1 MnW MAC
84h Identifier request MC-IDQ {TempID} 2 MnW MAC
85h Identifier response MC-IDP {TempID} 2 MnW MAC
0Bh Registration confirma- MC-REC{} none MnW MAC
tion
Commands related to the PHY layer parameters
0Ah Profiles request MC-PRQ {} none Priv IR-ME
88h Profiles response MC-PRP {profile_indicator} 2 Priv IR-ME
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Command MAC command Mnemonic Length of Usedin | Initiated
code attribute window by
(bytes) types
49h Request new profile MC-RNP {profile_selector} 1 Priv IR-ME
4Bh Set profile MC-SPR {profile_selector} 1 Priv IR-ME
O0Eh Set profile confirmation MC-SPC{} none Priv IR-ME
4Ah Set multicast profile MC-SMP {profile_selector} 1 McW MAC
——— Commandsrelated to test and services
(i)8h Ping MC-PING { } none Priy MAC
(|\9h Pong MC-PONG {} none Priv MAC
4Dh Status request 1 MC-SRQ1 {transmission quality 1 Priv IR-ME
parameters indicator}
4Eh Status request 2 MC-SRQ2 {field parameters indi- 1 Priw IR-ME
cator}
4Fh Status request 3 MC-SRQ3 {environmental parame- 1 Priv IR-ME
ters indicator}
$0h Status request 4 MC-SRQ4 {manufacturer and{cer- 1 Priv IR-ME
tification parameters indicator}
$51h Status response 1 MC-SR1 {transmission_ quality 1 Priv IR-ME
parameters indicator}
$2h Status response 2 MC-SR2 {field parameters indica- 1 Priv IR-ME
tor}
$3h Status response 3 MC-SR3 {environmental parame- 1 Priv IR-ME
ters indicator}
$4h Status response 4 MC-SR4 {manufacturer and certi- 1 Priw IR-ME
fication parameters indicator}
0Zh Echo alert MC-EA{} none Priv IR-ME
4)3h Echo request MC-ERQ{} none Priv MAC
Ei!lh Echo MC-ECH {echo_delay_time} 2 Priv MAC
[4h Service tablg MC-ST {category, subcategory, 3 MnW, Pri¥ | IR-ME
Service_number }
[5h Serviee‘table request MC-STQ {category, subcategory, 3 Priv IR-ME
Service_number }
[6h Service subscribe MC-SVS {SVS_length} 3 Priv IR-ME
[7h Service MC-SVC {service} Priv IR-ME
(81 Service unsubscribe MC-SVU {service} 3 Priv IR-ME

11 Registration procedure

11.1 General

11.1.1 The registration procedure enables newly entered devices to be registered for communication.
During this process, the slave is assigned a temporary identification (TempID) which is used for further
addressing the slave device as long as it resides in the communication zone of the master.

11.1.2 The registration procedure takes place in the registration phase of the management window (e.g.
after the generic frame Information MID, FLen, and FATI is sent).

© ISO 2015 - All rights reserved
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11.1.3 During the registration procedure, a slave which has newly entered the communication zone of
a master and which has detected the F-Sync Signal, the generic frame Information, and a MAC command
registration Enable or registration request which fits his priority, creates a TempID with which he enters
the registration process.

11.2 Normal registration procedure
11.2.1 Temporary identifier

11.2.1.1 The temporary identifier (TemplID) is produced by the slave and proposed to the master to use
it for further addressing of the slave.

11.2.1.2 The proposed TemplID is checked by the master for uniqueness in his communication zon¢ and
confirmed t¢ the slave in case of a successful registration.

11.2.1.3 A ¢onfirmed TemplD is valid as long as the TempID time-out has not exceeded.
11.2.1.4 When producing a TemplD proposal, the slave shall obey the followingTules.

11.2.1.4.1 The TemplD is a 2 byte random number.

11.2.1.4.2 The slave shall not use one of the predefined reserved. TemplIDs (see 11.2.2 and Table 31)).

11.2.1.4.3 The slave device shall produce the TemplID on a random basis such that all possible valugs are
chosen with{equal probability.

11.2.1.4.4 In the event that a “pseudo-random” precéss is used, the sequence of random numbers|shall
not be identjcal in all slave units.

11.2.1.4.5 The slave shall use a new random number for each registration process and for [each
registration fattempt.

11.2.2 TenppID codes

TemplID codps are provided in-Fable 31.

Table 31 — TemplID codes

ID numper Name Description
0000h Dummy-ID Identifier of the last entry (“dummy entry”) in the FOT
0001h Wah-b tdentifierfor-wake-tup-window
0002h....000Fh SpW-ID Identifiers for spare windows
0010h...00FFh Future-ID Reserved for future use
0100h...FEFFh Temp-ID Range of valid temporary identifier s
FF00...FFFEh multicast ID Range of valid multicast identifiers
FFFFh Broadcast Broadcast identifier

11.3 Sequence of the registration procedure without collision

11.3.1 The registration procedure is initiated with the command registration request (MC-RRQ) or
registration enable (MC-REN).

72 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=3981ac39c702ce5798bccd3beb8a4472

ISO 21214:2015(E)

11.3.2 After the sending of MC-RRQ or MC-REN, the master switches to the receive state and waits for
answer during TRwaAIT-

11.3.3 An incoming device (slave) entering the communication zone receives the command.

11.3.4 After a random time delay Trgg which may depend on the priority of the device and the number
of eventually yet failed registration attempts, the slave replies with the MAC command “identifier
request” (MC-IDQ) whereby the attribute is the proposed TemplD of the slave.

11.3.5 If no other slave uses this TemplD, the master answers with the MAC command MC-IDP with the
TemplD proposed by the slave as attribute.

11.3}6 If the master detects that the TempID proposed by the slave is yet used by |some|other slave,
the master rejects the current registration procedure by sending a new registration commmand (MC-
REN [or MC-RRQ).

11.3{7 Other slaves receiving the TempID (through the master) not_driginated by therhselves stay
inactiive until the next registration command.

11.3}8 The slave recognizing its proposed TempID confirms immediately by sending the MAC command
“regiptration confirmation” (MC-REC). The TempID becomes active and will be considered by the master
when creating a new FOT or FOTU.

11.3}9 If the size of the management window allows it, the master may now broadcast a new
registration command.

rRsU | [Fsync| mip | FLen| Fati] ca | RRQSelect| ca [ Q[ Tempip_1 ["ca [rr]
</
0BU_1 [time] ca | 0o | 7empip_1] ca | rec|
V
0BU_2 |Timer | blocked

Régistration Procedure (REG )

Wind¢w MnW

Figure 13 — Registration procedure without collision

11.4f Sequence of the registration procedure with collision

If twp slayes reply, their proposed TempID simultaneously or overlapping a collision occurs|

The three possibie scenarios are as follows.

11.4.1 Both signals appear with equal signal strength

Two slaves reply simultaneously or overlapping with different TempIDs and both signals appear with
equal signal strength at the master (e.g. from the same distance to the master).

11.4.1.1 The master will receive a “wired OR” of both signals.

11.4.1.2 If the received signal conforms to an “allowed” TemplD, the master replies with MC-IDP with
this “mixture” as attribute. Otherwise, the master broadcasts another MC-RRQ or MC-REN.
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11.4.1.3 As none of the slaves receives its correct TemplD, none of the slave is addressed and thus, none
of them confirms and no TempID becomes valid.

11.4.1.4 Thus, the master gets no confirmation and after a time-out period Tgrr, the master broadcasts
again a registration command.

RSU  [F-sync| mip | FLen| ati] ca | RRQSselect] [ ca [ Q] Tempin_3 T wait [ ca |rro |

0BU_1 [time] ca [ @] rempin_1]

0BU_2 [Time] ca | ipo| Tempin_2 |

Registration Procedure (REG )
Window nWw
Figure 14 — Registration procedure with collision

11.4.2 Both signals appear with different signal strength
Two slaves rieply simultaneously with different proposed TemplDs but beth signals appear with diffgrent
signal strength at the master (e.g. one slave is positioned nearby and the'ether far away from the magter).
11.4.2.1 The master will receive the “stronger” TemplD.
11.4.2.2 THe master replies with MC-IDP with this TempIB\as attribute.
11.4.2.3 Orle slave receives its correct TempID andceonfirms while the other slave recognizes that it is
not address¢d.
11.4.3 Identical TempIDs
Two slaves yeply simultaneously withridentical TemplDs. This is the only possible scenario but it|does
not happen pften. However, as desciribgd below, such a conflict will be detected so countermeasurep can

be initiated

11.4.3.1 Th

11.4.3.2 Th

11.4.3.3 Bg

on the upper layers.
e master will recéive a “correct” TempID.
e masterreplies this TemplID.

th slaves are addressed correctly and will be considered by the master as a single slave

11.4.3.4 Both slaves will be assigned to the same private window.

11.4.3.5 This will cause collisions later on in the associated private window. As collisions can occur also
by other reasons (e.g. cross-talking, interference), collisions in general shall be detected and solved by

the layer 2 a

nd above mechanism.

11.4.3.6 If a collision in the same window occurs more than once, the slave(s) shall be “killed” by a
MAC command in the management window, the result being that that the slave(s) will enter a new

registration
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process.
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If a slave misses to respond in his private window in two consecutive frames, the following actions

should be taken.

11.5.1 Cancel TempID

The master shall cancel the TempID from the FOT but shall store, for a predefined time interval, the
various session data related to this slave in order to enable a re-establishment of sessions, etc. in case
the slave enters a new registration process, gets a new TemplD, and has requested for session re-
establishment using the MAC command “re-establish session” (MC-REST).

ication zone
eaching the

11.5{2 Advise adjacent masters
The master shall advise the adjacent masters about which slave he “lost” in his tommun
(TenpID, session status) in order to enable the slave to re-establish the session when j
cominunication zone of the next master (“handover”).
11.4 Registration process timers
Regigtration process timers are provided in Table 32.
Table 32 — Registration process timers
Timer Description Value
TRWAIT The master shall wait at least TrwalT = 125 us
TrwalIt for a reply to an MC-RRQ or
MC-REN. The reception of.ateply
shall be processed by the'master as
soon as possible, depending on the
implementation,
TREG Delay time before slave replies to Random
an MC-RRQ or MC-REN. .
TrEg min =5 ps
TrEg max =91 ps
TCcwWAIT Waiting time of the slave for a reply TcwalT max = 42 us
to a@proposed TemplD.
TRT Waiting time of the master for a TrT max =35 us
reply to its MC-IDP.
TrempID TemplID time-out. 255
Measured in number of consecu-
tive frames. Frames, in which the
related slave was suspended, are
not counted.
TDpREG Registration time-out. 60 s

12 Window management

12.1 General

A TDMA-frame includes, after the management window (MnW), a series of clustered time slots which
form private and multicast windows (PrW, McW) enabling all the communication partners (master and
slaves) to exchange information (e.g. application data and commands).
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Those windows have to be managed by the master in order to

allocate

maintai

sufficient communication time to each slave device,

meet time requirements for critical applications (e.g. real-time applications),

n required command response/reaction time, and

re-arrange the time slot allocation, if necessary.

12.2 Window allocation by frame organization tables

Windows ar
in the time

This organi
either the M
FOT-U) that

Each windo
slot (time sl

If a slave is
assigned or

As all devig
without the
the slave, un

e created by allocating them a start and a stop index defining their start and stop pges
tructure of a frame.

AC command frame organization table (MC-FOT) or frame organization table update
are described in 10.2.1 and 10.2.4.

v is addressed by a hexadecimal index of its time slot(s) from 00H to' FFH. The start
bt 00H) is the very first time slot after the F-Sync.

the communication ends.

es in the communication zone receive this FOT-information, this organizes the s
need of “continuous window counting”. Instead of,many interruptions, one timer is §
blocking the interruption just before the start ofthe desired window.

ition

vation is transmitted to the slaves by the master during the management Wwindow ysing

(MC-

time

assigned to a window, this stays valid also for the next frame(s) until a new windgw is

aves
et in

NOTE Iflno changes occur in the FOT, the command “fratite organisation table steady” (MC-FOT-S) ig sent
instead the MC-FOT or MC-FOT-U.

The length df the window is the time difference front the start index to the start index of the subsequent
window. The “Dummy-ID” is added to give the:end information for the last window.

This frame ¢rganization method also avaids problems with “shadowing” which otherwise could lepd to
a temporal lpss of sync information.

12.3 Spare¢ windows

In order to ¢nable the master-during the registration process to instantly assign a private window to a
newly registering slave, thie master may maintain a “spare window” by allocating in the FOT a resgrved
TemplD to an otherwise inused window.

If a slave nely registers, the master can assign the slave immediately this “spare window” by altering
the “spare” TemplD-in the FOT before sending the FOT.

Thus, the new—slave—has—a—private—windowfor—his d.”\, tion—even—in—theframehe—wused for
registering. Complete frame reorganization (deleting or adding windows) can then be achieved
before issuing a new frame.

12.4 Windows for isochronous services

If a service has stringent requirements concerning jitter and (minimum) bandwidth, the windows

allocated to

slaves requiring such services need to meet the following two criteria:

— they shall occur as equidistant as possible;

— they shall have a minimum length in terms of information bits (not necessarily in time as the
necessary window time depends on the data rate of the communications profile used in the window).

76

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=3981ac39c702ce5798bccd3beb8a4472

ISO 21214:2015(E)

Both criteria can be met by using a constant frame repetition rate (instead of using a constant inter-

fram

e time) and placing the subject windows always in the same time slot.

In the event that “gaps” occur due to time slots not allocated to any active slave, those gaps shall be
filled with “spare windows” as described in 12.3.

13 IR Management entity

13.1 General

The
issu

13.

Nor
exce

Non-
com
if the
DRE

13.3

The
to th

8 Y
s where an interaction with the upper layers of the CALM management is necessany)-

MAC command not supported

ally, proper implementations never generate MAC commands not supported at pg
t where these commands are optional commands.

etectable transmission errors can lead to a not supported command. Thus, receptioj
and MC-CNS shall enforce re-transmission of the related MAGgommand. If this is no
command not supported was sent out, then the link shall bé«<losed using the MAC con
i and MC-KIS, as applicable.

Communication profiles

management of communication profiles is detailed in 10.5. Available profiles shall
e upper layers of the CALM management through the IR-MAE after power on and

chanfge of status.

13.4
The

MC-§
man

13.5

The ]
man

13.6
The 1

Equipment status

R-ME shall maintain actual status information as described in the context of the MA
RQi and MC-SRi, i = 1 ... 4 (see 10.6). These parameters shall be retrievable by
hgement through the IR-MAE.

Testing

R-ME shall support tests as described in 10.6 on request of a service application throug
hgement andthe IR-MAE.

Registration

er stations,

1 of the MAC
L possible or
hmands MC-

be reported
after every

[ commands
y the CALM

th the CALM

egistration procedure is specified in detail in Clause 11.

A physical IR identified by its MAC address which is unique in the CALM context shall be able to maintain
logical instances of an IR unit, each identified by a temporary MAC address.

The unique MAC address is a six byte number as detailed in Figure 15.
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LS -Byte Byte 1

Byte 2

Byte 3

Byte 4 MS -Byte

Vendor value, manufacturer identifier

User value, serial number

Individual, local

Qualifier

Identifier

Figure 15 — Unique MAC address

NOTE AMAC address consists of 6 bytes. These six bytes are divided into the following two groups:

— vendor vjalue (also referred to as manufacturer identifier);

— user valiie (being a serial number).

In the event [that the “Vendor” value indicates an individual local MAC address, the _“User” value shall b

concatenatioh of a qualifier and identifier.

The MAC address qualifier shall be set as indicated in Figure 16.

e the

Comment LSB Bitl Bit2 Bit 3 Bit 4 Bit 5 Bit 6 MSBEH
Unique MAC address for stationary 1 1 Extension of identifier, i.e. the identifier consists of 22
equipment] bits.
Unique MAC address for mobile 0 1 Extension of identifier, i.e. the identifier consists of 22
equipment bits:
Temporary MAC address for master 1 0 CCI F1 FO S Res. Res.
Temporary MAC address for slave 0 0 CCI Res. Instance number
Key
CCI control channel jndicator (if set to “1”, the logical unit constitutes a control channel)
FO,F1,S elements of the.class identity code (see Table 12)
Res. reserved bit.which shall be set to “1”

instance numfer logical ifrstance of an IR communication entity

Figure 16 — MAC address qualifier

Any change of status for instances of IR communication units, i.e. any change in available MAC addresses,
shall be reported to the CALM management through the IR-MAE together with the related unique and

temporary MAC address.

13.7 Session management

13.7.1 The management of sessions is specified in detail in 10.2. See MAC commands MC-REST, MC-
RESC, MC-RESD, MC-SUA, MC-SUS, MC-DREG, MC-KIS, and MC-KIA.
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13.7.2 A session (i.e. the association between an IR master and an IR slave given by the pair of MID and
TemplID) can be closed by either the master or the slave.

13.7.2.1 The master may close the link by sending the MAC command MC-KIS {TemplID}.
13.7.2.2 The slave may request to close the link by sending the MAC command MC-DREG.
13.7.2.3 In addition to this, the master can close all links by sending the MAC command MC-KIA.

13.7.3 A slave may be prohibited to use air time in a single specific frame without losing his association
with|the master by usage of the MAC commands MC-SUA, MC-SUS {TemplD}.

13.84 Communication

13.8}1 Organization of IR communication

IR cgmmunication is organized in sequences of packets to be transmitted. Several padkets can be
asso¢iated with each other in an ordered sequence and build up a bleck;i.e. large blocks rgceived from
the IR-CAL need to be fragmented for transmission and defragmented after reception (segq 14.2.5). For
detalls on MAC commands, see 10.3.

13.8{2 Unique block number reference

13.8}2.1 Every block shall be referenced by a unique block number in the range of 00h t¢ FFh. There
shalljonly be a single block counter for all links of all logical instances of a single physical instance of an
IR unit. A maximum of 256 blocks may be in use simultaneously.

13.8}2.2 The packets in a block are sequentially numbered starting with 00h.

13.8{2.3 The start of the first packet.in a new block shall be indicated by one of the follpwing block
startcommands:

— MC-BLS {block number};y CALM-fast application data transmission;
— MC-SCB {block number}: CALM-fast application control channel transmission;
— MC-BRC {blockmnumber}: single packet block for short broadcast messages in an MnW;

— MC-FBS {bloek number}: WLAN compliant data transmission.

13.8}2.4, The end of any one of these blocks shall be indicated by the MAC command MC-BLE.

13.8.2.5 The start of every packet In a DIOCK, except the first packet, shail be indicated by the
command MC-PAS.

13.8.2.6 The end of every packet, except the last one of a block, shall be indicated by the command MC-
PAE.

13.8.2.7 Blocks and the related block numbers shall be released for new usage as soon as error-free
reception of a block is indicated by the MAC command MC-BAck.

13.8.2.8 Erroneous packets shall be re-transmitted on request of the recipient. Arequest for retransmission
shall be indicated by the MAC commands MC-TNACK& or MC-TNACK or MC-RTQ, as applicable.
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13.8.2.9 If a MAC command does not imply handover of the communication token (i.e. the right to send),
this shall be done using the MAC command MC-TKN, if applicable. If a station has no packet or command
to send, it shall send immediately the MAC command MC-TKN in order to dynamically share the channel

capacity between master and slave.

13.9 Window management

An application service shall be able to command free air time. How this is achieved is outside the scope

of this International Standard.

IO

13.10 MAGF

LT UIIIICI

An application service shall be able to request transmission of MAC internal and manufacturer specific
commands gnd data to a peer station using the MAC command MC-SMC. How this is achieved/is ouftside

the scope of|this International Standard.

14 Adaptation

14.1 Architecture

Medium addptation is a means to adapt the IR specific lower layers to‘the common CALM network and
CALM mandgement entity CME. These lower layers include the physical layer and the data link layer,
as well as an IR specific medium management entity IR-ME. The.data link layer at least consists qf the
MAC sub-layer and the IR communication adaptation layer. The,communication adaptation layer can be

considered @s an IR specific LLC.

The mediunp adaptation is outlined in Figure 17.

CALM network layer

IR Communication
adaptation layer (/R-CAL)

IR Medium acces control
(IR-MAC)

CALM Management (upper layers)

IR Manage¢ment adaptation
entity (IR-MAE)

IR Physical layer (/R-PHY)

IR Managenjent entity (/R-ME)

Figure 17 — Medium adaptation

IR-CAL provides a communication SAP to the CALM network layer following the same principles as

outlined in ISO/IEC 8802-11:1999.
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IR-MAE provides management SAPs to the CALM management entity following the same principles as
outlined in ISO/IEC 8802-11:1999 with respect to the station management entity.

14.2 IR-CAL
14.2.1 Communication SAP

14.2.1.1 Reference

The service access point towards the CALM network layer is defined in ISO 21217. It provides the two
service primitives CA-UNITDATATequest{} and CA-UNITDATA-Indication{}, both with the|parameters
Sourfe_Address, Destination_Address, data, and priority.

14.2({1.2 Source Address

The Pource_Address parameter is the concatenation of source SAP address and source MAC address.
The MAC address is defined in 14.2.4.

14.2{1.3 Destination Address

The Pestination_Address parameter is the concatenation of destination SAP address and| destination
MAC|address. The MAC address is defined in 14.2.4.

14.2{1.4 SAP Addresses

SAP Addresses are defined in ISO 21217, lower layer, service access points.

14.2|1.5 Data

The ¢lata parameter carries the N-PDU.

14.2({1.6 Application priority

Appljcation priorities shall apply‘in accordance with any defined priorities in ISO 21218 dqr ISO 24101
or where these International Standards do not define priority shall be at the discr¢tion of the
implementation of the communications system.

14.2}2 Communication types

14.2{2.1 CAEM-fast applications

Defalilt mattidatory communication in CALM IR considers CALM-fast applications CFAs. Each packet
received, from the CALM network layer in the CA-UNITDATA.request service primitive shall be treated
as one R btock:

Blocks may be associated with CALM data channels or with CALM control channels.

Upon error-free reception of a complete block, the IR-CAL shall forward it to the CALM network layer
using the CA-UNITDATA.indication service primitive.

14.2.2.2 ISO/IEC 8802-11:1999 compatible services
These services are optional.

For WLAN communication compliant to ISO/IEC 8802-11:1999, a separate entity of the IR communication
adapter shall be created with a new MAC address and be reserved for this type of communication. The
CALM management shall be informed about such an entity via the IR-MAE. Each packet received from
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the CALM network layer in the CA-UNITDATA.request service primitive (see ISO 21217) shall be treated
as one IR block. The IR-CAL shall generate required WLAN MAC header information and insert it at
the beginning of each block. The start of a block shall be indicated by the MAC command MC-FBS. The
related procedures for generation and processing of header information for transmission and reception
are defined in 14.2.3.

Upon error-free reception of a complete block, the IR-CAL shall evaluate the WLAN header information
and then, shall forward the remaining body to the CALM network layer using the CA-UNITDATA.
indication service primitive (see ISO 21217).

14.2.3 WLAN functionality

14.2.3.1 B4

In order to
compliant nj
part of the N

As the IR (
ISO/IEC 880

\sics

support the ISO/IEC 8802-11:1999 mechanism for building and using BSSs with
edia such as IR, the data normally generated and evaluated in the ISO/IE€8802-11 M/
1AC procedures shall be treated as payload in the IR communication adapter.

ommunication adapter has its own mechanism to manage the-data flow on the
2-11 flow control information shall not be transmitted through the IR link.

The IR communication adapter shall manage only data of the ISO/IEC 8802-11:1999 frames whic

needed to p
All other inf

14.2.3.2 Rg

ovide the services supported by ISO/IEC 8802-11:1999.

ormation, such as data rate or others, is specific to the'IR medium.

tlevant information

Relevant information (e.g. the BSSID of a BSS) shall befransmitted as payload following the MC

Command. |

14.2.3.2.1

The type of
frames for

Relevant information is explained in 14.2.3.2.1.

ype

the ISO/IEC 8802-11:1999 frame is relevant information. Only ISO/IEC 8802-11:1999
nanagement and data described in Table 33 are supported by CALM IR.

Table 33 — IR type field description

non-
\C as

link,

N are

FBS-

MAC

82

Type Description IR type value Subtype description
Management 0000 Association request
Management 0001 Association response
Managément 0010 Reassociation request
Management 0011 Reassociation response
Mamagement 0100 Stamrequest
Management 0101 Scan response
Management 0110 Join request
Management 0111 Join response
Management 1000-1001 Reserved
Management 1010 Disassociation
Management 1011 Authentication
Management 1100 Deauthentication
Reserved 1101-1110 Reserved
Data 1111 Data
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The two bits, to DS, and from DS, as described in ISO/IEC 8802-11:1999 are relevant information.

The frame control is reduced to one octet size as described in Table 34.

Table 34 — Frame control octet in IR

Bit 0 1 2 3 4 5 6 7

Description 0 (not WEP To Ds From Ds IR type value

used)
Other communication control fields from ISO/IEC 8802-11:1999 frames are not relevantto’[R.
14.2}3.2.3 Addresses
The address 1 to address 4 of an ISO/IEC 8802-11:1999 frame shall be sent as.described in ISP/IEC 8802-

11:1999 without the sequence control field between address 3 and address 4«

The gddress fields Addr 2, Addr 3, and Addr 4 shall be transmitted onlyin-cases as requested in Table 35.
Table 35 — Address types forlIR
IR type ToDs | FromDs Addr 1 Addr2 |>Addr3 | Addr4 Descrjption
value | value type type type type

Data 0 0 DA SA BSSID n.a. A data frame|direct from
one station tg another
station withip the same
Independent|BSS, as well
as all manag¢ment and
control type frames.

Data 0 1 DA BSSID SA n.a Data frame destined for
the distribut{on system.

Data 1 0 BSSID SA DA n.a Data frame ekiting the
distribution $ystem.

Data 1 1 RA TA DA SA Wireless distfribution
system framg¢ being dis-
tributed fronp one access
point to another access
point.

SCAN request n.a. n.a. SA n.a. n.a. n.a.

SCAN response n.a. n.a. BSSID DA BSSID n.a. Addr 3 is used only in the
event that the BSS pro-
vides an accejss point.

JOIN request n.a. n.a. BSSID n.a. n.a. n.a.

JOIN response n.a. n.a. BSSID / n.a. n.a. n.a. Addr 1 equals 0x000000

0x000000 in the event that the
JOIN request is not
accepted.

Association, Usage of addresses as defined in ISO/IEC 8802-11:1999.

re-association,

dis-association,

authentication,

de-authentication

NOTE

DA: final destination address;
BasicServiceSet ID.

RA: receiver address; SA: source address; TA: transmitter address; BSSID:
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14.2.3.3 WLAN block

The relevant information to support ISO/IEC 8802-11:1999 is transmitted in an IR specific frame header
as described in Table 36. The frame body carries the N-PDU and shall directly follow this header.

Table 36 — ISO/IEC 8802-11 compliance header for IR frames

Element | MC-FBS MC-FBS frame | Addr1 | Addr2 | Addr3 | Addr4 | frame | MC-BLE or
attributes | control Body (1. | MC-PAE
frag-
ment)
Size in 1 2 1 6 6 6 6 0 ... (Max 1
octets packet
size -
overhead)
Contains IR Cmd IR Cmd IR data IR Crmd
attribute
NOTE The ¢pverhead equals the size of the elements other than frame body fragments actually used.

Table 37 — In the event of fragmentation used for second up'to last frame

Description | MC-PAS MC-PAS | frame body (subse- | MC-BLE or-MC-PAE MC-BLE | MC-PAE
attributes| quentfragment)

Size in 1 2 1 ... (Max packet size 1 110
octets -4)
Contains Command | Attribute Data Command Attribute

14.2.4 MAC addresses

14.2.4.1 Blsics

According t¢ ISO/IEC 8802:1990, a MAC Address consists of 6 bytes. These 6 bytes are divided int¢ two
groups: venflor value or manufacturer ID:and user value or station ID. Both consist of 3 bytes each|. The
first bit (LSB) of the LS Byte of the MAC Address is the 1/G-Bit: It describes whether the MAC Addiress
is an Indiviglual (=0) or a Group Address (=1). The second bit is the U/L-Bit. It describes whethefr the
MAC Addreps is a Universal Administered (=0) or a Local Address (=1). The individual, universal
administergd address is always-the adapter MAC ID. It is not possible to change this physical addiress
but it is posgible to use a lagical, individual, locally administered address.

14.2.4.2 MAC Addrésses in CALM-IR

The real identity ef'a CALM medium adapter is the physical MAC address assigned to this adapter.|In IR
frames for C[FAs, this unique MAC address is not used. Instead of the unique MAC address, only a twolbyte
temporary [Dapptiesimthe k- The unique MA€ addressmay beused oty im WEANcomptianttinks.

In case of privacy on the medium, the private slave MAC address as used in the communication SAP is
constructed as shown in Figure 18.
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LS -Byte Byte 1 Byte 2 Byte 3 Byte 4 MS -Byte
Vendor value User value
Individual, local Slave TempID
qualifier

Figure 18 — Slave MAC address

In cdse a vendor value is not known at the receiving station, it shall be set to 0x00000p. The slave
qualifier is detailed in Clause 13 (see Figure 16).

The private master MAC address as used in the communication SAP is constructedas shown fin Figure 19.

L$ -Byte

Byte 1

Byte 2

Byte 3

Byte 4

MS -Byjte

Vendor value

User value = Mastér identifier MID

Individual, local

Master
qualifier

Identifier

Figure 19 — Master MAC address

In cdse a vendor value is not known at the reeeiving station, it shall be set to 0x000002.| The master
qualifier is detailed in Clause 13 (see Figure.16).

The Broadcast MAC address as used inithé communication SAP is constructed as shown in Figure 20.

LY-Byte Byte 1 Byte 2 Byte 3 Byte 4 MS -Byte
Vendor valué User value
OxFEEFEF Master TemplD = 0xFFFF
qualifier
Figure 20 — Broadcast MAC address
In cdsea—vendervalueisnotknownat-the receivingstation—itshal-besetto-OxFEEEEE The master

qualifier is detailed in Clause 13 (see Figure 16).

14.2.5 Fragmentation and defragmentation

CALM IR may use shorter frames thanrequired for [Pv6 (i.e. 1 280 byte). Thus, a fragmentation procedure
performed at the MAC, which is invisible to the upper layers, shall be implemented. Independent of the
actually used frame length, the IR-MAE shall report a frame length of at least 1 500 byte to the CALM
management; larger values shall be allowed dependending on the actual implementation.

14.3 IR-MAE

The service access point towards the CALM management is defined in ISO 21217.
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15 Adoption of other standards and internationally accepted practices

Within the various ITU regions, the family of CALM International Standards, including this International
Standard, shall operate within local regulations and in the environment of, and to the parameters
defined in, the ITU regulations and International Standards as presented in ISO 21217.

16 Marking and labelling

All transmitting equipment is to be clearly and permanently marked stating with which national

regulations it complies.

All transmifting equipment is to be provided with clear instructions as to tuning and adjustie
meet the regulations of the country in which it is to be used.

All transmitting equipment is to be clearly and permanently marked to indicate \which C

interfaces it supports.

All transmitting equipment is to be clearly and permanently marked to instruct that it shall only be
when adjustled to meet national radio regulations pertaining to the frequencies.atwhich it operatgs.

17 Declalation of patents and Intellectual Property

NOTE This form is to be used to record the statement of a patent holder whose patented device or d
(pending or approved) might have to be used by a person or organization conmplying with an International Stan

Name of patent Holder:

1. Inventofs:

Martin Aureliano Hassner,
Mountajn View, CA (US)

Nyles Hgise, San Jose, CA (US)
Walter Hirt, Wettswil (CH)

Barry Marshall Trager, York-
town Hgights, NY (US)

Assignele:

International Business
Machings Corporation,
Armonlf, NY (US)

Table 38 — Table of patents

Jurisdiction, patent numbet, and title

United States Patent
6,195,025, Hassnier, et al., February 27, 2001

Methods and means for invertibly mapping binary sequences into rate
(1,k) run - length - limited coded sequences with maximum transition
density-constraints,

nt to

ALM

used

[72)

esign
dard.

2/3

Addresg: International Business Machines Corporation

Intellectual Property and Licensing

North Castle Drive

Armonk, New York 10504
Telephone: FAX: (914) 765-4420
Contact: Director
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Intellectual Property and Licensing
North Castle Drive
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FAX - Attention: Director of Intellectual Property and Licensing
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Name of patent Holder: Jurisdiction, patent number, and title

2. Inventors: United States Patent
Hassner; Martin (Mountain 6,344,807, Hassner, et al., February 5, 2002
View, CA);

Packet frame generator for creating an encoded packet frame and method
Heise; Nyles (San Jose, CA); thereof

Hirt; Walter (Wettswil, CH)

Assignee:

nternational Business
Machines Corporation
[Armonk, NY)

Address: International Business Machines Corporation

Intellectual Property and Licensing
North Castle Drive
Armonk, New York 10504

Celephone: FAX: (914) 765-442D

Contact: Director
Intellectual Property and Licensing
North Castle Drive
Armonk, New York.10504

FAX - Attention{\Director of Intellectual Property and Licensin

o

P

Name of patent Holder: Jurisdjction, patent number and title
3. nventors: PCT/EP03/05425 - “IR-Framing“

Raimund Pammer 23.05.2003

Grieskai 54

The invention relates to a method and device for optical data tfansmission,

20 Gr : . - i :
i?lsgr?a az in particular a method for transmission of data by means of digitised infra-
red signals. Data sequences are transmitted using a time-divisjon multiplex
Wolgang Boh access protocol with communication frames comprising single|sequential
Plirrgrabenweg12 windows with a given minimal bit transmission rate. At least ope control
B045 Graz impulse sequence is provided in each communication frame. A¢cording to
Austria the invention, the control impulse sequence is transmitted at a|bit trans-
mission rate which is lower than the minimum bit transmissiof rate for the
Andteas Schalk
data sequence
antschawaldweg 48
8054 Graz
Austria
Helmut Rieder

Siidtirolerplatz 10
8020 Graz
Austria

Assignee:

EFKON AG
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Annex A
(normative)

Coding and error correction of profiles 0 and 1 and of commands

A1l

All information bits are protected by error correction bits (ECy, EC1, EC2, EC3) using
Hamming code with the length L = 12 and the Hamming distance of min. D = 3. The modific:
in orfer to avoid an “all zero” pattern to for the benefit of the receiver.

Duripg transmission, the data bits in the sequence Do, D1, D2 D3, D4 Ds Dg Dg are always
first|followed by the error correction bits ECy to ECs.

A.2
The

A.3
The

A4

After reception, thefollowing syndrome is calculated over the received bits Ry to Ry
Formula (A.2). The defect bits are shown in Table A.1.

General

Coding
foding of the correction bits is according to Formula (A.1):
ECy=D,®D,®D,®D,® D,
ECi=D,®D,®D,® D, ® D,
EC:=D,®D,®D,®D,
ECi=D,®D,®D,®D,

Transmission

foded bits are transmitted as follows (least significant bit first).

Do b1 D2 ABy [pe |Ds [ps |D; |ECo |ECi |EC, |EC3 |

Reception anddecoding

$,=R,®R ®R, R, ®R, ®R,
§, <R{®R,®R,®R, ®R, ®R,

a modified
htion is done

transmitted

(A1)

as given in

P “ D AAD AP AP AOD (A.2)
SS=R-SRORBHDR;
S,=R,®R,®R, ®R, ®R,
Table A.1 — Decoding table

So S1 S2 S3 Result

1 1 1 1 all bits correct

0 0 1 1 RO defect

0 1 0 1 R1 defect

0 0 0 1 R2 defect

0 1 1 0 R3 defect

0 0 1 0 R4 defect

89
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Table A.1 (continued)

So S1 S2 S3 Result

1 0 0 1 R5 defect
1 0 1 0 R6 defect
1 1 0 0 R7 defect
0 1 1 1 R8 defect
1 0 1 1 R9 defect
1 1 0 1 R10 defect
1 1 1 0 R11 defect

any other combination multiple bit errors
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Annex B
(normative)

Coding and modulation of profile 2 to profile 6

B.1 General

In tk]e CALM IR communications profile 2 to profile 6, a special packet format based. (€ALM-fast IR
packgt format - FCIR) on the run length limited code (RLL) HHH(1,13) is used.

HHH(1,13) was especially developed for infrared transmission links in order to.take care of the specific
properties of the medium infrared and the components available for implementation.

HHH(1,13) has the following properties which make it especially useful for(IR-links, as shown|in Table B.1.

Table B.1 — HHH (1,13) Properties

Code rate: 2/3

Maximal duty cycle: 1/3 (approximately 33 %)
Average duty cycle ~26 %

Minimal duty cycle: 1/12 (8,3 %)

Run length constraints: (dkp=(1,13)

Longest run of ‘10s: yyy'000°101°010°101°000’yyy
Chip rate: 12 Mchips/s @ 8 Mbit/s;

24 Mchips/s @ 16 Mbit/s;
48 Mchips/s @ 32 Mbit/s;
96 Mchips/s @ 64 Mbit/s;
192 Mchips/s @ 128 Mbit/s.

B.2 | FCIR packet

B.2.1 Packet'format

The FCIR packet has the following format which ensures efficient and effective decoding, as well as
proper.synchronisation and error-detection.

Preamble (PA) |Start (STA) |Payload (PL) |CRC Flush byte (FB) |Stop (STO) |

B.2.2 Preamble

The preamble PA ensures proper bit synchronisation even if the FCIR packet follows a MAC command
that ends with a zero.

[t is constructed by concatenating 10 times the 24 chip preamble period (PP), where
PP =100°010°010'001'001°001°000°100’

to form the 240 chip preamble

PA = ‘PP’PP’PP’PP’PP’PP’PP’PP’PP’PP’
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The left-most chip of PP and PA respectively shall be transmitted first.

B.2.3 Startflag

The start flag STA allows for packet synchronisation.

STA is the 48 chip sequence:

STA =100"101'010°100'100°010°000°001’001’010°101'001’000°001°010°000’

The left most chip shall be transmitted first.

The start fl4
contains a S
twice in the

B.2.4 Pay

The payload
FBS, MC-SM

The CRC32 for the CALM-IR packet shall be calculated before the CALM-IR packet is scrambled.

B.2.5 CRC

The frame (
value accorq

For referend

CRC,

)
The CRCis 3
Payload dat
The 32 bit C

The CRC32
in the same

B.2.6 Flusd

The flush b
the main bd

g detector shall declare a flag as having been found when there is a perfect match. Thg
ubsequence ‘1001010101001’ that violates the HHH (1,13) code. This subsequence, o
start flag and never occurs within the main HHH code.

Joad

PL is the CALM-IR packet which follows one of the MAC commands-MCG-BLS, Mc-CBS
C, MC-PAS, MC-TAck&, MC-TNAck&, MC-SR1, MC-SR2, MC-SR3, MC-SR4-

heck sequence (FCS) field is a 32 bit field that contains a cyclic redundancy check
ling the I[EEE 802 CRC32 algorithm.

e, the CRC32 polynomial is defined as given insFormula (B.1):

X2+ P x4 x rx xS P x A x+1

calculated, payload data dependent-field, calculated before HHH(1,13) encoding.
h bytes are input to this calculation in LSB first format.
RC register shall be preset.to all “1's” prior to calculation of the CRC.

calculated result for\each packet is treated as four data bytes and each byte is end

sh byte

yte FB-is required to enable complete decoding of the CRC field and denotes the e
dy.

b flag
Fcurs

MC-

CRC)

(B.1)

oded

fashion as is payload data (e.g. it shall be appended to the CALM-IR packet before being
scrambled and HHH(1,13) encoded).

nd of

FB is the 8 bit sequence FB = ‘00’00’00°00". It shall not be scrambled and shall be appended to the CRC
before HHH(1,13) encoding.

B.2.7 Stop flag

The stop flag STO indicates the end of the FCIR packet.

STO is the 48 chip sequence:

ST0="001'001'010"101'001'000’100’000°100°101°010’100°100°000°100°000’

As does the start flag, the stop flag also contains a subsequence ‘1001010101001’ that violates the HHH

(1,13) code.

92

This subsequence also occurs twice in the stop flag.
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B.2.8 Scrambling and Descrambling

B.2.8.1 Effects and Limits

By enhancing the system with scrambling/descrambling functions during data transmission/reception,
one achieves generally better duty cycle statistics in the HHH(1, 13) coded channel chip stream; the
resulting duty cycle converges towards the average duty cycle of the code (26 %) for typical payload
data. It is important to note that scrambling cannot entirely eliminate possible worst case duty cycle
patterns in the transmitted signal stream that can result from certain specific input data sequences.
However, scrambling can greatly reduce the probability of occurrence of such worst case patterns.

B.2.8.2 Scrambling and descrambling functions
The primitive polynomial given in Formula (B.2) shall be used for implementing these funcfions.

exexex’®1 (B.2)

where

¢ indicates a modulo 2 addition or, equivalently, a logic exclusive OR (XOR) operation].

The pperations of the scrambling and descrambling functions )shall be performed according to the
pringiples of frame synchronised scrambling/descrambling,(ESS) mechanisms.

NOTH FSS does not introduce memory into the signal pathyi-e. FSS does not increase the encodfjng/decoding
delayland it does not aggravate error propagation in the decgded data stream.

B.2.8.3 Scrambler/descramber initialisation
Trangmit mode:

The fcrambler’s shift register shall beunitialised with the all-1 state, that is (xg, X7, X6, ¥5, X4, X3, X2,
x1)=(1,1,1111,1,1).

Recejve mode:

The descrambler’s shift register shall be initialised with the all-1 state, that is (xg, x7, X6, X5, X4, X3, X2,
x1)=(1,1,1,1,1,1,1, 1)

B.2.9 HHH (1,13))éncoding and decoding

B.2.9.1 State transition table

The ¢nceding definition of the HHH (1,13) code is provided by a state transition table.

4 e + . 4 1.1 111 + - 1] . 1 + | n £1 1 1 - o :
The statetransitiomrtabte woutd-be typicatty imptenrentedas aset of bootearrtogicequationsand flip flops.

The particular HHH(1, 13) code construction require the following interpretation of the table entries
with respect to the mapping of internal inputs and present state into next state and internal output,
respectively:

— A specific data pair D = D* = (81, 62) arriving at the encoder input is first associated with a
corresponding next state N = N*. This occurs as soon as the data D* have advanced into the positions
of the internal data bits B1 = (b1, b2) (i.e. when (b1, by, b3, b4, bs, bg) = (61, 82, X, X, X, X)). In a second
step, during the next encoding cycle, the state S takes on the value of N* i.e. S = S* « N* so that
S is now associated with (81, §2). In the same cycle, the inner codeword C = C* now carrying the
information of D* is computed. Thus, referring to Table B.2, a given internal input vector (by, by, b3,
b4, bs, bg) associates the bits (by, bp) with the next state N and a given state S associates the data
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pair ahead of (b1, bp) to the output C. In other words, the pair-wise values for N and C as listed in
Table B.2 are not associated with the same input data pair.

— Encoderinitialisation: The state S = (s1, s2,s3) = (1, 0, 0) is also used as the initial state of the encoder,
i.e. denoting with (a, ) the first pair of data bits to be encoded, the state S is forced to take on the
value (1, 0, 0) when the bits (a, ) have advanced into the encoding circuits such that the internal

inputs B! = (by, b2) = («a, B).

Table B.2 — HHH (1,3) encoding state transition table

Present state: Next state/internal output: N = (n1, nz, n3)/C = (c1, c2, ¢3)
S =(s1,52,/53) Internal inputs: (b4, b2, b3, b4, bs, be)
00xxxx | Olxxxx | 10xxxx | 1100xx | 1101xx | 111011 | 1110(11) ) 1118xx
000 000/010 | 001/010 | 010/010 | 111/010 | 100/010 | 111/010 011/010 0114010
001 000/001 | 001/001 | 100/001 | 100/010 | 111/101 | 100/010 100/010 1004010
010 000/100 | 001/100 | 010/100 | 111/100 | 100/100 | 111/100 011/100 0114100
011 000/101 | 001/101 | 100/101 | 100/100 | 011/000 | 100/100 100/100 1004100
100 000/000 | 001/000 | 010/000 | 0117000 | 011/000 | 011/000 | 011/000 | 0114000
111 100/000 | 100/000 | 111/000 | 100/000 | 100/000 |_1Q0/000 100/000 100/000
NOTE The §tate (s1, s, s3) = (1, 0, 0) is the required initial state during the on€ encoding cycle where the internal [input
pair B = (by, b2) represents the first data pair to be encoded; 'x’ signifies do noteare.

B.2.9.2 HHH (1,13) encoding equations
The state transition table above can be implemented as asset of encoding formulae as below.

Define the following encoder signal vectors whereyincreasing indexes mean increasing time ip the
equivalent derial signal streams:

Data input: |D = (dl,d2 )

NOTE Fifst data input to be encoded; D:="(«a, )
Present statfe: S =(s1, 52, 53)

Next state: N = (ny;2) n3)

Internal datp: B' = (311'321 ) <(b,,b,)

5= (5],5;)=(52b,)

B’ :(B IBE):(b:lbﬁ)

Internal codeword:  C=(cq, c2, ¢3)
Encoder output: Y=(Y1, Yo, Y3)
Initial conditions (startup): S = (s1, s2, s3) = (1, 0, 0) when B1 = (b1, b2) =D = (a, B)
With the boolean operator notation,

m=INVERSE(m),

M+n=mORND,
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the components of N and C are computed in terms of the components of S, B1, B2, and B3 with the
following boolean expressions:

ny =(s353)(s3b1 )(gbﬂ’z E)(gbﬂ’zabsl%) :

ny = (5_3b1 ) +(3152b1 g) :

~

o

The ¥
Bl

S ]

B.2.9

The dlecoding function of the HHH (1,13) is defined by the following formulae:

NOTH

Rece]

O o4 17174 1747174

—(sbVels b b Vels s b b\
\ ]\ ]\ ]’
1 =515

2=5152€3,

3= 553 (b_1b_2) + (gs_sblbz b_3b4 )

B2 < B3 < D,
Vand Y« C

.3 HHH (1,13) decoding equations

jved codeword: R =(rl, r2, r3)

Increasing indexes mean increasing time in the equivalent serial signal streams.

rectors B1, B2, B3, S, and Y are outputs of latches; in every engcoding cycle, they are updated as follows:
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Internal codewords:

y* =(.V1OIY11'J’12)
Y =(y;,Y5Ys)
Y’ :(.Vw)"s'y(s)

Y! :(J’1ly2'.V3)
Internal variables:

Zy :JZ D S
Ze= Y, Yt Vs

Zy = u{*+ Yuu+ Vo
X' =X, %) =(x,,x,)

X2 =(XF, X3 ) =(x5,%,)
X =(X, %7 )= (x,%,)
W =(w|,w,)

V=(v,,),)
Decoder outjput: U= (u1, up)

Initial conditions (start-up): None

The comporjents of X1, X2, and X3 are computed with the following boolean expressions:
2 =(yezc)+(ZBZcZD)+V2
X, = (2422, ) +(ZZ; )+ w, +w,

4= ZEZCZ_Dy3)[Z_BZC (ZD K Ve )]+W2

X5 =J1o
Xy =2 X.Z,
The vectors Y1, Y2,(¥3§ Y4, U, V, and W are outputs of latches; in every decoding cycle, they are
updated as follows:

MV YeV <R,

WeX3, Ve X2 UeXL
where U represents the decoded data bit pair.

NOTE Both Zg and Z¢ can be directly obtained from delayed versions of Zp: Zg < Z¢ < Zp.

B.2.10 Fast packet processing summary

The complete process how a Fast CALM-IR packet (FCIR-packet) is constructed is shown in Figure B.1.

96 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=3981ac39c702ce5798bccd3beb8a4472

| CALM-IR packet |

compute CRC

[ CALM-IRpacket | CRC |
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Y
| scrambled CALM-IR packet and CRC | FB |

[
Encode

| HHH (1,13) encoded CALM-IR packet, CRC, and FB |

I
append leading STA and PA and trailing STQ

[Pa| sTA | PayloadPL [ crRC | FBJ STO |

\

transmit

Figure B.1 — CALM-fast IR packet processing
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Annex C
(informative)

Link power budget

C.1 General

The link po
considering

ver budget has to take into account both directions, master to slave and slave to.mj3
a non-symmetrical link having transmitters with different power and receivers

different sensitivity at the ends of the link.

There are b
be economi
transmitter
shall be incy

In addition
transmitter

C.2 Link

th economic and technical reasons to have non-symmetrical links. In general, OBUs s}
cally priced as normally, many more OBUs are used than RSUs. That imeans, OBUs
5 with lower power than RSUs and, on the other hand, the receiver sensitivity of the
eased to achieve power balance in both directions.

to this, OBUs are often battery powered and should therefore employ lower p

D.

power budget definitions

C.2.1 Link distance

The link dis

C.2.2 Tra

All losses (1
Transmissid

C.2.3 Patl

The path Id
receiver: L,

Fance “d” is the distance between the communication devices in m.

j.

nsmission losses

P
are expressed in (dB): L(dB) = 1010g[i

out

n losses (Ltr) consists of path loss and additional losses: L, =L, +L, .
1 loss
ss (Lp) is thedistance related loss, without any lossy media between transmitter

=10-log DD = d(m)/1(m)

Table C.1 — Path loss in relation to the distance

\ster,
with

jould
have
RSUs

pwer

and

98

AL Al 10 20 O 100 200 COon 1000
u Llll} pavy y\v) JU 1UU \vAv) JUVU 1 UUU
Lp 100 400 2500 10k 40k 250k 1M
Lp (dB) 20 26 34 40 46 54 60
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C.2.4 Additional losses

LAD = LW + LWC + LSUN

Additional losses can be caused by the following.
— Windshield and sun protection (coating or foil) Ly

IR loss measurements on all kinds of windshields have been investigated from many independent
institutions. All the so far measured windshields where evaluated to be below 7 dB.[most in the
fange between 1,5...5,5 dB).

— Weather condition Ly (rain, snow, and fog)

IR loss measurements under many weather conditions have been investigated [from many
independent institutions. The relevant results are given in Table C.2.

Table C.2 — IR loss under different weather . conditions

10 m 20m 50 m 100 m 200 m 500 m 1 km
Clear weather <1dB <1dB <1dB <IdB <1dB <1dB <1dB
Lighf rain <1dB <1dB <1dB <1'dB <1dB 1dB 2dB
Heayy rain <1dB <1dB <1dB 1,5dB 3dB 7,5 dB 15dB
Fog <1dB <1dB 4 dB 8 dB 16 dB 40 dB 80 dB
Dense fog <1dB 1,6 dB 84dB 16 dB 32dB 80 dB 160 dB

— S$unlight inducted loss (Lsun)
$unlightinduced losses can, by preper receiver design, be kept below 2 dB, even against full sunlight.

.

[he additional losses (especially the weather conditions) shall be considered in viey to several
fealistic scenarios.

— Heavy rain and fog do-naot’occur simultaneously.
— Full sun does noteectr with bad weather.

— $un protectedwindscreens (“coated windscreens”) also reduce the sun induced losses

C.2.5 Symmetrical and non-symmetrical links

The physical layer of an infrared CALM link may either be “symmetrical” or “non-symmietrical”, the
choide ef which is chosen according the application requirements

In a “symmetrical link”, the transmitter power parameters, as well as the receiver sensitivity
parameters of both communications partners, are equal, whereas in “non-symmetrical” links, those
parameters differ.

In order to support a proper selection for a given application, respectively a class of applications the
relevant transmitter, and receiver, parameters are organized in “transceiver classes”.

C.2.6 Transmitter/receiver combinations

Table C.3 gives the achievable distances (without considering “additional losses”) in free space.
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Table C.3 — Combinations of RX and TX classes

RXclass | py | Rz | R3 | R4 | R5 | R6 | R7 | R8 | R9 R10 | R11

TX class
T1 1,25m|1,75m | 2,5m | 3,5m 5m 7 m 10 m 14 m 20m 28 m 40 m
T2 1,75m| 2,5m | 3,5m 5m 7m 10 m 14 m 20 m 28 m 40 m 56 m
T3 2,5m | 3,5m 5m 7 m 10 m 14 m 20 m 28 m 40 m 56 m 80 m
T4 3,5m 5m 7 m 10 m 14 m 20m | 28m | 40m 56 m 80 m 110 m
T5 5m 7 m 10m | 14m | 20m | 28m | 40m | 56m 80 m 110 m 160 m
T6 7 m 10 m I4m | 20m | 286m | 40m | 5é6m | 80m | 110m 160 m 250 m
T7 10m | 14m | 20m | 28m | 40m | 56m | 80m | 110m | 160m | 250m 35¢m
T8 14m | 20m | 28m | 40m | 56 m | 80m | 110m | 160 m | 250 m 350m 50¢m
T9 20m | 28m | 40m | 56m | 80m | 110m | 160m | 250 m | 350 m 500'm 70(|)m

T10 28m | 40m | 56m | 80m | 110m | 160m | 250 m | 350 m | 500 m ¢),700m | 1000 m
T11 40m | 56m | 80m | 110m | 160m | 250 m | 350 m | 500 m | 700 m/| 1000 m | 1Kkm+
T12 56m | 80m | 110m | 160m | 250m | 350 m | 500 m | 700 m | L0O0 m| 1km+ 1 kjm+
T13 80m | 110m | 160m | 250 m | 350m | 500 m | 700 m {10004 | 1 km+ 1 km+ 1 km+
T14 110m | 160m | 250m | 350 m | 500 m | 700 m {1000 m| kw4 | 1km+ 1 km+ 1 km+
T15 160m | 250m | 350m | 500m | 700 m [1000m| 1 km+ ;1 km+ | 1km+ 1 km+ 1 km+
T16 250m [ 350m | 500m | 700m |1000m| 1 km+ | 1km+ | 1 km+ | 1km+ 1 km+ 1 km+

NOTE Aj§ the sensitivity is related to the noise floor and\the noise floor depends on the square rgot of
the receiver pandwidth, all tables are based on a specific.data rate. Changing the data rate will influende the
receiver senditivity.

C.2.7 Trapsmission margin

The transmission margin is the margin for alladditional losses Lap in (dB).

C.2.8 Recgiver dynamic range

The receivgr dynamic range Rp1is the maximum irradiance profile in relation to the minimum
E
Rmax

irradiance, ¢alculated by R, £101log [dB] , the receiver shall be able to handle (ER_max = maxinum

Rmin

irradiance, ER_min = minimum irradiance).

C.2.9 Link power-budget calculation examples

Example 1

We assume a given OBU with an

OBU receiver irradiance minimum sensitivity: gg{—;‘f“— 8 mW/m?2
OBU transmitter radiant minimum intensity: éeégli_“— 6 W/sr

and want to calculate the minimum RSU parameters “Transmitter radiant minimum intensity” and
“receiver irradiance minimum sensitivity”.
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Other given values are:

Link

distance d=20m

Additional losses

Windshield with sun protection coating
Weather condition (rain, snow and fog)

Sunlight inducted noise Lsyn =2 dB

Calculated loss values: (from above)

Path[loss: Lp =26 dB
Additional losses: Lap =13ydB
Tota] transmission losses: Lir'= 39 dB

Calcuylation of the minimum irradiance profile at the RSU receiver (ER min):

Itist

Exarn

Now

Lw =7 dB (max)
Lwc = 4 dB (max)

Ly

H 2

e_RSU = Ie,min_OBU.10 10 = 39 - Ee,min_RSU = 0,75mW/m

101

Calcylation of the radiant minimum intensity of the RSU transthitter (ER min):

he way back:

Iny 39

. rsu = Eominopy 107 =0,008-10° > 1, oo, =63,5mW/sr

nple 2

that we have selected all transmitter and receiver classes we want to calculate, the maximum

distgnce the OBU-RSU pair can span.

Thismaximum distance is the lower value of the distance OBU — RSU and RSU — OBU and
follos:

a) Direction OBU — RSU

OBU radiant intensity: 6 W/sr

RSU feceiver sensitivity: 0,5 mW/m?2

b) Direction RSU — OBU

RSU Radiant intensity: 100 W/sr

OBU receiver sensitivity: 8 mW/m?2

© IS0 2015 - All rights reserved
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C.2.10 Link power budget scheme

Forward link Return link
e.g. RSU to OBU e.g. OBU to RSU
{:} RSU RSU Receiver irradiance
Minimum radiant intensity minimum sensitivity
)
A
Ly Path loss Rem
Residual gain margin

=]

B

y g

=

2

v

2

=

2

no sunlight direct sunlight s

-y =

Lxp "Additional losses
L op Additional losses

' o
Y no sunlight direct sunlight

Transmission margin

Ram Lp Path loss
Residtral gain margin

' {J
OBU Receiver irradiance OBU
minimum sensitivity Minimum radiant intensity

Figure C.1 — Link power budget scheme
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Annex D
(informative)

Link directivity considerations

General

For {4 directional communication with CALM devices, a three dimensional coordinatersy§
ycALM, ZcaLM) has to be constituted. The origin of the coordinate system correspondsito t
the heam. The x-axis of the CALM device is defined as main direction.

“w, n

Figure D.1 show the azimuth angle “@” and the elevation angle “6” of the beam axis “D”
direqtion) in relation of the main direction.

Further parameters of directivity are the horizontal opening angle, ®y;and the vertical op
Oy, which are specified in relation of the beam axis “D” (see Figure D.1).

D.2

Multi beam antenna example

Figure D.1 shows an example of a multi beam antenna and.the related control parameters.

The

dlirection control parameters in this scenario aré.defined as follows.
b1 = (@1, 81, On1, Ov1)
b2 = (92, 62, Onz, Ov3)
b3 = (¢3, 63, OH3, Ov3)

tem (XcALM,
he source of

(bore-sight

ening angle,

Figure D.1 — Example of multi beam antenna
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D.3 Communication zones shortcut illustration

Figure D.2 and Figure D.3 show the communication zones in the side and ground view, respectively. The
zone names used are the shortcuts as defined in Table 10 and Table 11.
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Annex E
(informative)

Compatibility of CALM and non-CALM infrared systems

General

Therg exist a number of non-CALM IR systems within the global ITS environments, some (Jf them close
to CALM IR while some are completely proprietary.

Examples are the IRVD in Japan, the Malaysian road tolling system, and the_truck tollin
Gernpany.

Whe
Systg
using
migr

E.2

E.2.]

In or]

h defining the CALM IR International Standard, it was one of the esséntial requiremen
ms shall at least be able to co-exist with CALM IR without harmful mutual interfer
y the same optical band in overlapping communication zones and that, under certain ¢
ation path from those systems towards a full CALM IR systemn is'feasible.

Co-existence

| Creating free airtime for non-CALM IR uSers

der to enable adequate co-existence for nongGALM IR systems residing in the same or

comimunication zone, any CALM IR master (eithér residing on the roadside or in a vehicle)

airti

q

I
q

me to all non-CALM IR equipment comitg along as follows.

The CALM IR master does not useevery CALM IR window for CALM IR communicatiof]
g certain window “empty” in order to enable to use this airtime by other systems
interference with CALM IR.

n order to signal to the active CALM-IR slaves that a window shall not be used f
ommunications, the €ALM IR master includes a “compatibility window” in the FOT.

The compatibility window remains unused by CALM-IR units, the airtime may be u

LALM IR systeims provided that there exists a synchronisation mechanism between Q

non-CALM [RSystems. Possible synchronisation methods are described in E.2.2.

\

(Vhen the\compatibility window has terminated (marked by the W-Sync issued by t

g system in

's that those
ence even if
onditions, a

overlapping
grants free

s but leaves
without any

or CALM IR

sed by non-
ALM IR and

he CALM-IR

astérat its end), all control automatically falls back to the CALM IR master.
E.Z.W

E.2.2.1 Synchronisation principle

The two key issues when synchronisation between CALM-IR and non-CALM IR systems shall be
achieved are as follows.

— Thenon-CALM IR system shall be able to recognise thata CALM-IR master has created “free airtime”
for “non-CALM” use.

This function can be performed either “by wire” (in case both masters are fixedly installed and co-
located) or “via air”, either by using a synchronisation signal to be emitted by the CALM-IR master
or implicitly, if the non-CALM-master can interpret the CALM-IR frame.
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— The specific non-CALM IR system should be able to recognize that the “free airtime” is dedicated to it.

This step can be performed by a specific synchronisation signal, reserved for the specific “non-
CALM” system, emitted by either of the following:

master of the “non-CALM” system (in case step 1 had been performed “by wire”);

master of the CALM IR system after the W-Sync marking the compatibility window.

E.2.2.2 Creation of Sufficient air time for non-CALM-IR systems

Itis evident

thatthe r‘nmpnfihi]ify window uses airtime ofthe frame

If even the |
can be gran
in order to H

Of course,
communicat

To suspend

E.2.2.3 Rqg

At the time
which may ¢

— Japanes
German
Malaysi

IrDA inf]

The subseqt
in Table E.1.

ongest allowed frame is occupied by too many private windows so not sufficient air
fed to the non-CALM IR system, the CALM master may suspend some or all CALM-IR s
e able to allocate a sufficiently long compatibility window.

this shall not be done in each consecutive frame (this would disable all CAL
ions) but with a repetition rate adequate to the overall system requireménts.

Lhe slaves, the MAC commands MC-SUS or MC-SUA may be used.

served synchronisation pattern

of developing this International Standard, the followihg four non-CALM infrared sys
o-reside with CALM IR in the ITS domain are know1

e IRVD system;
truck tolling system;
hn road tolling system;

erfaces.

Table E.1 —Reserved ID patterns for non-CALM IR systems

System Frequency | Cycles

Japanese IRVD system Not applicable as no
overlapping of bea-
con communication

zones (according to

time
aves

M-IR

tems

lent patterns have been selected after a careful study of the above listed systems, as shown

paragraph f)
German truck tolling system 85 kHz 4
Malaysian road tolling system 85 kHz 4
IrDA interfaces tbd tbd

E.2.2.4 Limitations and restrictions

In order to avoid any harmful mutual interference between co-residing CALM IR and non-CALM IR
systems, the following conditions shall be fulfilled:

a) non-CALM system shall not use any signal or code which could be misinterpreted as CALM IR
F-Sync or W-Syng;

b) non-CALM system shall not respond to a CALM IR F-Sync or W-Sync;
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c) frame of the non-CALM IR system shall not be longer than 64 ms in order to fit in the longest
possible free airtime a CALM IR system can grant;

d) CALM-IR system shall grant, as a minimum, a free airtime long enough for the maximum frame of
the non-CALM system as long as condition c) is met;

e) non-CALM IR masters installed in vehicles shall recognize the synchronisation pattern assigned to
their system and shall consider the following airtime as assigned to the non-CALM system;

f) toallow IRVD and CALM-IR to exist together, it is absolutely necessary that they be installed so that
their beacon communications areas might not overlap one another, regardless of a) to e).
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