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Annex 8 to Working Party 5B Chairman’s Report

PRELIMINARY DRAFT NEW RECOMMENDATION ITU-R M.[VDES¥

Technical characteristics for a VHF data exchangeystem
in the VHF maritime mobile band

Scope

This Recommendation provides the technical chariatites of a VHF/data exchange system (VDES) which
integrates the functions of VHF data exchange (VRpplication specific messages (ASM) and the
automatic identification system (AIS) in the VHF ritiane. mobile band (156.025-162.025 MHz).

Keywords

[TBD]

Glossary

ACPR: Adjacent channel power ratio

AIS: Automatic identification system

AOS: Acquisition-of=signal

ASM: Application specific messages

CIRM: Comité International Radio Maritime
CSTDMA: Carrier sense time division multiple access
DA: Doherty,amplifier

DPD: Digital pre-distortion

ET: Envelope Tracking

FATDMA: Fixed access time-division multiple access
FEC: Forward error correction

IALA: International Association of Marine Aids toadVigation and Lighthouse Authorities
ICAO: International Civil Aviation Organization

* This Recommendation should be brought to the tidteiof the International Maritime
Organization (IMO), the International Civil AviaticOrganization (ICAO), the International
Association of Marine Aids to Navigation and Ligbtise Authorities (IALA), the International
Electrotechnical Commission (IEC) and the Comitérnational Radio Maritime (CIRM).

C:\USERS\SEAMUS DOYLE\APPDATA\LOCAL\TEMP\TEMP1_FILETO PUBLISH ON IALA PUBLIC PAGE ZIP\ENAV16-14.2.1WG3
PDNR WITH ANNEXES 2 - 6 ADDED 2015-04-23.DOGXMABRD 08E-DOCX  23.04.1503:12:14

08.05.1503-12:14



-2-
5B/761 (Annex 8)-E

IEC: International Electrotechnical Commission
IMO: International Maritime Organization
ITDMA: Incremental time division multiple access
LEO: Low-earth orbiting

MEO: Medium-earth orbiting

MMSI: Maritime mobile service identity

OFDM:  Orthogonal frequency division multiple acses
PAPR: Peak to average power ratio

PFD: Power flux-density

RR: Radio Regulations

RSSI: received signal strength indication

SOLAS: Safety of life at sea convention

SOTDMA: Self-organized time division multiple acees
TDMA:  Time division multiple access

VDE: VHF data exchange

VDES: VHF data exchange system

VDL: AIS VHF data link

The ITU Radiocommunication Assembly,

considering

a) that the International Maritime Qrganization (IM@gs a continuing requirement for
a universal shipborne automatic identification sgs(AIS);

b) that the use of a universal shipborne AIS alloffisient exchange of navigational data
between ships and between ships.and shore stati@nsby improving safety of navigation;

C) that the VHF data exchange system (VDES) showddapgropriate access schemes that
ensure the protection of AlS:while making efficiaise of the spectrum and accommodate all users;

d) that while AIS is'used primarily for surveillanaed safety of navigation purposes in
ship to ship use, ship reporting and vessel trafivices applications, a growing need for other
maritime safety related.communications has develppe

e) that the VDES shall give priority to AlS, and alBomcommodate future expansion in the
number of users and diversification of data commativns applications, including vessels which
are not subject to'IMO AIS carriage requiremenitss &0 navigation and search and rescue;

f) that the VDES has data communications capacityteetthical characteristics that
support the harmonized collection, integration hexge, presentation and analysis of marine
information onboard and ashore by electronic méareshance berth to berth navigation and
related services for safety and security at segantéction of the marine environment,
recognizing
that the implementation of VDES must ensure thafftimctions of digital selective calling, AlS and
voice distress, safety and calling communicationgi@el 16), are not impaired,
noting
that the report ITU-R M.[VDES-SELECT] describes tree cases and requirement for VDES,
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recommends
1 that VDES should be designed in accordance Wwéloperational characteristics given
in Annex 1 and the technical characteristics aradrgles given in the following Annexes;
2 that applications of the VDES which make usepgfliaation specific messages (ASM)

designed for AIS, as defined in Recommendaffid-R M.1371should also take into account the
international application identifier branch, asafied in IMO SN Circ. 289, maintained and
published by IMO;

3 that the design and installation of VDES shoust @onsider relevant technical
requirements, recommendations and guidelines gdai®y IMO, IEC and IALA.
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ANNEX 1

Operational characteristics of a VHF data exchangsystem
in the VHF maritime mobile band

General

The system should give its highest priorityht® automatic identification system (AIS)
position reporting and safety related information.

The system installation should be capable a#ivéng and processing the digital
messages and interrogating calls specified byReiommendation.

The system should be capable of transmittimitiadal safety information on request.
The system installation should be able to dpavantinuously while-under.way, moored
or at anchor.

The system should use for the terrestrial liike-division multiple access (TDMA)
techniques, access schemes and data transmissiood®én a synchronized manner as
specified in the Annexes.

The system should be capable of various mofdeseration, including the autonomous,
assigned and polled modes.

The system should provide flexibility for theeus in order to prioritize some
applications and consequently adapting.some paesset the transmission (robustness
or capacity) while minimizing system complexity.

The system should address the use cases idémtifthe report ITU-R M.[VDES-
SELECT].

VHF data exchange system functions and frequenaisage

VDES functions and frequency usage are illustraietbrially in Figure Hrigure-1
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FIGURE 1

VHF data exchange system functions and frequency age
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NOTE — SAT Up is receive-only by satellite.
5.1 VHF data exchange system channel usage in aactance with RR Appendix 18

5.1.1 VHF data exchange system data exchange betweerrestrial stations
AIS 1 (channel 2087 ) and AlS 2 (channel 2088¢ AlS channels, in accordance with
Recommendation ITU-R M.1371;
ASM 1 (channel 2027) and ASM 2 (channel 2028) #re channels used for application
specific’'messages (ASM);
VDEZ1-A lower legs (channels 1024, 1084, 1025, gp&re ship-to-shore VDE;

VDE1-B upper legs (channels 2024, 2084, 2025,20& e shore-to-ship and ship-to-
ship VDE.

5.1.2 VHF data exchange system data exchange betweatellites and terrestrial
stations

AIS 1 (channel 2087) and AIS 2 (channel 2088) teestrial AIS channels that are
also used as uplinks for receiving AIS messagezalsllite;

Long Range AIS using channel 75 and channel #specified channels to be used as
uplinks for receiving AIS messages by satelliteTS4p1 (channel 2027) and SAT Up
2 (channel 2028) are used for receiving ASM bylbtae
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SAT Up3 (channels 1024, 1084, 1025, 1085,1026 2086) are used for ship-satellite
VDE uplinks;

SAT Downlink (channels 2024, 2084, 2025, 2085280and 2086) are used for satellite-
ship VDE downlinks.

5.1.3 Technical characteristics

5.1.3.1 Shipborne VHF data exchange system receigeare protected

As in AIS, shipborne VDES receivers are on the apggs of RR Appendit8, 4.6 MHz above the
lower legs, which facilitates protection by filteg from receiver blocking by ships VHF radios.
5.1.3.2.  SAT Downlink

The satellite downlink complies with the power fldgnsity (PFD) mask describedTiable 8Fable
6 (section 10) to minimize interference to terredtsiervices and to maximize reception by ship
VDES stations.

5.1.3.3 VDEL1 uses both legs of the duplex channels

Channel capacity is utilized for the duplex chasrielVDEL by using the lower legs (VDE1-A) for
ship to shore and the upper legs (VDE1-B) for stiorship.and ship-to-ship digital messaging.

Table 1 describes the RR AppendB&channels used for the various applications of VDES

TABLE 1

RR Appendix 18 channels for VHF data exchange' systes applications: Automatic identification system,
application specific messages, VHF data exchange

RR Appendix 18 channel
number

Transmitting frequencies (MHz)

Coast stations
Ship stations (ship-to-ship)
Satellite-to-ship

Ship stations (ship-to-shore)
(long range AIS)
Ship stations (ship-to-satellite)

AlS 1 161.975 161.975

AIS 2 162.025 162.025

75 (long range AIS) 156.775 (ships are Tx only) N/A

76 (long range AIS) 156.825 (ships are Tx only) N/A

2027 (ASM.1) 161.950 (2027) 161.950 (2027)
2028(ASM 2) 162.000 (2028) 162.000 (2028)

24/84/25/8%26/86
(Ship-satellite,
satellite-ship)

24/84/25/85
(VDE 1)

24 24
84 84
25 25
85 85
26
86

100/150 kHz channel
(24/84/25/85, lower legs (VDEL
A) merged) Ship-to-shore
(24/84/25/85/26/86,) Ship-to-
satellite

100/150 kHz channel
(24/84/25/85, upper legs (VDE1
B) merged) Ship-to-ship, Shore-
to-ship (24/84/25/85/26/86,)
Satellite-to-ship

157.200 (1024)

161.800 (2024)

157.225 (1084)

161.825 (2084)

157.250 (1025)

161.850 (2025)

157.275 (1085)

161.875 (2085)

157.300 (1026)

161.900 (2026)

157.325 (1086)

161.925 (2086)
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FIGURE 2

VHF data exchange system functions and frequency age engineer’s perspective
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6 Identification

Identification and location of all active maritirs&tions is provided automatically. All VDES
stations should be uniquely identified. For thepmse of identification, the appropriate numerical
identifier, for example maritime mobile servicendiey (MMSI), could be used, as defined in the
latest version,of Recommendatiffy-R M.585 RecommendatiofifU-R M.1080should not be
applied with respect to the ®@igit (least significant digit). Automatic ideritiition system

AIS is a part of VDES. AIS should have the high@#trity in the VDES, and all other functions
should be organized such that the AIS is not adleeffected.
6.1 Automatic identification system VHF data link ron-controlling stations

6.1.1 Automatic identification system shipborne st#on

The AIS part of the shipborne VDES should confoomeuirements for Class A shipborne mobile
equipment using SOTDMA technology as describedéndimendatiotiTU-R M.1371,
except that the channel switching aspect of chamaslagement should not be used.
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6.2 Automatic identification system VHF data link ontrolling stations

6.2.1 Automatic identification system shore baseaion

The AIS part of the VDES shore base station shoafdorm to the requirements for AIS base
stations as described in RecommendalfidfrR M.1371, except that the channel switching aspect
of channel management should not be used in cotiunwith VDES. AIS should have the highest
priority of all functions in the VDES shore basatsin, and all other functions should be organized
such that the AIS is not adversely affected.
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Technical characteristics of the Application Speci€ Messages (ASM)

1 Structure of the application specific messages

for the VDES in the VHF maritime mobile band

This Annex describes the characteristics of the PDAdcess schemes which include random

access TDMA (RATDMA), incremental TDMA (ITDMA), fied access TDMA (FATDMA)

techniques.

1.1 Application specific messages layer module

This recommendation covers layers 1 to 4 (physisadr, link layer, network laye

&SDOI’I

layer) of the open system interconnection (OSI) ehod

Figure 1 illustrates the layer model of the ASMista(physical layer to

layers of the applications (session layer to apgibnis layer):

@rangpor
etWgrk er
ASM1 - | smd
Link Management Entit E) Link Management Entity (LME)
Layer A Layer
er Data Link Service (DLS) Layer
Medium rol (MAC) Medium Access Control (MAC)
Layer Layer
| Layer Physical Layer
RXASM1 TX ASM1/ASM2 RXASM[Z |
4 R{eceiver
Tx: Transmitter
1.2 Responsibilities of layers for preparing ASM dea for transmission

FIGURE 1

O

Application Layé&

Presentation Layer

Session Laye

ayer) and the

2 1 bits to actual time;

Convert all reference to timing defined by

121

Transport layer

Explain subheadings here

The labeling here is confusing — is it

The transport layer is responsible for convertintadnto transmission packets of correct size and

sequencing of data packets.

122

Network layer

The network layer is responsible for the managerogptiority assignments of messages,

distribution of transmission packets between chisnaed data link congestion resolution.
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1.2.3 Link layer
The link layer is divided into three sub-layershwiifie following tasks:

1.2.3.1 Link management entity

Assemble ASM message bits.

Order ASM message bits into 8-bit bytes for assgrmbtransmission packet.

1.2.3.2 Data link services
Calculate frame check sequence (FCS) for ASM meskas,

Append FCS to ASM message to complete creatioranSinission packet contents&

Complete assembly of transmission packet. %

1.2.3.3 Media access control

Provides a method for granting access to the danafer to the VHF d in L). The method
used is a TDMA scheme using a common time reference

1.24 Physical layer QQ

Convert digital transmission packet @ Quadrature Phase-Shift Keying (QPSK) to modulate
transmitter.

2 Physical layer - Q
2.1 Parameters 1 \

21.1 General &1
The physical layer is responﬁiblm ransfea bit-stream from an originator, out on to the
data link. The performange regui nts for thespfay layer are summarized in Tables 1 to 5.

The low setting and t)& ing for each patems independent of the other parameters.

w TABLE 1

Symbol \» Parameter name Units Low setting High setting
C spacing (encoded according to RR| kHz 25 25
ndix 18 with footnote§)
ASM 1 (2027{) MHz 161.950 161.950
PH.A ASM 2 (2028§" MHz 162.000 162.000
PH.TXP Transmit output power w 1 12.5
@ See Recommendation ITU-R M.1084, Annex 4.
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21.2 Constants
TABLE 2
Symbol Parameter name Value

PH.DE Data encoding Not used

PH.FEC [Forward error correction | Turbo (selectable) [y, - We should be able to use or not use FEC
PH.IL Interleavin Notused N | \ g:gsgggg on the environment. This can be encimdedhe training
PH.BS Bit scramblin Not used o Alternative is an encoded message type
PH.MOD Modulation 140PS { 777777777777777777 | field, such as used for VDES sat downlink format.

Recommend change to TBD, all FEC
schemes benefit from interleaving. Interleaveigies based on
knowledge of channel/fading characteristics ofAl& channel.

| There will be more than one model, space and gréiokas a

213 Transmission media ' | minimum, may vary versus mast height and sea state.

o ) o ) o { ) _Recommend trage was between pi/4 and}
Data transmissions are made in the VHF maritimeil@diand. Datatransmissions should use offset QPSK, without differential encoding.
ASM 1 and ASM 2 channels.
214 Multi-channel operation
The ASM should be capable of receiving on two parahafa€ls and transmitting on two
independent channels. Two separate TDMA recéivipggsses should be used to simultaneously
receive on two independent frequency channels. T A\transmitter may be used to alternate
TDMA transmissions on two independent fréquengynolats.
2.2 Transceiver characteristic$
The transceiver should perform in a&cordance viighcharacteristics set forth herein.

TABLE 3
Minimum redquimed time division multiple access trarsmitter characteristics
Transmitter parameters Requirements

Carrier power, error +1.5dB
Carrier fredudiacy errar £500Hz _ _ ) Fairly high, a spec of +/- 250 Hz should b}
Slotted modulatiOp. mésk fc < +10 kHz: 0 dBc economically achievable.

+10 kHz < fc < +25 kHz: below the straight line between 25 d&c
+10 kHz and —70 dBc at +25 kHz

125 kHz < fc < +62.5 kHz: =70 dBc

Transmitter output power versus time Power within mask shown in figure 2 and timing ibléa4
Spurious emissions —36 dBm 9 kHz ... 1 GHz

—-30dBm 1 GHz ... 4 GHz
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TABLE 4
Definitions of timing for Figure 2
Reference Bits Time Definition
Reference Bits (ms) Detinition
To 0 0 Start of transmission slot. Power should NOT excesdB ofPss
beforeTy
Ta 0-12 0-0.625 Power exceeds —50 dB Bf;s
Ts Te1 12 0.625
g2 16 0.833
Te0 466 24.271
T () 482 25.104 Power should be —50 dB Bfsand stay below this
Ts 512 26.667 Start of next transmission time period
TABLE 5
Minimum required time division multiple access recéverehasagteristics)
Receiver parameters Requirements
Sensitivity [20% PER\@ —107 dBm]
Error behaviour at high input levels 1%,PER @¥77 dBm]
[1% PER @ —7 dBm)]
Adjacent channel selectivity Rov%PER@ 70dB] | -
Spurious response rejection 20% PER @ 70 dB]
Intermodulation response rejection 20% PER @ 74 dB]
Spurious emissions [-57 dBm (9 kHz to 1 GHz)]
[=47 dBm (1 GHz to 4 GHz)]
Blocking 20% PER @ 86 dB]
2.3 Modulatiomrseheme

The modufation scheme is/4 Quadrature Phase-Shift Keying (QPSK).

2.3.1 /4 @PSK
23%.1 The encoded data should b& QPSK coded before modulating the transmitter.

2.3.1.2 The modulator transmitter roll off used for trarssion of data should be maximum
0.35 (highest nominal value).

2.3.1.3 The demodulator used for receiving of data shbeldesigned for a receiver roll off of
maximum 0.35 (highest nominal value).

2.3.2 Phase modulation

The coded data should modulate the VHF transmitter.
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2.3.3
The frequency stability of the VHF radio transniiteceiver should be + 500 Hz or better.

"Frequency stability

2.4
The transmission bit rate should be max 19.2 khif/0] ppm.

Data transmission bit rate

2.5 | Training lsequende /synchronisation header _

Data transmission should begin with a 24-bit dentetdu synchronisation header (preamble)
consisting of one segment synchronization. Thismesd should consist of [1111100118201
01111110 xx www].

000 — no coding
001 — 1/2 coding
010 — 3/4 coding
011 — 5/6 coding

www — selects waveform
000 - /4 QPSK

2.6
Not used.

Data encoding

2.7

Forward error correction is used. Férwafd énarémion will be performed using turbo coding

and defined in the synchronisation hgatles

Forward error correction

2.8
Interleaving is noft used.

Interleaving

2.9
Bit scrambling iswot used.

Bit scrambling

2.10
Data link ocBupangy’and data detection are enta@ehirolled by the link layer

Data link¥’sensing

2.11

Thetattack, settling and decay characteristichk@RF transmitter should comply with the mask as
definedhin'Table 4.

MranSmitter transient response

2.11.1
The channel switching time should be less thah €5 m

Switching time

The time taken to switch from transmit to receiveditions, and receive to transmit conditions,
should not exceed the transmit attack or release. tit should be possible to receive a message
from the slot directly after or before own transsiis.
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We should consider a training sequence
which implements Barker codes and allows for midtigpaveforms
and coding rates. | would suggest using a comibimgtie 13 bit
Barker Code and a start flag: 1111100110101 011 k& www.
xx selects the FEC coding:

000 — not coding
001 — 1/2 coding
010 — 3/4 coding
011 — 5/6 coding

www — selects waveform
000 - /4 DQPSK

Some form of encoding on the
waveform/coding selection bits to increase Hamndiisgance
desired, as per discussions on VDES sat downlindutadion /
waveforms.

Inconsistent with earlier text. ]

Should be investigated, and used if
forward error correction coding is employed.

What is the switching time as used heref?
Earlier requirement specified full-time receptidrcbannels ASM1
and ASM2 by suitable receiver. Transmit switchiingetis another
matter, and depends on how other AIS frequencids?&Ms behav
for transmissions.
If this is transmit/receive switching time, it mriger than desired, this
would imply lost reception in slot before and afilerASM message
is transmitted?
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The equipment should not be able to transmit durhrnnel switching operation.

The equipment is not required to transmit on tieASM channel or AIS channels in the
adjacent time slot.

212 Transmitter power

The power level is determined by the link manageraatity (LME) of the link layer.

2.12.1 Provision should be made for two levels of nompaler (high power, low power)
as required by some applications. The default diperaf the ASM station should be on the high
nominal power level.

2.12.2 The nominal levels for the two power settings SUdlB“_jI.W and 12.5 Woler, should - 1 would recommend 2 W as a minimum
b ihin+1.5d8. T A - - for space detection. Some units could be compi@standard at 1
%' % W to save battery life. Spec could read 1 or 26 power).
2.13 Shutdown procedure

2.13.1 An automatic transmitter hardware shutdown prooednd ingi %, hould be

provided in case a transmitter continues to trahfmimore than 2 s. This down procedure

should be independent of software control.

2.14 Safety precautions

The ASM installation, when operating, should nod
short circuited antenna terminals.

3 Link layer

The link layer specifies how data is pacRaget
data transfer. The link layer is divided in m :

3.1 Sub-layer 1: medium ac

The medium access control{MA hulayer provalesethod for granting access to the data

transfer medium, i.e. the Hﬁ\d& k. The accms$eerhe is a TDMA scheme using a common _ - The way | would explain it, the medium
: access control is SOTDMA, RATDMA, etc., TDMA is jube
we' multiple access scheme, not the method itself.

3.1.1 TDMA synchronization

TDMA synchroni%aohieved using an algorithased on a synchronization state as
described below. syhc state flag within ITDM@&numunication state, indicates the
iZation sta@of a station.

”””””””””””””””” different timing (semaphore monde) and the ASM bag UTC

3.1.1. \lCoordinateH universal time direct - W This could be a problem if the AIS has ‘
direct.

A station, which has direct access to coordinatg@dansal time (UTC) timing with the required
accuracy should indicate this by setting its syonfmation state to UTC direct.

3.1.1.2  Coordinated universal time indiredt -

AIS — we can limit the cases from those availabteAiS, or widen
them — the key issue will be how we expect trandpanto behave

A station, which is unable to get direct accesdT&, but has access to the AlS system, may get its
on the AIS channels.

synchronization from the AIS system. It shouldntisBange its synchronization state to indicate the
type of synchronization which is being providedtbg AIS system.

These assume synchronization similar T
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3.1.2 Time division

The system uses the concept of a frafnFame equals one (1) minute and is divided into
2250 slots. Access to the data link is, by defayiten at the start of a slot. The frame start stog
coincide with the UTC minute, when UTC is unavaiatihne AlS system may provide the frame

synchronization.

3.1.3 Slot phase and frame synchronization

Slot phase synchronization and frame synchronizasialone by using information from UTC or

from the AIS System. \
3.1.3.1 Slot phase synchronization

Slot phase synchronization is the method wherebliit boundary is synchroniZed with a high

level of synchronization stability, thereby ensgrito message boundary oveplapg or corruption

of messages.

3.1.3.2 Framé svnchronizatio\n - Introducing definations for super frames
””””””””””” N S or other structures from other annexes may profutiee flexibility,

Frame synchronization is the method whereby theentislot numme( frame is known. for example in specifying behavior of infrequertrismitters (at

minutes, 10s minutes or longer intervals in a d&gnefits to
hardware can include power savings for battery afperdevices witl

3.1.3.2.1 Coordinated universal time available long, well defined sleep cycles.
A station, which has direct access to UTC, shoali -synchronize its transmissions

based on UTC source. A station, which has indasecess 8. UF C should continuously

resynchronize its transmissions based on those es.

3.1.3.2.2 Coordinated universal time not

er is equal to the semaphore slot
rethould continuously slot phase synchronize.

When the station determines that its own i
number, it is already in frame sync iZatio

3.1.3.2.3 Synchronization sourrﬁ%
The primary source for synchronization should feithernalUTC source (UTC direct). If this

source should be unav chronizationlghbe derived from the AIS system.

3.14 Slot identificatl
Each slot is idenWts index (0-2249). Stero (0) should be defined as the start of th@dra

3.15 lot access

The transmitter s Lﬁa begin transmission by tugrmun the RF power at slot start.

The tra hould be turned off after the kaisbf the transmission packet has left the
ittfhg unit. This event must occur within #iets allocated for own transmission. The default
f Ftransmission occupies one (1) slot. flbeaccess is performed as shown in Fig. 3:
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Update figure to delete 100/80%

J

FIGURE o
RF powe Slot star Slot star { |
,l
!
wo| L] i
E [/ !
Time /
ol | /
/I
3.1.6 Slotstate

Each slot can be in one of the following states:
- Free: meaning that the slot is unused withirrekteivinq range of the

- Internal allocation available: meaning that tld is allocatg
be used for transmission of ASM messages.

- Internal allocation unavailable: meaning thatgho i
purpose of AIS or ASM transmissions and

- External allocation: meaning that the slo
and cannot be a candidate for slot reuse

d by own station for the
idate for slot reuse.

edifor transmission by another station

- |Availablé: meaning that the slot is externall@edited by a station and is a possible _ -

May be message type dependent

)

candidate for slot reuse.

) ) °
- Unavailable: meaning that the
candidate for slot reuse.

3.2 Sub layer 2:
The data link service layer provides rdthfor:
- data link activati nd release;

- data tWr
- rror detéction, correction and control.

activation and release

C sub layer the DLS will listen,iatte or release the data link. A slot, marked as
r eXternally allocated, indicates that owaipment should be in receive mode and listen for
ta)ﬁnk users. This should also be the wdtheslots, marked as available and not to be used
by own Station for transmission.

3.2.2 Data transfer
Data transfer should use a bit-oriented protocdlstould be in accordance with this standard.

3.2.2.1 Packet format
Data is transferred usiratransmission packets shown in Fig. 4:
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FIGURE ﬁ 777777777777777777777777777 - ‘{ Training sequence needs to be updatedﬂ

A J

/

Data
384 bit

CRC
32 bits

Buffer
48 bits

Ramp up
16 bits

Training Sequence
24 bits

End Flag
8 bits

The packet should be sent from left to right. Tiaéning sequence should be used in order to
synchronize the VHF receiver. The total lengthhef default packet is 512 bits. This is\equivalent - -

toone (1) slot. Ry

3.2.2.3 Ramp-up

The ramp-up portion of the waveform provides faradual transition to transmission)state from
transmitter off state. A gradual ramp-up periodvides important spectral ghaptg to reduce
energy spread outside the desired signal modulagodwidth, and reducéSiint@sference to other
users of the current and adjacent channel.

Default packet can be shorter, to minimize
space-based interference between packets on atifoen Using
code of less than rate Y2 will still provide subsiEinmessage
‘payload’ data volume (prior to coding).

NSvnchronisation Header N - ‘{ Add header numbering ]

The synchronisation header should be a bit pattensistiageef $113%00110101 01111110 xx
www(ref 2.5). The synchronisation header is ndjescio coding¥t is included in the CRC .

3.2.2.4 Data

The data portion is 384 bits long in the defadhsmisSion packet. The content of data is undefined
at the DLS. Transmission of data, whichsoccuffy el 384 bits, is described]in § kxx. A Add reference when defined )

3.2.25 Frame check sequence

The FCS uses the cyclic redundancyecheeke¢CRC)it3®lynomial to calculate the checksum as
defined in ISO/IEC 13239:2002. The\CRCbits shdnddpre-set to one (1) at the beginning of a
CRC calculation. The synchfonisation eader and staduld be included in the CRC calculation.

3.2.2.6 End flag

The end flag should be 8 bifs\ong. It is usedriteo to detect the end of a transmission packes. Th
end flag consistswef a bit pattern, 8 bits longt D110 (7). The CRC is used to ensure the

proper end flaq has bebn fOLII’]d. - Not necessarily required, per discussion
”””””””””””””””””””””””” for sat to ship VDES downlink. Predefined lengtimessage with
given coding rate should suffice (as bit stuffisgidbt recommend as

3.2.2.7 Buffer well).
The buffeg ié 40 bitb long and should be used bews: - /‘{ Should reference time rather than bits ]

- tistance delay: 28 bits
- synchronization iitter[: 12 b\its N - ‘{ Should be the same as AIS ]
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3.2.2.7.1 Distance deldy

A buffer value of 28 bits is reserved for distadetay. This is equivalent 235.9 nautical

messages intended for satellite reception a buéflere of 196 bits is reserved for distance delay.

3.2.2.7.1 _Synchronization jitter

For synchronization jitter refer to Recommendalibd-R M.1371 Annex 2

3.2.2.8 Summary of the default transmission packet

The data packet is summarized as shown in Table 6:

- ‘{ Should reference time ]

miles (NM). This distance delay provides protectiona propagation range of over 120 NM. For__ -

Can expand this definition for space
reception case - ?

M ,,,,,,,,,,,,,,,,,,,,,,,,,,, _ ‘{ Need to try to make this generic to }
accommodate different modulation techniques;
Ramp up 16 bits TOto TTS in Fig. 8
Training sequence 24 bits Necessary for synchronization
Data 384 bits Default
CRC 32 bits Only the data field is incluggdhin the CRC
Endflag | 8bhits __ _|Fixedvalueof 7=y, N Y ___________| - *{ How likely is it that turbo coding could }
Buffer 48 bits Bit stuffing distaiace del@ys, repeater delay attelrji cieatelanlinvalidiendliiagg
Total 512 bits

3.2.2.9 Transmission timing

There should be no modulation duripg the fampu.dpannod.

3.2.2.10  Long transmission packgets

A station may occupy at maximurg. censecutive dtmtene (1) continuous transmission. Only a
single application of the overheatl (raimp up, trairsequence, flags, FCS, buffer) is required for a
long transmission packef. Tae\endth of a longgmaission packet should not be longer than
necessary to transfer théadata, #e. the ASM shootcdd filler.

3.2.3 Error detection and control

Error detection and£ontrol should be handled usiegCRC polynomial as described in 8 3.2.2.5.
CRC error§should result in no further action by A&5M.

3.24 Forward Error correction

Turbo Coding — selectable rate

3.3 Sub layer 3 — link management entity
The LME controls the operation of the DLS, MAC ahd physical layer.

1 1 Nautical mile = 1 852 metres
235.9 Nautical miles = 436 886.8 metres; 120 Malithiles = 222 240 metres
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3.3.1 Access to the data link

There should be different access schemes for dim¢raccess to the data transfer medium. The
application and mode of operation determine thessescheme to be used. The access schemes are
ITDMA| RATDMA] [SOTDMA], and FATDMA. B 1 Verify that 1371 describes RATDMASUCT

’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ that multiple slots entry is supported;

3.3.1.1 Cooperation on the data link

The access schemes operate continuously, andatighaon the same physical data link. They all

conform to the rules set up by the TDMA. The AEMtsynmust give priority to the AIS system _ ,1 Must VDE give priority to ASM o vice- ]
when accessing the physical data link. \ versa?
3.3.1.2 Candidate slots

Slots, used for transmission, are selected ftandidate slot$n the selection |nte which is

defined as 150 sldts for an ASM transmission. Tiecsion process uses rec a. There /{ Why 150 candidate slots? Is this from }
should be at minimum four candidate slots to chow#een selecting candjd? messages 2220

longer than one (1) slot, a candidate slot shoglthk first slot in a cons ive Plock of freeeTh

candidate slots are selected from free dlots.

_ = Need to think through a more appropriat}

means than the 1371 definition of slot reuse
che same probability of being

e link. To further provide high
se of the slots so that slots will

The purpose of maintaining a minimum of four camadiis
used for transmission is to provide high probapiit acc
probability of access, time-out characteristicsagplied to t

continuously become available for new use.

332 Modes of operation Q
There should be three modes of opésatign. efende should be autonomous and may be
switched to/from other modes. &

3.3.2.1 Autonomous

uld determisiewn schedule for transmission. The station
eduling conflictthwather stations.

A station operating auto
should automatically r

3.3.2.2 Assigned

assigned mode takesantount the transmission schedule of the
determining when it shoarfinit.

in the polled mode should not conflicthwaperation in the other two modes. The
Ehould be transmitted on the channel wherieterrogation message was received.

3.3.3 Initialization

At power on, a station should monitor the TDMA chals for one (1) minute to determine channel
activity, other participating member IDs, currelot :ssignments, and possible existence of shore
stations. During this time period, a dynamic dioegtof all stations operating in the system should
be established. A frame map should be construeteith reflects TDMA channel activity. After
one (1) minute has elapsed, the station may béabl@ito transmit ASM messages according to its
own schedule.
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RATDMA as described in 1371 is adequate for mutit:Also

3.34 [ Channel access scherhes _ - Replace with reference to 1371 provide
include FATMDA (missing here)

The access schemes, as defined below, should taexi®perate simultaneously on the TDMA
channel. For all access schemes there shouldrieimal interval of x slots between
transmissions, ahd the unit should not be fude. ] 1 The minimal interval should be fied to mT

””””””””””””””””” channel load rather than a fixed interval (lookirgpeater standard
for threshold), and should consider AIS activitynas|

3.34.1 Incremental time division multiple access

The ITDMA access scheme allows a station to presance additional transmission slots.

A station can begin its ITDMA transmission by aliting a new, unannounced slot,
RATDMA.

Prior to transmitting in the first ITDMA slot, thegation may randomly select the lowing
ITDMA slot and calculate the relative offset totth@cation. This offset sho
ITDMA communication state. Receiving stations Wi able to mark the di€ated by this
offset, as externally allocated. The communicasitate is transmitted a
transmission. The process of allocating slotsinoet as long as reguited.
the relative offset is set to zero and no new sloésallocated.

3.3.4.1.1 | Incremental time division multiple accesalgorithm| Kf A Taken directly from 1371 )

the last ITDMA slot,

3.3.4.1.2 Incremental time division multiple acce \

The parameters of Table 7 control ITDMA scheduling?

Symbol Name Minimum Maximum
LME.ITINC Slot increment i iS used to allocate a slot| 0 8191
in the"fragne. It is a relative offset from
ansmission slot. If it is set to
« gre ITDMA allocations should be
\ dohe
LME.ITSL Number ofglot %icates the number of consecutive slots, 1 5
ich are allocated, starting at the slot
increment
LME.ITKP Kee] This flag should be set to TRUE when the False =0 True=1
present slot(s) should be reserved in the nekxt
frame also. The keep flag is set to FALSE
" when the allocated slot should be freed
S ) immediately after transmission
3.3. andom accedsne division multiple access

y
RATD is used when a station needs to allocati®ta which has not been pre-announced.
This is generally done as the first transmission feir a message group, or for messages that cannot
be pre-announced by a previous transmission.

3.3.4.2.1 Random accesbsne division multiple access algorithm

The RATDMA access scheme should use a probabiitgigtent (p-persistent) algorithm as
described in this paragraph (see Table 8).

An ASM station should avoid using RATDMA when pd#si A previously scheduled message
should be used to announce a future transmissi@m whssible to avoid RATDMA transmissions.
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Messages, which use the RATDMA access schemetasgisn a priority first-in first-out (FIFO).

When a candidate slot is detected, the stationorahdselect a probability value (LME.RTP1)

between 0 and 100. This value should be comparddtiaé current probability for transmission

(LME.RTP2). If LME.RTP1 is equal to, or less thaWE.RTP2, transmission should occur in the

candidate slot. If not, LME.RTP2 should be incretednwith a probability increment (LME.RTPI)

and the station should wait for the next candidédtin the frame.

The Sl for RATDMA should be 150 time slots, whisheiquivalent to 4

s. The candidate slot set

should be chosen within the S, so that the trassiom occurs within 4

Each time that a candidate slot is entered, therpigtent algorithm is applied. If the al

ithm

determines that a transmission shall be inhibiteeh the parameter LME.RTCSC is

nted

by one and LME.RTA is incremented by one.

3.3.4.2.2 Random access time division multiple agseparamete,

The parameters of Table 8 control RATDMA scheduling

Q\)

TABLE 8
Symbol Name Descriq& ’ Minimum Maximum
LME.RTCSC | Candidate slot| The number of slots ilable in the 1 150
counter candidate set®
NOTE 1 —The ways 4 or more
) the cycle of the
albeiithm the value may be reduced
LME.RTES End slot Defirfed & slot number of the last slot in the 0 2249
m;m ich is 150 slots ahead
LME.RTPRI Priority riority that the transmission has when 1 0
uetling messages. The priority is highest when
E.RTPRI is lowest. Safety related messages
should have highest service priority (refer to
§4.2.3)
LME.RTPS Start& Each time a new message is due for transmisgion, 0 25
ro it LME.RTP2 should be set equal to LME.RTPS,|
LME.RTPS shall be equal to 100/LME.RTCSQ,.
NOTE 2 — LME.RTCSC is set to 4 or more
initially. Therefore LME.RTPS has a maximum|
value of- 25 (100/4)
LME.RTP1 Derived Calculated probability for transmission in the 0 100
probability next candidate slot. It should be less than or lequa
to LME.RTP2 for transmission to occur, and it
should be randomly selected for each
transmission attempt
LME.RTP2 Current The current probability that a transmission willl| LME.RTPS 100
probability occur in the next candidate slot
LME.RTA Number of Initial value set to 0. This value is incremented| 0 149
attempts by one each time the p-persistent algorithm
determines that a transmission shall not occur
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LME.RTPI Probability Each time the algorithm determines that
increment transmission should not occur, LME.RTP2
should be incremented with LME.RTPI.
LME.RTPI shall be equal to
(100 LME.RTP2)/LME.RTCSC
& )

3.3.4.4 _Initialization phase
The initialization phase is described using theviibart shown in Fig. 10.

FIGURE 10 &
Initialization Q ( !
phase
I

Monitor |
VHF data link Q |
I

+ I

I

No
1

Ready for transmission
I

b4
,,,,, misnu

Monitor VHF data link
At power on, a statio nitor the TDMA chalfor one (1) min interval to determine
channel activity, other parti ting member IDgrent slot assignments and reported positions of
other users, and sible existence of base stafiarring this time period, a dynamic directory of
all members operatin@uRthe system should be kstiad. A frame map should be constructed,
which reflegts TDI\M channél activity. - Is such a slot or frame map similar to
y ”””””””””””””””””””” Class-A, and subject to license fee if used fordotier
transponders? If so, should a slot-map free varidte also
\ available?
Network eccess and entry of a new data stream
Initial network entry using RATDMA - {
Entry of new data stream using previously allogeiby ITDMA v
For periodic transmissions using ITDMA schedule

Single message transmission using RATDMA or schestilfDMA
Dynamic allocation of additional slots using exigtiTDMA

= We need to define in a stand-alone secti
- what we mean by “respect AIS” similar to the skeise description;

Priority of transmissions
Limits how many slots

Required intervals between transmission, adapbttbe channel load;
Respect for AIS channel activity (both for transsios and receptiof);

08.05.1503-3214
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Assigned operation

A controlling station may:

Assign slots to a mobile station --- { "
Exclude slots for autonomous use by other stations

Limit the amount of slots for a specific stationiman area

The controlling station needs to support authefitina

Entering assigned mode

Operating in the assigned mode \
Returning to autonomous and continuous mode %

Message structure
Messages, which are part of the access schemesdsiave the follp&&ture shown in

Fig. 11 inside the data portion of a data packBDT Qu
FIGURE 110 77777777777777777777 _ - Make this clear that the message length
here is the maximum for a single slot, howeventiessage can be up
to 5 slots; variable length field
MGS ID
(G )
/
/
) Qq ) /
/
A 4 \ //
Training Sequence Data CRC End Flag Buffer
24 bits 384 bit 32 hits 8 bits 48 bits //

Each message is descri
Each parameter field

Parameter fields containing Stib-fields (e.g. comigation state) are defined in separate tables with
sub-fields listed t bottom, with the most diigant bit first within each sub-field.

Character
be represe

rings axe presented left to right reigstificant bit first. All unused characters should
d by\the @ symbol, and they shoupddloed at the end of the string.

ut on the VHF data link it shduddgrouped in bytes of 8 bits from top to bottom
ociated with each message in ameoedwvith ISO/IEC 13239:2002. Each byte
utput with least significant bit first.

its in the last byte should be set to reovder to preserve byte boundary.
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Generic example for a message table:

TABLE 11
Parameter Symbol Number of bits Description

P1 T 6 Parameter 1

P2 D 1 Parameter 2

P3 1 1 Parameter 3

P4 M 27 Parameter 4

P5 N 2 Parameter 5

Unused 0 3 Unused bits

Logical view of data as described in § 3.3.7:
Bit order M----L-- M-ooooee e oA --LMLO00
Symbol TTTTTTDI MMMMMMMM | MMMMMMMM | MMMMMMMM - | MMMNNOOO
Byte order 1 2 3 4 5
Output order to VHF data link (bit-stuffing is désrardedtig thelexample):
Bit order LM |- M e T e 000LML--
Symbol IDTTTTTT MMMMMMMM L MMV MM - [ MMMMMMMM | 00ONNMMM
Byte order 1 2 3 4 5

Message identification

The message ID should be 6 bitsT@ad%and shoufibotshe current definitions of message IDs as

defined for AIS in ITU-R M.1371"

Incremental timéaivisi®n multiple access messaggtructure

The ITDMA message structuré supplies the necesstoymation in order to operate in accordance

with 8 xxx. The meSsage structure is shown in Exg.
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FIGURE 12
!
(
Communication :
User ID State //
1
: | |
| | !
1
MGS ID I
1
1
1
1
1
1
Training Sequence Data CRC End Flag Buffer
24 bits 384 bit 32 bits 8 bits 48 bits /
L

User identification
The user ID should be a unique identifier and @& [#ts long.

Incremental time division multiple access communitiesidte

The communication state provides the following fiorgs’
it contains information used by the slot allogatalg@rithm in the ITDMA concept;

- it also indicates the synchronization stage.
The ITDMA communication state is structured.astsiiawd able 12:

TABRE 12
Parameter Number of bits Description
Sync state 2 0% UTRC direct (see § 3.1.1.1)
1 “WPC indirect (see § 3.1.1.2)
Slot increment 13 Qffset to next slot to be used, or zero (0) if nrentransmissions
Number of 3 Number of consecutive slots to allocate.
slots 0=1 slot,
1=2 slots,
2 =3 slots,
3 =4 slots,
4 =5 slots,
5 = 1 slot; offset = slot increment + 8 192,
6 = 2 slots; offset = slot increment + 8 192,
7 = 3 slots; offset = slot increment + 8 192.
Use of 5 to 7 removes the need for RATDMA broadéaisscheduled
transmissions up to 6 min intervals
Keep flag 1 Set to TRUE= 1 if the slot remains allocated for one additidinaine
(see Table 13)

The ITDMA communication state should apply onlttie slot in the channel where the relevant
transmission occurs. ASM 1 and ASM 2 are indepencleannels.
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Make sure that whatever is defined here

Long-range applications may be provided by VDESmgent. It also may provide, by dedicated

does not violate the rules of “politeness” as ddifor terrestrial
comms

|

equipment, for long-range application.

4.1 General

The medium access control (MAC) sub layer provalesethod for granting access to the data

transfer medium, i.e. the VHF data link. The methiedd is a TDMA scheme using a common time

reference.

4.1

Long-range applications by broadcast

Long-range ASM receiving systems may receive lamge ASM broadcast mes

vided

these messages are appropriately structured amsiiitbed to suit the receivin

e

4.2

Packet bit structure for long-range broadcast massage

Long-range ASM receiving systems require suitablgrd period and bufferi

order to preserve

the integrity of the ASM message in the ASM slotibgaries. Table* Shows

an example of a

modified packet bit structure that is designeduigp®rt reception oflASM Messages by satellites
with orbital altitudes up to 600 km. N\

TABLE **

Modified packet bit structure for Ion(@qe ASM message reception
N

Slot composition

Bits

Guard period

100

' difference = 144 bits

Ramp up

Training sequence

Data field

Data field is 384 bits for other single-slot ASM $sages. This field is
shortened by 194 bits to support the long-rangeivagy system
Message ID = 6 bits

User ID = 30 bits

Spare = 6 bits

Binary data = 128 bits

Note — Binary data length may be changed in acomelsvith the target
satellite orbital altitude

receiving system buffe|

CRC Y 32 | standard
End flag 8 | Standard
Long-range ASM 162 | Bit|stuffing = 8 bits Bit stuffing will not be used this needs to

Synch jitter (mobile station) = 6 bits

T

be adjusted as appropriate

Synch jitter (mobile/satellite) = 2 bits

Propagation time delay difference = 144 bits

Spare = 2 bits

Note - Propagation time delay difference may bengkd in accordance
with the target satellite orbital altitude
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| Total | 512 | Standard

4.2.1 Long-range automatic identification system hyadcast message

The long-range ASM broadcast message data fieddag/n in Table **.

This message should be transmitted by shipbornélenstiation.

TABLE ** N

Long-range ASM broadcast message data field o )
Parameter Number of bits Description
Message ID 6 Identifier for this message; always ** A&\Y
User ID 30 MMSI number A sy
Binary data 138 N
Spare 16 Set to zero, to preserve byte ) 1
Total number of bits 190

4.3 Transmission method for the long-ra
message °

The long-range ASM broadcast messa
current power setting as a transmit-o

omatiidentification system broadcast

tretadmising an arbitrary ASM channel at the

4.3.1 Access scheme

@access to the data transfer medium. The
ion determine thessscheme to be used.

The access schemes for t ng-range ASM are ITDRAMIDMA and CSTDMA. The ITDMA
and RATDMA s Id be used in accordance with § 3.3.
4.3.2 ,Carrieréns! time division multiple access

The CSTD acck¥ scheme may be selected by therémmge ASM message application as an

There should be differen
application and mode

option

Carrier sense detection method

e window of 1 146 ys starting at 833amsl ending at 1 979 us after the start of the
time pefiod intended for transmissioipY ASM equipment using CSTDMA should detect if that
time period is used (CS detection window).

NOTE 1 — Signals within the first 16 bits (833 §}he time period are excluded from the decision
(to allow for propagation delays and ramp downgasiof other units).

ASM equipment using CSTDMA should not transmit oy Eme period in which, during the CS
detection window, a signal level greater than 88 ‘tetection threshold” (§ 4.3.2.2) is detected.

The transmission of a CSTDMA packet should comm&fchits (4 688 us o) after the nominal
start of the time period (see Fig. 35).
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FIGURE **
Carrier sense timing

RX signal
level Example of ;‘
A Incoming RF i

Threshold /_ |
1

level

T T T T T T T T
| | CS detection

To 833 1979

Bit -
structure | Guard period

4.3.2.2 Carrier sense detection threshold

(which results in a maximum thresth@vel BE-Bhu2.

43.2.3 Multi-channel operatlonx

If ASM uses only for long rﬁge tion withhp€CSTDMA access scheme. The ASM should
be capable of receiving, ndent charamalsransmitting on two independent channels.
At least one TDMA reCeivi cess should be usa@ceive on two independent frequency
channels. One TDMA transmitter should be usedtay@te TDMA transmissions on

two independenth channels.
4.4 ing’the long-range broadcast message

broadcast message should bemittaed only on ASM channels and not on
channels 75, 76, AIS 1, AIS gegional channels).

2 The following example is compliant with the reaument:

Sample the RF signal strength at a rate >1 kHerame the samples over a sliding 20 ms period
and over a 4 s interval determine the minimum pevalue. Maintain a history of 15 such intervals.
The minimum of all 15 intervals is the backgrouaddl. Add a fixed 10 dB offset to give the CS

detection threshold.
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Annex 3 — VDE-Terrestial specific

Annex 3 shall contain the general information slégor ITU-R M.VDES-0.

Overall document structure
Annex 1 VDES Operation

Annex 2 (ASM)

Annex 3 (VDE-TER) \
Annex 4 (VDE-SAT-Downlink) Q)

Annex 5 (VDE-SAT-Uplink)

Annex 6 TER-SAT sharing Q

Review/working group:

Johan Lindborg, Q
Stefan Bober,

Mark Johnson,
Hans Haugli , - Synchronisation (Preamblegposta@pt Pysical Layer Header
Arunas (Exact Earch),-Link budget table

Hiroyasu (Furuno), °

Yoshi (JRC), -Input for link budqet r t

Giuanluigi DLR, - Review err& codingterleaver suggestion

Nader (ESA), - Interleaver in

Krysztof Bronk, - scrambli \Y hronlsatlon (Ankde, postamble? ) + Pysical Layer

Header §
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1.1 Structure of the VDE .....ooiiiiiiiiii e Error!
Bookmark not defined3
8..353
1.2.1[5.1.1 VHF data exchange system data excftztaeen terrestrial stafi¢ 353
2  OSl Layer (from ANNEX 2) .oocueeeiiiiiiiiiiie it 364
2.1 Transport layer......coooccuiiiiiiiiiiiiiisiiiiiis e 375
2.1.1 NEtWOIK [QYEF ..eeeieieiieiiiiiiiii s sttt ne e 375 \
2.1.2 LINK IAYET .ot 375>
2.1.3 PhySiCal layer........ccucvuiiiiiiiisiiiieieesie s g)

3 Physical layer (Ship/ShOre) ............coceeeeemsieuieeieeiiiiieeeeecieeeeieens ¢
I R o= U= 100 (<) (=] £ O ORI Vo T

3.2 GENEIAl.cciiiiiieiee et

3.3 Transmission Media......cccuvveveeeessmmmmmmneeeeeeeeesdlonrrnnt

3.4 Multi-channel operation .................oweeeeeeeeeiees. s

3.4.1 Ship to ship communication uses the VDE

3.5 Transceiver characteristics .....®..3

3.5.1 Transmit power.......... P

3.8.1 TraiNiNg SEQUENCE ....uuuueieeiiiiiiiieeeeeeeiiiie et e et et e et eeieeetreeeeeseesennneeeaeaens 397

3.9 The slot time duration should be the same déess of the MCS chosen in the particular case.

_ 409
3.10 Data encoding (Bit-t0-Symbol MapPing) ..ceceeceeeeeeeeiiiiiiiiiiiiiiieiaeeees 409
3.11 Forward error correction —DLR to provide mineut
3.11.1 Signalling FEC ......uuiiiiiieiee e 8 409
3.11.2 Data packet FEC Turbo for example 3 GPREOE.................... 409
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3.11.3 Performance measure, Packet error ratid (1e-2 with ARQ, 1e-3)........ 409
3.12 Interleaving (multi-packet) -DLR input and ESA............ccccouviiiiiiiiien. 419

3.13 Synchronisation (Preamble, postamble? ) +cBykayer Header.............. 419

3.14 Bit SCrambliNg.......uueieiiiiiiiies e 419

3.14.1 Data lINK SENSING ittt 4110

3.14.2 TranSMItter POWEN .....ceiiiieiiiiiiieee it 4110

3.14.3 Shutdown ProCedUIe ......ceiiieeviiiiiiiieiiiiiiiei i 4110

3.15 Link budget ANAIYSIS .........vevueeeese e 4210 \
3.15.1 Assumed parameters Q

3.15.2 Range vs throughput

3.17 Framing Structure (similar to AlS + extensipn..........cceccevveeeneene.. :
3.17.1 VDES Slots (Signalling packet Size) ..e.ceeeeeene.....

3.17.2 Data transfer packet size
3.18 Modulation..........cueeeeiiiiiiiiiiieeeeee e
3.18.1 Channel Bandwidth............co.vvvimmeae . 23

4.1.2 Ship-ship media access........
4.1.3 Ship-shore media accss C\ .......................................................... 4515
4.1.4 Channel access sC V ................................. 4515
4.1.5 Incremental time di MUILIPIE BCCESS i 4515
4.1.6 Carrier senge,time division multiple aCCeSS.......c..uueeeiieveeiiiiiieeen 4515
4.1.7 Random ac;%ﬁe division multiple aCCeSS.....ccccvveiiiiiiiiiiiiiiienne 4615
4.1.8 RandOm access time division multiple accegwithm............................. 4615
4.1.9 W s time division MUltiple 8CCEeSS wu.viiiiiiiiiiiiiiiiiiiiiiiiiiiein 4615
A8 ixed access time division multiple accégeraghm...................... 4615

Fixed access time division multiple accesaipeters ..................: 4616

4.1.12 Broadcast

4.1.13 Assignement (resoure alloCation)........coeveeeiiieiiiiiiiiiiiie 4616
4.1.14 Slotted ALOHA randOm 8CCESS ......coueueraiuieiiiiiiiiiiieiiiiiiiieanes 4616
4.1.15 Multipacket transfer .............ooecumeeveeiiiiiiiiicieiieic 4616
4.2 Signalling (control) protocol (VDE Base stafienHans input,.................. 4616
4.3 Data transfer protoCol.......uueeeeisieeeeiieeeseee 4616
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4.4 Automati Repeat Request............... e ABED
5 Link layer =JRC,HANS,OtheIS?.....uuueiiiiiieiiiiiiiiiiiiiiiiiiieeeeeeeeeaeeeiiseeeeees 4716
5.1 Packet format Signalling ........coooiiiieeeemiiiiiiiieeeeeeeeeiiie e eieeeeen, 4716
5.2 Packet format data transSfer .. .........cceeeciiiieie e, 4716

5.2.1 Cyclic redundancy ChECK ............ s eeeeeeeeee i eeeeeeeeeeeeieeeeeeas, 4716
5.2.2 Encapsulation (e.qg Packet ID) ...... ..4716
6 TranSPOIt IAYEI ..cciii ittt e et e e aaaee s 4716

9.1.8 Source of Self Interference (assumptions aiheuinterference)............... 5425
9.1.9 Received signal to noise plus Interferengelle.............ccceevvvvvvvveeenn..... 5425
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Annex 3

Technical characteristics of VDE-terrestrial

in the maritime mobile band

Satellite
tion AIS
s 76
SAT Up3
Long range
AIS Ship transmit channels for VDE AIS-VDE ship receiving bandwidth
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2 [OS| Lavel’ kfrom Annex 2) <\<,'{ Harmonize this across all annex’s ]
B " $ ! I %&
The VDES architecture utilizes the open systenerdonnection (OSI) model as illustrated in W "% ( )
Figure 7Fi 3 o e

The first four layers (physical, link, network atrdnsport) are described with-in this
recommendation. These layers for the VDE, ASM Al sub-systems need to be coordinated.
AIS should have the highest priority in the VDESdall other functions should be organized such
that the AIS is not adversely affected.

channels

Application Layer

FlGUREiQ&J,/*[ # Consider physical channels and logical

Presentation Layer

Session Layer

Transport Layer

Network Layer

VDE1-A
VDE1-B

Link Management Entity
(LME) Layer

Data Link Service (DLS)

Layer A\

Medium Access C(N Medium Access Control
(MAC) Layer sr & (MAC) Layer
Physical Lﬂer‘ > Physical Layer

RX(shipkhore?y TX
(shore)

RX ship)

. Receiver

mitter

= B
Network
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Laver [Acces:
Channel- m = =
2.1 Transport layer «-—

The transport layer is responsible for convertiatadnto transmission packets of correct size and
sequencing of data packets.

2.1.1 Network layer « -

The network layer is responsible for the agement of priority assiqnmerf?o( essages,

distribution of transmission packets between ab&lahannels, and data link ion
resolution.
2.1.2 Link layer -

The link layer orders VDE messages into 8bit bjoesssembly of (Fans iSsion packets.

Applies error correction coding, scrambling ancitgaving. Calc RC and appends to data to
complete creation of transmission packets.

1.2.3.3 Media access control

Provides a method for granting access to the to the VHF data link (VDL). The method
used is a TDMA scheme using a common ti e

2.1.3 Physical layer ° -- W .
Converts binary data into transmissi r%sseﬁnbles transmission symbols, synchronization,

padketsverts transmission packets to appropriate
rdindneogelected modulation and channelization

and other overhead symbols to tra
analogue signal for the transmitt;
scheme.

and 100kHz channels. Additional spectum may belavai for VDE communication on a regional

basis.

3.4 Multi-channel operation N 1 "

3.4.1 Ship to ship communication uses the VDE1-B spectruim a simplex mode <+ - _
3.4.2 Ship to shore communication uses the VDE1-A spectnu_for transmission

and VDE1-B spectrum for reception.
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Shore to ship communication uses the VDE1-B spectnu for transmission
and VDE1-A land VDE1-B spectrum for reception. N - { 5 $ Needed for link coordination from shore}
slae

When 25kHz channels are combined to form eithedkdds or 100kHz bandwidth,
the following methodology shall be used ... (butidtoard???)

3.5 Transceiver characteristics - - 1 " $ L %&
"% ( )
. * [
3.5.1 Transmit power . ”
”””””””””””””””””””” N $ Shore stations may use a ouput power

. \ ihigher than that of mobile stations }

The maximum average power shall not exceed 25V2pidfiz, 50kHz and 100Khz usetlspectrum = s e
1 e b " ‘

[ *

at a time. Spectral mask, Emission Assumptions Q

-Insert figures from 1842 or 1371
25kHz as AlS,

Possible Modulation schemes for future considenatio

(Create table of modulation, and related paramgeters

GFSK Q
GMSK Q
Pl1/4 QPSK
OQPSK (Pi/4 QPSK)

8PSK
16APSK, 16PSK

64 APSK
4x16QAM °
32APSK \{ \

320FDM (multicarrer)

Current T
[

[ransmission waveforms for VHF data exclgan

_ - Harmonize the 25kHz channel behavior
between VDE and ASM

T If possible add GMSK to this table and into
Annex 2

e |
. «--7 " $ ! I %&
"% ( )
: K R >
3.6.1 Carrier Frequency error - -
3ppm

$ ! 1 %&
"% ( )
g *
3.6.2 Symbol timing accuracy -4 P | e
"% ( )
10 ppm N *
3.6.3 Transmitter Timing Jitter - $ ! 1 %&
"% ( )

1% RMS of symbol duration (or may be expressedddsniicroseconds but will need a table based
on symbol rate)
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3.6.4 Slot Transmission Accuracy - -

UTC Direct operation:104 Micro sec for a mobiletuni W
3.7|Bit rateg -« _ - ‘{ Need a table for each modulation as

defined in table above

$ ! I %&
3.8/Adaptive modulation|and coding schemg mechanistns =~~~ “ e U ‘
\ !
N :
The VDE terrestrial link should enable the usagifférent modulation and coding schemes. This. Tthe e I e e 2 S DS "‘b"ﬂe
mechanism needs to work in an adaptive and autonsmanner without the necessityof the base\\{ Christof Bronk has input to this ... )
station participation in the process. e s e
3.8.1 [Trainingsequenck ~ ALNY - w o O ‘
N o )+
The particular modulation coding schemes (MCS) khbe encoded into the tainingsequence as \\\{ What is meant here? )
follows: " $ ! I %e&
%
(Do, Do, Do, Do, Do, Do, Do, Do, Do, Do, Do +1,0,1,1,0, 1, 1, 140, 8, 0YModulp 2 W b e ‘

(D1, D1, Dy, D1, D1, D1, D1, D1, D1, D1, D1 +1,0,1,1,0,181, 1) 0, 0, 0) Modulp 2

(D2, D, Dy, D2, D2, D2, D2, D2, D2, D2, D2+ 1, & 1, TR0, 1, 0, 0, 0) Modulp 2

(D3, D3, D3, D3, D3, D3, D3, D3, D3, D3, Ds + 120, 1, /0,1, 1, 1, 0, 0, 0) Modulp 2

Where 1,0,1,1,0,1,1,1,0,0, 0 isha Barkelecength 11) with a very low autocorrelation
function (sidelobe level ratio about -20%idB). S hiill maximize the detection probability. The
potential 180 degrees phdse error rhay Be.€limirfatddstance with the usage of the start flag (or - | Not understood )

any known sequence withinghe &g k).

Training sequence shouléhbe always’/modulated BMEK.

We need to use this in Annex 2 (no codiTg
scheme. Modulation and codfg schemes should hadtance defined according to the given

below table.
{ R T # 3
—L - % & _= ‘{ Need for 25kHz and 50kHz; ]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, B
_"$ $8 - ) )
2 2
-. %0 1 - T 2
_ &2 &
- *0) 1
)
) & 2
-3 *0 1 )
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Need for 25kHz and 50kHz; ]

{ T %
S A el B R |/ S & |-
R S |
- 3 */0) 1 B
) & R
2 *0) 1 B
) )
2 *0 1 B J
& & ) & )
- **0) 1 B
- 2 &
- **0 1 B T
— 4 ) & 22
- ) **0&21 4
53 666 S5
71 $$ ' 8& 2%+ $ 9 ¥ 18 )1
CQI (Channel Quality Indicator) valties sheuld cep@nd directly to the BER.
The calculation of the BER Should b8 based of tiwvk sequences within the frame. -

This needs to be defined. ]

CQl value of the received mMessage should be cattaiithin the ACK/NACK messagesuch that
the next transmission mayause a different MCS.

ACK/NACK message should be modulated with GMSK.

3.9 The\cHange of the MCS should be initiated by therk layer and the
transtission should start with the GMSK. Thd slotime duration lshould be

L

the same regardless of the MCS chosen. \{

3.10 Data encoding (Bit-to-symbol mapping)

-Wait for more Krzysztof input

[The bit to symbol mapping shall for ESK and GMSKdulations be gray codéd.

3.11  [Forward error torrection ~DLR to provide more input

The turbo code with the code rate of % or lowengdhbe used. Different code rates will be
obtained with the puncturing technique.

3.11.1 Signalling FEC
3.11.2 Data packet FEC Turbo is 3 GPP.

A
77777777777 t{
|

1

$ ! 1 %&
"% ( )
xpn o )+
Make sure this is defined — 26ms(?) ]
Not understood ]
Need from Annex 4 and then harmonize
with Annex 2
" $ 1 %&
"% ( )
* [ )+
" $ 1 %&
"% ( )
T

3.11.3 Performance measure, Packet error ratio (1e-1, 1ea@ith ARQ, le-3)
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3.11.3.1 Channel definition (e.g. AWGN) - $ ! + 1 %&
"% ( )
Signal to noise ratios thresholds per MODCODS DL A
3.12 Interleaving (multi-packet) -DLR input and ESA 1" $ I %e&
3.13 Synchronisation (Preamble, postamble? ) + Pysicaldyer Header A 1o ( ) )

-Hans input, Krzysztof input

3.14 Bit scrambling PR g s  we

Scrambling of the user data is required to avoidgbwer spectral density to be concentrated in the
narrow band.

Scrambler should be based on the linear feedbaftkefister (LFSR). For instangé ityntay be
defined by the polynomia® + x* + 1. The scrambling pseudo-random sequénee f#theswasld
be 511 bits long 1) and the scrambler scheme would be as follows:

initialization

¥ ¥ v ¥

Scramhling
sequence

The scrambling sequencénfldastsignificant bithefregister) should be added modulo-two with
the data bits obtained after the FEC encoding.rimeber of bits will depend on the modulation
scheme used in the particular case. When the 16@whiulation is exploited then the last four bits /{ $ Add table for each modulation scheme tﬂat
of the register neetlt6 B XOR-ed with the fous bieating the 16QAM symbol. For each mayjoeldennedy

consecutiv@,symbol\the register should be shifiethb number of bits creating the scrambling

sequence (i.ea4 inda case of 16QAM).

The'Scrambler should be initialized with the seaqeed0000001 for each frame.

3.14.1 Data link sensing -—r" $ ! L %&
"% ( )
Handled by link layer LA
3.14.2 Transmitter power Rt B " $ ( I %& )
" %
The transmitter may use several power level ggtfinot to exceed 25W. s .
3.14.3 Shutdown procedure - " $ ( L %& )
" %
[ *
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The transmitter shall have an automatic shutdowoegmiure after 1 seconds, to prevent stuck
transmitters. The function shall be independanhfsmftware control.

3.15 Link budget analysis -
3.15.1 Assumed parameters -
3.15.2 Range vs throughput - (.

MODCOD Table (PER=10"-2) of Bitrate/Modulation/Cndischeme / Eb/No
e

Add in GMSK if possible

ransmission waveform:
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3.17 _ |[Framing Structure |

Harmonize with annex 4 and to the
vocabulary of AIS

VDE communication uses the concept of frames amid,shs defined by ITU-R M.1371, to 1 ! I %& ‘

guantize the communication channel into time segsn@nd should be synchronized to slot P " )
boundaries of AIS A VDE frame is divided into 225bts. The VDE slot is the minimum

adressable time segment of the VDE data link. MIRE frame is in turn part of a VDE

superframe, spanning a number of VDE frames. Tmeben of VDE frames shall correspond to the

largest adressable VDE Data Link time unit. Eaelmi is 60s long, syncronized to UTC.

perframe = 5 superframes = 2250 timeslots (=60s) | ! ]

[ [ 2 [ s [+ 5|

superframe = 15 multiframes = 450 timeslots (= 12's) |
[ 1 [ 2] s[4 [ 14]15 ] Mnt-nts |
multiframe = 5 TDMA frames = 30 timeslots ( = 800 ms) |
[1]2]3]4]s ] Fnens |

DMA frame = 6 timeslots (=160 ms) |

[1][2[3]4]5]¢]

Number of symbols
Modulation

category PSK
Slot 384
Subslot 192
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Subslot
Fom 157 i it St st e b 13 Sob S Nmber (551
2224  Multiframe

red

)

3.17.1 VDES Slots - W s L o%a
"% ( )
The VDE|sldt is an integer fraction of an AIS siBhe/DE sl6 t size shall therefore be 2/(75*n) __ - :
seconds, where n is an integer. The slot deternt inimum amount of link load to be 1 NeedleTnewworditonihis
occupied by short messages. Short slots all@ e data link to more actors, and reduces
unnessescary large link overhead for shorhmessapesslot size shall be long enough to fit
control channel data amount, such &8,FATDMA resiema and acknowledgements, with the most
robust MSC (modulation and codin available.
us
Data transfer packet size - w " $ ! I %e&
"% ( )
The nsfer packet size may vary dependirtg@amount of data to be transmitted. The v .
minimum size is one VDE slot, and the maximum csissdf multiple VDE slots corresponding in
time to a five AlIS slots
3.18 ZModulation R $ I %e&
e )
3.18.1 Channel Bandwidth - ML
" $ ! I %&
VDE capable systems shall be able to operate ofothie?5kHz duplex channels, 24,84,25,85, w * g C, )

allocated for data communication according to RRpéix 18.
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The 100kHz channel on VDE-A may be divided into &@kHz channels or four 25kHz channels.
The 100kHz channel on VDE-B may be divided into &@kHz channels or four 25kHz channels.

The lower set of 25 kHz channels, 1024, 1084, 10285, are refered to as VDE1-A. The
corresponding upper set of channels, 2024, 20825 ,22085, are referred to as VDE1-B.

. «‘ .
Sumbo X0
4 Link layer @ 1.,
4.1 MAC layer (Media access control ) s *
Provides a method for granting access and cooidimtaffic forﬂ\g transfer s on the VHF "%
data link (VDL). The method used is a TDMA schensg mon time reference based on .
UTC.
4.1.1 Base station media access « - $
"%
Base stations are configured to create fiXed tions for periodic tranmissions, and
will use the control channelling mechani te additional link access.
4.1.2 Ship-ship media es - $
"%
- $
"%
ed in
Y 4.1.4 Channel access schemes « - $
" %
The access schemes, as defined below, should taexi®perate simultaneously on the TDMA
channel.
4.1.5 Incremental time division multiple access « - $
%
ITDMA should be used for creation of transmissitiaias for multi transmission data packets;
4.1.6_Carrier sense time division multiple access - $
"%

C:\USERS\SEAMUS DOYLE\APPDATA\LOCAL\TEMP\TEMP1_FILETO PUBLISH ON IALA PUBLIC PAGE.ZIP\ENAV16-14.2.1WG3
PDNR WITH ANNEXES 2 - 6 ADDED 2015-04-23. DOCXM:ABRED\FEXT2014\SGO5\WP5B\700\761\76INOBE-DOCX  23.04.1503-12:14

08.05.1503-12:14




- 46 -
5B/761 (Annex 8)-E

Used for single VDE slot transmissions or as ihtti@ansmission when starting ITDMA
transmission chain.

4.1.7 Random access time division multiple access - - W . $ ! 1 %&
"% ( )
RATDMA is used when a station needs to alteca slot, which has not been pre- v .
announced. This is generally done for the fimh$mission slot during data link network entry, or
for messages of a non-repeatable character.
4.1.8 Random access time division multiple access algdrin - - W . $ ! 1 %& ‘
"% ( )
The RATDMA access scheme should use a pilifyapersistent (p-persistent) aI ithm as . :
described in ITU-R M.1371 Annex ? Section ?. Q
4.1.9 Fixed access time division multiple access % $ ! 1 %e& ‘
' % ( )
FATDMA should be used by base stations ofpTDMA allocated should be used e .
for repetitive messages, as well to reserve stotssimote targets that has.r ted to transmit on
the VDE1-A channel.
4.1.10 Fixed access time division multiple a < . -« - W " $ ! I %e& ‘
' % ( )
Access to the data link should be achieved witbregfce%e frarmme start v .
FATDMA reservations apply within a range of ' iles from the reserving base
station. VDE stations (except when using FATDMghould not use FATDMA reserved slots
within this range. FATDMA reservations d beyond 120 nautical miles from the
reserving_base station. All stations may gorisioe Ots as available
4.1.11 Fixed access ti lviston multiple access paramese - - W " $ 1 %& ‘
"% ( )
St irst slot (referenced to frarterty to be used by the statien- . — -t
I Increment to next block of allocaséuts. { ) 1w }
Block size - Determines the default number of ecnsive slots which are
be reserved at each increment
Broadcast - - $ ! 1 %&
Assignement (resoure allocation) oL UL )
Slotted ALOHA random access
Multipacket transfer\ = ‘[ # Rev 1 material, needs user requirement]
”””””””””””””””””” 1 input
4.2 Signalling (control) protocol (VDE Base station) -Hans input, - - W . $ ! 1 %& ‘
"%
o O )
4.3 Data transfer protocol - $ ! 1 %&
4.4 Automati Repeat Request Poe U )

To facitilate control of ship-shore communicatieivhan input

C:\USERS\SEAMUS DOYLE\APPDATA\LOCAL\TEMP\TEMP1_FILETO PUBLISH ON IALA PUBLIC PAGE.ZIP\ENAV16-14.2.1WG3
PDNR WITH ANNEXES 2 - 6 ADDED 2015-04-23. DOCXM:ABRED\FEXT2014\SGO5\WP5B\700\761\76INOBE-DOCX  23.04.1503-12:14 08.05.1503-12:14




-47 -
5B/761 (Annex 8)-E

5 Link layer -JRC,HANS,Others?
5.1 Packet format signalling

3.1.1 Cyclic redundancy check
5.2 Packet format data transfer

5.2.1 Cyclic redundancy check

Recommended to increase from 16 bits to minimunp2&ferable 32
5.2.2 Encapsulation (e.g Packet ID,)

6_Transport layer

INFORMATIVE ANNEX — Link budget
6.1.1 Transmit (minimum) antenna gai

1
na eleme eleme eleme eleme
type nt nts nts nts
stacke stacke stacke
d d d
Gain 2 dBi 3 dBi 6 dBi 9 dBi
to
horizo
n

For _antenna patterns, refer to Annex 4 (VDES-SAT)
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6.1.2 Range (min and max) - $ 1 %&
"% ( )
g .
"% ( )
g
$ ! I %&
"% ( )
g
$ ! I %&
"% ( )
g )
# We may have higher gain antennas ]
# Will depend on modulation used.
Sensitivity should be expressed as noise flodmiatgoint in the link
budget calculation. The later analysis of link beidshould use this
noise floor required Eb/No at prescribed packetéags error rate
for each modulation and coding scheme.
$ ! I %&
"% ( )
A )
$ ! I %&
% ( )
A )
$ ! I %&
"% ( )
g )

E; = field strength in volts/meter

G = gain of receiving antenna = 6.3 = 8dBi

¢ = speed of light in free space = 3 » hieters/second
f = VDE ship-to-shore frequency = 1.57 x31057 MHz)

C:\USERS\SEAMUS DOYLE\APPDATA\LOCAL\TEMP\TEMP1_FILETO PUBLISH ON IALA PUBLIC PAGE.ZIP\ENAV16-14.2.1WG3
PDNR WITH ANNEXES 2 - 6 ADDED 2015-04-23. DOCXM:ABRED\FEXT2014\SGO5\WP5B\700\761\76INOBE-DOCX  23.04.1503-12:14 08.05.1503-12:14




-49-
5B/761 (Annex 8)-E

Pr = 5x10* watts = -133dBW = -103dBm

Thus,

E-=3.21 x16¢ =3.21 uV/m = +10.1dB pV/m

The logarithmic formula can also be used to cateufx (dBm):
Pr (dBm) = 42.8 - 20logF + 20logE + G, where

G = antenna gain in dBi = 8dBi

F = frequency in MHz = 157
Pr (dBm) = 42.8 —43.9 —109.9 + 8 = -103dBm (- \)ﬁ e # Simlify this calculation, this is too detailef

$ ! 1 %e&
"% ( )
o )
$ ! 1 %&
"% ( )
g ¥
$ ! 1 %e&
% ( )
o )
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Maximum (free space

+29.1dB
reference
-103dBm

85km (46NM) ship-to-shore
Coverage range for -103dB
shore antenna height =7
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Bd)
&

' %é&
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(
[ *

" $ ! ' %é&

i
(
upn
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Figure 534

Maximum (free space

+28.3dB
reference
-107 dBm

85 km (46NM) shore-to-ship
Coverage range for -98 dBm
shore antenna height =75 m
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9.1.4.1 Anomaly Due to Inversion (Delay Tolerance due ®distance up to a few - - - $ ! + o %e
msec) % ¢ )
) [ ) *
9.1.5 Receive antenna gain haiuint ER $ 1 %e&
9.1.6 Receive noise floor oo Ul )

9.1.7 Link C/NO
9.1.8 Source of Self Interference (assumptions about thaterference) \

9.1.9 Received signal to noise plus Interference level Q

N
O
&>
N

C:\USERS\SEAMUS DOYLE\APPDATA\LOCAL\TEMP\TEMP1_FILETO PUBLISH ON IALA PUBLIC PAGE.ZIP\ENAV16-14.2.1WG3
PDNR WITH ANNEXES 2 - 6 ADDED 2015-04-23. DOCXM:\ABRED\FEXT2014\SGOS5\WP5B\700\761\76INOBE-DOCX  23.04.1503-12:14 08.05.1503-12:14




-55-
5B/761 (Annex 8)-E

C:\USERS\SEAMUS DOYLE\APPDATA\LOCAL\TEMF‘\TEMPl FILETO PUBLISH ON IALA PUBLIC PAGE ZIP\ENAV16 14.2.1WG3
PDNR WITH ANNEXES 2 - 6 ADDED 2015-04-23.DOCXM:\BR®D 23.04.1503-1214 08.05.1503-12:14




.56 -
5B/761 (Annex 8)-E

Annex 4

Technical characteristics of VDES-satellite downlik
in the maritime mobile band

1. Introduction

5$ # #SI"O#S #!"1#' SIS #$ # # S #<=3 > (# +$#

<3>1 " ( # # #"H? HH %

@'"! "<3> # #3  $ $$ # $"t #:  (SH'AHS8
3 I$  "l# " $#B «{ "
U #H 1S i S A S # #%

@ $ # C >" D9 -C>D1$ # #$ # S NadH

+1 # '#$ - <3> # #3 % $% @ $ 9 N #' "9

SH# S H $$$O# U ( # A# S+5# #$ (1 S U

e

5$ # #SI"O#S #:" #' +#'$ . #D @ 4B NS #  ## "

#" 3" +#'P$ES =("# %

Application layver

Presentation laver

Session laver

Transport laver

Network laver

Link layer
Physical laver

Figure 1. Seven layer OSI model
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% %) C  +#"
5% +#'#$"#S"H# O# " $ $$ VM HSOH H#HH S # # $ ‘%

S5# 'S A# “HHS9 +#'$ #:  ($$8
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$9" #'1#%

% %)%) # I#$S* " Q)
$% " ”#$$J'®

CTAHS # S (T (" S IIHS

1#$$ "# $# % 'é\y

%% +$! +#"

d amplification, filtering, time
and frequency synchronization, demodulation, arabdiet reception.

o ! (# -
The orbit helqht deter sa;ilte rangéatians. For example, for a 600 km LEO the
maximum range is 28 timing purposes gimam range of 3000 km will be used
" (# $#” #"9 #(%=" C>DS$S # # ) # #
"(# 9#) A #S ##' H # " #+
_#%
*$#" "'+A #$ LT #HS # # o+
A $ A" .4$$$ =("# %
#"# A# # +S9# ## $ (" #i S AHSSH "t HH S H O #S
#"#! OH 9 #H#H+ #  #'$ "#% S5#$ # HSHAH"AH#'S "#

L HS #:" 98 # # +%
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Downlink Uplink

Guard time/
ms Guard time/ carrier off
carrier off v

Ship transmission
from subsat point
Slot N, N+1.. Last d=300 km

Slot N, N+1..
Satellite

transmission

Ship transmission

from EOC Slot N, N+1..

Ship reception

d=3000 km 26,66 ms
at subsat point Slot N, N+1.. N
d=300 km |
Slot N, N+1..

26,66 ms |

Satellite reception

26,66 ms _  26,66ms _ from ship at subsat

>
Ship reception
at EOC Slot N, N+1.. | Last 1ms
d=3000 km <> Satellite reception Slot N, N+1.. | Last
9ms from ship at EOC <>
17,7ms | 9 ms 10 ms 177 m 9‘m’s
GPS time epoch GPS epoch GPS epoch GPS epoch

Figure 2. Downlink and uplink slot timing for 660 KnwEEO
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Table 1
Proposed power spectral and flux density (PFD) mask
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Table 2. Satellite maximum EIRP vs. elevation angle

. %/ /
= " y
o _0,
# & #123 34 568 # & #12 7 56&
_ 2) _
_ & 4 &
_ 2 )4 .
) & .
_ 22 _&
_ )4 & _2
_ ) 2) .
& )) ) AL
2 ) 2 »
4 ) __A )
3.3.2 Example satellite EIRP vs. elevation
$ . HSH H#HIAHH"H A$9 + W 49% # #A (#3$ (
##A (H#IAH#H' (# +9#H$!I": I# LA S+F#H ' + $%
S#H#. '# 9 (# $ ' $# " #('HHS $ "HH#A (#$ ( "#H###
F(_ # HS #H #' # # A $(A# 59#)%
$5 (# # (42 N3 ="' #" . G #3"#
. # =3 % NN\ #H #> @ A% $ "#H#A $3$ 59#)%

C:\USERS\SEAMUS DOYLE\APPDATA\LOCAL\TEMP\TEMP1_FILETO PUBLISH ON IALA PUBLIC PAGE.ZIP\ENAV16-14.2.1WG3
CXMABREDATEXT2014\SGO5\WP5B\700\7611761NOSE.DO

PDNR WITH ANNEXES 2 - 6 ADDED 2015-04-23.DO! ;!

-DOCX

23.04.1503.12.14

08.05.1503.12.14




-60-
5B/761 (Annex 8)-E

-/ -0, ' 8
Yagi antenna -
Satellite
Ship Nadir Satellite EIRP in
elevation offset Boresight | antenna circular Satellite Table 1 PFD
angle angle offset gain polarization | range PED PFED limit margin
dBW/n?/4 | dBW/n?/4
degrees degrees degrees dBi dBW km kHz kHz dB
0 66.1 0 8 4.4 2830 -152.4 -149,0 M
10 64,2 19 8 4.4 1932 -149.1 -147.4 1%
20 59,2 6.9 8 44 1392 -146.2 -145,8 0.4
30 52,3 138 7.8 4.6 1075 -144.2 -144 .2 0,0
40 444 217 6.9 55 882 -143.4 -142.6 0.8
50 36 30,1 55 -6.9 761 :148.5 -139.4 41
60 27,2 38.9 3.6 -8.8 683 -144.5 -134,0 10,5
70 182 47,9 0.7 117 635 1467 -133,0 13.7
80 9.1 57 -2.2 -14.6 603 49,2 -132,0 17,2
90 0 66,1 -55 -17.9 600 -152.4 -131,0 214
3.33 Receive antenna gain

Existing ship antepnas\shail bé used for VDES. MbAgimum antenna gain for these range
from 2 to 10 dBidwithtrespect to a vertically potad reference antenna. Representative
antenna patterns afe,shown in Figure 3.

A shipsantenna with a minimum gain at O degreesation of 3 dBi atthe  receiver
input is required. "n&¥antenna gain and noise learlbe traded as long as the sum of the two
exceeds -143 dBm!
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:5;
T
Ny
9 #1& 4 ™
l — — ) V
- 4
1
|
!
) & 2
- # &
Figure 3. Ship antenn n vsyelevation angle.
3.34 Received signal to noise plus interferengelle

The noise floor is a function of many sour sachessel electronics, other radio
equipment, power supplies, etc., and SEnsiti ‘L'Qr reduced by RF cabling losses, LNA

noise figure. The downlink assumeg,amexpectéd/etprit noise and interference level that
is less than - 116 dBm/25 k giver input
3.3.5 Link C/(Ny+lo) &
The nominal d ClNo) vs. elevation for a 25 kHz channel is _given in

Table 4. The signal le n No) increase 3 dB for 50 kHz channels and 6 dB @f KHz
wide channels respectively:

igh ele;atla coverage applies to few satellasges, and only for a short  period,
and syste erato)'rnav select the operationahbevrange.

;Thg nominal downlink C/(blo) is 41 to 47 dBHz for ship elevation angles b&mwé
and epgrees in a 25 kHz channel.

The maximum PFD from the satellite transmissioné KHz bandwidth is the same as
calculated above and in Table 3, however the iseahannel and modulated signal
bandwidth increase the maximum transmitted totapBWer by the increased bandwidth
ratio, i.e. 3 and 6 dB for the 50 and 100 kHz cledsmover than of a single 25 kHz channel.

It should also be noted that the analyses basaihgte satellite visibility.
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Table 4. Nominal link budget vs. ship elevation form 25 kHz channel.
Ship Satellite EIRA Ship Antenna | Noise level
elevation | incircular | Satellite Polarization | antenna| signal in 25 kHz
angle polarization | range | Pathloss loss gain level BW C/(Notlo)
degrees dBW km dB dB dBi dBm dBm dBHz
0 4.4 2830 1446 3 3 -119.0 -116 41,0
10 44 1932 1412 3 3 -115.7 -116 443
20 44 1392 1384 3 25 -113.3 -116 46.7
30 -4.6 1075 136.2 3 1 -112.8 -116 47,2
40 55 882 1344 3 0 -113.0 -116 47,0
50 -6,9 761 133,2 3 -1,5 -114.6 -116 45,4
60 -8.8 683 1322 3 -3 -117.0 -116 429
70 -11.7 635 131.6 3 4 -120.3 -116 397
80 -14.6 608 1312 3 -10 -128.8 2116 31.2
90 -17.9 600 1311 3 -20 -142.0 -116 18,0

34 Propagation effects

The received signal level on-board a ship will vdue to aumber of causes. A Rice distribution
with a Carrier to Multipath (C/M) ratio of 10 dBd_fading Bandwidth of 3 Hz is assumed,
however the system shall be adaptable to handigis@ntly worse and better propagation
conditions.

7 %% % % < =+
-H#UAH TR B @5H/ %) 1
Frequenty

Effect dependence 0.1 GHz 0.25 GHz 1GHz
Faraday rotation 142 30 rotations 4.8 rotations 108
Propagation delay 1r2 25ns 4ns 0.25ms
Refraction 142 <r <0.16 <0.6¢
Variation in the diréction of
arrival (fm.s.) 1r2 20¢ 3.2 122
Absorptionaurosal and/or
polaeap) »1/i 2 5dB 0.8dB 0.05dB
Abserption’(mid-latitude) 142 <1dB <0.16 dB <0.01dB
Rispetsion 143 0.4 ps/Hz 0.026 ps/Hz 0.0004 ps/Hz
Scinttillation®) See Rec. See Rec. See Rec. >20 dB

ITU-R.P.531 ITU-R P.531 ITU-R P.531 peak-to-peak

*

This estimate is based on a TEC of 1018 electrohsvhich is a high value of TEC encountered at latitides in day-time
with high solar activity.

(@) Values observed near the geomagnetic equator diimingarly night-time hours (local time) at equinmder conditions of high
sunspot number
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3.5 Modulation

VDES useg adaptive modulation and coding to maxersectral efficiency and throughput. The

supported medulatioh methods are given in Table 7.

Table 7. Downlink modulation methods
IndeX Bits/symbol | Modulation Bit mapping | Maximum Adjacent : Channel
O type Interference level with worgt
case Doppler

1 2 Grey encoded Fig. 5 -18 dBc

- QPSK

2 3 Grey encoded Fig. 6 -18 dBc

- 8PSK

3 4 16APSK Fig. 7 -18 dBc
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Q I=MSB Q=LSB

K

10

11 01

Figure 5. OPSK symbol to bit mapping

Q
100 MSB
110 / LsB
boo 4«
p="
010 d=m4
\
001 |
011
101

1

Figure 6. 8RSK symbol to bit mapping
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T=ReiRy 1011 1001

Figure 7. 16APSK bit to symbol mapping Q
e

The 16APSK modulation constellation shall be cone
rings of uniformly spaced 4 and 12 PSK points, eefipe
ring of radius R.

The ratio of the outer circle radius to the inniec! dius ("=R./R1) shall be equal to &,

shall be set t& 12 _, R, shall be set t0 1% in ve the average signal enemgyal to
1.

thevipider ring of radius;Rnd outer

Similar to AlS, when data is output m’WF datk it should be grouped in bytes of 8 bits
from top to bottom of the ta%aa e(fwitrhemassaqe in accordance with ISO/IEC
13239:2002. Each byte sho outplt with leigsificant bit first.

3.6 Symbol timi cy (at the output of el
Less than 5 pp

3.7 ransm;er ,lminq Jitter

Lass than 5% symbol interval (peak)

3A EVSIot Transmission Accuracy at the satellitgpot

Less than 50 micro sec (peak) relative for exartpBNSS reference timing.

3.9 Half duplex and full duplex satellites

The system can be configured for both half anddufilex satellites as shown in Figure 8.
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Downlink Uplink Guard time/
1ms Guard time/ carrier off
carrier off Ship transmission
from subsat point
Satellits; Slot N, N1 | Last d=300 km
transmission

Ship transmission

from EOC
Ship reception d=3000 km
at subsat point Slot N, N+1..
d=300 km | Satellite recepti

ption Slot N, N+1 V
26,66 ms _ _ 26,66 ms from ship at subsat S

Cd

Ship reception [ 4

at EOC Slot N, N+1..
d=3000 km PEEN
GPS timé epngl

1ms

Slot N, N+1..
Reb>
10 ms

Satellite reception
from ship at EOGPS ep

[son [ ua] |

'\Y
Fi AHQ-@ full duplex satellite operation

3.10 Frame hierar

eV frame structure is identical and synclz@ain time on the earths
surface.to U agin AIS) and the frame hierareinya subframe of N__slots is shown in Figure
et is described in the subsequetibssc

me 0 starts at 00:00:00 UTC, and there are frééfes in a day. The impact of leap
nd should be accounted for to avoid any pwdayof error.
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Frame =60s
26.66..ms
Slot0 | Slot1 | Slot 2 | Slot 3 | ‘ Slot N-2 | Slot N-1 | e | SlOt 2249
8.88..ms. 8.88 ms 8.88..ms
Chunk 0 | Chunk 1 I Chunk 2 | Chunk 3 I Chunk 4 I Chunk 5 ‘ { Chunk 3N-3 IChunk 3N-2 | Chunk 3N-1
833ms  0.55ms 8.88 ms

9.14ms 0.55ms 4.91ms 12.08ms\ 833ms 0.55ms
Guard+ ramp | Pilot | Sync | Header | Data-0 | Pilot | Data-1 | Pilot l Data-3N-5 | Pilot | Ramp down + Guard

ésvmbols 32 symbols [25 symbols|

Subframe

Figure 9. VDESAraméhierarchy

3.10.1 Guard time and ramp up

The ramp up time from -30 dBc to -1.5@BC 0idfsver shall occur in less than or equal to
300 usec ..for 50 kHz channel occupahcy Nphis@feans to maintain compliancy with the

adjacent channel interferenceyrequiréments.
The guard time at the begimnifigeef a subframe nwi\be required, but has been
provided to allow for futuréyexpéansion of the pilgynchronisation word and the
subframe formatfeader.

3.10.2 Synchronisatioffilot
This CMLsignal before the synchronisation word after every data chunk has a
fixed diratfégsof 0,55 ms.

3.10.3'8ynchronization word
The' stbframe synchronisation word and header foisrfixed for all transmissions. The 13
bit Barker code unique word is defined in Tablét & modulated with BPSK at a symbol
rate of 2.65 kbps (TBC) . Bit 0 is transmitted ffirs The duration is 4,91 ms.

Table 8. Barker sequence unique word
Bit number

[e]
=
([ \S]
W
I
I~
[e¢]
©
=
o
‘l—‘
=
‘l—\
N

=
=
'
-
=
'
[
=

S

(==
(==
(==
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=
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The missed detection and false detection probi@silare shown in Figure 10 for a
C/(No+lo) of 37 dBHz. For a 50 kHz channel, this corresmoiuda fade depth of 7 dB, which
occurs less than 1% of the time for the Ricean cblfC/M=10 dB). During these short
periods a constant false alarm rate thresholdbsEE$4 will result in 2% of subframes not
detected during the fade.

1.E+00
1.E-01 : \"‘4\
1E-02 +— i S
5 C/No \\\\
e 1E-03 +—
& w37 dBHz \\
8 1E0HT 36 dBH N
S 2
T 1E05 +— S
3 1.E-06
é 1.E-07
1.6-08 —— Coher.Integrat.Time=5ms
16-09 - No Post-Integr.
1E-10 | | | | |

1E-08 1E-07 1E-06 1E-05 1E-04 1E-03 1.E-02 1E-01 1E+00
False Alarm Prob.

Eiquré 1. Synch loss and false detection probaliigs

3.10.4 Direct SeqlenteySpreading

Whe first pitot and BPSK symbols are spread usii8gbit sequence to a chiprate of
21 kecps to fitt.a 50 kHz channel. Spreading seqaésS0 from Table 9 is used.

Table 9. Spreading sequences TBC

Sequence Chip number

name o 1 |2 |3 |4 6 |7
SS0 S N S S S = S S
ss1 S N O = S S O F A
SS2 I N N e R e
SS3 I N N T e
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3.10.5 Subframe header

The header is BPSK modulated and spread the sapnaswthe synchronisation
word described above. This header defines theWaig characteristics for the
remainder of the subframe:

Subframe duration . { .

Number of data chunks

Symbol rate \)
Modulation type Q

FEC type
FEC rate

Interleaver type
Scrambler type (to be added at symbol)

Spreading code length (if used)
Spreading codes (if used) Q

The header provides 7 bits to define up 128 suiB ts and uses (32,7) quad
orthogonal forward error correction coding. Thefpenahge of this FEC is shown in Figure
11. During a 7 dB fade the/Ro dips to 2,8 dB, resulting | Na/ header loss of lbanlE-6,

which is insignificant.
o A\

1.E=00 |
1LE01 E\ —(327) __
“ \ —(32,6)
S 1e02 N —(32,5) —
: AN
£ 1e03
: N\
3 1804 N\
¢ \
1E0S \\
1E06
10 -8 6 -4 2 0 2
Es/No (dB)
Figure 11. Header error probability
3.10.6 Data-N

Segment N of interleaved data. (see sub-frantedbfor interleaver definition).
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3.10.7 Ramp down

The ramp down time from 90% to 10% of the powellsbccur in less than 100
usS.

3.10.8 Guard time
No transmissions shall occur during the guardtiongvoid partly overlap wiK

terrestrial AIS/VDES slots. The guard time is 8.9.m

3.10.9 Downlink subframe formats Q

The startpilot. sync word and the header are fige@ll subfram s. Itis
envisaged that several format will be used baseyme of inforfati arried,

interference and throughput/latency optimisation. Q
gended for multiple

but where lost subframes

Currently two subframe formats have been defitigel
access and one way reliable transmission and iisekii’Table. 20

The second in Table 10.2 is intended for h

are recovered using retransmissions.
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Table 10.1 Subframe format SFO

I
# $% &&
( $% ) * + ]
$% .| + &J-
# [-0/
1243
$ L
522/
( [0/ ]!
% 48$)% '+ 6- |
7* ( - |8
7*  _43)% . HSL NS 9 & |
# ( ]
[0 |
. P
! 660
2 R
< $ ! 6-&|
( ! 7
% ( ! 0
% ( ( [ S
% ( ( 10,
# ( 6
$1 [
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Table 10.2 Subframe format SF1
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4, Link layer

4.1 Data encapsulation

A subframe consist of multiple variable length datens and these are encapsulated. Each
datagram contain the following encapsulation fields

Datagram type (1 byte) o { "
Datagram size (3 bytes)

Destination (4 bytes, optional)

Transaction ID (4 bytes, optional) \
Datagram sequence number (2 bytes, for multisegdeagrams)

Source ID (8 bytes, optional) %

Datagram payload (variable)
last segment of the datagram.

Data padding (variable, less than 8 bits)

CRC (4 bytes)

4.2 Cyclic Redundancy Check

The 32 bit ITU polynomial 0x04C11DB7 CRC is app
The CRC is calculated over all fragments of thex

F(x)=x32 + x26 + x23 + x22 + x16 + x12 + x11 + x#&8
Initial state: OXFFFF

[ ]
4.3 Automatic repeat request (ARQ Q

Datagrams may or may not use ARQs tae
selective retransmission of a speciffé\osteratagsagment.

+xX5+x4+x2+x+1

4.4. AcknowledgemenigA

All datagrams without CR ors are acknowledgest ¢he satellite link.

4.5 End de 'very%on (EDN)

All datagra ucgessfully delivered to the desiimawill be notified to the source.

4.58nd ’livervfailure(EDF)

All datagifams not successfully delivered within timeeout or retry limit will be notified to the
source.

4.6 Physical and Logical channels

VDES uses several channels to carry data. Thesaelsaare separated into Physical and Logical
channels. Every satellite transmits a Bulletin Blodwat defines the configuration of these channels.

4.7 Physical Channels

C:\USERS\SEAMUS DOYLE\APPDATA\LOCAL\TEMP\TEMP1_FILETO PUBLISH ON IALA PUBLIC PAGE.ZIP\ENAV16-14.2.1WG3
PDNR WITH ANNEXES 2 - 6 ADDED 2015-04-23. DOCXM:ABRED\FEXT2014\SGO5\WP5B\700\761\76INOBE-DOCX  23.04.1503-12:14 08.05.1503-12:14




-76 -
5B/761 (Annex 8)-E

The Physical Channels (PC) are determined by theec&equency, subframe format and start
timeslot.

4.8 Logical Channels (LC)
The logical channels are divided into signalling aata channels. These are described below.
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4.9 Signaling Logical Channels

The following downlink signalling channels are used

Bulletin Board . { .

Datagram announcements

Media Access Control (MAC)

Uplink and downlink resource allocation

Repeat requests/Acknowledgements/End deliveryioatibns

4.9.1 Bulletin Board Signalling Channel (BBSC) Q\

The Bulletin Board defines the network configuvatparameters sucl
channels (control channels) and data channel( i
configuration.
A logical channel is defined by function, indexnter freq% bframe format and
startslot. The logical channels are normally repega¢ e, unless a network
configuration change has taken place to optimiagacity
i . mation about other satellites
and networks may be provided. The Bulletin Beafdrimation does not change often, and

S signalling
rk

The BBSC uses subframe format SFF@ 2d in THBIE and shall be transmitted once
every minute, starting at slot 0, the aei572s. CDMA is used to allow multiple
satellites with overlapping gt g&ytotransmé Bulletin Board at the same time. The
ship receiver shall be able ‘m Bulletin iBisafrom up to 8 satellites at the same
time.

The full bulle messages may be transmitbedr several frames. Essential

information of th

4.9.2 Announcen@wmlinq Channel (ASC)
is chahnel will normally carry Annoucements, MA®ormation, up/downlink
resourc 5llocation, ARQs, ACKs and EDNSs.

, annel is received by a large number ofssaim a high margin subframe
A format is used.

}X’o reduce protocol latency the ASC may be repesggdral times (different content)
during a frame.

Announcements include uni- and multi-cast (broatjcdatagrams.

The ASC uses subframe format SFFO or SFF1. Thedbthe start slots are
given defined in the Bulletin Board.

board will be repeateer every frame (every 60 s).

The MAC information includes network version, cestion control (randomization
interval, hold-off and minimum priority level).
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The uplink resource allocation provides uplinkadeliannel information to an
individual ship following a resource request.

4.9.3 Multicast Data Channel (MDC)

This downlink channel is received by a large nundfeships and a high margin
subframe format is used.

49.4 Unicast Data Channel (UDC) \
This downlink channel is allocated a specific dioipthe duration of aaca
datagram. This channel is set up after a shipregpto an annou newt, and
the response includes received signal qualityrmédion aIIOW| S elllte to

maximise throughput.

5. Network layer
5.1 Downlink data transfer protocols Q

The protocols are shown | 12-14.

Q
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Figure 12. Bulletin Board with petworkwersion chan ge

Multicast
first transmission

Bulletin Board
Announcements SFTP
Internet

¢ Multicast |

VHF
Ship Satellite Gateway Multicast Source

server fileserver

BBSC: Bulletin Board Signalling Channel
ASC:  Announcement Signalling Channel
MDC: Multicast Data Channel

Figure 13. Multicast protocol (one-way)
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Figure 14. Shore originated u

6. Transport layer A s \

6.1 End to end protocols

Existing Internet protocolg su P, SNMP, $=é¢iile Transfer Protocol (SETP), Simple
Mail Transfer Protoco s shown in Figur@sd 14 are used.
Terrestrial IP pro are assumed to be terméhat the satellite gateway.

6.2 Ship, %ﬁ d device physical addressing
cial ships use a 7 digit IMO number bfah the last is a checksum, thus the IMO

n address 1 million ships. The 3 byte VpE®ical addressing field has 16,7 million

The number of networked devices on ships is groviasgand there is a need to directly address
local gateways and devices.

In addition to the 3 byte address field, a 1 byigaglressing has been added. The ship, local
gateway and device addressing are shown in Table 11

Table 11. Ship, Gateway and Device addressing
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Adressing field Usage Range
24 bit physical Ship terminal ID 16 Million
address (all

messages)

16 bit subaddress | Ship gateway and devic¢ Configurable

(encapsulated) IDs e.g.
Gateway 4 MSB: 16 gateway$

Device 12 L SB: 4096 devices Q\'

6.3 Shore addressing of ships, gateways and devices

VDES will be accessed from shore using Interned, ibis desirable to usegtahdatd protocols such

as email. y
A database at the Gateway will allow shore usedefme their ownmmeaningful ship, gateway and

device names. Below are some examples: : v

6.3.1 Setting engine exhaust gas temperature démgh

mail address:

olympic.enginel.exhaustgaslimit@nca.no %
. Q

Main body:

id:whitestar &

pw:19101020 Q
egtlimithigh: 250

pw:19101020

Attachment:
nmiis201504101500.jpg
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Technical characteristics of VDES-satellite uplink
in the maritime mobile band

22 April 2015v1.1

1. Structure of the VDES

53 # #3"O#S #! "1 H#'$1S: #$ # #' L #<=3 > (# +$#
-<3>1%

S5#:  (+#$ 1| + "##AS(#8 %
5 G+8

Mg (Lt gg Q
T i T X Q
C# TS s Q

5"$ D +8
At " +<3> # 3 | O## #'H#HAH "A#
"H# 1% - + #_# S (# N S
0 / . '%
O+ # 2 /&
58 # #31"O#$ #:. " #" +#'$ ﬁ\ #B #'+$! # ## "
B S +#$$S  =("H % :

\ Figure 1. Seven layer OSI model

% /#$' $9 #$ : #D@ +#'$:"M#"  (<3> """ 3$ $$
%% 5" $'"  +#"
5% +#"#S"#S"H 9# " $ S # SH(# SO ## $ '
$# # | ($H#H | H#HH "#: (%
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X0
A\Q’Q

N4
Figure 2. Downlink and uplink slot ti
(Source: Haugli, Space Norw.

Wo ="H? # 1+ #
SH#HHIHILHT" S #S L #SH# # " $ 5 WM+ #T " 3 H%E#
" HRHIEHT HS H# #S  OF V5* OHHE ) %
$ Co>D$S # # A¥ SHE 9 $ 1s# .
3"# - E <=% '\\

1%) H' 9 (# g %’

S5# *, S HH # Ox # © O SSHS M ( $SHE S # #.5
#UHH W #AR $%

0)% " $ C#

5#% " # " L 'S #$ #$:"@ %# G $'#
#A# S $# "\ A#t '# # $ $! $*G 2 %="
1 $ At '# ¥ ) ($ #9SH #" "# $ G

$ " 1 o #AS (# - $ "H#HOH
1%)% 8 # (
ED: #HS + # ' # ' H## #' $# #UHH" #it !
"H1%
> ($' # $$ O# $# "<3>%5# ; #o( " HSH" (#:"
Y [H#"HSH A# #  H'SHS =("#)%

C:\USERS\SEAMUS DOYLE\APPDATA\LOCAL\TEMP\TEMP1_FILETO PUBLISH ON IALA PUBLIC PAGE.ZIP\ENAV16-14.2. \WG3
PDNR WITH ANNEXES 2 - 6 ADDED 2015-04-23. DOCXMABRI\FEXT2014\SCO5\WRSEB\700\ 761\ 761NOSE-DOCX  23.04.15031214

08.05.1503-12-14



-87 -

5B/761 (Annex 8)-E

—4_

9 #1&

.S.

# &

Figure 3. Ship ante

nna gamyvselevation angle.

(Source: Haugli, Space No

, derived from Condathsheets)

20%) '>@ ASHHEA  (# \1
5# S '>@ ASHHA _ (#.89 50# %5 #'H "# >@l
O HH# S OAHD H(HES# B# S oS#H  H#""S$ # #H (#
I # @ H#HN #$9" #:"  QH#HEY ="
S @ W 4>

59# % $ '>@/ A$ #A (#-3 * 1
Ship elevati in. antenna gain with
an 6 W transmitter Minimum ship EIRP
%‘)’ dBi dBW
« _ 4
Y 10 2 4
" 20 & )
30 _& —
40 & —
50 & D
60 . D
70 - 2
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80 _& -
90 o -4 41
3.3.4 Satellite antenna gain
5# "$I$# 9 (# 1"$ #HHHS S ##A (#3$ # (#HS S # #
# ($ 9o $ "H#H %
[$ O# # $ I"$$H  #H#H# F( H (12 %5#S# # #
(_A$% $ '"##A (#$9$ 59# % 1 = ‘{ Alternative could be AIS dipole. If there
***************************** 1 any input we may include that here.
590# % # # # ( A% $ '##HA (#- "#8 ( '"1# /TN
Ship elevation| Nadir offset Boresight offset | Satellitf€%antennyq
angle angle angle dain
deg. deg. deg. dBi
0 66,1 0 8
10 64,2 19 8
20 59,2 648 8
30 52,3 L8 7,8
40 44.4 27 6.9
50 36 30,1 55
60 27,2 38,9 3.6
70 18%2 47,9 0,7
80 93 57 2,2
90 0 66,1 55
%)% HTES+SH Y SH # B H
S5# 8. # HONSH #HAH #"HAEAH" ' $$ 59#)% G #. #" H#UHH \#

# SRS P $# #'#" "# $ %&

%

5 9%)%

##UHE A S H  SH #H "#

#_SH#

# "#

=t $SHS

C, $#:.("#

C, S$# #'#"

"H#

SHit $$ S# #

% C,

#_SHH#%

C,
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(#$ #S$ ' >@/ $"# # ( #' #H#A (#$ 1 #AH# 1 $
* & O H#HEA (#$ ' 2 #("##$%
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3.4

Propagation effects

Refer to Annex 4 (only new contemtawilbbe reporkete).

The received signal leveld@n-bBoareha/ship will vdue to a number of causes. A Rice distribution

with a Carrier to Multipéth (C¥M) ratio of 10 dB drfiading bandwidth of 3 Hz is assumed, however

the system shall be adaptable to' handle significavdrse and better propagation conditions.
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7 %% % % < =+
“IH8 . " WS (H#R (#H AR " 1#! # @5H/ %) 1
Frequency
Effect dependence 0.1 GHz 0.25 GHz 1GHz

Faraday rotation 142 30 rotations 4.8 rotations 108

Propagation delay 142 25ns 4ns

Refraction 142 <1° <0.16

Variation in the direction of

arrival (r.m.s.) 1412 20¢ 3.2

Absorption (auroral and/or

polar cap) »1/} 2 dB 0.8dB

Absorption (mid-latitude) 142 <1dB <0.16 dB

Dispersion 143 0.4 ps/Hz 0.026 ps/Hz

Scintillation®) See Rec. See Rec. See Rec,
ITU-R.P.531 ITU-R P.531 ITU-RP

This estimate is based on a TEC of 1018 electrohsvhich is a high value of TEC eifc

with high solar activity.

sunspot number

(@) values observed near the geomagnetic equator

heca'}

@ at latitwdes in day-time

e) at equinmder conditions of high
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> = % #1&
=W H - 1
#H (# . #
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% %4 % % %
% 4% %, % %
% % % %& %
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]
Q
: \
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3.5 Mogulation
VRES uses agraptive modulation and coding to maerseectral efficiency and throughput. The

suppertedymodulation methods are given in Table 7.

Table 7. Downlink modulation methods

Index Bits/symbol | Modulation Bit mapping Maximum adiacentl channel
D type interference level with worst
case Doppler
BPSK or CPM
1 2 Grey encoded Fig. 5 -18 dB
- QPSK
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5 3 Grey encoded Fig. 6 -18dB
B 8PSK
3 4 16APSK Fig. 7 -18dB
Figure 5. OPSK symbol to bit mapping
Figure 6. 8PSK symbol to bit mapping
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Figure 7. 16APSK symbol to bit mapping Q
)

The 16APSK modulation constellation shall be cone
rings of uniformly spaced 4 and 12 PSK points, eefe
ring of radius R.

The ratio of the outer circle radius to the inniecl

shall be set t& 12 , R. shall be set t6 1%
1.

=R»/R1) shall be equal to &,
ve the average signal enemgyal to

in

3.6 Symbol timing ur
~20 ppm TB

3.7 Transgitter Timing Jitter
<5% ?b\'h

3.8 Slo nsmission Accuracy

+/-100 micro sec TBC

3.9 Half duplex and full duplex satellites

To be referred to Annex 4.

The system can be configured for both half andduplex satellites as shown in _Figure 8.
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Figure 8. Half and full duplex satellite operation

(Source: Haugli, Space Nor%

3.10 Uplink frame hierarchy Q
Open Points:

2) We use 1 or more slots for uplink
3) The bandwidth and the centre frequency
4) Announcement channel will be used f

= >

The VDES framestruz% entical and synclz@ain time on the earths
surface to UTC (as in AlS a'\d f e hierarftima subframe of N slots is shown in Figure
9. Each element is de \n the"subsequetibisec

Frame O start 0:00:00 UTC, and there are fré#fies in a day.

1) Guard Time (do we need it to dela with the va ation delay?) B W .
%

e phthe Sub-frame format
ciy (ASC), updates to Annex 4 if
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X
&>

N
%

hy (draft) (updated to remove the sub-

Figure 9. VDES uplink frame hie

3.10.1 Guard time and ramp up@
&tp 90% of the powerlshatur in less than 300 uS.

The ramp up time fro

Yy
The guard timg at the ning of a subframe nw\be required, but has been
provided to.dllo uture expansion of the pilgynchronisation word and the
subframe for ader.
3.10.2 Synch fon pilot

is CW (before scrambling) signal before the $yonisation word and after every
uration of x ms.

burst

hronization word

(keep in mind the impact of interference in oraedéfine the length of pilot, sync and (known

header).

The subframe synchronisation word and header foisrfated for all transmissions. The 13 bit
Barker code unique word is defined in Table 8s Itiodulated with BPSK at a symbol rate of x
kbps. Bit 0 is transmitted first.
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Table 8. Barker sequence unigue word
Bit number

-1 -1

H
o
=
= e
N

[ [[=]

= lw
= |
= |lco

= =
=N
= (N
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3.10.4 Direct Sequence Spreading

The BPSK symbols are spread using a 8 bit sequereehiprate of 21 kcps to fit  in
a 50 kHz channel. Spreading sequence SSO from Bablased.

[Table 9. Spreading sequences TBC N - 1Thibm'jd) Update according to the input from
Sequencs Chip number
PAMe Jo 1 |2 |3 |4 |5 |6
SS0 - i i 1 1 -1
sst Ja Ja J1 Ja J1 1 AWM
SS2 - 1 i 1 1 - i
ss3 a4 J1 |a ja Ja (M1 |a

3.10.5 Subframe header (7 bits)
This could be known a priori (via bulletin board tthe downlink).

- "
% s

readling codes (if used)

The header provides 7 bits to define up 128 suidrformats and uses (32,7) quad
orthogonal forward error correction coding. Thefpenance of this FEC is shown in Figure
11.
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A

[Figure 11. Header error Drobabilif)(V
(Source: Gallinaro, Space Engineerjng) May need to be updated for the uplink

****************** - A[C/N0+I0.

3.10.6 Data-N

Segment N is encoded one w%

3.10.7 Ramp down $
The ramp down time % to 10% of the powellsbccur in less than 100

us.

3.10.8 Guard time
INo transmissions shall occur during the guardtimavoid partly overlap with

terrestrial AIS/VDES slots. The guard time is 18] - 1 ' To be reviewed. This is a big hit on the
T overhead.
3.10.9 fral ormat
(Examples of packet types to be mapped to eachatorh€K, NACK. Capacity Request ).
The following formats are envisaged:
. CDMA random access short subframe (x slots) Todterchined depending on the { e

minimum message size per transmission. (minimussage bits 100 bits), Question on the
interference level .
CDMA random access medium length subframe (y slots)
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TDMA random access/TDM single slot subframe (Actiomompare ACRDA and E-SSA
to make a decision).

DAMA: TDM assigned medium length subframe(25 gldixecide on the minimum
duration to deal with the Ricean fading.

These formats are defined in Tables 10.1 to 1D (8§be added)
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4. Link layer

4.1 Data encapsulation

datagram contain the following encapsulation fields
Datagram type (1 byte)
Datagram size (3 bytes) %

Transaction ID (4 bytes, optional)
Datagram sequence number (2 bytes, for multi-seqmﬁaqra@

A subframe consist of multiple variable length datens and these are encapsulated.&h

Source ID (8 bytes, optional)

Datagram payload (variable) Q
Data padding (variable, less than 8 bits)

CRC (4 bytes) Q

(Action HCH: To provide some packet definitions esg hort packets to assess the

overhead)

. Q
4.2 Cyclic Redundancy Ch \

The 32 bit ITU polynom
datagram. The CRC i

F(X)=x32 + x26¢+
Initial state:

4.3 Automatic rerwest (ARQ)
i h a payload
1 4

Data sm ay not use ARQ, this is defimecéch datagram type. An  ARQ will request
retrans i a specific lost datagram segment.

4mowledqement (ACK)

All datagrams without CRC errors are acknowledoest the satellite link.

N/

B7 CRC is appentiethe last segment of the
ated over all segments.

+x16 + x12 + x11 + x10 +%&7 + X5 + x4 + x2 + X + 1

4.5 End delivery natification (EDN)
All datagrams successfully delivered to the desitom will be notified to the source.

4.5 End delivery failure (EDF)
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All datagrams not successfully delivered withie thimeout or retry limit will be
notified to the source.
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4.6 Physical and Logical channels

VDES uses several channels to carry data. Theamels are separated into Physical
and Logical Channels. The satellite transmits ddfinlBoard that defines the configuration of
these channels.

4.7 Physical Channels

The Physical Channels (PC) are determined byeheecfrequency, subfrar&
format and start timeslot.

4.8 Logical Channels (LC) %

The logical channels are divided into signallimg @ata changn se are described

below.

4.9 Signalling Logical Channels (or bursts?)

The following uplink signalling channels

Random access resource request

+{ L

Announcement response
Acknowledgement

Automatic repeat request ° Q

4.9.1 Random access resource req

ess the networik. difannel is a pure Aloha channel.
ission timeghin the slots allocated for this channel on the

A ship uses this chan
A ship will randomly select the t
Bulletin Board.

The request in s a downlink C/NO estimaterapdsage size.

4.9.2 Announcemeunt response channel (ARSC)

UsEs this channel to inform the satelit# it is ready to receive a message.
des a downlink C/NO estimate.

4.9.3 Acknowledgement (ACSC)

A ship uses this channel to inform the satellitg it has received a message correctly

(CRC match).

4.9.4 Automatic repeat request (ARQSC)

A ship uses this channel to inform the satelli it has not receive a message
correctly (CRC failure). The ship can requestargmission of the whole _message
or up to 4 fragments. The acknowledgement incledéswnlink C/NO __ estimate.
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4.10 Data Logical Channels

The following data channels are used:

Random access short messages - { .

Assigned data transfer

4.10.1Random access short messaging (RADC)
This channel is used for short messages that &tdingle transmission \

4.10.2 Assigned data transfer (ADDC) %
This channel is assigned by the satellite follayénresource re a ship. It
is intended for longer messages and is optimisethfoughput. Q

5. Network layer Q

5.1 Uplink data transfer protocols

The following protocols shall be su

Ship originated single packet data tr “- '{ "
Ship originated multi-packet data §i

The protocols are shg res 12 and 13.
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X
&>

N
%

t data trans __fer (draft)

ay) update the figude; a

e random access

nt channel = | | %
%

C:\USERS\SEAMUS DOYLE\APPDATA\LOCAL\TEMP\TEMP1_FILETO PUBLISH ON IALA PUBLIC PAGE.ZIP\ENAV16-14.2. \WG3
PDNR WITH ANNEXES 2 - 6 ADDED 2015-04-23. DOCXMABRI\FEXT2014\SCO5\WRSEB\700\ 761\ 761NOSE-DOCX  23.04.15031214 08.05.1503-3214




- 106 -
5B/761 (Annex 8)-E

Figure 13. Ship originated multi-packet data transf ___er (draft) To be reviewed

(applicable to DAMA)

(Source: Haugli, Space Norway)

The figure should include: time slot and non-exclusive bands.

Figure 14. Ship originated Transmit Only Protocol (No ACK), ccess

6. Transport layer Q
Reference to Annex 3 < :
. Q

>
N
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ANNEX 6

Sharing options for the VDE Terrestrial and VDE Satllite services

Scope

This Annex presents methods to share the VHF specivailable to VDES between terrestrial and
satellite services. Methods for sharing spectrunoragndifferent VDE satellite systems are also
presented. The baseline frequency assignmentagérservice is according to the frequency usage
illustrated in Figure 1 of Annex 1 and describedhia following clauses thereof. Prop methods

rely on the characteristics of VDE terrestrial &0E Satellite components as des Anne 3
to Annex 5 of this recommendation. %
Frequency Sharing Considerations Qy

VDE-SAT Downlink

Although the PFD mask is selected to minimize
maximize reception by ship VDES stations, the .:f.ts entlal effect of ralsmq the noise floor for

When shipborne VDES trans€givels are simplex tlaeyot receive while transmitting. « - - { .
ioprlevels, by raisingethoise floor, will potentially have an

hip and shore-tip-MDES.
o-ship VDES transmissiatepending on the distance, by co-

Frequency divisi Itiple access (FDMA)

Frequenc ultiple access is accomplidinedsing only the upper 50 kHz for the VDE-
SAT downll nly the two channels 2026 &086. The frequency division multiple access
would last two issues stated aboven@zoed to other techniques proposed below, the

the most straightforward to implemedtbwever it would result in a reduction of
idth to 1/3, and cause the VDE-SAT dovkniiiansmissions to last three times longer for
Eavload, and it would not mitigate th&t fgsue stated above.

Time division multiple access (TDMA)

Time division multiple access approach for shori@/ship-ship and VDE SAT downlink services
would allow the full use of the spectrum assigreddch service in a time sharing manner. Time
sharing can mitigate all the three of the issuatedtin Section 6 above. However, it would impose
some design challenges for the VDE-SAT componeamiscampromise the throughput of the VDE-
SAT Downlink.
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The AlS-based TDMA slot structure (2250 slots/m@iframe) and access schemes (ITDMA,
CSTDMA and FATDMA) that are used for VDES are definn Recommendation ITU-R M.1371-
5. This TDMA organization scheme protects the irte®f the AIS and is used to organize and
synchronize the ASM and VDE transmissions.

Full Frequency reuse (superposition)

In this approach, the terrestrial and satellite gonents are allowed to simultaneously use channels
2024, 2084, 2025 and 2085. The VDE-SAT downlink additionally use channels 2026 and

2086. The VDE-SAT downlink could continuously brgadt to maximize the data dis: i
a large number of ships in its field of view. Thisuld allow for more efficient imple ion of
the VDE-SAT receivers. The interference causechbyMDE-SAT downlink on the
could, in principle, be compensated for by the efs@ore protected coding scheiff@in terrestrial
link, only during the satellite passage.

For a most likely scenario of Low Earth Orbit shite$ with a polar orbit, t aet of satellite
interference could be limited to only less thamdiButes per day per s I eographical
locations with latitudes within £50 degrees, asmhin Figure 9Fi

Figure 65

VDE Terrestrial (VDE1-A) and VDE-SAT Uplink

Due to the large field of view, a passing sateilitmuld receive a number of colliding messages
from different VDE-terrestrial links (ship-to-shdr@multaneously that would interfere with ship to
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satellite links (channel 1024, 1084, 1025, 108B)e following multiple access schemes can be
envisaged to mitigate/minimize the impact of VDEéstrial link on VDE satellite uplink.

Frequency Division Multiple Access (FDMA)

The frequency division multi-access scheme sematheesatellite channels into two groups:
Channels 1024, 1084, 1025 and 1085 that are subjéetrestrial interference are considered as a
single or multi-carrier satellite uplink channel(slighly robust waveforms would be selected for
these channels to allow for interference mitigatioaused by VDE terrestrial.

The second group of carriers are considered topyc@nannel 1026 and 1086 where ng{VDE
terrestrial transmission is present.

Time Division Multiple Access (TDMA)

VDE-SAT uplink follows the same frame structureVd3E terrestrial occup

channels. There are pre-assigned time slots deditatsatellite transmi enting
interference from any VDE terrestrial link.

frame, followed by ITDMA for subsequent trans
simultaneous transmissions by ships and/or shati

Full Frequency reuse

The terrestrial and satellite compone] esimultaneously use channels 1024, 1084,
1025 and 1085. The VDE-SAT upli
VDE-SAT uplink channels tg mi
transmissions.

This section provides an example of frequency slyahat allows experiments using VDE-SAT
and VDE terrestrial. Figure below illustrates aterim use of frequency bands:

Channel 2014 and 2084 are used for terrestrial VDE - - { .
Channel 2016 and 2086 are dedicated to VDE Sateltitvnlink

Channel 2025 and 2085 are assigned according ttinteesharing strategy described in
Section 2.1.2.
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VDE-SAT Downlink and VDE Terrestrial

This section describes examples of frequency asgghfor VDE-Sat uplink. Q\

Ideas to be explored:

Channel bandwidth . { P

Interference mitigation
Load control strategies. Q

Implementation of resource Sharing Q%

The example of a LEO satellite with inK (Wnbr with downlink and uplink capability.

Bulletin Board Definition: Péssi@e of theremtrial signaling).

In line with An «4-{ .

Static and Dynamic
BBSC Varﬁ' 't‘§ 11 bits (x0 = indefinite) this is T@move the need to go through the whole

table.
Thegesourcd allocation plan (time, frequency afid D/L)

atellite ID_8 bits
Pointing to NIT (Network Information table)

Note: We may add example of BBSC to support a thaflex scenario (5 sec up and 10 sec down).
(Action: To tabulate this information)

Actions: Nader to write
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Observation:: The solution allow to implementthliee proposed methods of resource sharing (to

be elaborated (NA).
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Annex 7 — Retained working text

7 Application specific messages

For the VDES, to mitigate AIS VDL loading effecfssSM should conform to the data structure
specified in Recommendati¢ghU-R M.1371and may use the two channels designated for ASM in
Table 1 (ASM 1 and ASM 2) instead of AIS 1 and RISTransmission method should be
according to Sectiofio.

8 Protocol layer overview

The VDES architecture should utilize the open systénterconnection layers 1 to 4,(physical
layer, link layer, network layer, transport layas)illustrated irkigure Arigure-3

FIGURE73

open systems interconnection layers 1-4

Layer 4: Transport <
Layer 3: Network g
Layer 2: Data Link %
Layer 1: Access S
Channels VDE ASM AlS
9 Technical considerations for VHF data exchange siem access
schemes

This section provides technical considerationsesighing access schemes for VDE terrestrial,
VDE Satellite and the-interaction between these 8@Emponents.

FromFigure 1rigure-lthe satellite downlink shares the spectrum withterrestrial ship-ship and
shore-ship links, and the satellite uplink shahesspectrum with the terrestrial ship-shore link.
Thus, access schemes'should be considered to tmifigeential conflicts between the links.

9.1 Time division multiple access scheme for the \lHdate exchange terrestrial service

The VDES terrestrial service is comprised of ASNDE/ship-shore, VDE shore-ship and VDE
ship-ship.”/An example shipborne VDES transceiver@mentation is illustrated in Figure 4 below.
Note that in this implementation example all reeesy including the AIS receivers, are protected
from blocking from the shipborne VHF radio by tremb-pass filter that attenuates signals from the
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lower side of the Appendix 18 band. The AIS receblecking issue, along with the fact that the
AIS can share the same antenna with the other ViDESions, is incentive for manufacturers to
consider this implementation for their VDES sys@esigns.

FIGURE 84

Example VHF data exchange system transceiver implemtion

9.11 Time division multiple access scheme for théHF data exchange system
application specific message channels

Note that Recommendation ITU-R M.1371-5 specifiesdccess schemes for the AlIS messages,
including incremental time division multiple accSEDMA), on the AIS channels, and it specifies
the structure for ASM with.various contents. VDERds ASM to another level by providing
dedicated ASM channels torelieve congestion orAtisechannels. Under VDES, the access
scheme for using the ASM channels could be injtiajt Carrier-Sense TDMA (CSTDMA) for the
first transmissioniin a frame, followed by ITDMArfsubsequent transmissions in that frame. This
scheme mitigates simultaneous transmissions by simg/or shore stations on the ASM channels.
An ASM transmission should not exceed five contigaislots.

9.1.2 Time division multiple access scheme for théHF data exchange system ship-
shore link

The TDMA access scheme for the VDE1-A ship-shark tiould be by reservation through
ITDMA from an ASM on either one of the ASM channels described ifi6. A VDE1-A ship-
shore transmission should not exceed five contigusbais.

9.1.3 Time division multiple access scheme for théHF data exchange system ship-ship
link

The TDMA access scheme for the VDE1-B ship-shif tiould be the same as for the ASM

channels, i.e., initially by CSTDMA for the firgainsmission in a frame, followed by ITDMA for

subsequent transmissions in that frame. This scimeitigates simultaneous ship-ship

transmissions. A VDE1-B ship-ship transmission sthawt exceed five contiguous slots.
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9.14 Time division multiple access scheme for théHF data exchange system shore-
ship link

The TDMA access scheme for the VDE1-B shore-ship ¢iould be the same as for the VDE1

ship-shore link, i.e., by reservation through ITDNtAm an ASM on either one of the ASM

channels. This is necessary because the shomnsteats a very wide coverage area compared to

ships, and it needs to have priority access t&/E1 channel in its coverage area. A VDE1-B

shore-ship transmission should not exceed fiveigoats slots.

9.2 Sharing options for the VHF data exchange tersgrial and VHF data exchange
satellite services

9.2.1 VHF data exchange terrestrial links on the uper legs (VDE1-B) and VHF data
exchange satellite downlink

Table 3 provides the PFD at the Earth’s surfacenfitee satellite downlink at.various elevation
angles from Bto 9. Although the PFD mask is selected to minimizerifgrence to the land
mobile service and to maximize reception by shipB&EX»stations, there is a potential effect of
raising the noise floor for reception of the tetries VDES links during satellite VDE downlink
transmissions when the satellite is the field efwi

Issues to be considered for the sharing the VDEEe®uencies and the VDE-SAT Downlink are:
When shipborne VDES transceivers are simplex tbagynot receive while transmitting.

VDE-SAT downlink transmission levels, by raisirtige noise floor, will potentially have
an impact on reception of ship-to-ship-and shorship VDES.

Ship-to-ship and shore-to-ship VDES, transmissiatkspending on the distance,
by co-channel interference, will potentially.intné with reception of the VDE-SAT
downlink.

9.21.1 Frequency division multiple access

Frequency division multiple.access is accomplidedsing only the upper 50 kHz for the VDE-
SAT downlink, i.e., only the two channels 2026 2886. The frequency division multiple access

would mitigate the lasttwo issues stated aboven@2wed to other techniques proposed below, the

FDMA would be the most straightforward to implemeénowever it would result in a reduction of

the bandwidth to 1/3, and cause the VDE-SAT doviiansmissions to last three times longer for

the same payload, and it would not mitigate th&t fgsue stated above.

9.21.2 Time division multiple access

Time division multiple access approach for shorig/ship-ship and VDE SAT downlink services
would allow:the full use of the spectrum assigreeddch service in a time sharing manner.

Time sharing can mitigate all the three of the éssstated in Section 6 above. However, it would
impose some design challenges for the VDE-SAT corapts and compromise the throughput of
the VDE-SAT Downlink.

The AlS-based TDMA slot structure (2250 slots/métistame) and access schemes (ITDMA,
CSTDMA and FATDMA) that are used for VDES are definn Recommendation

ITU-R M.1371-5 This TDMA organization scheme protects the intggf the AIS and is used to
organize and synchronize the ASM and VDE transiomssi
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9.2.1.3 Full frequency reuse (superposition)

In this approach, the terrestrial and satellite gonents are allowed to simultaneously use channels
2024, 2084, 2025 and 2085. The VDE-SAT downlink additionally use channels 2026 and

2086. The VDE-SAT downlink could continuously breadt to maximize the data dissemination to
a large number of ships in its field of view. Thisuld allow for more efficient implementation of

the VDE-SAT receivers. The interference causecheyMDE-SAT downlink on the VDE terrestrial
could, in principle, be compensated for by the afs@ore protected coding scheme in the terrestrial
link, only during the satellite passage.

For a most likely scenario of Low Earth Orbit sktte$ with a polar orbit, the impact of satellite
interference could be limited to only less thamiiButes per day per satellite for geographical
locations with latitudes within +50 degrees, asighan Figure SFigure-5

FIGURE 95

Time duration where signal level exceeds -117 dBns a function of geographical position

9.2:2 VHF data exchange terrestrial (VDE1-A) and VHF data exchange satellite uplink

Due to.the large field of view, a passing satelitmuld receive a number of colliding messages
from different VDE-terrestrial links (ship-to-sh@r@multaneously that would interfere with ship to
satellite links (channel 1024, 1084, 1025, 1085k Tollowing multiple access schemes can be
envisaged to mitigate/minimize the impact of VDE4dstrial link on VDE satellite uplink.

9.2.2.1 Frequency division multiple access

The frequency division multi-access scheme sematheesatellite channels into two groups:
Channels 1024, 1084, 1025 and 1085 that are subjéetrestrial interference are considered as a
single or multi-carrier satellite uplink channel(slighly robust waveforms would be selected for
these channels to allow for interference mitigatioaused by VDE terrestrial.
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The second group of carriers are considered topyc@hannel 1026 and 1086 where no VDE
terrestrial transmission is present.

9.2.2.2 Time division multiple access

VDE-SAT uplink follows the same frame structureVldE terrestrial occupying VDE1-A
channels. There are pre-assigned time slots deditatsatellite transmission preventing
interference from any VDE terrestrial link.

Alternatively, noting that RecommendatitiiJ-R M.1371-5specifies the access schemes for the
AIS Messages, including ITDMA, on the AIS channelsd it specifies the structure for, ASM with
various contents. VDES takes ASM to another leygbtoviding dedicated ASM channels.to
relieve congestion on the AIS channels. Under VDS access scheme for using the ASM
channels could be initially by CSTDMA (Carrier-SerlEDMA) for the first transmission.in a
frame, followed by ITDMA for subsequent transmissian that frame. This scheme mitigates
simultaneous transmissions by ships and/or shat®s$ on the ASM channels.

9.2.2.3 Full frequency reuse

The terrestrial and satellite components are akbteesimultaneously usechannels 1024, 1084,
1025 and 1085. The VDE-SAT uplink would use propdesigned waveforms occupying the
VDE-SAT uplink channels to minimize the impact ofarference caused by the VDE terrestrial
transmissions.

10 Transmission waveforms for VHE data exchange teestrial links
ITU-approved waveforms for spectrum-efficient deasmission in the VHF maritime band are

described in RecommendatitfJ-R M.1842-1 These waveforms have been demonstrated in the

land-mobile service and in maritime trials, to pa@/robust data service and to mitigate multipath

degradation at extended propagation ranges indgatefectromagnetic environments. Table 2 below

provides a comparison of performance between theruAIS standard, Recommendation
ITU-R M.1371, and the new applications introduced for the &ri@ VDES links, ASM and VDE.
Note that the spectrum efficiency.for the AIS isamlower than for VDES, but the AIS modulation

has superior co-channelrejection which providetebeange discrimination and improved safety of

navigation for ships. Each.modulation type is iafEth to best fit its designated application
(AIS, ASM and VDE).

Propagation range predictions for the terrestirks are provided in Annex 3 in accordance with
the ITU propagation’standard Recommendalfids+R P.1546-4
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TABLE 42

ITU-standard transmission waveforms for automatic dentification system, application specific messagnd
VHF data exchange terrestrial links

25 kHz Channels

25 kHz Channels

100 kHz Channels

single carrier

single carrier

for AIS for ASM for VDE
ITU Standard ITU-R M.1371-5 ITU-R M.1842-1 ITU-R M.1842-1
Annex 1 Annex 4 ***
Digital Modulation GMSK, /4 DQPSK, 16-QAM, 32 multicarriers,

2.7 kHz spacing

Data Rate (raw)*

9.6 kbps (1X)

28.8 kbps (3X)

300bPs (32X)

Sensitivity**

-107 dBm (min)
-112 dBm (typical)

-107 dBm (min)
-112 dBm (typical)

-98 dBm (ships)
-103 dBm (base stations)

Co-channel rejection
(CCR)**

10dB

19dB

19dB

AIS Message types

1,2,3,5,18,19, 27 |..

6, 12813, 14, 25, 26
and ASM

VDE messages

Rationale

Optimum choice (bettg
CCR) for position
reports in a ship-to-shi
navigation safety

environment.

rProvides higher (3X) data
transmission than AlS.
Inferior CCR (+9dB) and
range discrimination

compared to AlS.

Provides much higher (32X)
data transmission than AIS.
Inferior CCR (+9dB) and
range discrimination
compared to AIS.

* These figures are raw, over the air, bit transsiis rates. The data rates are less, subject to
coding, packet structure and forward error correcti(FEC)

** These figures are based on published standafets'AlS, the standard is IEC 61993-2 and for
VDE the standard is ETSI EN 300 392-2 version 3vtfich refers to a land mobile application
TETRA.

*** Eor greater robustness where neede@iJ-R M.1842-1Annex 1 may be used.

10.1

Transmission of ASM on 25 kHz channels should be/ByDQPSK single-carrier modulation as
described in RecommendatiffiJ-R M.1842-1Annex 1. FEC is applied due to the fact that the
ASM messages are not repeated as are AlS posépwits (which do not have FEC). The
waveform is recommended because it has high sétsif0 dB adjacent channel power ratio
(ACPR) and 28.8 kbps data rate.

- Itis generated by phase modulation with an iayenbol rotation of /4 radians.
This produces an amplitude envelope with very maigegpeak to average power ratio
(PAPRY);

- It has excellent characteristics for detectiorsatgllites as required by the channel plan.

Transmission waveform for the 25 kHz applicatin specific message channels

10.2 Transmission waveform for the 100 kHz VHF data&xchange channels

Transmission of VDE on 100 kHz channels shouldy&6QAM, 32 multi-carriers, with 2.7 kHz
spacing and 307.2 kbps data rate as describedcionReendationTU-R M.1842-1Annex 4. This
multi-carrier scheme is not OFDM (orthogonal fremexedivision multiple access) since the carrier
spacing is 2.7 kHz which provides more inter-cammargin than OFDM which would require

2.4 kHz spacing. This waveform is comprised of 3fthcarriers. Each carrier is modulated by
16-QAM to generate 4-bit symbols at 2400 symbot/ed (2400 symbols/sec/carrier X 4
bits/symbol = 9600 bits/sec/carrier).
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The long symbol duration (2400 symbols/sec = 41&/8ymbol) is designed to mitigate multi-path
inter-symbol interference, since (ref: Document@&® Annex 28) reflections in a 100 kHz
maritime channel environment have been found tedogained primarily within the first 10.4 ps. It
is noted that further reflections were beyond thisne as far as 50 us. By comparison, note that
AIS uses GMSK to generate 2-bit symbols at 4800®tsisecond (9600 bits/second) and that its
excellent propagation characteristics have beevepra practice.

The modulation, coding and scrambling techniquesrileed in EN 300 392-2 v.3.4.1 are
combined to reduce the amplitude envelope PAPR BPAROdB) to mitigate the RF power
transmitter design difficulty. Both analog, e.g.H2oty Amplifier (DA), and digital, e.g. Envelope
Tracking (ET) and Digital Pre-Distortion (DPD), égs techniques for RF power amplifiers are
available to provide better than 50% efficiencyhathis waveform. By comparison, the AlS‘power
amplifiers used by ships and base stations areagismximately 50% efficient. A technical report
describing these techniques and others for modgmeificiency power amplifiersiwith actual test
results can be found at:

http://www.microwavejournal.com/articles/21965-mouhigh-efficiency-amplifier-design-
envelope-tracking-doherty-and-outphasin g

Note that the analog design approach using Dolertylifiers provides efficiency over 50% and
the original patent for this technology has expi®dlid state Doherty Amplifiers are currently in
service in cellular terrestrial infrastructures ethproduce the range of power levels needed for
shipborne VDES transceivers (12.5 Watts) and VD&Selstations (50 Watts).

11 Antenna options for VHF data exchange system tegstrial stations

Commercially available antenna options.for the'VOE&$estrial stations are characterized in
Figure 6 below. Since the shipborne antenna isiredjto receive the VDES satellite downlink at
high elevation angles, the 0dBd (2.1dBi) optiosetected. To achieve optimum satellite reception,
this antenna should be mounted as high as pospigierably on an extension pole, on the ship to
minimize obstructions to the antenna’s view of ltleeizon. For the terrestrial VDES base station,
the 6dBd (8dBi) option is selected. These two amasrare used in the propagation range
predictions in Annex 2.

Figure 7 presents a mask.for the receiving antgaimaas a function of elevation that would allow
the received signal from satellite to be at cortgpawer level at the receiver input for a wide rang

of elevation angles, taking into account the PFBst@ints imposed on the VDE-SAT downlink

(ref. Table 3 of Annex 1).-Although this mask mapt represent the antenna pattern associated with
a commercially available antenna, it could serva gaide for designing an antenna to enhance the
satellite reception. The same mask is also appédatthe design of shipborne antenna for VDE
terrestrial link due’its high directivity in the tizontal direction. Annex 3 provides further rat@de
for.the selection of this mask.

C:\USERS\SEAMUS DOYLE\APPDATA\LOCAL\TEMP\TEMP1_FILETO PUBLISH ON IALA PUBLIC PAGE.ZIP\ENAV16-14.2.1WG3
PDNR WITH ANNEXES 2 - 6 ADDED 2015-04-23. DOCXM:\ABRED\FEXT2014\SGOS5\WP5B\700\761\76INOBE-DOCX  23.04.1503-12:14 08.05.1503-12-14



-120 -
5B/761 (Annex 8)-E

FIGURE 106

Antenna options for shipborne VHF data exchange sysin stations
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FIGURE 117

Mask for ‘Ideal’ antenna
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12 Presentation interface protocol
For VDES transceivers:

Data to be transmitted by the VDES device shoulthpet via the presentation interface;

Data received by the'VDES device should be outpatigh the presentation interface.
The formats and protocol used for data streamsldhmauiin accordance with IEC 61162.

13 VHF data exchange by satellite

VHF data exchange by satellite should use the cflamesignated for satellite in Table 1 and
should be in accordance with this Recommendatibis i€ further described below.

13.1 General

134.1 VHF data exchange system satellite component

The VHF data exchange VDE satellite component isfegttive means to extend the VDES to
areas outside of coastal VHF coverage. Herealftersatellite component is referred to as the
VDE-SAT.

Satellite communications is able to deliver infotimain a broadcast, multicast or unicast mode to
a large number of ships, i.e. efficiently addregsimany ships using only minimal radio spectrum
resources.

The VDE-SAT provides a communication channel teatamplementary to the terrestrial
components of the VDES system (i.e. coordinatet teitrestrial VDE, ASM and AIS
functionalities and their supporting systems).
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13.1.2 Applications

Continuous exchanges with the maritime communitypvovide further insight into the priorities,
quality of service, security, integrity and othequirements of future VDES services.

There is a large population of smaller size shipgieh have no satellite communication
equipment on board, but do have regular VHF/Al®ption equipment — that could benefit from
the services mentioned above. This would be ofqaar benefit for vessel populations in areas
with limited shore based infrastructure.

Using low-cost satellite reception technology, VISBT can address a large population of ships
and offer services for non-SOLAS vessels, fishiagsel, recreational users, life rafts, and even
individuals in distress.

13.2 Overall architecture, operational characterisics and assumptions

13.2.1 Architecture

The VHF data exchange system architecture is shiowigure 8 below. The VDE-SAT is
composed of one or more satellites transmittingrandiving in the maritime'VHF bands — this is
thespace segment

Due to the frequencies used, it is likely that VBET will consist of low-earth orbiting (LEO)
or medium-earth orbiting (MEO) satellites. VDE-SA&duld also consist of hosted payload on
spacecraft in such orbits.

The VDE-SAT user terminals may be integrated ip4forne VDES equipment. This is called the
user segmenihese terminals could be integrated.in the tetae®/DE equipment along with

ASM and AIS functionalities. Also VDE-SAT,receiveiy terminals can be considered: these
would provide a very cost-effective means'to dissate maritime information to smaller ships
outside terrestrial VHF coverage, for.example eaarwith limited shore based infrastructure.

There will be ayround segmenthich/consists of one of more ground stations wikisend and
receive maritime information. to/from ships for fuet processing or dissemination, via the space
segment. Communication between the coastal VDEostanaritime information provider,
VDE-SAT ground station and feeder link is not parthe VDES architecture.
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FIGURE128

VHF data exchange-satellite component architecture
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13.2.2 Operational characteristics

The VDE-SAT should complement the VDE terrestniahieas in which no terrestrial VDE
coverage is available, i.e. at'the high-seas.

The VDE-SAT should provide a downlink capabilitye(iallow to send information from a ground
station to one or more ships). Note that VDE-SAT likely use its specific unicast, multicast or
broadcast capability which is'inherent in a sateffiownlink.

The VDE-SAT should provide an uplink capabilitye(iallow a ship to send information to the
satellite, for furtherrelaying to a ground stajion

As VDE-SAT will be'based on LEO or MEO satellite(sjovisions will need to be taken for the
discontinuous contact that ships will have withividlial satellites. Furthermore, if there are
multiple VDE-SAT satellites or payload footprintsat overlap, some coordination between them
may be required.

It is proposed that VDE-SAT supports priority, @eyption and precedence for different services;
this could be mapped into different downlinks.
13.3 Technical characteristics

13.3.1 VHF data exchange-satellite channels and speim

The VDE-SAT downlink should be used for data donklirom the satellite to vessels in

a broadcast, multicast or unicast manner. The VBE-§hould also provide data uplink from
vessels to satellites using one or several mulipleess schemes. The VHF data exchange system
via satellite uses the channel allocation showrigure 13Figure-9
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| FIGURE 139

VHF data exchange system channel allocation

13.3.1.1  SAT downlink

The satellite downlink frequency spectrum congi$tsix 25 kHz channels (2024 to 2086).

These channels may be bundled into one 150 kHznehém reduce the guard band (needed due to
the frequency Doppler shift of incoming signalsniraEO satellites), increase the throughput, and
more importantly, improve the power efficiency bétsatellite power amplifier-(avoiding multi-
carrier transmission which typically requires aykaroutput back-off). (refer to section 6)

Due to the PFD limit imposed on the VDE-SAT dowklfas part of sharing the frequencies with
land mobile), a certain level of redundancy (in fibren of frame repetition, forward error correction
or higher layer redundancy) is implemented in tiEVSAT protocol in order to mitigate the error
and enhance the data detection probability.

The VDE-SAT downlink signal also includes repeatadwn symbols (e.g. pilots, preamble, post-
amble) to facilitate signal detection and synchzation as'well as possible interference mitigation
and channel estimation. In order to avoid unwamdehnd spectral lines, the data symbols are

| scrambled with a known sequence. The example tiseO concludes that a downlink data rate
of 240 kbpds possible.

The signal level generated by the satellite shbelt#tept below the PFD mask limit (referred to the
earth’s surface) specified in-Table 3 below. Nbt this is based on coordination with terrestrial
VHF services and that the PFD level refers to #rtical component of radiation normal to the
earth’s surface.

TABLE 53

Power flux-density mask

$%&" ()$* (+ ,%-.
" # $%/'()-0 %- %- + ,*(.
M08+ 40

This PFD mask is to ensure that there is no harimfeiference caused by the satellite downlink on
non-maritime terrestrial services sharing the skeguency (ensuring in-band carrier-to-
interference requirements of terrestrial servioeneers).
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13.3.1.2 SAT 3 uplink

The frequency spectrum corresponding to 6 lower \dD&nnels (starting from Channel 1024) are
used for satellite data uplink. Compared to the éiti8nnels, and long range AlS, these 6 channels
provide a significant data uplink capability viaedéte.

The access scheme protocol for data uplink vidlgatis designed to take into account the entire
satellite field of view and to maximize the prolabiof message detections by avoiding message
collisions.

13.3.2 Rationale of channel allocation for VHF dat@&xchange-satellite

The frequency plan for the entire VDES, as depiatdeigure 9 above, facilitates a realistic
implementation of the proposed system in co-exgstemith, and complementing, the current AlS.
The following points regarding the frequency plae laighlighted:

The requirements for VDES concentrate the reaapfrequencies.on hoard of the ship
to a limited range of 250 kHz at the upper maritmMtéF band. This provides an
efficient implementation of VDES on-board receivbysnarrowing the input filter
bandwidth, reducing potential impairments due teo®ctivities within the maritime
VHF band.

The VDE-SAT downlink shares the same frequenayg@as the terrestrial VDE and
AIS. This allows sharing the same antenna as wsah@receiver front-end design.

Satellite and shore reception frequencies of Bleime VDE signals occupy the lower
end of the VHF maritime band. This allows for a gd@mentary service close to the
shore and at the high sea while sharing the sapwrsm. The frequency separation
between the upper and lower.spectra. (with 4.6 M¢fmgation) provides an acceptable
level of isolation between VDES receiving-chain éimel VDE ship-borne transmitters.

The frequency separation between the uplink aodalink allows hosting VDE-SAT
transmitter and receiver on the same satellite vhilows for a more cost-effective
satellite mission concepts (i.e. reduce numbeatslites, improved efficiency and
possible interactivity).

134 Example VHF data.exchange system satellite itggnentation

The following example VDES satellite implementatfids the PFD angular mask and supports the

requirements of this Recommendation.

134.1 Determine the VHF data exchange system séitel orbital characteristics

The following VDES satellite implementation is ca@esed. The satellite orbital characteristics that

are needed to support this application are deteunas follows.

13.4.1.1 | Determine the satellite’s orbit

The example VDES satellite employs a polar orb# height of 550 km above the surface of the
earth. The velocity, acceleration and orbital peewbthe satellite are determined, given:
Mearth= 5.98 X 164 kg, Rearth= 6.37 X 16 m.

The satellite’s orbit and the known and unknowrapggters are shown in Figure 10 below.
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FIGURE 1410

Satellite orbital characteristics

Given/Known: Unknown:
R = Ran+ height = 6.92 x 10m v = ???
Meatn= 5.98x1@" kg a="7???
G =6.673 x 1@ N ne/kg? T=72??

The radius of a satellite's orbit can be determineah the earth’s radius and the height of the
satellite above the earth. As shown in Figure 86 radius of orbit for.a satellite is equal to suen
of the earth's radius and the height above thé €8inese two quantities)are added to yield the
orbital radius. The 550 km altitude is first corteerto 0.550 x 190mand then added to the radius
of the earth.

Determine the velocity of the satellite
Vv = SQRT [ (GeMeentra)) / R ]
v = SQRT [ (6.673 x 18 N mP/kg?) « (5.98 x 16*kg)/((6:92 x 16 m) |
v =7.594 x 18 m/s
Determine the acceleration of the satellite
a = (G * Mentra)/R?
a=(6.673 x 10' N m/kg?) -+ (5.98'x 16*kg) / (6.92 x 16 my?
a=28.333 mhk
Determine the orbital period of the satellite
T =SQRT[(4 * F's R3)./ (G*Mcentra)]
T =SQRT.[(4 * (3.141%) (6.92 x 16 m)®) / (6.673 x 16 N m?/kg?) « (5.98x16* kg) ]
T=5725.7s=1.59 hrs

134.2 VHF data exchange system satellite antennadcadownlink characteristics

A directional vertically polarized Yagi-Uda antensaused for communicating with ships’ vertical
antennas and also for conformance with the PFDIlanguask.

13.4.2.1 Determine the earth’s rotation at the equar between each satellite orbit:

The period of the earffie is approximately 24 hours (86.4 x°19), the radius of the earf is

6.37 x 1@ m and the circumference of the earth (distancerardie equator) i€earth = 2 *
(3.1415) « (6.37 x 10m) = 40.0239 x 18m. Therefore, in each pass of the satellite, tith eill
have rotated at the equator R Tequator = Cearth * T / Te = 40.0239 x 10m » 5725.7 s /86.4 x 20
s = 2.6524 x 10m =2652.4 km
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13.4.2.2 Determine the slant distance to the earthhorizon:

The slant distancBsfrom the satellite to the earth’s horizorDs= SQRT [R2— R = SQRT
[(6.92 x 16 my — (6.37 x 16 m)y?] = 2.7036 x 10m =2703.6 km

Determine the slant downward tilt angle to theléarorizon:

13.4.2.3 The satellite’s downward tilt angle to thearth’s horizon is:
d=90 - sin! (Re/R) = 9F - sin'(6.37 x 16 m/ 6.92 x 16 m) = 9@ - 67 =23 degrees

13.4.2.4 Determine the width of the antenna coveragath:

The example VDES satellite antenna pattern is shioviAsigure 11 below. The beamwidth (+/- 3
dB) of the antenna is 80 degrees. The width okttellite antenna’s coverage path.is:

W= 2(Dscos (90- 4/2))
W= 2 +2.7036 x 10m « cos (96-80°/2) = 3.4757 x 1®m =3475.6 km

Note from 4.2.1 that sind@OT equator= 2652.4 km, this antenna beamwidta £ 80) is sufficiently
wide for contiguous earth coverage by one satadliery 24 hours. This vertically-polarized
Yagi-Uda antenna is pointed in the forward direttiath an optimized downward tilt angle to
provide the vertical component of radiation foregtion by ships’ vertical dipole antennas.

FIGURE 1531

Example VDES satellite antenna pattern

(%%= # & |
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13.4.25 Determine the maximum Doppler frequency & (fd) between the satellite and
ships in the satellite’s antenna coverage area

The maximum Doppler frequency sh(ft) between the satellite and a ship will occur when th
relative velocity between them is a maximum, wehen the ship is situated on the satellite’s earth
horizon. Note that the coverage for this satelitenly in the forward direction and that the
satellite’s antenna pattern will cover ships in thege of 23 degrees (earth’s horizon) downward
from the satellite’s velocity vector. Thereforee tinaximum Doppler shift i (max) = fipes(v/c) ©
cos d¢=162 x 16(7.594 x 16)/(3 x 10) « cos 28 = 3775 Hz The satellite transmitter frequency
should be reduced by half faf (max) to provide a range &f- 1887.5 Hzin the coverage area.

Determine the optimum downward tilt angle foe 8atellite VDES antenna for coverage.of ships
in the forward direction

From the VDES satellite antenna characteristidsignre 11 above, note that the response is flat to
approximately 12 This supports an additional downward tilt of b2low the.horizon of 23or an
optimized total downward tilt angle 86 degreeselow the line that is tangentto the satellite’s
orbital path. This provides a sufficient verticatiiation component for_ships in-the coverage area.

13.4.2.6 Consideration of the angular power flux-desity masklimits for transmission by
the VHF data exchange system satellite

The PFD angular mask (the maximum allowable PF8BANV/(m2*4kHz)) as a function of the
elevation angle from the earth), is shown in Tabt# Section 10.3.1.1. Note that the PFD mask at
0° (horizon) is -149 dB(W/(m2*4kHz)), at 4&levation is -142'dB(W/(m2*4kHz)), at B@levation

is -134 dB(W/(m2*4kHz)) and at 9Goverhead) is 131 dB(W/(m2*4kHz)). Note also thisice

the PFD mask level refers to the vertical compowoénadiation normal to the earth’s surface, the
polarization loss (3 dB @ 48 elevation angle) based on the angular relatiorisbiveen the
vertical axis of the satellite antenna and thehésgurface should be considered in the
determination of the satellite VDES transmitter pow

13.4.2.7 Determine the power flux density levels atevations of 6, 1¢°, 3¢°, 60°and 97
when the power flux density level at 45elevation is set to -142 dB(W/(m2*4kHz))

This section confirms that the elevation anglesfi¢ the CPA (closest point of approach) between
the PFD mask and the actual radiated VDES spacie-gawnlink signal.

Calculations of thslant rangesandelevation anglesote from the previous calculations that the
slant range from the satellite earth horizon is28&m. The results of these calculations are shown
in Table 2 below. Note that the “orbital angle”dtangle of rotation of the satellite’s orbit abahe
earth) is used as a reference for geometric cdionk(angles and distances) and for time-keeping
(elapsed time from the horizon to the point of tiota).

The slant ranges from the satellite to an eartiiostare determined from the law of cosines

(c = SQRT (&+k? +c? -2ab cos (C)), where ¢ = slant range, a=+R, b = R and C = the satellite
orbital angle. The calculations start with C = PBie angle to the horizon) and proceed to € =0
(the directly above/below position), shown in Table

To find the elevation angles, reference angleslatermined from the inverse law of cosines (C =
cos! ((& + I? + &)/(2ab)) where C = the reference angle betweesltra range (line of
observation) and the earth radius (line from th¢hestation to the center of the earth), a = slant
range, b = earth radius and ¢ #4Rh. The elevation angles for the earth statioaslatermined by
subtracting 99from the reference angles, also shown in Tableldvn
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13.4.2.8 Determine reference levels based on the &fevation angle

From Table 3, the slant range to the satellites3ekevation is 748.3 km and the PFD af 45
elevation is set to the mask limit-df42 dB(W/(m2*4kHz)). Since the relative angle of the satellite
antenna (down-tilted by 8pin that direction is approximately (%5 3%) = 1@, the gain of the
satellite antenna in that direction, from Figurés® dB. These values were used asghepoint
values(the 0 dB reference levels) to calculate the P&2lk for the other elevation angles.

13.4.2.9 Determine the power flux density level fahe elevation angle of ®

The slant range af@horizon) is 2703.6 km, the satellite relative lantg the horizon is -23the
satellite antenna relative angle with & 86wn-tilt is (3%-23°) = 122 and the gain, from Figure 7, is
8 dB. Since the relative range loss is (20 log (34£703.6) = -11.2 dB, the PFD &ti6.11.2 dB
below the 48level (-142 — 11.2) =153.2 dB(W/(m2*4kHz))which is (-149 - (-153:2))'= 4.2 dB
below the @ mask limit.

13.4.2.10 Determine the power flux density level fahe elevation angle of 10

The slant range at 1@levation is 1818.4 km, the satellite relativelartg the horizon is -23the
satellite antenna relative angle with & 86wn-tilt is (3%-23°-10°) = X'the gain, from Figure 7, is

8 dB (the same as the reference), the relativeerboss is 20 log(748.3/1818.4) = -7.7 dB and thus
the PFD at 1®is (-142 — 7.7) =149.7 dB(W/(m2*4kHz))which.is 2.3 dB below the 2@nask

limit of -147.4 dB(W/(m2*4kHz)).

13.4.2.11 Determine the powe flux density level fdhe elevation angle of 30

The slant range at 8@levation is 993.5 km, the satellite relative antglthe horizon is -23the
satellite antenna relative angle with & @8swn-tilt is (38-30°) = 5 the gain, from Figure 7, is 8 dB
(the same as the reference), the relative rangadd0 log (748.3/993.5) = -2.5 dB and thus the
PFD at 30is (-142 — 2.5) =144.5 dB(W/(m2*4kHz))which is 0.3 dB below the 2@nask limit of
-144.2 dB(W/(m2*4kHz)).

13.4.2.12 Determine the power flux density level fahe elevation angle of 60

The slant range at B@levation is 632.7 km, the satellite relative anglthe horizon is -23the
satellite antenna relative angle with & @86wn-tilt is (389-60°) = -1& the gain, from Figure 7, is 7.5
dB (0.5 dB below the reference), the relative raisg20 log (748.3/632.7) = +1.5 dB (1.5 dB above
the reference) and thus the PFD &ti60-142 - 0.5 + 1.5) =141.0 dB(W/(m2*4kHz))which is

7.0 dB below the 80mask limit of -134.0 dB(W/(m2*4kHz)).

13.4.2.13 Determine the power flux density level fahe elevation angle of 90

The slant range at 9Qoverhead) is the satellite altitude of 550 kne, ¢fain of the satellite antenna
in that direction, from Figure 7, with a down-tit 35 degrees is the gain at {&8°) = -55 degrees

is 2'dB (6.dB below the reference), the relativegeafactor is 20 log (748.3/550) = +2.7 dB (2.7 dB
above the reference) and thus the PFD &i903142 -6 + 2.7) =145.3 dB(W/(m2*4kHz)) which

is 14.3 dB below the 90mask limit of -131 dB(W/(m2*4kHz)).

The PFD values for elevation angles froftd®9( are shown in Table 4 below.
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TABLE 64
Power flux density for various elevation angels
Orbital angle | Elapsedtime | Slantrange | Reference Elevation PFD
(degrees) from horizon (km) angle angle (actual/mask/margin, in

(sec) (degrees) (degrees) dB(W/(m2*4kHz)))
23 0 2703.6 90 0 -153.2/-149/4.2
22 15.9 2592.7 90.5 0.5 -152.8/-148.9/3.9
21 31.8 2481.6 91.0 1.0 -152.4/-148.8/3.6
20 47.7 2370.5 93.2 3.2 -152/-148.5/3.5
19 63.6 2259.6 94.4 44 -151.6/-148.3/3.3
18 79.5 2148.8 95.6 5.6 -151.2/-148.1/3.1
17 95.4 2038.3 97.0 7.0 -150.7/-147.9/2.8
16 111.3 1928.1 98.4 8.4 -150.2/-147:7/2.5
15 127.2 1818.4 100.0 10.0 -149.7/-147.4/12.3
14 143.1 1709.2 101.6 11.6 -149.2/-147.1/2.1
13 159.0 1600.6 103.5 135 -148.6/-146.8/1.8
12 175.0 1493.0 105.5 15.5 -148/-146.5/1.5
11 190.9 1386.5 107.8 17.8 -147.4/-146.1/1.3
10 206.8 1281.4 110.3 20.3 -146.7/-145.8/0.9
9 222.7 1178.1 113.2 23.2 -145.9/-145.3/0.6
8 238.6 1077.3 116.6 26.6 -145.2/-144.7/0.5
7.145 252.2 993.5 120.0 30.0 -144.5/-144.2/0.3
7 254.5 979.6 120.6 30.6 -144.3/-144.1/0.2
6 270.4 886.3 125.3 35.3 -143.5/143.35/0.15
5 286.3 798.7 131.0 41.0 -142.5/-142.4/0.1
4.38 296.1 748.3 135.0 45.0 -142/-14@#Serence)
4 302.2 719.2 137.8 47.8 -141.7/-140.5/1.2
3 318.1 650.6 146.2 56.2 -141.5/-136.1/5.4
2.7 322.9 632.7 150.0 60.0 -141/-134/7
2 334.0 596.8 156.1 66.1 -141.8/-133.4/8.4
1 349.9 562.1 167.6 77.6 -143.1/-132.2/10.9
0 365.8 550.0 180 90 -145.3/-131/14.3

Notes for. Table 4:

-1.When the PFD level is set to the mask limit of eB{@V/(m2*4kHz))) at 45elevation
angle, the PFD levels at all other elevation angles below the mask.

% &

-2.The maximum PFD level is -141dB(W/(m2*4kHz)) & @@vation angle, which is 7 dB
below the mask limit level of -134dB(W/(m2*4kHz)).

13.4.2.14 Consider the shipborne VHF data exchanggstem antenna and receiver
characteristics

The shipborne antenna and receiver characteratirsonsidered, along with the satellite radiated
PFD levels, to determine the performance of thergat@ VDES satellite downlink.
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13.4.2.15 Specify the shipborne VHF data exchanggssem antenna characteristics

The available shipborne antenna options are coewpo§stacked vertical dipole elements of
various lengths and gain values, were previousbywshin Figure 10Figure-n section00. This
analysis considers the 0 dBd antenna because thadsest performance for the elevation angles
required for satellite detection.

13.4.2.16 Determine the shipborne VHF data exchanggstem receiver characteristics

The shipborne VDES receiver characteristics anattloedination levels for the terrestrial service
are considered, and the set of metrics in Tablel®bare used to determine a reference value of
C/N (carrier-to-noise ratio) for the example shipt®VDES receiver.

TABLE 75
Metrics for considering ITU-R coordination levelsdacalculating C/N in a VDES Receiver

Power received (referred to the Rx antenna) byigbslard VHF receiver (reference 25 kHz
channel):

Power received (linear formula): Pr = GE2c%/489 where
G = gain of a half-wavelength/@) dipole antenna = 1.64
E = field strength = 4 x10exp-6 volts/ meter (4 p\# +12dBu)
¢ = speed of light in free space = 3 x 10exp8 ns&tecond
f = VDES downlink frequency = 161.9x10exp6:(161.81¥)
=1.852 meters (at 161.9 MHz)
Pr = 19.02x10exp-15 watts = -137.2dBW = -107.2dBm
The logarithmic formula can also be used to cateufx (dBm):
Pr (dBm) = 42.8 - 20logF + 20logE + G, where
G = antenna gain in dBi = 2.1dBi (2.1dB over isptc)
F = frequency in MHz = 161.9
Pr (dBm) = 42.8 244.1 — 108 + 2.1 = -107.2dBm {-28BW)
PFD = dB(E) -153.72 =12-153.72 = -141.72dB(W#4kHz)) from a vertically-polarized source
A = effective.area)for a dipole antenna = 02:30.446n3
P: (25 kHz:channel) = PFD + 10logA 10log(25/4) = -141.7 -3.5 +8 = -137.2dBW = -1@BM
Power received by a shipboard VDES receiver (refe 50 kHz channel):

Noise floor in a 150 kHz bandwidth: kTB = 10log@&x10exp-23)(290)(150x10exp3))=
-152.2dBW

Rx carrier power (reference) in a 150 kHz bandwi@hks 10log((19.02x10exp-15)(150/25))=
-129.4dBW

Applying adjustments for cable loss (2dB) and Risedigure (4dB), the C/N calculation follows:

C/N (150 kHz bandwidth): C/ft = (-129.4-2) — (-152.2 +4) £6.8dB (Rx 0dBd antenna,0
elevation)

NOTE: These calculations serve to confirm the aapility of the metrics and reference levels.
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13.4.2.17 Determine the values of carrier to noises. elevation angle for the shipborne VHF
data exchange system receiver

Based on the C/N reference leve (() from Table 5, determine the C/N for the PFD valaad
elevation angles in Table 4, taking into accouetghipborne antenna angular gain values for the 0
dBd antenna in Figure 6. For this antenna=@.1 dBi at 8 elevation angle.

CIN = C/Nes - (-142 — PFD — (2.1- £p), where G = shipborne antenna gain at the elevation angle.
1. At 00 elevation angle, C/N = 16.8 — (-142 — (-153.2.1¢2.1)) = 5.6 dB.

«

2. At 1(P elevation angle, C/N = 16.8 — (-142 — (-149.73.1¢1.9)) = 8.9 dB.
3. At 3(P elevation angle, C/N = 16.8 — (-142 - (-144.52.1¢(-0.3)) = 11.9 dB.
4. At 450 elevation angle, C/N = 16.8 — (-142 — (-142) 1¢@3.5)) = 11.2 dB.
5. At 6P elevation angle, C/N = 16.8 — (-142 — (-141) 1(2.(-7.6)) = 8.1 dB:
5. At 9P elevation angle, C/N = 16.8 — (-142 - (-145.33.1¢(-11.6)) = -0.2.dB.

The C/N values for elevation angles froft® 9@ are shown in Table 6 below:

TABLE 86
Carrier to noise and power flux density for variouselevation angels
Orbital angle | Elapsed time Slant Elevation PFD C/N
(degrees) from(:gcri)zon r(all(r:]%e (d:;ngle (actual/mask/margin, in | ship receiver
grees) | % g (W/(m2*4kHz))) ()
23 0 2703.6 0 -153:2/-149/4.2 5.6
22 15.9 2592.7 0.5 -152.8/-148.9/3.9 6
21 31.8 2481.6 1.0 -152.4/-148.8/3.6 6.4
20 47.7 2370.5 3.2 -152/-148.5/3.5 6.8
19 63.6 2259.6 4.4 -151.6/-148.3/3.3 7.2
18 79.5 2148.8 5.6 -151.2/-148.1/3.1 7.6
17 95.4 2038.3 7.0 -150.7/-147.9/2.8 8
16 111.3 1928.1 8.4 -150.2/-147.7/2.5 8.5
15 127.2 1818.4 10.0 -149.7/-147.4/2.3 8.9
14 143.1 1709.2 11.6 -149.2/-147.1/2.1 9.4
13 1590 1600.6 13.5 -148.6/-146.8/1.8 9.7
12 175.0 1493.0 15.5 -148/-146.5/1.5 10.2
11 190.9 1386.5 17.8 -147.4/-146.1/1.3 10.8
10 206.8 1281.4 20.3 -146.7/-145.8/0.9 10.9
9 222.7 1178.1 23.2 -145.9/-145.3/0.6 115
8 238.6 1077.3 26.6 -145.2/-144.7/0.5 11.8
7.145 252.2 993.5 30.0 -144.5/-144.2/0.3 11.9
7 254.5 979.6 30.6 -144.3/-144.1/0.2 11.9
6 270.4 886.3 35.3 -143.5/143.35/0.15 11.9
5 286.3 798.7 41.0 -142.5/-142.4/0.1 11.7
Orbital angle | Elapsed time Slant Elevation PFD C/IN
(degrees) | from horizon range angle (actual/mask/margin, in | ship receiver

(sec) (km) (degrees) dB(W/(m2*4kHz))) (@B)

4.38 296.1 748.3 45.0 -142/-142teference) 11.2
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4 302.2 719.2 47.8 -141.7/-140.5/1.2 11.0

3 318.1 650.6 56.2 -141.5/-136.1/5.4 8.6

2.7 322.9 632.7 60.0 -141/-134/7 8.1
334.0 596.8 66.1 -141.8/-133.4/8.4 4.4
349.9 562.1 77.6 -143.1/-132.2/10.9 24
365.8 550.0 90 -145.3/-131/14.3 -0.2

13.4.2.18 Determine the data rate for elevation ates @ to 60 using the digital video

broadcast by satellite standards

The digital video broadcast by satellite (DVB-Sratards are designed to provide the:maximum
utilization of the available bandwidth in a low4teederate C/N ratio. The spectral.efficiencies for
DVB-S2X and DVB-S2 are shown in Figure 12 below.

DVB-S2X is based on the well-established DVB-SZgfmtion. It uses theproven and powerful
LDPC FEC scheme in combination with BCH FEC as ioctele and introduces the following
additional elements:

Smaller roll-off options of 5% and 10% (plus 2026% and 35% in DVB-S2)
A finer gradation and extension of number of matan and’'coding modes
New constellation options for linear and non-#inehannels

Additional scrambling options for critical co-airzel interference situations
Channel bonding of up to 3 channels

Very Low SNR operation support down:to -10 dB SNR

Super-frame option
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FIGURE 1612
Performance of DVB-S2X and DVB-S2

13.4.2.19 Performance conclusion

From Figure 12 above, itis concluded that the D&/BX standard transmission applied to the
VDES satellite downlink.provides spectral efficigraf 1.6bps/Hz and a date-rate2#0 kbpsin a
150 kHz bandwidth for C/N"5.dB, which, from Table 6, includetevation angles from 0to 6(°.

14 Summary-of operational capability and performane
This Recommendation provides the following operalaapability and performance:
. Protection of AIS

. Relief of AIS VDL congestion

. Raw ASM data transfer at 28.8 kbps

. Raw VDE data transfer ship-to-ship, ship-to-stamd shore-to-ship at 307.2 kbps
. Raw VDE satellite data transfer up to 240 kbps

. VDE satellite downlink that satisfies the PFD kasquirements

. VDE shore-to-ship and ship-to-shore service tkn8%46NM)

. Channel access and sharing schemes that orgaeifiaks and mitigate conflicts

. Full VDES satellite and terrestrial functionalftpym a single shipborne antenna
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ANNEX 2
Propagation range predictions for VHF data exchangesystem terrestrial links

1 Introduction

This is an informative annex. The excellent praigm characteristics of AIS are well established
and appreciated. It is expected that the ASM valldsimilar performance to AlS. The propagation
range predictions for the 100 kHz VDE ship-to-shame shore-to-ship links follow below.

2 Ship-to-shore application

21 Basis for the coverage assessment

This coverage assessment is based on Recommenidatigd P.1546-4assuming no ducting),
taking into account the antenna height and the aeapropagation path:

Height of antenna (Base Station): 75 meters (sgehgfor various heights)

Transmitter power for ships: 12.5 Watts

Tx ships antenna gain: 2dBi (0dBd)

Rx shore antenna gain: 8dBi (6dBd)

P -103dBm (VDE shore station sensitivity)

2.2 Purpose for use of the Recommendation ITU-R B46-4 propagation curve

RecommendatiofiTU-R P.1546-4prescribes the.use-of the propagation curvesf(o®3 Annex 5

and Figure 4 (Figures 13 and 14 of this Annex) fliammex 1, see below), assuming no ducting and
a smooth earth/sea surface. This analysis mayéditassa reference point for field test
measurements that usually include some ductinggratépg on weather, atmospheric conditions,
and other factors.

2.3 Determination of transmitting/base antenna heigt, h1

RecommendatiofiTU-R P.1546-4specifies (83 of Annex 5) the transmitting/basteana height,
hy, to be used in calculation depending on the tymklength of the path. For sea palthss the
height of the antenna above mean sea level; far pathsh; is the height above average terrain.

2.4 Determination. of the minimum field strength (sesitivity threshold) at the VHF
data exchange base receiving site

For ship-to-shore:

Power received (linear formula); 2 G- E2c?/480 2f2

Rearranged: E= (480 22 P, /G; ¢?), where

E: = field strength in volts/meter

Gr = gain of receiving antenna = 6.3 = 8dBi

c = speed of light in free space = 3 »# heters/second

f = VDE ship-to-shore frequency = 1.57 x¥1257 MHz)

Pr = 5x10% watts = -133dBW = -103dBm

Thus,

Er=3.21 x 16 = 3.21 uv/m = +10.1dB pVv/m
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The logarithmic formula can also be used to cateufa (dBm):
Pr (dBm) = 42.8 - 20logF + 20logE + G, where
G = antenna gain in dBi = 8dBi
F = frequency in MHz = 157
Pr (dBm) = 42.8 — 43.9 — 109.9 + 8 = -103dBm (-1B&Y
25 Determine the range to the +10.1dBu (-103dBmpeerage limit for a seawater
propagation path
Calculate the effective radiated power:
Ps=R+ G
P;= 10 log 12.5 — 30 = -19dBk (19dB below 1 kW)
G = 2dBi = +0dBd (0dB over a dipole)
Thus R=-19 +0 = -19dBk ERP

Fe = F — R (vertical scale reference for the propagation lgrapgFigure 4 of Recommendation ITU-
R P.1546-4, Figure 13 of this Annex)

F = +10.1dBu
Ps = -19dBk
Thus k= 10.1 — (-19) = +29.1dB

2.6 Determine the seaward ship-to-shore.coveragernge from Figure 13:
The +10.1dBu (-103dBm) range is 85km; which is 46/igehs = 75m).

2.7 Determine the received signal strength indicain values for various other ranges

The reference point received signal'strength iriing RSSI) = -103dBm at a range of 85km
(46NM) is determined above. \For.other ranges, t88IRalue is determined from the propagation
curve (Figure 13) for the assumed antenna heighbof. RSSI values in 10dB increments above
the sensitivity threshold are shown in Table 7 Wwelo

TABLE 97
VHFdata exchange base station received signal strgth indication value vs. distance ship-to-shore

-103 dBm 85 km (46NM)

-93 dBm 60 km

-83 dBm 40 km

-73 dBm 25 km

-63 dBm 15 km

-53 dBm 8 km

-43 dBm 4.5 km
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Figure 1743

100 MHz, sea path, 50% time
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3 Shore-to-ship application

3.1 Basis for the coverage assessment
Referring to section 2 above, consider the reveireetion, shore-to-ship, signal levels at the ship

receiving site, the shore transmitter power of 5&tt@/and the shore-to-ship frequency of 162 MHz:

Height of antenna (VDES Base Station): 75 metas (gaph for various heights)

Transmitter power of VDES on shore: 50 Watts (aebaf shore antenna)

Tx shore antenna gain: 8 dBi (6 dBd)

Rx ships antenna gain: 2 dBi (0 dBd)

P -98 dBm (VDE ship station sensitivity)

3.1.1 Determination of the minimum field strength §ensitivity threshold)at the VHF

data exchange ship receiving site

For shore-to-ship:

Power received (linear formula); 2 G- E2c?/480 2f2

Rearranged: E= (480 22 P, /G; ¢?), where

Er = field strength in volts/meter

Gr = gain of receiving antenna = 1.62 = 2.1 dBi

c = speed of light in free space = 3 » bfieters/second

f = VDE shore-to-ship frequency = 1.62 X¥1062 MHz)

» = 1.58 x 10° watts = -128 dBW =298 dBm

Thus,

Er=11.61x16¢=11.61 uV/m=+21.3dB pVv/m

The logarithmic formula can also be.used to cateurx (dBm):

Pr (dBm) = 42.8 - 20logF+ 20logE + G, where

G = antenna gain in dBi = 2.1 dBi

F = frequency in MHz = 162

Pr (dBm)=42.8 -44.1 —98.7 + 2.1 = -98 dBm (-1iB3V)

3.1.2 Determine the range to the +21.3 dBu (-98 dBrmoverage limit for a seawater
propagation path

Calculate the effective radiated power:

Ps=R+G

P;= 10 log 50 — 30 = -13dBk (13dB below 1 kW)

G = 8dBi = +6dBd (6dB over a dipole)

Thus R=-13 +6 = -7dBk ERP

Fe = F — R (vertical scale reference for the propagation lyriagFigure 4 of Recommendation
ITU-R P.1546-4, Figure 2 of this Annex)

F=+21.3dBu
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Ps=-7 dBk

Thus k=213 - (-7) = +28.3 dB

Note that since this value of 5 within 1dB of the value calculated in SectioB Because the
reduced sensitivity of the ship station is comp&etsay the higher power and antenna gain of the
shore base station.

3.13 Determine the seaward shore-to-ship coveragenge from Figurel4

The +28.3 dBu (-98 dBm) range is 85 km, which idNM (usehi= 75 m). This is the same as the
ship-to-shore coverage range, an ideal balancedvayocoverage, which confirms the proposed
choices of antennas and transmitter power valuehéoshipborne and shore VDES stations.

3.14 Determine the received signal strength indit@n values for various/other ranges

The reference point: RSSI = -98 dBm at a rangebdir (46 NM) is determined'in 2.6 above. For
other ranges, the RSSI value is determined fronptbpagation curve (Figure 14) for the assumed
antenna height of 75 m. RSSI values in 10 dB sabpse and below the-98 dBm threshold
sensitivity for the shipborne VDE receiver are shawTable 10Fable ®elow:!

TABLE 108
VHF data exchange ship station received signal stngth indication value vs. distance shore-to-ship
-118 dBm 170 km
-108 dBm 130 km
-98 dBm 85 km (46NM)
-88 dBm 60 km
-78 dBm 40 km
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100 MHz, sea path, 50% time

120
110
100 ~
R~
9% \\\\
\\\\
\\ \\:\:\
80
\
\Q\\\ \\\ - Maximum (free space)
70 BB SR
N T
\ \ \ e
o N AL
50 . S
- hy=1200m M
5 /
; 40 ,
X B =10m R
b 1
5 30 +28.3 dB -
= reference \‘\*
E -107 dBm RN
220
€ N \\\\
[aa}
z
2 10
5
2
=] 0
o
10
\
20
Transmitting/base
30 antenna heights, 4,
1200 4
—40
“—— 600m
——— 300m
-50
—— 150m )
75 m 85 km (46NM) shore-to-ship
=60 37.5m Coverage range for -98 dBm
20m shore antenna height=75m
-70
— 10m
80 ’
1 10 100 1 000
Distance (km)
50% of locations
1546-04

hy=10m

C:\USERS\SEAMUS DOYLE\APPDATA\LOCAL\TEMP\TEMP1_FILETO PUBLISH ON IALA PUBLIC PAGE.ZIP\ENAV16-14.2.1/G3
PDNR WITH ANNEXES 2 - 6 ADDED 2015-04-23.DOGXM:- %

23.04.1503-1214

08.05.1503-12:14



- 141 -
5B/761 (Annex 8)-E

C:\USERS\SEAMUS DOYLE\APPDATA\LOCAL\TEMF‘\TEMPl FILETO PUBLISH ON IALA PUBLIC PAGE ZIP\ENAV16 14.2.1WG3
PDNR WITH ANNEXES 2 - 6 ADDED 2015-04-23.DOCXM:\BR®D 23.04.1503-1214 08.05.1503-12:14




-142 -
5B/761 (Annex 8)-E

ANNEX 3

Example of VHF data exchange satellite downlink imgmentation and analysis

1 Introduction

This is an informative annex providing an examglenplementing the VDE-SAT downlink
component and presenting performance results.

2 VHF data exchange satellite orbital characteristis

The spacecraft flies in a circular orbit of 600 &nd 68° inclination compliant with_orbital debris
regulations and safe de-orbiting of the spacearffédr its lifetime. The satellite counts with attie
control mechanisms to guarantee a stable anterinérgpin the nadir direction (i.e. satellite to
Earth).

Under these assumptioRgjure 19Figure-25Shows the elevation (left axis) of the spaceasfa
function of time as seen by a ground terminal dyen overhead pass. The right axis of the same
figure depicts the signal delay.

FIGURE 1915

Satellite elevation and delay for the selected orbas a function of time
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| Figure 19Figure-1Shows that the satellite is just over 4 minutesval80° elevation, thus 9
minutes under 30° elevation from acquisition-ofrsig(AOS) to loss-of-signal for a pass duration
of about 13 minutes. The roundtrip delay variesnft® ms at AOS down to 4ms at zenith (i.e. 90°
elevation). During that pass the Doppler shift@afrom -3.73 kHz to + 3.73 kHz and the Doppler
rate reaches 47 Hz/s at Zenith.

FIGURE 2016
Pass elevation scheme for selected orbit over 24une

Figure 20Figure-1dlustrates the satellite elevation as a functtbtime, as seen by a ground
terminal at a fixed location in\a 24 hour period. ghown the contact periods are short and low.
Depending on the latitude;.the duration and theberof contact periods will varydistance is
provided in km)
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FIGURE 2117

Satellite field of view

Figure 21Figure-1 presents the satellite field of view. A wide geaqgrical area is covered by the
satellite field of view at any given point of thebd. For this area, the average instantaneous ship
count is 22 000 respectively as showrrigure 22Figure-18The ship count is based on combined
received terrestrial and satellite data for AlslaA.

FIGURE 2218

Field of view case for.ship.instantaneous number

Figure 22Figure-1 8 indicative of the AIS received by terrestritdtions is displayed in blue while
AIS received by satellite is displayed in red.

2.1 VHF data exchange satellite downlink charactestics
The power flux density mask to be respected isl@s presented in Table 3 of Annex 1).
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FIGURE 2319

Power flux density mask

Elevation in degrees

) %

Power in dBn

LI %

Figure 19 depicts the PFD mask in dBm as a funaifaglevation in a reference bandwidth of
4 kHz and in 100 kHz bandwidth.
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The corresponding e.i.r.p. mask seen by the datetlirresponds to a transformed version of the
PFD mask dictated by the Earth-satellite geomeéiigure 24Figure-28hows the e.i.r.p. mask
which is symmetric around the nadir direction (8@%le in the figure).

FIGURE 2420

Satellite equivalent isotropic radiated power mask
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) & 2 4
. /
% (k>#a s# )

#AH# I /’
w o # /

B | /
£ /
“H#HO# |
§ | — — — — —f AR ##
o % —
o —

&%

Assuming a circularly polarized downlink signalrfrdhe satellite meeting the e.i.r.p. mask in
Figure 24Figure-20then the PED in 100 kHz seen in an overheadpaasground terminal is
shown as a violet curve igure 25Figare-21In this figure the signal power of a nearby ship
(shown in yellow).is also presented as a benchmeekence. The green line represents the
realization of an antenna on the satellite compleith the e.i.r.p. mask.
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FIGURE 2521

Receiver carrier input for a 0 dB gain antenna. Isand compensated satellite transmitter antenna + @eby ship
(for the sake of completeness, not relevant for thiexample)

2.2 VHF data exchange satellite receiver charactestics

On the receiver side, the ship’s system temperérensidered to be between 630°K (noise figure
of 3 dB and 2 dB of cable loss) and'1.500°K. Vaia can occur, but it is not expected that the
system temperature falls below roughly:900°K ieandard installation. The system temperature
accounts for the noise source integrated in therawat patterns. Some onboard ‘industrial’ noise is
yet to be added, but will be ignored for the rerdamof the document.

2.3 ‘ldeal’ Receiving antenna

For the sake of completeness, the receiver antaasé that would allow the received signal to be
at constant power. level at the receiver input isutated and shown as a function of elevation angle

in Figure 26Figure 22
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FIGURE 2622

"ldeal" receiver antenna mask, zenith is 90°
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FIGURE 2723
Received carrier power for a receiver with an “ide&’ antenna.
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Figure 27Figure-23hows the received signal power in dBm at thetiopa receiver with the
“ideal” receiving antenna as a function of elevatidhe link analysis is computed using
professional commercial software tools for satelibmmunications that account for the signal
propagation impairments.
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The software tool however, does not account fosides loss of power strength at very low
elevation (<1°). The power loss could be as high dB due to reflecting surface of seawater,
mainly in circular or horizontal polarizations.idtworth noting that the signal power at the reeeiv
input is around -101 dBm, and this is 3 dB lowexnthhe ITU-R M.1842 recommended sensitivity
for 16-QAM for ship stations.

FIGURE 2824

Eb/No compensated patterns for ‘ideal’ antenna

Eb/Noin dB

Figure 28Figure24hows the corresponding El/bbserved for the 100 kHz carrier in an overhead
pass for the ‘ideal’ antenna.

2.4 Realistic receiving antenna

Four different antennas are considered:

The 0dBd point in the RecommendatiéfU-R F.1336-4antenna pattern and vertical
polarization (antenna 1).

A 1.25 'vertical antenna (commercially available antermoaputed pattern when
mounted on the top of the bridge a 200 m long tBnkertical polarization (antenna 2).

A satellite dedicated Turnstile, with Right Hai@ircular Polarization (RHCP)
(antenna 3).

A hemispherical 0dBi gain antenna, vertical patation (antenna 4).

Using professional software tools for satellite coumications, simulations have been carried out to
determine the carrier power level at the receimput and to determine the El/M the following
cases:

- Overhead pass

- Side pass

- Very low pass

Results corresponding to each scenario are reportbe following sections.
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3.15 Overhead pass

FIGURE 2925

Overhead pass, Carrier level at receiver input

Antenna 1
Antenna 2
Antenna 3
Antenna .

FIGURE 3026
Overhead pass,"Eb/NO at demodulator input

Antenna 1
Antenna 2
Antenna 3
Antenna «
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3.16 Side pass

Consider a 16° elevation pass, the signal powercamgsponding signal quality measured in Eb/N
are presented in the following figures. Due towtagation of the signal strength at the receivegrov

time (due to the change of elevation and distartbe)signal may fall below the detection threshold.

The use of highly robust waveform (as a combinatibmodulation, coding and frame structure)
can potentially improve the performance at the agpef reduced throughput.

FIGURE 3127

Carrier level at receiver input, side pass

Antenna 1
Antenna 2
Antenna 3
Antenna .
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FIGURE 3228

Eb/No at demodulator input, side pass

3.1.7 Very Low side pass

Results for a very low side pass (below 5° elevgtare presented in figures below.

Antenna 1
Antenna 2
Antenna 3
Antenna «
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FIGURE 3329

Carrier input at receiver input, very low side pass

Eb/NO at demodulator input, very low elevation sidepass.

FIGURE 3430
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25 Waveform choice

As shown in previous sections, for a realistic antethe signal to noise ratio at the input of the
receiver can vary considerably as a function ofatien angle. The choice of the waveform
modulation, coding and frame structure has a sif impact on the link throughput and its
availability.

The decision on continuous versus intermittentsnaission of the signal will impact the
acquisition, tracking and the overall performartwérate, probability of error, etc.) of the VDE
satellite broadcasting. At the system level, a tihoe-based transmission (time division) may
increase the complexity of the satellite-terressystem interactions and reduce the overall
efficiency. However, the coexistence of VDE broatficey and terrestrial shore-to-ship.or ship-to-
ship may also impact the detection performancéetérrestrial signal.

The choice of modulation scheme has an impact eefficiency of the power amplifier on board
of the satellite. The use of (quasi-) constant Epereduces the peak to average power ratio and
allows the transmitter to operate at a more powf@ient mode with less signal distortion.

In order to facilitate synchronisation and signetettion at the receiver, the use of known symbols
(as pilot or preamble) is essential as part ofaihéterface definition.

The use of data sequence randomisation (scramiféiniifates the synchronisation and mitigates
spectral abnormality.

A system capability to allow more than one codiaig and modulation scheme) may provide more
flexibility in the system dimensioning and servaeilability.

There are a number of existing open standardsaiitinterface specifications, such as Digital
Video Broadcasting via satellite DVB-S2x , DVB-SHEDVB-RCS2, that offer mature technical
solutions as a starting point for such design t@ifie The performance characteristics of
DVB-RCS2 waveforms are reported in Tablé&lhure 35Figure-3presents the spectral efficiency
(information bits/symbol) as a function of Es/fdér these waveforms.

Note - DVB-RCS2 reference: ETSIFTS\101 545-1 V{2R14-04) available at:
http://www.etsi.org/deliver/etsi ts/101500 10159944501/01.02.01_60/ts 10154501v010201p.p
df
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TABLE 119
Waveform Efficiency in additive white Gaussian noisehannel
Frame Guard Payload Efficiency Es/No @
Size (symbols) (bits) (Bits/Symbol) | PER=10%
(symbols)
266 4 408 1.51 7.3
266 4 440 1.63 8.71
266 4 496 1.84 10.04
266 4 552 2.04 11.59
266 4 672 2.49 11.73
266 4 744 2.76 13.18
536 4 304 0.56 0.22
536 4 472 0.87 2.34
536 4 680 1.26 4.29
536 4 768 1.42 5.36
536 4 864 1.60 6.68
536 4 920 1.70 8.08
536 4 1040 1.93 9.31
536 4 1152 213 10.85
536 4 1400 2.59 11.17
536 4 1552 2.87 12.56
1616 4 984 0.61 -0.51
1616 4 1504 0.93 1.71
1616 4 2112 1.30 3.69
1616 4 2384 1.47 4,73
1616 4 2664 1.64 5.94
1616 4 2840 1.75 7.49
1616 4 3200 1.98 8.77
1616 4 3552 2.19 10.23
1616 4 4312 2.66 10.72
1616 4 4792 2.96 12.04
3236 4 984 0.30 -3.52
3236 4 1504 0.46 -1.3
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FIGURE 3531
Spectral efficiency of DVB-RCS2 waveform
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