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Annex 3

Technical characteristics of VDES-terrestrial
in the maritime mobile band

—Structure-of the VDE “ [Formatted: Heading 2




2 bS| Layel' 4(from Annex 2) A Commented [PB2]: Harmonize this across all

annex’s

The VDES architecture utilizes the open systems interconnection (OSI)

model as illustrated in Figure .

-The first four layers (physical, link, network and transport) are described
with-in this recommendation. These layers for the VDE, ASM and AIS sub-
systems need to be coordinated. AIS should have the highest priority in the
VDES, and all other functions should be organized such that the AlS is not
adversely affected.
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1.2.3.3 Media access control

ovides a method for granting access to the data transfer to the VHF data

ik (VDL). The method used is a TDMA scheme using a common time
reference.

2.1.3 Physical layer

Converts binary data into transmission symbols-usi . [Formatted: English (United States), Highlight

Assembles transmission symbols, synchronization, and other overhead

symbols to transmission packets. Converts eeded-transmission packets -to

appropriate analogue signal for the transmitter, according to the selected

modulation and channelization scheme.



| Bandwidth

%lbi—nkParameterg
3.2 General
3.3 Transmission media

Data transmissions are made in the VHF maritime mobile band. Data

tranmissions are made within the spectrum allocated for VDE1-A and VDE1-
B. The spectrum may be used as 25kHz, 50 kHz and 100kHz channels.

Additional spectum may be available for VDE communication on a regional

basis.

3.4 Multi-channel operation

3.4.1 _Ship to ship communication uses the VDE1-B spectrum in a simpl&x ntode
3.4.2 Ship to shore communication uses the VDE1-A spectrum for¥fangmission

and VDE1-B spectrum for reception.
Shore to ship communication uses the VDE1-B spectrthm f@ transmission

and VDE1-A and VDE1LB spectrum for receptions
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When 25kHz channels are combined to form either a 50kHz or 100kHz
bandwidth, the following methodology shall be used ... (bulletin board???

3.5 Transceiver characteristics

The maximum peakaverage powetshall not be-merethanexceed 25W per

100Khz used spectruim 4t a time. i

-Insert figures from 1842 or 1371
25kHz as AIS

Possible Modulation schemes for future considerations
(Create table offmag@ulation, and related parameters)

GFSK
GMSK

PI/4.BQPSR
QOPSK(PiY4 QPSK
3PS

18APSK, 16PSK

4 APSK

4x16QAM

32APSK

320FDM (multicarrer)
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3.6

2.0 ,

3.6.1 Carrier Frequency error

3ppm fsame-asAlS orbetter)

3.6.2 Symbol timing accuracy

210 ppm
3.6.3 Transmitter Timing Jitter

1% RMS of symbol duration_(or may-be expressed as 104 microseconds but
will need a table based on symbol rate){mayneed-to-berevised)}

3.6.4 _Slot Transmission Accuracy

UTC Direct operation:104(M¥ero's€c fpr a mobile unit

3.7 it rateg

sbacing
| IR
i

3.8 [Adaptive modulation bhnd coding scheme mechanismsg

The VR ESerrestrial link should enable the usage of different modulation and

codin®gchemes. This mechanism needs to work in an adaptive and
autonomous manner without the necessity of the base station participation
in the process.

381/ [Training sequence]

Formatted: Font: (Default) +Body (Cambria), 11 pt,
Norwegian (Bokmal)

Formatted: Font: (Default) +Body (Cambria), 11 pt,
Norwegian (Bokmal)

Formatted: Font: (Default) +Body (Cambria), 11 pt,
Norwegian (Bokmal)

Formatted: Font:

Formatted: List Paragraph

Formatted: Font: Not Highlight

Formatted: Heading 2, No bullets or numbering

Formatted: Normal, Indent: Left: 0 cm

Formatted: Normal, Indent: Left: 0 cm

(
[
(
[
[Formatted: Normal, Indent: Left: 0 cm
[
{
[

Formatted: Normal, Indent: Left: 0 cm

o U 0 A U L)

Commented [PB12]: Need a table for each
modulation as defined in table above

[Formatted: Heading 2, No bullets or numbering

Commented [PB13]: May make more sense to
have this above the «possible modulation schemes»

AN
N
Commented [PB14]: Christof Bronk has input to
this ...
[ Commented [PB15]: What is meant here?

/
/
/
/

The particular modulation coding schemes (MCS) should be encoded into
the training sequence as follows:
(DQ, DQ, DQ, DQ, DQ, DQ, DQ, DQ, DQ, Dg, DQ +1, 0, 1, 1, 0, 1, 1, 1, O, O, O) Modulo 2
(Dl, DI. D1, D]. D1, DI. Dl, DI. D1. D1. D| + 1, 0, 1, 1, 0, 1, 1, 1, 0. 0, O] Modulo 2
(D2, D2, D2, Dy, D2, D2, Dy, D, D2, D2, D2 +1,0,1,1,0,1,1,1,0,0,0) Modulo 2
(D3, D3, D3, D3, D3, D3, D3, D3, D3, D3, D3+1,0,1,1,0,1,1,1,0,0,0) Modulo 2

Where 1,0,1,1,0,1,1,1,0,0,0 is a Barker code (length 11) with a very low
autocorrelation function (sidelobe level ratio about -20,8 dB). This will
maximize the detection probability. [The potential 180 degrees phase lerror
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may be eliminated for instance with the usage of the start flag (or any

known sequence within the header).
Training sequence should be always modulated with-theloew-erder

Only the data block should Jbe coded, scrambled and modulated according to |~ ‘ Commented [PB17]: We need to use this in Annex

the selected MCS scheme. Modulation and coding schemes should be for 2 (no coding on the CRC)

instance defined according to the given below table.

Total data
. . Total -
Modulation and coding Do, D3, D3, D3 cal thro::_?\ ot bitrate (user [Formatted: Not Highlight
scheme] values value P data + framing | { Commented [PB18]: Need for 25kHz and 50kHz;
e overhead)[kbps] [ X I
No transmission 0 - ? Formatted: Not Highlight
MCS-1 = = N { Formatted: Not Highlight
(GMSK, CR=1/2) 0,0,0,1 1 76,8 ~ 384 { Formatted: Not Highlight
(GMSI\l/I<C2|-R2_3/4) 0-0-1.0 2 768 ol N\ 576 [Formatted: Not Highlight
” DQI\Q(S:Z-'D’CR_UZ) 0011 3 1526 N\ 768 [Formatted: Not Highlight
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(SPSI'\</ICCSF;§3/4) 0101 A A 9304 172-8 [Formatted: Not Highlight
(SPSI'\:ICCS}%?S/ES) 0110 A 230.4 192 [Formatted: Not Highlight
(16QA'\|>I/|SCCS—ZR_3/4) 0,1 .34 N\ Y7~ 307-2 230.4 [Formatted: Not Highlight
16QA'\|>I/|SCCS-8CR_5/6) 1 0 O™ 8 307-2 256 [Formatted: Not Highlight
MCS-9 [Formatted: Not Highlight
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(16QAM 32MC, CR=7/8) Y. 7 2 3072 2688
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CQhbfChannel Quality Indicator) values should correspond directly to the

cembine e the o ana e indien e Hleee il s e DOl

The calculation of the BER should be based on the known sequencesJwithin //[ Commented [PB19]: This needs to be defined.

the frame.

COLcaleulati Ise-involve the CRC.verificati e,
CQl value of the received message should be contained within the
ACK/NACK message-Thiswayfersuch that the next transmission amay use
a differentaew MCStmay-bechosen-bythe linklayer {adaptivemechanism)-.
ACK/NACK message need-te-be-alwaysshould be modulated with thelow
ordermodulationtike-

The change of the MCS should be initiated by the link layer and the
transmission need-alwaystoshould start with the MES-1GMSK. MES-maybe

oHEnp




3.9 Theklot time durationshould be the same regardless of the MCS chosen. in-the

3.10 Data encoding (Bit-to-symbol mapping)

-Wait for more Krzysztof input
[The bit to symbol mapping shall for FSK and GMSK modulations be gray

coded.

o Commented [PB20]: Make sure this is defined -
26ms(?)
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3.11 [Forward error correction ~DLR to provide more input

The turbo code with the code rate of % or lower should be used. Diffetent
code rates will be obtained with the puncturing technique.

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

3.11.3 Performance measure, Packet error ratio (le-1, 1e-2 with ARQ, 1e-3)

3.11.3.1  Channel definition (e.g. AWGN)

Signal to noise ratios thresholds per MODCODS

3.12 Interleaving (multi-packet) -DLR input and ESA
3.13 Synchronisation (Preamble, postamblé&® ) + Pysical Layer Header

-Hans input, Krzysztof input

3.14 Bit scrambling

Scrambling of th@uSér d&ta is required to avoid the power spectral density

to be concentrat®d in the narrow band.

Scrambler §hould Be based on the linear feedback shift register (LFSR). For
instafiee ¥ ma¥?be defined by the polynomial x° + x# + 1. The scrambling
pSendb-rafdom sequence in this case would be 511 bits long (29-1) and the

scramb¥er scheme would be as follows:

initialization

0 1] 1
x2 x!
r ¥ v ¥
Scrambling

sequence

_— Commented [PB22]: Need from Annex 4 and then
harmonized with Annex 2
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The scrambling sequence (least significant bits of the register) should be
added modulo-two with the data bits obtained after the FEC encoding. The
number of bits will depend on the modulation scheme used in the particular

case.When the 16QAM modulation is exploited then the last four bits of the { Commented [LJ23]: Add table for each
register need to be XOR-ed with the four bits creating the 16QAM symbol. modulation scheme that may be defined?

For each consecutive symbol the register should be shifted by the number of

bits creating the scrambling sequence (i.e. 4 in a case of 16QAM).

The scrambler should be initialized with the sequence 00000001 for each
frame.

&
3.14.1 Data link sensing %Q
Handled by link layer
3.14.2 Transmitter power

The transmitter may use several power lefe &'s not to exceed 25W.

3.14.3 Shutdown procedure Q

The transmitter shall have an au atic shutdown procedure after 1
seconds, to prevent stuck transfitters¥he function shall be independant
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3.17 Framing Structure Km}aa*—te—A—l—S—-t—ex—tenﬁens—} “ Commented [PB25]: Harmonize with annex 4 and

N\

to the vocabulary of AIS

VDE communication uses the concept of frames and slots, as defined by ( Formatted: Heading 2, No bullets or numbering

(N

R M.1371, to quantize the communication channel into time segments and

should be synchronized to slot boundaries of AIS: A VDE frame is divided
into a-multitude-of2250 slots. The VDE slot is the minimum adressable time

the VDE data link. The VDE frame is in turn part of a VDE superframe,
spanning a number of VDE frames. The number of VDE frames shall
correspond to the largest adressable VDE Data Link time unit. Eachffame is
60s long, syncronized to UTC-minutes.

"1 hyperframe = 5 superframes = 2250 timeslots (= 60s) | Field Code Changed

([ 2[5 [+ 5|
1 superframe = 15 multiframes = 450 timeslots (=12s) |
2]
1 multirame = 5 TDMA frames = 30 timeslots ( = 800 ms) |
2[5+ ]5]
1 TDMA frame = 6 timeslots (=160 ms) |

[1]2]3]4]5]6]

Number of symbols

Modulation PSK
category
Slot 384

Subslot 192




he VDE ilot]is an lintegrer fraction of an AlS slot. The VDE slot size shall =~ « /[ Commented [PB26]: Need a new word for this

therefore be 2/(75*n) seconds, where n is an integer. The slot determines

( Formatted: Normal, Indent: Left: 0 cm

the the minimum amount of link load to be occupied by short messages.
Short slots allowes access to the data link to more actors, and reduces

unnessescary large link overhead for short messages. The slot size shall be
long enough to fit control channel data amount, such as FATDMA
reservations and acknowledgements, with the most robust MSC (modulation
and coding sheme) available.




26;67ms

4923.17.2 Data transfer packet size

The data transfer packet size may vary between-depending on the amount o
be transmitted. The minimum size is one VDE slot, and the maxim

a
consists of 5 multiple e£VDE slots

N\ g

4100 Krzvsztov has-input %

3.18.1 Channel Bandwidth

VDE capable systems shall be able to operate o e 25kHz duplex
according to RR

»

PrES Ot~ oA

)

f
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404.1  MAC layer (Media access control )
—Media-accesscontrol
transfer s onte the VHF data link (VDL). The method used is a TDMA scheme
using a common time reference based on UTC.

4.1.1 Base station media access

Base stations are configured to create fixed FATDMA allocations fou%(:ic
tranmissions, and will use the control channelling mechanism t 1 te

additional link access. %

4.1.2  Ship-ship media access

4.1.3 _ Ship-shore media access

To distinguish between ship-to-ship and shore to ship, ship to shore [ Formatted: Highlight

in a similar wa

- [ Formatted: Indent: Left: 1.27 cm

Chanr®@haccess schemes

‘ [Meraccess schemes, as defined below, should coexist and operate
imultaneously on the TDMA channel.

Incremental time division multiple access

ITDMA should be used for creation of transmission chains for multi
transmission data packets;

4.1.6 _ Carrier sense time division multiple access

Used for single VDE slot transmissions or as initial transmission when
starting ITDMA transmission chain.

4.1.7 Random access time division multiple access

RATDMA -is used when a station needs to allocate a slot, which has
been pre-announced. This is generally done for the first transmission slot



http://www.itu.int/rec/R-REC-M.1371/en

during data link network entry, or for messages of a non-repeatable
character.

4.1.8 Random access time division multiple access algorithm

The RATDMA access scheme should use a probability persistent
persistent) algorithm as described in ITU-R M.1371 Annex ? Section ?.

4.1.9 Fixed access time division multiple access

FATDMA should be used bV base stations only. FATDMA all

Block size - Determines the default number of consecutive slots which

‘ are to be reserved at each increment

4113 Assignement (resoure allocation)
4.1.14  Slotted ALOHA random access
4.1.15  Multipacket transfer

4.3 Data transfer protocol
4.4 Automati Repeat Request

To facitilate control of ship-shore communication -Johan input

/‘

Commented [PR27]: Rev 1 material, needs user
requirement input




4% acket format signalling
3.1.1 Cyclic redundancy check

5.2 Packet format data transfer

5.2.1 Cyclicredundancy check

Recommended to increase from 16 bits to minimum 20, preferable 32

5.2.2 Enacapsulation (e.g Packet ID

. IS

456 __ Transport layer




INFORMATIVE ANNEX - Link budget

6.1.1 Transmit (minimum) antenna gain (Antenna Pattern
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Commented [PR28]: We may have higher gain
antennas
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E. = field strength in volts/meter
= gain of receiving antenna = 6.3 = 8dBi
= speed of light in free space = 3 x 108 meters/second
= VDE ship-to-shore frequency = 1.57 x 108 (157 MHz
P, = 5x10-14 watts = -133dBW = -103dBm
Thus
:=3.21x106=3.21 uV/m =+10.1dB uV/m
The logarithmic formula can also be used to calculate Pr (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 (-133dBW)| 7 /‘
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Commented [PR29]: Will depend on modulation
used. Sensitivity should be expressed as noise floor
at this point in the link budget calculation. The later
analysis of link budget should use this noise floor
required Eb/No at prescribed packet/message
error rate for each modulation and coding scheme.

Commented [PR30]: Simlify this calculation, this
is too detailed
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9.14.1 Anomaly Due to Inversion (Delay Tolerance due to the distance up to a

few msec)

9.1.5 Receive antenna gain
9.1.6 _ Receive noise floor

9.1.7 Link C/NO

9.1.8 _ Source of Self Interference (assumptions about the interference)

9.1.9 Received signal to noise plus Interference level &
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