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REPORTITU-R M.24350

Technical studies on the sathkte component of the VHF data exchange system
(2018)

Scope

At the WRC15, Resolutior860 (Rev.WRC-15) was revised and updated to invite the WRLto consider
modifications of the Radio Regulations (RR) in order to introduce the VHF data exchange QySES)
satellite component (VDISAT) in support of the digitization of maritime communications. In preparation for
WRC-19, ITU-R was invited to conduct sharing and compatibility studies betweenrSMIEand incumbent
services in the same and adjacentdesgy. This Report is the response from {RUo that invitation. This

report provides a summary of why a VDES satellite component is required, identifies the spectrum
requirements and provides a technical description of the satellite component of VD&® aeslilts of the
appropriate sharing and compatibility studies.

Keywords
VDES, VDESAT, maritime

Glossary / abbreviations

ACM Adaptive coding and modulation

AIS Automatic identification system

ARQ Automatic repeat request

ASC announcement signalling afrzel

ASM Application specific message

AWGN Additive white gaussian noise

BCH BoseChaudhurHocquenghem coding
dBd Antenna gain (dB) relative to a dipole
DVB-S Digital Video Broadcasting Satellite
e.i.r.p. Equivalent isotropic radiated power
e.r.p. Equivalent radiated power

EOC Emergency operations centre

EJ/No Symbol energy to noise density ratio
FEC Forward error correction

FFM Fixed-Frequency Mode

FPGA Field programmable gate array
GMDSS Global Maritime Distress and Safety System
LDPC Low density paty-check coding

LEO Low earth orbit

LNA Low noise amplifier

1 The Russian Federati notes that pfd mask taken from the RecommendatiorRT2092 and used in
this ITU-R Report ing§86.1.1 and 6.1.2 to justify the View 1 is relaxed of 12 dB compared to the pfd mask
which shall guarantee protection of land mobile and fixed servicensystéde Russian Federation is of the
view that this pfd mask was developed with arithmetical mistake occurred¥itheni 6 dB protection
criteria was taken into account.
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MMSS Maritime mobilesatellite service
MSI Maritime safety information

PA Power amplifier

PDF Probability density function
PER Packet error rate

pfd Power fluxdensity

PG Processing gain

QPSK Quadrature phase shift keying
RHCP Right hand circular polarization
RR Radio regulations

Rx Receive

SAR Search and rescue

SAT-AIS Satellitel automatic identification system
SDR Software defined radio

SER Symbol error rate

SBB Satellite bulletin board

TBB Terrestrial bulletin board

TX Transmit

VDES VHF data exchange system

VDE-SAT VHF data exchange satellite
VDE-TER VHF data exchanggeterrestrial

VDL VHF datalink
VTS Vessel traffic service
uTC Universal time coordinated

Related ITU-R Recommendations and Reprts
RecommendatioiTU-R SM.3291 Unwanted emissions in the spurious domain
RecommendatioiTU-R P.372 Radionoise

RecommendatiofiTU-R F.699i Reference radiation patterns for fixed wireless system antennas for use in
coordination studies and interference assessment in the frequency range ffdiz11@086 GHz

RecommendatiofiTU-R F.7587 Systemparameterand considerations in the development of criteria for
sharing or compatibility between digital fixed wireless systems in the fixed service and systems in
other services and other sourcéinterference

RecommendatiolTU-R RA.769i Protection criteria used for radio astronomical measurements
RecommendatiofiTU-R SM.1055 The useof spreadspectrum techniques

RecommendatiomU-R{ .1184i Technical characteristics of mobile satellite systems in the frequency bands
below 3 GHz for use idevelopingcriteria for sharing betwedhe mobilesatellite service and other
services

RecommendatiofTU-R F.1336 Reference radiation patterns of omnidirectional, sectoral and other antennas
for the fixed and mobile service for use iraghg studies in the frequency range from 400 MHz to
about 70 GHz

RecommendatiofTU-R P.1548 Method for poinito-area predictions for terrestrial services in the frequency
range 30 MHz to 3 000 MHz


http://www.itu.int/rec/R-REC-SM.329/en
http://www.itu.int/rec/R-REC-P.372/en
http://www.itu.int/rec/R-REC-F.699/en
http://www.itu.int/rec/R-REC-F.758/en
http://www.itu.int/rec/R-REC-RA.769/en
http://www.itu.int/rec/R-REC-SM.1055/en
http://www.itu.int/rec/R-REC-M.1184/en
http://www.itu.int/rec/R-REC-F.1336/en
http://www.itu.int/rec/R-REC-F.1546/en
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RecommendationTU-R M.1802 1 Characteristics and protection criteria for radars operating in the
radiolocation service in the frequency band3®0 MHz

RecommendatioiTU-R M.1808i Technical and operational characteristics of conventional and trunked land
mobile systems operating in the mobile service allocations below 869 MHz to be used in sharing
studies

RecommendatiofiTU-R M.20921 Technical characteristics for a VHF data exchange system in the VHF
maritime mobile band

ReportlITU-R M.1021i Equipment characteristics for digital transsms in the land mobile services
ReportITU-R M.2172i Radiolocation service sharing feasibility in the frequency bandl584MHz
ReportITU-R S.2173 Multi-carrier based transmission technigues for satellite systems
ReportlITU-R M.23171 VHF data exchange system channel sounding campaign

1 Introduction

At the WRG15, ResolutiorB60 (Rev.WRC-15) was re&rised and updated to invite the WR® to
consider, based on the results of FRUstudies, modifications of the Radio Regulations (RR),
including new spectrum allocations to the maritime mesdeellite service (MMSS) (Eartio-space

and spacdo-Earth), preferably within the frequency bands 156.01%5.4375 MHz and
160.6125162.0379MHz of RR Appendix18, to enable a new VHF data exchange satellite
component (call VDESAT), while ensuring that this component will not degrade the current VHF
data exchangeerrestrial component (call VDEER), aplication specific messagéASM) and
automatic identification system (AIS) operations and not impose any additional constraints on
existing services in these and adjacent frequency bands as statcbgmizing d)and e) of
Resolution360 (Rev.WRC-15).

Furthermore, in preparation for WRI®, ITU-R was invited to conduct, as a matter of urgency, and
in time for WRG19, sharing and compatibility studies between VBAT component and incumbent
services in the same aadjacent frequency bands specifiedanognizing dande) of Resolution

360 (Rev.WRC-15) to determine potential regulatory actions, including spectrum allocations to the
MMSS (Earthto-space and spade-Earth) for VDES applications.

This Report is theesponse from ITLR to that invitation. This Report provides a summary of why a
VDE-SAT component is required, identifies the spectrum requirements, and gives a technical
description of the VDESAT and the results of the appropriate sharing and compgtitilidies.

2 VHF data exchangesatellite, the essential supplement to terrestrial VHF data exchange
system

2.1 Practical aspects of deploying coastal coverage

Analysis of ship density on a global scale shows that coastal areas play a key role itfishgmtra
safety management and the VOER will be a vital component upon successful implementation of
VDES for a competent authority. However, the current state of terrestrial AIS deployment shows that,
while some areas like Europe, the US and Japaraagely covered, others like the West of Africa

or the South West of Asia have much sparser coverage. This is illustrated in Fig. 1.


http://www.itu.int/rec/R-REC-M.1802/en
http://www.itu.int/rec/R-REC-M.1808/en
http://www.itu.int/rec/R-REC-M.2092/en
http://www.itu.int/rec/R-REP-M.1021/en
http://www.itu.int/pub/R-REP-M.2172
http://www.itu.int/pub/R-REP-S.2173
http://www.itu.int/pub/R-REP-M.2317
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FIGURE1

Automatic identification system costal station locations (green points) and automatic identification
system data fed points)
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Many countries with long coastlines are currently not able to provide terrestrial infrastructure to cover
their coastlines. There are numerous challenges, including finding appropriate hosting sites with
access to a reliable power supply. g2 represents a-Hinute distribution of terrestrial AIS data
over three consecutive days in the Gulf of Guinea illustrating critical gaps in routine operations.

FIGURE 2

Representation of the 10 minute distribution of terrestrial automatic identificaton system data
over three consecutive days in the Gulf of Guinea
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Figure 3 exemplifies the high variability observed on the temporal distribution of AIS messages
collected from coastal stations. Such high variability indicates severe disruption tivaskipg.

Since AIS is a comgnent of VDES, itcan be assumd these same sites are likely to be used for
VDES, thus VDES will suffer from similar issues of infrastructure distribution, reliability and
maintenance in remote and difficult to access areasttan requirement for sufficient budget for
technical support.

Because many administrations already have a good foundation of AIS sites throughout their coverage
area, implementing VDES on existing sites will greatly enhantavegation within the VHF bah
However, some administrations are concerned about how MEHEEWill co-locate with AIS1, AIS2,

ASM1 and ASM2. These administrations believe there is a significant challenge to implement the
existing VDETER channel plan without causing interference t&RBIAIS2, ASM1 and ASM2.

Either a sufficient frequency separation or a physical geographical separation may be required
between VDETER and AIS operations. Physical geographical separation implies building additional
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sites which, in some countries, would Hifficult especially in remote argawith limited
infrastructure.

Some Administrations have remotely operated AIS sites. In order to implement VDES for coverage
that is similar to AIS, it is expected that similar additional sites would be requiredretep®ES.
Alternatively, a frequency separation could solve anticipated interference to AlS. One option would
be to allow the operation of VDEER in simplex mode on channels 1024, 1084, 1025 and 1085.
This would eliminate desensitization to AIS from VOER and enable elmcation of AIS and
VDES. Furthermore, operating the VBIEER in simplex mode on the lower legs would greatly
reduce the sharing of resources between MR and VDESAT, which would in turn provide
better performance of the VDEAT.

FIGURE 3

High variability observed on the distribution of automatic identification system messages collected
from coastal staions in the Gulf of Guinea

Messages detected per minute

Report M.2435-03

Note The grey line corresponds to sunrise when power generators possibly are activated on some sites

VDE-SAT will provide an opportunity to fill the gaps in the coverage of coastal areasSADEan

also provide redundancy in operations in a situation where parts of the terrestrial infrastructure
experience outages. VBEAT technical characteristics provide flexible mode of operation,
allowing VDE-SAT communications to dynamically adapt to changes in the terrestrial VDE
coverage.

2.2 Expanding VHF data exchange system from the coastal area to global coverage

The implementation of the satelliie automaticidentification system (SATRIS) has already
demonstrated how the capabilities of the terrestrial AIS can be extended to global coverage; this is
illustrated in Fig. 4. Like SATAIS, VDE-SAT will enable the extension of terrestrial VDE
capabilities to longange communications on a global scale. With polar orbiting satellites, the Arctic
and Antarctic will also be covered. VBEAT is designed specifically for satellite services and thus

it is not subject to some of the limitations experienced with-349.
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FIGURE 4

Comparison of one day of terrestrial automatic identification system data (green dots) to one day of
satellite automatic identification system data (blue dots) April 2015 [Source CLS]
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2.3 Use case descriptions

VDES has been developed to addréee indications of overload of the AIS VHF datalink (VDL) and
also enable a wider, seamless, data exchange capability to suplamigation. VDES supports the
increasing communications requirements identified through the developmeiNavigation and

could potentially support the modernization of the global maritime distress and safety system
(GMDSS).

A number of useases for VDES have been developed, based on the work carried out on user need
analysis for eNavigation. Seven high level usases haw been identified for VDES

T Supporting communications during search and rescue (SAR) operations

| Distributing maritime safety information (MSI)

| Facilitating ship reporting

| Supporting vessel traffic services

| Providing updates for charts and goations

| Supporting exchange of ship route information (route exchange)

T Supporting additional communications requirements such as information to tugs (logistics).

The following sections provide further information on some of theseases.

2.3.1 Distributing MSI

Maritime Safety Information consists of navigational and meteorological warnings, meteorological
forecasts, and other urgent safetlated messages broadcasted to ships.-8BE, as the only
standard (nomroprietary) global communicationmk for the maritime community would provide

for the global distribution of MSI extending existing terrestrial coverage and providing coverage
where a terrestrial infrastructure isnot practical such as the Arctic Sea. MSI may include the following
informaion:

2 Refer tolnternational Association of Marine Aids to Navigation and Lighthouse AuthoBtigdeline 1117
for further information on VDES useases.
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T warnings of severe live or forecasted weather conditions to make the trip as safe and
comfortable (passengersoé trip) as possible

| warnings of navigation hazards like dangers at sea (floating objects like containers, offshore
structures, drifting boys or ships);

| route information, protected marine environment areas, restricted navigation zones, under
keel clearance;

| piracy or armed robbery at sea information including scene identification, warnings, and
procedures.

2.3.1.1 Ice chart distribution

Information on sea ice conditions is important to help ensure safe passage. Knowledge of areas with
sea Iice along a shipbds planned route all ows t
prognoses for expected ice movements, ice chdaw ahariners to plan ahead and significantly
reduce the risk of vessels becoming ice locked.

The Norwegian Meteorological Institute produces ice charts for the European part of the Arctic.
Currently ice charts and prognoses for the next 24 hours are gehenea daily basis. The ice charts

are available as graphic files from the website of the Norwegian Meteorological Institute for free. An
example ice chart showing the European part of the Arctic is provided in Fig. 5.

FIGURE 5

Example ice chart graphis showing the European part of the arctic, available online from
the Norwegian Meteorological Institute

:‘402"‘99‘["" ol 20th March 2015

eteorologica Valid 15:00 UTC
A~ Institute

Ice Service

Forecasting Division for Northern Norway

N-9293 Tromsa, Norway

Tel: +47 7762 14 62 Fax: +47 77 62 13 01 E-mail: istjienesten@met.no
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The ice information should also become available as a grid of geographical positions, with both the
current ice situation and prognoses. It coulchthe formatted in a way suitable for distribution to
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electronic chart plotters. The amount of data to transfer depends on the size of the area and the
geographical resolution of the ice information.

The distribution systems currently in use require madoahloads. With VDESAT the distribution

systems could become automated and more user friendly. Ships should have access to the updated ice
charts and prognoses as soon as possible, as well as upon requestestbdrogehe navigator en

board.

2.3.2 Facilitating ship reporting

Ship reporting may be related to a mandatory requirement, a collaborative approach to collect and
share information or of specific interest. VEHAT will facilitate ship reporting.

| MO has published guidetimessiomglienpiiemeowod ng\
transport with the aim to reduce administrative burden and facilitate coordination between
stakeholders. The guidelines include reporting requirements for ships visiting foreign ports, known
as a notice of arrival. 96 hour preentry report, and other reports identified within the guidelines,

use predetermined templated forms (IMO Fal forms). While static information may be provided from

a shipbs agent (shore/ shore ¢ ommun iidoamatiom n s )
previously provided, can be sent from the ship via the \2H to the relevant authority. Similar
procedures can also be used for mandatory reporting of specific items, for example, catch amounts
for fishing vessels.

Another ship reporting cagelevant for VDESAT is the voluntary observing ship program in which
ships regularly report weatheldsing VDESAT the recording and data transmission could be
automated, providing data from ship sensors in a machine to machine format, without tieeeaui
for manual reporting. This data is critical for accurate weather forecasting and modelling.

2.3.3 Small vessel fleets or developing areas

The VDESAT is designed for satellite communications and will support a simplified low cost
transceiver. Thisaw cost, highly robust option will provide significant value for a large number of
fishermen in developing areas. VEHAT could be used to provide weather warnings and alerts to
small vessels, allowing them to seek a safe harbour.

The VDESAT may also prade a solution for developing countries to manage the coverage areas of
their areas of maritime responsibility where a terrestrial infrastructure is cost prohibitive or where the
necessary power infrastructure does not exist.

3 Identification of spectrum requirements and rationale for the use of the frequency
bands of RR Appendix 18

3.1 Spectrum requirement for the VHF data exchangesatellite

The VDESAT communications functions (ship-satellite and satellitéo-ship) are intended to be

fully integrated wvith the VDETER communications functions (AIS, ASM, sHipship,
ship-to-shore and shor-ship) in the shipborne VDES equipment. The shipborne VDES equipment
will preferably utilize one combined transmitting/receiving VDES antenna system. For this, iéaso

is desirable to utilize frequencies that are within the range of RR Appé&8dik56.025 MHz to
162.025 MHz), as shown in Fig. 6. The bandwidth allocated to each function should be as wide as
possible, considering the large number of ships globadlydarry AIS and may decide to upgrade to
VDES.
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The spectrum requirements and the use of the frequencies specified in Recommendaion ITU
M.20920 were determined based on:

[ Assessment of the maritime electromagnetic environment in ports, waterwaygesmsea,
plus the shipborne electromagnetic operating environment as documented in Regert ITU
M.2317-07 VHF data exchange system channel sounding campaign, and

| Assessment of the data requirements to support the use cases as documented in RReport ITU
M.2371-071 Selection of the channel plan for a VHF data exchange system.

For terrestrial operations ship-ship, shipto-shore and shost-ship, the channel plan designated in
Recommendation ITUR M.20920 was developed prior to WRT5. However, furthestudies were
prescribed under ResolutioB60 (Rev.WRGL15) for the VDESAT component which is the
foundation for WRE19 agenda item 1.9.2 and the subject of this Report.

For the satellite uplink, potential vulnerability of the satellite receiving stat@mn bther terrestrial
services has been noted, and techniques to mitigate this interference are proposed in this Report,
including frequency diversity by the addition of a second 50 kHz uplink at 4.6 MHz frequency
separation, as proposed in frequency plié@rnative 2.

For the satellite downlink, the pfd mask specified in RecommendatiorRIMI20920 that was
agreed by the effected I'FR Working Parties, is set to a very low level to avoid interference with
terrestrial services, and this poses a potentialerability to adverse conditions due to a low link
margin satelliteo-ship. To mitigate this potential vulnerability, application of spread spectrum
techniques, which requires a wider bandwidth, is proposed in frequency plan alternative 2.

3.2 Potential use of the frequency band 160.97561.475 MHz versus channels
2024/2084/2025/2085/2026/2086 for the satellite downlink

Noting the organization and frequency use of RR Appeh8ixvhich is channelized in two sections

of 25 kHz channels, the lower sectibas center frequencies of 156.025 MHz to 157MBZ and

the upper section has center frequencies of 160.625 MHz to 162.025 MHz, spaced 4.6 MHz apart.
The channels are numbered in two groups, 60 numbers apart, 01 to 28 and 60 to 88. Some of the
channelsare duplex channels with paired frequencies that are 4.6 MHz apart, for example, channel
60 (156.025 MHz and 160.625 MHz) is followed by channel 01 (156v139 and 160.650 MHz),

then by channel 61 (156.075 MHz and 160.675 MHz), then by channel 02 (138HD@&nd
160.700MHz), etc., and this sequence continues to channel 07 (156.350 MHz and 160.950 MHz).
But then the channels 67 to 77 are implemented as simplex channels, where only the lower side
(156.375 MHz to 156.875 MHz) is used. The unused uppepsitiese 25 kHz channels with center
frequencies of 160.975 MHz to 161.475 MHz comprises &b&ZFbhandwidth that may be considered

as an alternative for the VBEAT downlink, since it poses no conflict to incumbent maritime
services and could be constmihwith an appropriate pfd mask to protect incumbent terrestrial
services. Utilization of this band could provide very robust satédiiship communications.

3.3 Frequency plan alternatives

The channels 24, 84, 25, 85, 26 and 86 are allocated forNEHEafter WRG15, with the lower leg
frequencies used for ship-shore and the upper leg frequencies used for gbeskip and
shipto-ship. The channels 2027 (ASM 1) and 2028 (ASM 2) are allocated for ASM. This Report
considers three alternative frequentilization plans for VDESAT. They describe how resources
are allocated and shared between VOHER and VDESAT. These three alternative frequency
utilization plans are illustrated in Fig. 6 in two different manners, and described further below.
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FIGURE 6
RR Appendix 18 and VHF data exchange system frequency utilization plans

RR APPENDIX 18 lower leg channels RR APPENDIX 18 upper leg hannels
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3.3.1 Frequency plan alternative 1
Alternative 1 has been evaluated according to the criteria defined within the Rep&tt\VI28710.

Frequency plan alternative 1 allows for wiltion of the channels 24, 84, 25, 85, 26 and 86 in a shared
manner between VDEER and VDESAT.
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T The four channels 1024, 1084, 1025 and 1085 are shared betwetmdiipe and shio-
satellite (VDESAT uplink) communications

| The two channels 1026nd 1086 are identified for ship-satellite (VDESAT uplink)
communications, and are not used for VIDER communications

T The four channels 2024, 2084, 2025 and 2085 are shared amongossioge shipto-ship
and satelliteao-ship (VDESAT downlink) canmunications

| The two channels 2026 and 2086 are identified for sat&dlighip (VDESAT downlink)
communications, and are not used for VIDER communications

3.3.2 Frequency plan alternative 2

This alternative plan 2 is similar to alternative 1 exdeptthe satellite downlink which has been
relocated. In addition, parts of this alternative have not been evaluated according to the criteria
defined within the Report ITHR M.23710.

Frequency plan alternative 2 allows for utilization of channels 24,2B4and 85 primarily for
VDE-TER, while channels 26 and 86 are identified for VAT uplink communications, and are not
used for VDETER communications. VDISAT uplink is also possible in channels 24, 84, 25 and 85,
but the VDESAT uplink on these channedbould not impose constraints on VOER. Frequencies
are identified for VDESAT downlink within the frequency range 160.9625 MHz to 161.48A3,
which is not channelized in RR Appendi&

| The four channels 1024, 1084, 1025 and 1085 are identified ship-to-shore
communications, but shi-satellite (VDESAT uplink) communications are possible
without imposing constraints on skip-shore communications

| The four channels 2024, 2084, 2025 and 2085 are identified for-shshigp and shigo-
ship @mmunications, but shifp-satellite (VDESAT uplink) communications are possible
without imposing constraints on sheeship and shigo-ship communications

| The four channels 1026, 1086, 2026 and 2086 are identified fotshaiellite (VDESAT
uplink) communications, and are not used for VIDER communications

T Frequencies are identified for sateHiteship (VDESAT downlink) communications within
the frequency range 160.9625 MHz to 161.4875 MHz, which is not channelized in RR
Appendix18.

3.3.3 Frequency plan alternative 3

This alternative plan 3 is similar to alternative 1 except the MBR plan has been slightly modified

to permit the option of operating in simplex mode on the lower legs. In addition, parts of this
alternative have not been awuated according to the criteria defined within the Report-RTU
M.2371-0.

Frequency plan alternative 3 allows for the utilization of the channels 24, 84, 25 and 85 in a shared
manner between VDEER and VDESAT, while channels 26 and 86 are identified WDE-SAT
communications and are not used for MDER communications.

T The four channels 1024, 1084, 1025 and 1085 are shared betwetmsigpe, shigo-ship,
shoreto-ship and shigo-satellite (VDESAT uplink) communications.

T The two channels 1026nd 1086 are identified for ship-satellite (VDESAT uplink)
communications, and are not used for VDER.

T The four channels 2024, 2084, 2025 and 2085 are primarily for satelstep (VDESAT
downlink) communications, while shete-ship communictions may be possible without
imposing constraints on ship-satellite communications.



12 Rep. ITU-R M.24350

T The two channels 2026 and 2086 are identified for sat&dlighip (VDESAT downlink)
communications, and are not used for VIDER communications.

3.4 Evaluation of the three frequency plan alternatives
A comparison of the relative merits of the three frequency plan alternatives is shown in Table 1.

TABLE 1
Comparison of frequency plan alternatives 1, 2 and 3

Frequency plan alternative 1 | Frequency plan alternative 2 | Frequency plan alternative 3

Resource Sharing Bulletin board based. No resource sharing required |No resource sharing required
Time-sharing between VDES services between VDES services
Bandsharing Dedicated separate frequency |Dedicated separate bands
bands with satellite downlink
For the upper 150 kHz band . .
PP outside Appendid8
Available bandwidth Both in upper and lower leg:  |In upper leg: In upper leg:
50 kHz for VDETER 100 kHz for VDETER 150 kHz for VDESAT
50 kHz for VDESAT 575 kHz for VDESAT In lower leg:
50 kHz is time shared based onIn lower leg: 100 kHz for VDETER
bulletin board 100 kHz for VDETER 150 kHz for VDESAT
50 kHz for VDESAT
Service High for both services Low for both service Low for both service
interdependency Coordination of resource usageVDES services operate VDES services operate withou
between VDES services requir¢independently interdependency
for efficient spectrum utilization
Service capacity and link |Moderate for VDETER High for both senges Limited for both services
robustness Limited for VDE-SAT
Interference from land Limited interference from land |Interferencdrom land stations |Limited interferencerbm land
stations stations in coastal and no possible in coastal areas, none|stations in coastal and no
interference in higisea areas |high-sea areas interference in higisea areas
Test status VDE-SAT uplink and downlink |VDE-SAT uplink tested VDE-SAT uplink and downlink
tested tested

3.4.1 Conclusions for the selection of a frequency plan alternative

Based on theidcussion in 8 3.1 and the comparison of the three alternatives in Table 1, it can be
concluded that frequency plan alternatives 2 and 3 are preferable to frequency plan alternative 1 when
evaluating for VDESAT independent from VDHER. In coastal areagquency plan alternative 3

may be preferable for VDBAT due to less interference from the land mobile service. Furthermore,
frequency plan alternative 3 will eliminate the operational interdependency betweel B®End
AIS/ASM at coastal station®n the other hand, frequency plan alternative 2 offers significant
advantages in terms of higher available bandwidth, improved system capacity and link robustness for
both the terrestrial and the satellite components of the VDES.

4 Technical description of the VHF data exchangesatellite

4.1 VHF data exchange' satellite key parameters

This section outlines key parameters regarding the \8DE system that are used in the various
studies throughout this report and are common for uplink and downlink.
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4.1.1 Satelite to surface distance range

The orbit height determines the satellite range variations. For example, for a 600 km, low earth orbit
(LEO) satellite the maximum range i820 km. For timing purposes, a maximum range @@3km
will be used.

The minimumrange is equal to the orbit height. For a LEO satellite at 600 km altitude the minimum
range will be 600 km. This value is used to determine the minimum propagation delay time.
Considering these exemplary values for the minimum and maximum ranges, ttelagtvill vary

from 2 ms to 10 ms, a variation of 8 ms as shown in Figs 7 and 8.

For the VDESAT downlink, in addition to the relative propagation delays between signal receptions
at a vessel from different satellites, there could be delays due tdamtoes such as signal processing
delay. The satellite service provider should-poenpensate for the minimum propagation delay.

FIGURE 7
VHF data exchangesatellite downlink timing
e Guard
time/carrier

Satellite

off
A Slot N, N + 1.. Last i
transmission

Ship reception
at subsat point Slot N, N+ 1.. Last .
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~
Ship reception
at EOC Slot N, N+ 1..
d=3 000 km P
Pl
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UTC epoch UTC epoch
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FIGURE 8
VHF data exchange uplink timing
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4.1.2 Satellite transmissioncarrier frequency error
The transmit frequency tolerance at the satellite shall be less pyan,i.e. +160 Hz.

A LEO satellite will move at a speed of about 8 km/s and this will cause a maximum Doppler shift
of 4 kHz at VHF.

4.1.3 Ship station antennagain and transmitter requirements

Ship station antenna gain and transmitter requirements are defined in Annex 1 of Recommendation
ITU-R M.2092. From that definition it is expected that a ship transmitter will have linear output power
of at least 6 W.

The asumed ship antenna gain and minimum ship equivalent isotropic radiated power (e.i.r.p.) versus
elevation angle is shown in Tal#e There are no minimum e.i.r.p. requirements above 80 degrees
elevation. Tabl@ is based on a linear transmitter that mahts maximum Adjacent Channel
Interference levels defined in Annex 1 of RecommendationRTM.2092, which is expected to
provide an output power of at least 6 W. For saturated operation the e.i.r.p. shall be 3 dB higher.

TABLE 2

Ship antenna gain and mininum ship equivalent isotropic radiated
power versus elevation angle

Ship elevation anglg Ship antenna gain Minimum ship e.i.r.p. with 6 W transmitter
degrees dBi dBW
0 3 10.8
10 3 10.8
20 25 10.3
30 1 8.8
40 0 7.8
50 1T1.5 6.3
60 T3 4.8
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TABLE 2 (end)
Ship elevation anglg Ship antenna gain Minimum ship e.i.r.p. with 6 W transmitter
70 T 4 3.8
80 110 1T2.2
90 120 T12.2

4.1.4 Satellite antenna gain

The following two satellite antennas have been analysed and provide acceptable performance for
VDE-SAT:

1)

Yagi Antenna: This antenna uses a three crossed two element circularly polarized Yagi
antennas with the antenna boresight pointed at the horizon. This is illustrated in Fig. 9,
showing how the Yagi antenna and its main lobe is pointed towards therhof the earth.

The thin solid line indicates the field of view from the satellite, but the communications
coverage area will be limited to the area within the main lobe of the Yagi antenna. Assuming

a peak antenna gain ofdBi, satellite antenna gawersus ship elevation angle and nadir
offset angle are shown in Tal8elt is the responsibility of the VDEAT service provider

to ensure that the pointing of the antenna and the e.i.r.p. are set in a manner which keeps the
VDE-SAT downlink emissions whin the pfdmask limit specified in Table 5.

FIGURE 9
lllustration showing how the Yagi antenna and its main lobe is pointed towards the horizon of the earth

K
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—
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Note The thin solid line indicates the field of view from the satellite, but the communicatimesage area
will be limited to the area within the main lobe of the Yagi antenna.

2)

Isoflux antenna: This antenna is designed to point at the nadir direction providing a
symmetric radiation pattern around the pointing direction. This is illustratdeigirlO,
showing how the whole field of view, indicated by the thin solid line, is within the
communications coverage of the Isoflux antenna. Assuming a peak antenna gain of 2 dBi,
satellite antenna gain versus ship elevation and nadir offset angle areishtable 4.
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FIGURE 10

lllustration showing how the whole field of view, indicated by the thin solid line, is within the
communications coverage of the Isoflux antenna

Report M.2435-10

TABLE 3
Satellite Yagrantenna gain versus nadiroffsetangle
Ship elevation angle Nadir offset angle Satellite antenna gain

(degrees) (degrees) (dBi)
0 66.1 8
10 64.2 8
20 59.2 8
30 52.3 7.8
40 44.4 6.9
50 36 55
60 27.2 3.6
70 18.2 0.7
80 9.1 12.2
90 0 15.5

TABLE 4
Satellite Isoflux-antenna gain versus nadioffsetangle
Ship elevation angle Nadir offset angle Satellite antenna gain

(degrees) (degrees) (dBi)
0 66.1 2
10 64.2 1.5
20 59.2 1
30 52.3 10.5
40 44.4 12
50 36 4
60 27.2 15
70 18.2 17
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Ship elevation angle Nadir offset angle Satellite antenna gain
(degrees) (degrees) (dBi)
80 9.1 i8
90 0 8.5

4.2

maritime mobile frequency band

Technical characteristics of the VHF data exchangesatellite downlink in the VHF

This section outlines key parameters and link budgets for the ¥/VEsystem that aresed in the
various studies of the downlink throughout this Report.

4.2.1 Satellite downlink equivalent isotropic radiated power

It is assumed that the VBEAT downlink is in compliance with the pfd mask specified in
Recommendation ITUR M.20920. The pfd nask is presented in Table 5. There are different views
on the appropriateness of this mask, and these views are deliberated on and addressed in § 6 of this

Report.

0 "OQPJ

Table 5

Proposed power spectral angfd mask

J mFrF <gumgegtc]ng
PT WTD @ [J

T z

PTCMF [J Tl TULIf
potTpz [J @1

mnJ [ T ULy
@ mp
omd] wmal

From the mask given in Table 5 adhetical maximum satellite e.i.r.p. can be calculated as a function
of ship elevation angle. The result is provided in Table 6.

TABLE 6
Satellite maximum equivalent isotropic radiated power versus elevation angle
Ship elevation angleq | pfd on ground Satellite range Mag;r':]e“?edeozlvrnrl)ink
(degreek (dBW/n?*4 kHz) (km) (@BW in 25’) kHZ)
0 1149.0 2831 1T1.0
10 1147. 4 1932 1T2.7
20 1T145. 8 1392 1T4.0
30 1144. 2 1075 1T4.6
40 1T142.6 882 1T4.7
45 1142.0 815 1T 4.8
50 1T139. 4 761 T2.8
60 1134.0 683 1.6
70 1133.0 635 2.0
80 1132.0 608 2.6
90 1131.0 600 3.5
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The maximum achievable satelliteep. depends on the antennalward the satellite, and how well

the antenna pattern can be made to fit the theoretical maximum satellite e.i.r.p. mask. Most of the
satellite coverage area and visibility time will be at low elevation angles, and bigitieh angle
coverage may be sacrificed without significant system capacity loss.

The two satellite antenna types given in 8 4.1.4 have been analysed to calculate the maximum possible
satellite e.i.r.p. that meets the pfd mask:

1) Yagi Antenna: For thiantenna the link budget is optimised for O degrees ship elevation angle
using a three element circularly polarized crossed two Yagi antennas with the satellite pointed
at the horizon. Assuming a peak antenna ge¢
in 25kHz will ensure compliance with the pfd mask. Satellite e.i.r.p. versus ship elevation
angle and resulting margin to the pfd mask are shown in Vable

TABLE 7
Satellite equivalent isotropic radiated power vs. elevation using a Yagi antenna
Ship | Nadir | satelite | Satellite . Table 6
) Boresight e.i.r.p.in | Satellite pfd - pfd
elevation | offset antenna . pfd limit .
offset . circular range | (dBW/n? margin
angle angle d gain polarization | *4 kH (dBW/m* dB
(degreel | (degreey (degreey (dBi) (km) 2) 4 kHz) (dB)
(dBW)
0 66.1 0 8 T 4. 4 2830 1152 1149 3.4
10 64.2 19 8 T 4. 4 1932 1149 1147 1.7
20 59.2 6.9 8 T 4. 4 1392 1146, 1145 0.4
30 52.3 13.8 7.8 T 4. 6/ 1075 1144 11414 0.0
40 44 .4 21.7 6.9 T 5. 5 882 1143 1142 0.8
50 36 30.1 55 T 6. 9 761 1143 1139 4.1
60 27.2 38.9 3.6 1T 8. 8 683 1144 1134 10.5
70 18.2 47.9 0.7 T11. 635 1146, 1133 13.7
80 9.1 57 T2.4 114, 608 1149 1132 17.2
90 0 66.1 T5.98 117. 600 1152 1131 214

2)

Isoflux_antenna This antenna is designed to point at the nadir direcpmviding a
symmetric radiation pattern around the pointing direction. Assuming a peak antenna gain of

2 dBi, a transmit RF power of 15 dBW in 25
Satellite e.i.r.p. versus ship elevation and resulting maamitme pfd mask are shown in
Table8.
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TABLE 8
Satellite equivalent isotropic radiated power versus elevation using an isoflux antenna
elesvr;fion Nadir offset| Boresight :ﬁ:gi:::g es.'?:.ep:l.tien Satellite pfd ;g?ilreni? pfd.
angle angle offset gain poﬁgﬁlzjz[on range | Bw/m2*4 (dBWim2* margin
(degrees) (degrees)| (degrees) (dBi) BwW) (km) kHz) 4 kHz) (dB)
0 66.1 0 2 T3.0| 2830 1151 1149, 20
10 64.2 1.9 1.5 T3.5| 1932 1148 1147. 08
20 59.2 6.9 1 T4.0| 1392 1145 1145, 00
30 52.3 13.8 T0.5 T5.5| 1075 1145 1144, 09
40 44.4 21.7 T2 T7.0| 882 T144] 1142 23
50 36 30.1 14 1T9.0| 761 1145 1139, 6.2
60 27.2 38.9 15 T10. ( 683 1145 1134.| 117
70 18.2 47.9 17 T12.( 635 1147 1133, 140
80 9.1 57 18 1T13.( 608 1147| 1132, 156
90 0 66.1 7T8.5 113.1% 600 1148 1131. 170

4.2.2 Ship station noise and interference level

The noise floor for a ship reiver is a function of many sources such as vessel electronics, other radio
equipment, power supplies, etc. Sensitivity is also reduced by RF cabling losses and the low noise
amplifier (LNA) noise figure. Tabl@ presents representative values for theiveceoise figure.

TABLE 9

Ship receiver noise figure calculations

Parameter Value
Antenna noise temperature (K) 245.0
LNA noise figure (dB) 6.0
LNA noise temperature (K) 813.8
Feed loss noise temp at LNA (K) 0.0
Antenna noise temp at LNA (K) 245.0
System noise temp at LNA (K) 1058.8
System noise temp at LNA (dBK) 30.2

*

The galactic background antenna noise temperature i« 265160MHz according to Recommendation 7R
P.372.

A typical ship station receiver is expected to observe an intecieterel ofi 116 dBm per 25 kHz
at the antenna input.

4.2.3 VHF data exchange satellite downlink receiver thresholds

The VDES maximizes frequency efficiency by using adaptive coding and modulation based on the
actual link quality. Initial system accesdisne using a combination of spread spectrum, low bitrate
and powerful forward error correction (FEC). The \ASBET uses the waveforms defined in Table

for downlink. The threshold8/No andC/(N+1) on a Gaussian channel have been estimated.
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TABLE 10
Estimated thresholds for the VHF data exchangesatellite downlink waveforms

Physical layer frame format # 1 2 3 4 5 6 7
Channel bandwidth (kHz) 50 50 50 100 150 | 300 | 500
Occupied bandwidth (kHz) 42 42 42 90 141 291 492
CDMA chip rate (kcps) 33.6 NA NA 72.0 112.8 | 232.8| 393.6
Symbol rate (ksps) 4.2 33.6 33.6 18.0 28.2 | 58.2 | 98.4
Burst length (slots) 90 90 90 90 90 90 90
Modulation BPSK/CDMA | "/4 QPSK | 8PSK BPSK/CDMA
FEC rate Yo Ya Yo Yo ¥ % %
Information rate (kbit/s) 2.1 16.8 50.4 9.0 14.1 | 29.1 | 49.2
EstimatedhresholdEs/N, for a 12.0 124 5.0 12.0 120 [ 120] 120
Gaussian channéPER=1) (dB)
Estimated require@/No (dBHZz) 34.2 42.9 50.3 40.6 425 | 45.6 | 47.9
Estimated require@/(N+1) (dB) 111.0 124 5.0 18.0 180 | 18.0 | 18.0

4.2.4 VHF data exchangesatelite downlink link budget

The nominal signal levelC/(Not+lo) and the link budget versus elevation for a 25 kHz channel are
provided in Tablel1 for a Yagi antenna and Taldl2 for an Isoflux antenna. The assumed maximum
ship antenna gain isdBi and the gstem noise temperature is 30.2 dBK as shown in Table 3.

Because the downlink is pfd limited, increasing the channel bandwidth to 50 kHz or 100 kHz will
increase the signal level a@i(Notlo) by 3 dB and 6 dB respectively. Limiting the service area to
ship elevation angles between 10 and 55 degrees also improves the link margin by 3 dB.

The Isoflux antenna improves the link budget at low elevation angles and provides a wider
symmetrical coverage area, but requires five times larger transmit power otethie sa

TABLE 11
Link budget with satellite Yagi antenna (tr
. Satellite : .
Sh|p e.i.r.p.in |Satellte| Path |Polarization Ship Antenna S.h'p on-board
elevation . antenna | _. C/No | interference |C/(Notlo)
angle circular range | loss loss gain signd level d level in 25 kH7 (4
izati BHz BHz
(degrees) polarization (km) (dB) (dB) (dBi) (dBm) ( ) (dBm) ( )
1 (dBW)
0 T 4. 4| 2830 | 145.6 3 3 1120 484 1116 40.0
10 T 4. 4| 1932 | 142.2 3 3 1T116| 51.7 1116 43.3
20 T 4. 4| 1392 | 1394 3 2.5 1114 541 1T116 45.7
30 1T4. 6| 1075 | 137.2 3 1 1113 54.6 1116 46.2
40 1T5.5 882 1354 3 0 T114]| 544 1116 46.0
50 1T6.9 761 134.2 3 T 1. 1T115]| 528 1T116 44.4
60 1 8. 8| 683 | 133.2 3 T3 1118| 504 1116 41.9
70 T11. 7] 635 132.6 3 T4 1121 47.1 1T116 38.7
80 T14. ¢ 608 | 132.2 3 T10( 1129 386 1116 30.2
90 T17. 600 | 132.1 3 T20| 1143| 254 1116 17.0
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TABLE 12
Link budget wusing Isoflux antenna (transm
. Satellite . :
Sh'p. e.i.r.p.in | Satellite| Path |Polarization Ship Antenna $h|p on-board
elevation . antenna | . C/No | interference | C/(Notlo)
le circular range loss loss ain signal leve level in 25 kHz
angie | nolarization 9 (dBHz) (dBHz)
(degrees (km) | (dB) | (dB) @si) | (4B (dBm)
(dBW)
0 T 3. 0| 2830 | 145.6 3 3 T 118| 49.8 1116 41.4
10 T 3. 5| 1932 | 1422 3 3 1T 115| 527 1116 44.2
20 T 4. 0| 1392 | 1394 3 25 1T 113| 545 1116 46.1
30 T 5. 5| 1075 | 137.2 3 1 T 114| 537 1116 45.3
40 1T7.0 882 1354 3 0 1T 115| 53.0 1116 445
50 1T9.0 761 134.2 3 T1.% 1117 507 1116 42.3
60 1T10. ( 683 133.2 3 T3 T 119]| 49.2 1116 40.8
70 T 1.2 635 132.6 3 T 4 1T 121| 46.8 1116 38.4
80 1T13.( 608 132.2 3 110 1128| 40.2 1116 31.8
90 1T13. 1! 600 132.1 3 1T20| 1138 298 1116 21.4

4.3

maritime mobile frequency band

Technical characteristics of the VHF data exchangseatellite uplink in the VHF

This section outlines key parameters and link budgets for the-SBE system that are used in the
various studies of the uplink throughout this report.

4.3.1 VHF data exchangesatellite uplink receiver thresholds

The VDES maximizes frequency efficiency by usadaptive coding and modulation based on the
actual link quality. Initial system access is done using a combination of spread spectrum, low bitrate
and powerful FEC. The VDISAT uses the waveforms defined in Table 13 for uplink. The thresholds
C/No andC/(N+l) on a Gaussian channel have been estimated.

TABLE 13

Estimated thresholds for the VHF data exchangsatellite uplink waveforms

Physical layer frame format # 1 2 3 4 5
Channel bandwidth (kHz) 50 50 50 50 50
Occupied bandwidth (kHz) 42 42 42 42 42
CDMA chip rate (kcps) 33.6 NA NA NA NA
Symbol rate (ksps) 2.1 33.6 33.6 33.6 33.6
Burst length (slots) 5 1 3 3 3
Modulation QPSK/CDMA | "/4QPSK | "/4 QPSK | 8PSK | 16QAM
FEC rate 1/4 2/3 2/3 2/3 5/6
Information rate (kbit/s) 11 44.8 44.8 67.2 112.0
ThresholdEs/No for a Gaussian channel 115 3.9 3.9 8.0 12.2
(PER=10) (dB)

RequiredC/No (dBHz) 31.7 49.2 49.2 53.3 57.5
RequiredC/(N+) (dB) 1135 2.9 2.9 7.0 11.2
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Recommendation ITUR [ .1184 provides information on ndBSO systems operating belovcHz,
including associated requiredC/(N+l) thresholds. However, the systems described in
Recommendation ITWR [ .1184 do not implement the acheed coding, forward error correcting
and spread spectrum techniques utilized by the VDES.

There are two views on the material in this section. One view state th@t(Nvd) performance
thresholds provided in this section is correct and appropriateetoAmother view states that the
C/(N+l) values provided in Annex 2 of Recommendation 4®RUM.11843 should be used as
protection criteria. The following discussion describes the advantages of the advanced modulation
and coding techniques proposed for VBKT, that are not implemented by the systems described in
Recommendation ITUR M.1184.

Waveform 1 uses a combination of spread spectrum, low bitrate and powerful FEC to create a
waveform with high robustness against interference. VDES, as defined in Recdatioe ITUR
M.20920, implements FEC as specified BYSI EN 302 583 (V1.2.1) Digital Video Broadcasting

(DVB); Framing Structure, channel coding and modulation for Satellite Services to Handheld devices
(SH) below 3 GHzand used in the DVESH standat, as well as adaptive coding and modulation
(ACM) and automatic repeat request (ARQ).The use of spread spectrum techniques is considered in
Recommendation IT4R SM.1055. Specifically, it defines the processing gain (PG) as the ratio
between the output weed signatto-interference ratio and the input wanted sigiaahterference

ratio. For a direct sequence (DS) spread spectrum signal, as used in waydfasncorresponds to

the ratio between the spread spectrum chip rate and the symbol rate. Recatitmelid)R
SM.1055 also clearly states that from the point of the output power ratios, a DS spread spectrum
signal overcomes interference to the same degree that it overcomes noise.

Report ITUR S.2173 provides an overview of channel coding techniqu&saie adaption methods,
such as ARQ and ACM, and review standards and transmission methods for satellite communications,
including DVB-SH, and associated performance parameters.

A QPSK modulated carrier with Turbo FEC code rate of ¥ hgsbd energyad noise density ratio
(EJ/No) threshold ofi 1.5 dB for a packet error ratio (PER) of20'he threshold can be extracted
from Figure 11, and is based on simulations performed according to an additive white Gaussian
Channel model for a packet containingi8®rmation bits encoded at a coding rate %. This result is
supported and croshecked against Report ITRS.2173 which provides the performance of QPSK
with FEC code rate ¥4 for D52 asi2.35 dB ata PER of 10. This is further supported by
Informational Report CCSDS 13063-2: TM Synchronization and channel codingsummary of
concept and rationalesee Figure -b of that Report. The same level of performance cannot be
expected from the FEC implemt@ation in VDESAT due to significantly shorter information block
length and smaller packets. Thus, the simulation results showigNuthreshold of1.5 dB for a
PER of 1¢ should be viewed as a conservative design point. As VDES will implemenfEGth
and ARQ in a hybrid manner, see Report {RUS.2173 a target PER of 1Dis considered a
conservative design point to maintain the target quality of service in VDES.

Recommendation ITHR SM.1055defines the processing gain, PG, as
00 ¢d Y

where¢O is the bandwidth of the RF input signal power density spectrum at first nullrasd
the time duration of the input signal information. For a root raised cosine filtered direct sequence
spread speatm signal,0  corresponds to the chip rate, which for waveform 1 in Table 13 is

33.6kHz. For any digital signalY corresponds to the inverse of the information symbol réte,
which for waveform 1 in Table 13 is 2k&ps. Thusthe processing gain, PG, for waveform 1 in
Tablel3 is:

0°0cé Y — —88 [0


http://www.itu.int/pub/R-REP-S.2173
http://www.itu.int/pub/R-REP-M.2317
https://www.itu.int/rec/R-REC-SM.1055-0-199407-I/en
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A PG of 16 corresponds to 12.0 dB. When the PG of 12.0 dB is combined wiEyNbe¢hreshold
of 11.5 dB for waveforni the resulis a requiredC/(N+l) threshold of 13.5 dB:

— — 00 p®»dB p8dB p&dB

FIGURE 11

Estimated symbol energy to noise density ratio threshold after dgpreading versus packet error ratio
for a quadrature phase shift keyingmodulated carrier using turbo forward error correction coding
according to ETSI EN 302 583 (V1.2.1)

0 AWGN channel, 88 information bits, code rate = 1/4
A R Frmmeooooes Fro—soooe- Fmmooes =
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Packet error ratio
=

10

E/N, (dB)
Report M.2435-11

Furthermore, according to Fig. 12, a QPSK modulated carrier with FEC code rate of % has an
estimated=s/No threshold ofi 0.3 dB for a bit error ratio (BR) of 10°. This estimated threshold is
based on simulations carried out based on an Additive White Gaussian Channel model. In addition,
this result has been performed using packets of 88 information bits.
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FIGURE 12

Estimated symbol energy to noise densgitratio threshold after de-spreading versus bit error rate for a quadrature phase shift
keying modulated carrier using turbo forward error correction coding
according to ETSI EN 302 583 (V1.2.1)

1 AWGN channel, 88 information bits, code rate = 1/4
T T P Frod P T

10°

Bit error ratio

10

E/N, (dB)
Report M.2435-12

The reportiTM synchronization and channel coding summafrgoncept and rationadd1] shows
performance results for the same family of turbo codes and the same FEC rate, but with different
information block size of X84 bits.Figure 7.6 of the report presentsiEiNo value of 0.55 dB for a

bit error ratio (BR) of 10°. Using the following formula:

EJ/No (dB) = Ep/No (dB) + 10* log10 (/N * m)

with k/N = code ratem = number of bits per symbol. In this cak@ = ¥z andm = 2 (for a quadrature
phase shift keying (QPSK) modulatidvi,=2, m = 4).

Thereforethe following is obtained:
Es/No = 0.55+10*l0og10 (1/4*2) = 0.55 3 =i 2.45 dB.

This result was derived from simulations using a larger number of bits per code block (blocks of
1 784 bits).

In Fig. 12 (VDES simulation), the comparatiZ¢No requiresi 0.3 dB in order to achieve a BER of
10°°. The 2.15 dB difference can be explained as below.

It is known that shortening the information block length would increase the required degidier
threshold, as a penalty in the code performance. This penaltipecamalytically computed (for
example see Fi@ inthereporfi Code Per f or mance as[2]a FdFaodecgatei o n
1/4, reducing the block length from784 bits to 88 bits would increase the requigstiN, threshold

by around 1.9 dB as pEig. 2 of[2]. This theoretical analysis confirms the simulation results reported
in this report versus results reportedlh
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Therefore, the results as presented in Fig. 12 and in Talite I8 ghysical layer frame format #1
have been verifiedndcross checked througdxisting technical literatures¢e[1] and[2]).

4.3.2 VHF data exchangesatellite uplink receiver characteristics

Satellite noise levels at the receiver front end are presented in Table 14. The system noise temperature
is taken to b 25.7dBK assuming no external interference. The requC&ti+1) listed in Table 14

is for the most robust waveform, as given in Table 13. Adaptive coding and modulation allow the
usage waveforms with higher throughput when the necessary link qualisiiable.

TABLE 14

Characteristics of the VHF data exchangesatellite receiver

Parameter Value
Antenna noise temperature (K) 200.0
Feed losses (dB) 1.0
LNA noise figure (dB) 2.0
LNA noise temperature (K) 159.7
Feed loss noise temperature at LNA (K) 56.1
Antenna noise temperature at LNA (K) 158.9
System noise temperature at LNA (K) 374.7
System noise temperature at LNA (dBK) 25.7
Intrinsic noise power density (dBW/HZz) 1202.9
Intrinsic noise power in 42 kHz bandwidth (dBW) 1156.6
Required carrieto-noiseplusinterference ratio@/(N+l)) (dB) 1135

4.3.3 VHF data exchangesatellite uplink link budget

Tables 15 and 16 present link budgets for VB&T uplink with a seellite receiver in a 608m

altitude orbit using Isoflux and Yagi antennas. A 6 W ship station transmitter is assumed. For the
most robust waveform, the link margin is high for all elevation angles and both satellite antenna types.
Furthermore, in an intierence free environment, all five waveforms given in Table 13 will be usable

up to 70 degrees elevation angle for the Isoflux antenna and up to 80 degrees elevation angle for the
Yagi-antenna.



Rep. ITU-R M.24350 26
TABLE 15
Worst-case link budget for the VHF data exchangsatellite uplink with 6 W ship transmitter,
Isoflux satellite receiving antenna without interference
Ship elevation arﬁglnpna Ship e.i.r.p. Polarization Path Path loss gr?'g:lrtz ENaX,Iei;::(Iel\Jlgilnzt C/No C/N Link margin

angle . loss length . for waveform 1

(degree) gain (dBW) (dB) (km) (dB) gain feed loss (dBH2z) (dB) (dB)
(dBi) (dBi) (dBW)

0.0 3.0 10.8 3.0 2830 1454 2.0 1136.6 66.2 20.0 335
10.0 3.0 10.8 3.0 1932 142.1 15 1133.8 69.0 22.8 36.3
20.0 2.5 10.3 3.0 1392 139.3 1.0 1132.0 70.9 24.7 38.2
30.0 1.0 8.8 3.0 1075 137.0 10.5 1132.7 70.1 23.9 374
40.0 0.0 7.8 3.0 882 135.3 12.0 1133.5 69.4 23.1 36.6
50.0 115 6.3 3.0 761 134.0 14.0 1135.7 67.1 20.9 34.4
60.0 13.0 4.8 3.0 683 133.1 15.0 1137.3 65.6 19.3 32.8
70.0 14.0 3.8 3.0 635 1324 17.0 1139.7 63.2 17.0 30.5
80.0 110.0 12.2 3.0 608 132.1 18.0 1146.3 56.6 104 23.9
90.0 120.0 112.2 3.0 600 131.9 18.5 1156.7 46.2 0.0 13.5




Rep. ITU-R M.24350 27
TABLE 16
Worst-case link budget for the VHF data exchangsatellite uplink with 6 W ship transmitter,

Yagi satellite receiving antenna without interference

Ship Ship antenna Ship Polarization Path Satellite Camflr\llsvel ! Link margin for
elg\éa}:)n gain e.i.r.p. loss Pat?klri;]gth loss | antenna gain includind feed (é:éﬁoz) (C(:j/g) waveform 2
( degree) (dBi) (dBW) (dB) (dB) (dBi) loss (dB)
(dBW)
deg dBi dBW dB km dB dBi dBW dBHz dB dB
0.0 3.0 10.8 3.0 2830 145.4 8.0 1130.6 72.2 26.0 39.5
10.0 3.0 10.8 3.0 1932 142.1 8.0 1127.3 75.5 29.3 42.8
20.0 25 10.3 3.0 1392 139.3 8.0 1125.0 7.7 31.7 45.2
30.0 1.0 8.8 3.0 1075 137.0 7.8 1124.4 78.4 32.2 45.7
40.0 0.0 7.8 3.0 882 135.3 6.9 1124.6 78.3 31.2 45.5
50.0 115 6.3 3.0 761 134.0 55 1126.2 76.6 30.4 43.9
60.0 3.0 4.8 3.0 683 133.1 3.6 1128.7 74.2 27.9 41.4
700 4.0 3.8 3.0 635 132.4 0.7 1132.0 70.9 24.7 38.2
80.0 i10.0 2.2 3.0 608 132.1 i2.2 1140.5 62.4 16.2 29.7
90.0 7120.0 i112.2 3.0 600 131.9 5.5 1153.7 49.2 3.0 16.5
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5 Interoperability and resource sharing with VHF data exchangeterrestrial and between
VHF data exchangesatellite

5.1 Resource sharing method for VHF data exchangterrestrial and VHF data exchange
satellite

The VDES resource assignment between the MBR and the VDESAT services is outlined in the
following sections. In particular thegsaling and control mechanisms envisaged to coordinate the
use of each time slot either for terrestrial or satellite communication.

Shore stations utilize the terrestrial bulletin board (TBB) and the announcement signaling channels
(ASC) to coordinate theesource assignment within the control area. Shore stations may provide
information regarding VDESAT communications and availability as part of their information
service. VDESAT information may be acquired by shore stations, either directly from thlétsat
bulletin board (SBB) and the ASC or through coordination with the satellite service providers.

There are dedicated time slots and frequency bands for TBB and ASC that are reserved to
communicate the required information to each vessel in the cané@lof a shore station.

Each satellite system will use SBB and ASCdascribed in Recommendation [TRIM.20920, to
communicate the VDESAT resource assignments, for both downlink and uplink, to vessels in the
coverage area. There are dedicated timoés sand frequency bands for the SBB and ASC to
communicate the required information to each vessel in the field of view of a satellite.

Since the satellite coverage may include several shore station control areas, S VDEource
assignment shoulaespect all requirements of shore control areas that are within the field of view at
any given time. Within each satellite orbit the information regarding the resource assignment should
be updated according to the shore station control areas in theesétdtiof view.

How, and to what extent, resources are shared betweerTWHREand VDESAT are closely linked

to the frequency utilization plan selected for VDES. Section 3 discusses three alternative frequency
plans and their implications on resource siabetween VDETER and VDESAT. Methods for
resource sharing are discussed in the following sections.

5.2 VHF data exchangeterrestrial and VHF data exchangesatellite downlink resource
sharing

5.2.1 Resource sharing with frequency plan alternative 1

With frequency plan alternative 1, the channels 2026 and 2086 are identified feXDHownlink
communications, and not used for VEFEER communications. Within these VEEAT channels,

there are dedicated time slots that are assigned to the satellite budlatoth and announcement
signaling channels as described in RecommendatiorRTW20920. Other slot assignments in the
VDE-SAT frequency bands are managed based on the content of the bulletin board and
announcement signaling channels. The assignment mayge dynamically (according to the
satellite coverage or temporal demands).

Channels 2024, 2084, 2025 and 2085 are shared betweerSXDElownlink and VDETER.
Depending on the satellite coverage area and the shore control areas, the resource assignment m
vary.

There are dedicated time slots in channel 2024 and 2084 that are assigned to the terrestrial signaling
channel and terrestrial bulletin board, as described in Recommendatidt M.20920. These slots

should not be used for VBEAT downlink commuications when a VDE shore station is within the
satellite coverage area.
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A shore station may assign the full resources of channels 2024, 2084, 2025 and 2085-T&R/ DE
communications when there is no transmitting VBT satellite in the field of view.

When a transmitting VDESAT satellite is in the field of view the resource sharing between-VDE
SAT downlink and VDE shoreo-ship and shigio-ship must be coordinated between the shore
operator and the satellite operator. This coordination can be doaecdkitctly between the operators

or rely on the bulletin board and announcement channels of the satellite and shore stations. As an
initial configuration for resource sharing, a static assignment in time and frequency should be adopted
by the terrestriahnd satellite entities.

) Channels 2024 and 2084 are identified for VDER communications and are not used for
VDE-SAT communications, maintaining the original signaling assignment that was
described above

) Channels 2026 and 2086 are identified for VBE&T downlink communications and are not
used for VDETER communications, maintaining the original signaling assignment that was
described above

T Channels 2025 and 2085 are tisteared between VDBAT downlink and VDETER
communications. The time sharinghased on time intervals of 2.4 s (90 slots) that are
assigned periodically to VDEAT and VDETER communications

This resource sharing method should be used as a starting point for resource sharing between
VDE-TER and VDESAT, or in the absence of coorditon between the shore and satellite operation.

Coordination of resource sharing between VDER shipto-ship and VDESAT downlink
communications for areas not controlled by a VDIER shore station is managed by the VBET
bulletin board, as described Recommendation IT4R M.20920. As a starting point for this
resource sharing or in the absence of any \@*d bulletin board, the resource sharing method
described above should be used.

5.2.2 Resource sharing with frequency plan alternative 2

With frequerty plan alternative 2, the frequency band fr&60.9625 MHz to 161.4875 MH®
identified for VDESAT downlink communications. The frequencies in this band are not channelized

in RR Appendixl8. Within this VDESAT band, there are dedicated channels and slots that are
assigned to the satellite bulletin board and announcement signaling channels as described in
Recommendation ITUR M.20920. Other slot assignments in this VEHAT frequency band are
managed based on the content of the bulletin board mnduacement signaling channels. The
assignment may change dynamically according to the satellite coverage or temporal demands.

5.2.3 Resource sharing with frequency plan alternative 3

With frequency plan alternative 3, the channels 2026 and 2086 ardiédkfuti VDE-SAT downlink
communications, and not used for VEFEER communications. Within these VEEAT channels,

there are dedicated time slots that are assigned to the satellite bulletin board and announcement
signaling channels as described in Recomragod ITU-R M.20920. Other slot assignments in the
VDE-SAT frequency bands are managed based on the content of the bulletin board and
announcement signaling channels. The assignment may change dynamically according to the satellite
coverage or temporal gends.

The channels 2024, 2084, 2025 and 2085 are identified for-S/®E downlink communications.
VDE-TER shoreto-ship communications are also possible in channels 2024, 2084, 2025 and 2085,
but the VDETER shoreto-ship communications in these channelsymot impose constraints on
VDE-SAT downlink communications.

A shore station may assign the full resources of channels 2024, 2084, 2025 and 2085-Td R/ DE
communications when there is no transmitting VBAT satellite in the field of view.



30 Rep. ITU-R M.24350

When a transitting VDE-SAT satellite is in the field of view, the resource sharing between-VDE
SAT downlink and VDETER shoreto-ship communications must be coordinated between the shore
operator and the satellite operator. This coordination can be done eithey dieteten the operators

or rely on the bulletin board and announcement channels of the satellite and shore stations. As an
initial configuration for resource sharing, a static assignment in time and frequency should be adopted
by the terrestrial and satiédl entities.

[ Channels 2026 and 2086 are identified for VBAT downlink communications and are not
used for VDETER communications, maintaining the original signaling assignment that was
described above

| Channels 2024, 2084, 2025 and 2085 are idedtiffer VDE-SAT downlink
communications, but VDHER shoreto-ship communications may be possible when there
is no transmitting VDESAT satellite in view

This resource sharing method should be used as a starting point for resource sharing between
VDE-TER ard VDE-SAT, or in the absence of coordination between the shore and satellite operation.

5.3 VHF data exchangeterrestrial and VHF data exchangesatellite uplink resource
sharing

5.3.1 Resource sharing with frequency plan alternative 1

With frequency planlgernative 1, the lower frequency bands, channel 1026 and 1086 are identified
for VDE-SAT uplink communications, whilehannels 102, 1084, 1025 and 108e shared between
VDE-TER and VDESAT.

The VDESAT uplink channels may be used for dedicated (dermaarijned) or random access to
satellite. Since there is no interference from VDIER on these two channels, these channels should
be used for higher priority message (safety, distress, acknowledgement, etc.).

Through the bulletin board, hore station maassign the full resources of channels 1024, 1084,
1025 and 1085 for VDHER communications when there is no receiving VBAT satellite in the
field of view.

When a receiving VDESAT satellite is in the field of view the resource sharing between-BRE

uplink and VDETER shipto-shore communications must be coordinated between the shore operator
and the satellite operator. This coordination can be done either directly between the operators or rely
on the bulletin board and announcement channels of te#itsaand shore stations. As an initial
configuration for resource sharing, a static assignment in time and frequency should be adopted by
the terrestrial and satellite entities.

| Channels 1024 and 1084 are identified for VDIER shipto-shore communidans, and are
not used for VDESAT communications

| Channels 1026 and 1086 are identified for VBAT uplink (shipto-satellite)
communications, and are not used for VIDER communications

T Channels 1025 and 1085 are tisteared between VDBAT uplink amd VDE-TER
communications. The timgharing is based on time intervals of 1 hexslot (6 slots) that are
assigned alternately to VBEAT and VDETER communications.

As the starting point for resource sharing between MIEHR and VDESAT or in the absence of
coordination between the shore and satellite operation, this resource sharing method should be used.
5.3.2 Resource sharing with frequency plan alternative 2

With frequency plan alternative 2, the channels 24, 84, 25 and 85 are identified fel B®E
communcations. VDESAT uplink communications is also possible in channels 24, 84, 25 and 85,
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but VDE-SAT uplink communications in these channels may not impose constraints oif KRE
communications and should only use resources not reserved foTZBEEommunicions.

Channels 26 and 86 are identified for VISBT uplink communications, and are not used for VDE
TER communications. Therefore, on these channels no resources are shared and therefore no sharing
scheme is required.

5.3.3 Resource sharing with frequencyplan alternative 3

With frequency plan alternative 3, the lower frequency bands, channel 1026 and 1086 are identified
for VDE-SAT uplink communications and not used for VIDER communications, whilehannels
1024, 1084, 1025 and 10&be shared between \HITER and VDESAT.

The VDESAT uplink channels may be used for dedicated (demand assigned) or random access to
satellite. Since there is no interference from VDIER on these two channels, these channels should
be used for higher priority message (safdigtress, acknowledgement, etc.).

There are dedicated time slots in channels 1024 and 1084 that are assigned to the terrestrial signaling
channel and terrestrial bulletin board. These slots should not be used by th8 ATD&plink
communications when a VDEER shore station is within the satellite coverage area.

Through the bulletin board, ghore station may assign the full resources of channels 1024, 1084,
1025 and 1085 for VDHER communications when there is no receiving VBAT satellite in the
field of view.

When a receiving VDESAT satellite is in the field of view the resource sharing between-SBE

uplink and VDETER communications must be coordinated between the shore operator and the
satellite operator. This coordination can be done either bifeetween the operators or rely on the
bulletin board and announcement channels of the satellite and shore stations. As an initial
configuration for resource sharing, a static assignment in time and frequency should be adopted by
the terrestrial and satiéd entities.

) Channels 1024 and 1084 are identified for VDER communications, and are not used for
VDE-SAT communications

| Channels 1026 and 1086 are identified for VBAT uplink (shipto-satellite)
communications, and are not used for VDER commuications

| Channels 1025 and 1085 are tisteared between VDBEAT uplink and VDETER
communications. The timgharing is based on time intervals of 1 hexslot (6 slots) that are
assigned alternately to VDEAT and VDETER communications.

As the starting pat for resource sharing between VEER and VDESAT or in the absence of
coordination between the shore and satellite operation, this resource sharing method should be used.

Coordination of resource sharing between VDER shipto-ship and VDESAT uplink
communications for areas not controlled by a VDIER shore station is managed by the VBET
bulletin board, as described in Recommendation-RW1.20920. As a starting point for this
resource sharing or in the absence of any \@¥ bulletin board, theesource sharing method
described above should be used.

5.4 Resource sharing between multiple satellite VHF data exchange systems

The sharing between two or more satellite systems is coordinated between the satellite operators and
organized through the betin board, delivered by satellites in the VISAT downlink band, as
described irRecommendation ITHR M.20920. Ships use the satellite bulletin boards for channel

and resource configuration.
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The waveform used for the bulletin board should allow for dieteof overlapping signals received
from multiple satellites. The use of direct sequence spreading as defined in Recommendaon ITU
M.2092-0 allows for detection of up to eight overlapping satellite signals.

6 Interference to incumbent services and thasin adjacent frequency bands

6.1 In-band interference
6.1.1 Fixed services inband

6.1.1.1 Analysis of the interference effect of the VHF data exchanggatellite uplink

The VDESAT uplink has common characteristics with VDE terrestrial-shighore. Thezfore, it
will not create any additional interference to land and aeronautical mobile services.

6.1.1.2 Analysis of the interference effect of the VHF data exchanggatellite downlink

There are two views on the interference effect of the \H2H downlink nto the fixed service. The
pfd mask contained in view 1 is specified in RecommendationRTM.2092. The pfd mask
contained in view 2 is based on protection criteria definéteitommendation ITUHR F.7586.

6.1.1.2.1 View 1 on thepfd mask

The VDESAT dowrink is in compliance with the pfd mask specified in RecommendationRTU
M.20920 and provided in § 4.2.1. The pfd mask is presented in Table 5.

Given this mask, a study on the compatibility between the BBE downlink and the fixed service

has been pesfmed. The study evaluates the effect of the interference from theSAOEdownlink
received by a fixed service station on the transmission from another fixed service station. The basis
for the study is technical characteristics of fixed service statisnq@avided in Recommendation
ITU-R F.758 and methods for poitd-area predictions for terrestrial services as provided in
Recommendation ITUR P.1546.

The methodology used to evaluate the compatibility between the MDEdownlink and the fixed
service isbased on carrietio-interference ¢/1) considerations and performance degradation of the
bit error ratios specified in Recommendation HRUF.758 and bit error ratio performance provided
in Recommendation ITAR F.1101.

6.1.1.2.1.1 Characteristics of fixed service systems operating in the frequency band
156162 MHz band

Representative technical and operational characteristics of fixed service systems operating in the
fixed service in the frequency band 1562 MHz are not available in the current set ofJdR
Recommendations and Reports. However, RecommendatiorRITRJ758 provide technical
characteristics of fixed service systems in the frequency band 406.14bMHAHz. As these
technical characteristics are those available which are closest in fregtieycihave been used as
reference for a fixed service system in this study. Table 17 provide the technical characteristics of
fixed service systems in the frequency band 406.1 M5 MHz from Recommendation IR

F.758, Annex 3.
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TABLE 17

Technical characteistics of fixed service systems in the frequency band 406.1 MHz
to 450 MHz from Recommendation ITUR F.758, Annex 3

Frequency band (MHz) 406.1 450
Modulation type QPSK
Channel bandwidth (kHz) 50/100/150/20@50'300/500/600/750

1000/17508500

MaximumTx output power range (dBW) 7
Maximum Tx output power density range (dBW/MH2) 1.6 é 13
Minimum feeder/multiplexer loss range (dB) 2
Maximum antenna gain range (dBi) 25
Maximum e.i.r.p. range (dBW) 30
Maximum e.i.r.p. density range (dBW/MHz) 25 36
Receiver noise figure (dB) 5
Receiver noise power density typical (&) (dBW/MHz) 1139
Normalized Rx input level for 1OBER (dBW/MHZz) 11255
Nominal longterm interference power density (dBW/MH?2) 1139 +I/N

@ To calculate the values fdne Tx/e.i.r.p. densities, channel spacing/bandwidth needs to be identifi
these tables, the channel spacing indicated in bold letter is used.

@ ominallongt er m i nterference power density is de-
I/N) as described in § 4.13 in Annex 2 (see also § 4.1 in Annex 1).

For the studies of the compatibility of the VEEAT downlink with the fixed service the relevant
values from Table 17 have been used. These technical characteristics and values are sbummarize
Table 18.Recommendation ITY4R F.758 does not provide antenna height values typical for FS
systems. An antenna height of 75 metres is assumed to be a nominal value, and has been used in thi:
study.

TABLE 18

Typical values for technical characteristicsof fixed service stations used
in compatibility study

Modulation type QPSK
Channel bandwidth (kHz) 250
Output power (dBW) 7
Feed loss (dB) 2
Maximum antenna gain (dBi) 25
Maximum e.i.r.p. (dBW) 30
Antenna height (m) 75
Distance to horizon from gian (km) 30.9
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Figure 13 shows an antenna pattern for a typical 25 dBi antenna used in the fixed service as described
in Recommendation ITHR F.6994. The antenna gain versus elevation angle can be tabulated as in
Table 19. Table 19 also present the ltgsyie.i.r.p. versus elevation angle.

FIGURE 13

Antenna pattern the for typical antenna used in the fixed service
as described in Recommendation ITLR F.6994
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Elevation angle to the satellite from the receiving station
Report M.2435-13

TABLE 19
Fixed service station antenna gain and e.i.r.p. versus elevation angle

Elevation anglke Antenna gain e.i.r.p.
(degrees) (dBi) (dBW)

0 25.0 30.0

10 15.0 20.0

20 10.8 15.8

30 6.4 11.4

40 3.3 8.3

50 0.9 5.9

60 11.1 3.9

70 12.8 2.2

80 14.2 0.7

90 155 10.5
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6.1.1.2.1.2 Link budget calculations for transmission between two fixed serge stations

Given the typical antenna height for fixed service stations listed in Table 17, the distance to the
horizon from a fixed service station can be calculated. Then the fixed service station to station range
can be found to be 61.8 km. Based onfiked service station to station range the transmission free
space loss can be calculated to 112.4 dB.

In addition to the free space loss, a land mobile transmission channel will experience additional path
loss. Recommendation I'FR P.1546 provides methsdor pointto-area predictions for terrestrial
services for the relevant frequency band. Based on tabulated field strengths available from the
Radiocommunication Bureau, as discussed in Annex 1 of that Recommendation, combined with
formulas for interpolabn of field strength as function of antenna height, distance and frequency as
provided in Annex 5 of that Recommendation, the additional path loss can be estimated. The tabulated
field strengths exceeded 50% of the time from RecommendatiotRIPUL546 asumes a transmit

e.r.p. of 1 kW, and the values needed to perform the interpolation to the frequencyMifii Gad

the antenna height and fixed service station to station range given in Table 17, are provided in
Table20.

TABLE 20

Tabulated field strength values exceeded 50% of the time from Rec. ITRR P.1546 needed to
perform the interpolation to the frequency of 162 MHz and the antenna height and mobile
station to base station range

Frequency | Antenna height Distance Field strength value
(MHz) (m) (km) (dB(uVv/m))

60 31.9

100 75
65 30.0
60 26.6

600 75
65 24.5

Through the use of the interpolation formulas provided in Annex 5 of RecommendatieR ITU
P.1546 the estimated field strength can be calculated for the frequency of 160 MHz, antenna height
of 75 metres and a distance of 61.8 km. The result is an estimated field strength of(2Y/8nlB

The corresponding field strength if only free space loss is considered will be GuXo/mR The
additional path loss experienced on a fixed service trasgmighannel is equal to this difference,
which is 37.1 dB. The calculation steps are provided in Table 21 for transparency.
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TABLE 21

Calculation steps for interpolation of field strength values exceeded 50% of the time from
Rec. ITU-R P.1546 to the frequacy of 162 MHz and the antenna height and fixed service
station to station range

Frequency | Antenna height| Distance | Field strength value
(MHz) (m) (km) (dB(uVv/m))

162 - 60 30.5
Free space loss and additiona
path loss 65 28.5

162 75 61.8 29.8

100 60 71.3
Freespace loss only

162 61.8 66.9
Additional path loss only (dB) 162 75 61.8 37.1

The additional terrestrial path loss of 37.1 dB must be taken into consideration in the link budget.
Taking into account the fixed station EIRP ad€gree edvation and the fixed station antenna gain at

0 degree elevation this leads to the received carrier pow&6ob dBW for a fixed station to station
transmission link. The results are provided in Table 22.

TABLE 22
Link budget calculations for transmissions between fixed service stations

Parameter Value
Modulation type QPSK
Output power (dBW) 7.0
Feed loss (H) 2.0
Maximum antenna gain (dBi) 25.0
Maximum e.i.r.p. (dBW) 30.0
Antenna height (m) 75
Distance to horizon from station (km) 30.9
Fixed service station to station range (km) 61.8
Free space loss (dB) 112.4
Additional terrestrial path loss (dB) 371
Received carrier power C (dBW) 196.5

6.1.1.2.1.3 C/l analysis for the interference level from the VDESAT downlink into a fixed
service station

Recommendation IT4R M.20920 and 84.2.1 provides the pfd mask for the VEFAT downlink.
Based on the pfdhask, and the fixed service statioharacteristics given in Table 17, a link budget
for the interference level from the VBD&AT downlink into a fixed service station can be calculated.
Combining the interference level with the received carrier power for the fixed service stationto statio
link from Table 22, the carrier to interference rat@l] can be found. The outcome is presented in
Table 23.
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It should be noted that a practical realization of the V& downlink with the Yagi antenna
concept as described in § 4.1.4 will not matoh pfd mask perfectly. As shown in Table 7 of that
document, there will be margin to the pfd mask at all elevation angles, except at 30 degrees. When
this additional margin is accounted for tB& will improve further, as shown in Table 23.

TABLE 23

C/l considerations for transmissions between fixed stations with received carrier power, C, of
196.5 dBW and interference from the VDESAT downlink according to the pfd mask
specified in ReclTU -R M.2092-0

Fixed Fixed station . .

station | pfd mask specified in pfd antenna gain S?g{g&vgt;ﬁi | cil rggli;\lelltl;e

el:\rﬁg}sn Rec.ITU-R M.2092-0 per 42 kHz mclutlj(l)r;% feed antenna  |Per 42 kHz (dB) ofd

(degress) (dBWI/(n¥ * 4 kHz)) | (dBW/(n? * 42 kHz)) ) (dB() (dBW) (dB)
0 1149.0 1138.8 23.0 174 1121.4 24.9 28.3
10 1147.4 1137.2 13.8 7.4 1129.8 333 35.0
20 1145.8 1135.6 8.8 3.2 1132.8 35.9 36.3
30 1144.2 1134.0 4.4 T.44 1135.2 38.7 38.7
40 1142.6 1132.4 1.3 .32 1136.7 40.2 41.0
50 1139.4 1129.2 1129 17129 71135.9 394 43.5
60 1134.0 1123.8 1123 1123 11325 36.0 46.5
70 1133.0 1122.8 1122 7T122. 11335 36.7 50.4
80 1132.0 1121.8 1121 7T121. 11336 37.1 54.2
90 1131.0 1120.8 1120 1T120. 711339 374 58.8

TheC/l considerations presented in Table 23 is correct for the-8BE downlink waveforms with

an occupied bandwidth of 42 kHz. In Table 10 four additional wanef@re proposed for the VBE

SAT downlink having wider occupied bandwidth; 90 kHz, 141 kHz, 291 kHz and 492 kHz. Assuming
these additional waveforms are transmitted with the same spectral density, the total interference level
from the VDESAT downlink intoa FS station receiver will be higher, reducing the fixed service
station receive€/I level correspondingly. The waveform with an occupied bandwidth of 90 kHz will
reduce the fixed service station recei@t by 3.3 dB, while the waveform with an occupied
bandwidth of 141 kHz will reduce the fixed service station recé&¥eby 5.3 dB.

Considering the typical technical characteristic for transmissions between fixed service stations as
summarized in Table 17, the bandwidth of 250 kHz constrains the netecéeimpact from the last

two additional waveforms, which have larger occupied bandwidths. Thus, both these waveforms will
reduce the fixed service station recei@érby 7.7 dB.

6.1.1.2.1.4 Conclusions

As shown in Table 23, the carrier to interfererater(C/I) for the fixed service station to station link
with interference from the VDISAT downlink waveform with an occupied bandwidth ofld2z
will be between 24.9 dB and 40.2 dB. The wider bandwidth waveforms proposed for thiEADE
downlink may redae thisC/I level by 7.7 dB down to 17.2 dB.

Recommendation IT{R M.1101, Annex 1, provide€/(N+l) threshold values for 10BER for
digital fixed wireless systems. For QPSK ®#N+l) threshold is 13.5 dB. &£/ level of more than
24.9 dB for the fixedervice station to station link with interference from the VBAT downlink is
then negligible for the fixed service. The wider bandwidth waveforms may reduC# ttiewn to
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17.2dB, but there will still be a substantial margin compared to the 13.&/@8t+l) threshold.
Furthermore, when considering the actual realizable pfd level, the situation will improve even further.

Therefore, it can be concluded that the fixed service will not experience harmful interference from

the VDESAT downlink with the pfd msk specified in Recommendation [TRIM.20920.

6.1.1.2.2 View 2 on the pfd mask

6.1.1.2.2.1 Typical characteristics of fixed systems in the frequency band 15067 MHz

TABLE 24

Characteristics of fixed service station receivers used for compatibility studse

in the frequency band 150.5166.7 MHz

(dB) ®

Parameter Value
Frequency band (MHz) 150.5 ... 166.7
Modulation QPSK
Channel spacing and receiver noise bandwidth (kHz) 100 é 200
Antenna gains (dBi) 9..12
Antenna type R‘;Z?:[Sg:)l
Feeder/multipéxer losses (dB) 0 é 4
Typical noise figure of a receiver (dB) 7
Permissible interference to thermal noise ratio of a recdiixr, 6

() RecommendatioiTU-R F.7586.

In order to take into account selectivity of digital radio relay station antennas, théJdagintenna

radiation pattern in a vertical plane with a maximum antenna gainalBf 8 used, see Fig. 14.
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FIGURE 14
Typical VHF antenna pattern in vertical plane (Gmax= 9 dBi)
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I/N =16 dB was used as the protection criterion according to Recommeniatigr F.7586.

6.1.1.2.2.2 Estimation of the pfd mask required to protect fixed service systems
Power fluxdensity of grmissible interference to FS receivergiO Tt E ( handwidth could be
calculated using the following equation:

AOPA prl i'Qy0 60 Oy "OfA ¢wliQ OYabdnéod®u
where:

NF noise factor, dB
k=1.37 x 1022 Boltzmann constant, J/K

T= 288K
O 4 kHz
) . ¢ dB

@ N € (olarization mismatch loss, dB
@ Y wtotal losshetweerantenna and receiver, dB
‘Od  isotropicantennagain, dBi
f=  160MHz.
nouavde ; - nagy m© . POYX ¢ w TBIYG 0 oL P OB

Table 25 shows estimated pfd limits required to protect fixed service stations from harmful
interference caused by the satellite downlink of a new VDES satellite component.
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TABLE 25
Estimated power flux-density limits required to protect fixed service stations
Elzngfn NF | Nog=10*log(KTDF)+NF IzT;;S\//N) it o Po'a‘lgz";‘“o” Reggéred
(degres | @ (dBW(4 kHz) (4 kH2) ('Z; (@B) (m(2d4B\k/X|/z))
0 7 1161.0 1167.0 7 3 1165.5
10 7 1161.0 1167.0 5 3 1163.5
20 7 1161.0 1167.0 2 3 1160.0
30 7 1161.0 1167.0 12 3 1156.5
40 7 1161.0 1167.0 14 3 1154.3
50 7 1161.0 1167.0 16 3 1152.1
60 7 1161.0 1167.0 18 3 1149.9
70 7 1161.0 1167.0 111 3 1147.7
80 7 1161.0 1167.0 113 3 11454
90 7 1161.0 1167.0 113 3 11454

Figure 15 below compares the pfd mask fieecommendation ITUHR M.20920, which shall ensure
no harmful interference is caused by the satellite downlirfkkéal service stationgnd pfd limits

required to protect receivers of fixed service stations.

pfd (0) dBW/(m2 4 kHz)

6.1.1.2.2.3

Table 26 below compares pfd levels causedvVBDE-SAT3 downlink emissionsand pfd limits

FIGURE 15
Comparison of pfd masks
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3 pfd levels are taken from Table A4of Recommendatn ITU-R M.20920.
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Table 26

Estimated excess of pfd levels created by VDEAT over the pfd levels
required to protect stations in the fixed service with the maximum antenngain of 9 dBi

Elevation angle VDE-SAT pfd Required pfd Excess
(degree) (dBWI/(n? *4 kHz)) (dBWI/(n? *4 kHz)) (dB)
0 1149.0 1165.5 16.5
10 1147.4 1163.5 16.1
20 1145.8 1160.0 14.2
30 1144.2 1156.5 12.3
40 1142.6 1154.3 11.7
50 1139.4 1152.1 12.8
60 1134.0 1149.9 15.9
70 1133.0 1147.7 14.7
80 1132.0 1145.4 13.4
90 1131.0 1145.4 14.4

6.1.1.2.2.4 Proposed pfd mask forVHF data exchange systemsatellite downlink
Table 27 shows the proposed pfd mask required to protect receivers of FS systems opéehating
frequency bands being considered for the V&XT downlink.

TABLE 27
Proposedpfd mask
d® is "Earthsatellite” elevation angle

pod TR Z[Jh nJ [J pmJd
i Q0 _ pody ™M ¥ [J pTI pmdfJ omJ
e puvg M [J onm omnJfJ YmJ

pPT& gmJd[J

6.1.1.2.25 Conclusions

Estimations in Table 25 show that emissions of V®AT downlink, while meeting the required pfd
mask limits from Recommendation ITHR M.20920 (Table A41), would causeunacceptable
interferenceto receivers of FS systems. Thus, for those conditions, the coexistence between
VDE-SAT downlink and FS stations is not possible in the considered frequency. bawader to
protect FS station receivers framacceptableterference of VDESAT downlinkin the considered
frequency bands, the required pfd mask limits from Table 27 shall be met.

6.1.2 Land and aeronautical mobile services ifband

6.1.2.1 Analysisof the interference effect of the VHF data exchangeatellite uplink

The VDESAT uplink has common characteristics with VDE terrestrial-stighore. Therefore, it
will not create any additional interference to land and aeronautical mobile services.
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6.12.2 Analysis of the interference effect of the VHF data exchanggatellite downlink

There are three views on the interference effect of the -8BE downlink into the land mobile
service. The pfd mask contained in view 1 is specified in RecommendatieR M2092. The pfd
masks contained in views 2 and 3 are based on protection criteria defitecbimmendation ITU4R
M.18080.

6.1.2.2.1 View 1 on the pfd mask

It is assumed that the VDEAT downlink is compliant with the pfd mask specified in
RecommendatiofifU-R M.20920 and provided in Table 5 of § 4.2.1.

Given this mask, a study on the compatibility between the \8BE downlink and the land mobile

service has been performed. The study evaluates the effect of the interference from {8 VDE
downlink re@ived by a land mobile base station on the transmission between a mobile station and a
base station. The basis for the study is the technical characteristics of land mobile systems as provided
in Recommendation ITHR M.1808, including interference criteriaased on performance
degradation, and methods for peintarea predictions for terrestrial services as provided in
Recommendation ITUR P.1546.

The methodology used to evaluate the compatibility between the SASEdownlink and the land
mobile service idbased on carrieto-interference €/l) considerations and performance degradation,
as proposed in Recommendation FRUM.1808, Annex 1, § 2.1.

6.1.2.2.1.1 Characteristics of land mobile systems operating in the frequency band
156162 MHz

Representativeethnical and operational characteristics of conventional and trunked land mobile
systems operating in the mobile service in the frequency bandl@b8VIHz are given in
Recommendation ITYR M.1808. Table 28 provides the technical characteristics of bassmstand

Table 29 provides technical characteristics of mobile stations as they are given in that
Recommendation. Recommendation FRWP.372 provides additional relevant information regarding
interference.

TABLE 28

Technical characteristics for base statins operating in the mobile service in the frequency
band 138174 MHz

Frequency band (MHz) 138174
Type of emission Analogue Digital

Systerrwide

Channel bandwidth (kHz) 12.5/15/25/30 6.25/7.5/12.5/15

Modulation type FM C4FM

Type of operation Simplex/duplex Duplex

Typical SINAD or BER (dB or %) 12 dB 5%

Transmitter

Output power (W) 51125 201 125
(30) (60)
(100) (200)
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TABLE 28 (end
Frequency band (MHz) 138174
Type of emission Analogue Digital
e.r.p. (dBw) 7i 26 13726
(19) (18)
(24) (24)
Necessary bandwidth (kHz) 11/11/16/16 5.5/5.5/8.1/8.1
Coverage radius (km) 1i 75 1i 75
(50) (50)
Antenna gain (dBd) 09 09
(6) (6)
Antenna height 10i 150 101 150
(relative to ground level) (m) (60) (65)
Radiation pattern Omnidirectional Omnidirectional
Antenna polarization Vertical Vertical
Total loss (dB) or7 39
(2) (6)
(2)
Receiver
Noise figure (dB) 6i 12 6i 12
) )
IF filter bandwidth (kHz) 8/11/12.5/16 5.5/5.5/5.5/5.5
Sensitivity (dBm) 1T116 to 112 T116 to 112
Antenna gain (dBd) 09 09
(6) (8)
Antenna height 10i 150 10i 150
(relative to ground level) (m) (60) (65)
Radiation pattern Omnidirectional Omnidirectional
Antenna polarization Vertical Vertical
Total loss (dB) 0i 6 0i 6
(3) (3)

NOTE 1i Simplex systems use the same fieaey for both the base station and mobile station to

transmit.

NOTE 21 Frequency division duplex systems have different frequencies for the base station and n
station which allows simultaneous communications.

NOTE 37 Typical values are shown in patbesis. In some instances, more than one typical value is

provided.

NOTE 47 e.r.p. is equal to the output power (dBW) plus antenna gain (dBd) minus total losses (dE
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TABLE 29

Technical characteristics for mobile stations operating in the mobile servic
in the frequency band 138174 MHz

Frequency band (MHz)

138174

Type of emission

Analogue

Digital

Systerrwide

Channel bandwidth (kHz)

12.5/15/25/30

6.25/7.5/12.5/15

Modulation type FM C4FM
Type of operation Simplex/duplex Duplex
Typical SINAD orBER (dB or %) 12 dB 5%
Transmitter
Output power (W) 1i 100 17 100
(H: 5 (H:5
V: 30, 50) V: 30, 50)
e.r.p. (dBw) T 3 1180 T 3 1180
(H: 13 (H: 13
V: 14, 16) V: 14, 16)
Necessary bandwidth (kHz) 11/11/16/16 5.5/5.5/8.1/8.1
Antenna gain (dBd) 11014t o T10 to 4
(H: 110, (H: 110,
Antenna height (2) 2)

(relative to ground level) (m)

Radiation pattern

Omnidirectional

Omnidirectional

Antenna polarization Vertical Vertical
Total loss (dB) 01 01
(H:0,V:1) (H:0,V: 1)
Receiver
Noise figure (dB) 6i 12 6i 12
(M )
IF filter bandwidth (kHz) 8/11/12.5/16 5.5/5.5/5.5/5.5
Sensitivity (dBm) 1116 to T1T12 1116 to 1
(1T119)
Antenna gain (dBd) 1T 1104 T 1104
(H: 110, (H: 110,
Antenna height 2 (2)

(relative to ground level) (m)

Radiation pattern

Omnidirectional

Omnidirectional
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TABLE 29 (end

Frequency band (MHz) 138174
Type of emission Analogue Digital
Antenna polarization Vertical Vertical
Total loss (dB) 01 Ol
(H:0,V:1) (H:0,V:1)

NOTE 171 Simplex gstems use the same frequency for both the base station and mobile station ta
transmit.

NOTE 27 Frequency division duplex (FDD) systems have different frequencies for the base statio
mobile station which allows simultaneous communications.

NOTE3i Ty pi cal values are shown in parenthesis
stations and AV:0 represents the value for
typical value is provided.

NOTEA47 e.r.p. is equal to the outpubywer (dBW) plus antenna gain (dBd) minus total losses (dB).
For the studies of the compatibility of the VEEAT downlink with the land mobile service the typical
values from Table 28 and Table 29 have been U3eke technical characteristics and values a
summarized in Table 30.

TABLE 30

Typical values for technical characteristics of land mobile service stations used in
compatibility study

Station type Base station Mobile station
Necessary bandwidth (kHz) 16 16
Output power (W) 100 50
Output powe(dBW) 20 17
Feed loss (dB) 2.0 1.0
Maximum antenna gain (dBd) 6.0 0.0
Maximum antenna gain (dBi) 8.2 2.2
Maximum e.r.p. (dBW) 24.0 16.0
Maximum e.i.r.p. (dBW) 26.2 18.2
Antenna height (m) 60 2
Distance to horizon from station (km 27.7 5.1

Figurel6 shows antenna patterns for typical antennas used in the land mobile service as described in
Recommendation ITHR F.13364. Assuming a 6 dBd antenna is used at the base station aii@ba 0
antenna is used at the mobile station, the antenna gain versasal angle can be tabulated as in
Table 31 and Table 32 for the base station and mobile station respectively. Table 31 al@ Table
also present the resulting e.i.r.p. versus elevation angle for the two station types.
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FIGURE 16
Antenna patterns for typical antennas used in the land mobile service as described in RAW -R F.13364
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TABLE 31
Base station antenna gain and e.i.r.p. versus elevation angle
Elevation angle Antenna gain e.i.r.p.
(degrees) (dBi) (dBW)
0 8.2 26.2
10 3.7 21.7
20 T5.2 12.8
30 1T6. 4 11.6
40 1T7.0 11.0
50 1T7. 4 10.6
60 1T7.6 10.4
70 1T7.7 10.3
80 T7.9 10.1
90 T7.9 10.1
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TABLE 32
Mobile station antenna gain and e.i.r.p. versus elevation angle

Elevation angle Antenna gain e.i.r.p.
(degrees) (dBi) (dBW)

0 2.2 18.2

10 19 17.9

20 1.0 17.0

30 1T0. 4 15.6

40 T2.3 13.7

50 T4. 8 11.2

60 T7.9 8.1

70 1T10. 8 5.2

80 T11. 3 4.7

90 T11.6 4.4

6.1.2.2.1.2 Link budget calculations for transmission from base station to mobile station

Given the typical antenna heights for thed mobile base station and mobile station summarized in
Table 30, the distance to the horizon from the base or mobile station can be calculated. Then the
mobile station to base station range can be found to be 32.7 km. Based on the mobile station to base
station range the transmission free space loss can be calculated to 106.9 dB.

In addition to the free space loss, a land mobile transmission channel will experience additional path
loss. Recommendation I'FR P.1546 provide methods for poiatarea preditons for terrestrial
services for the relevant frequency band. Based on tabulated field strengths available from the
Radiocommunication Bureau, as discussed in Annex 1 of that Recommendation, combined with
formulas for interpolation of field strength asttion of antenna height, distance and frequency as
provided in Annex 5 of that Recommendation, the additional path loss can be estimated. Ttegltabula
field strengths exceeded %0of the time from Recommendation ITRJP.1546 assumes a transmit
e.r.p. ofl kW, and the values needed to perform the interpolation to the frequency HiGaNd

the antenna height and mobile station to base station range given in Table 30, are provided in
Table33.
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TABLE 33

Tabulated field strength values exceeded 50% of thteéne from Rec. ITU-R P.1546
needed to perform the interpolation to the frequency of 162 MHz
and the antenna height and mobé station to base station range

Frequency Antenna Distance Field strength value
(MHz) height (km) (dB(uV/my))
(m)
30 41.3
37.5
35 38.1
100
30 47.5
75
35 44.2
30 37.5
37.5
35 34.2
600
30 44.2
75
35 40.5

Through the use of the interpolation formulas provided in Annex 5 of RecommendatieR ITU
P.1546 the estimated field strength can be calculated for the frequeb@8® bfHz, antenna height

of 60 meters and a distance of 32.7 km. The result is an estimated field strength of(4®/miiB
The corresponding field strength if only free space loss is considered will be 2%/ The
additional path loss experienced a land mobile transmission channel is equal to this difference,
which is 29.8 dB. The calculation steps are provided in Table 34 for transparency.

TABLE 34

Calculation steps for interpolation of field strength values exceeded 50% of the time from
Rec. ITU-R P.1546 to the frequency of 162 MHz and the antenna height and
mobile station to base station range

Frequency Antenna height Distance Field strength value
(MHz) (m) (km) (dB(uVv/m))
30 40.3
37.5
35 37.0
162

Free space loss 75 30 46.6
and additional 35 43.2
path loss 30 445

162 60
35 41.2
162 60 32.7 42.7
Free space loss 100 30 77.4
only 162 32.7 72.5
Additional path 162 60 327 29.8

loss only (dB)

The additional terrestrial path loss of 29.8 dB must be taken into considénedink budget. Taking
into account the mobile station EIRP atl€gree elevation and the base station antenna gain at
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O-degree elevation this leads to the received carrier powiet 1.4 dBW for the mobile station to
base station link and109.4 dBW for the base station to mobile station link. The results are provided
in Table 35.

TABLE 35
Link budget calculations for transmissions between mobile stations and base stations

Station type Units Base station Mobile station
Output power (W) 100 50
Output power (dBW) 20.0 17.0
Feed loss (dB) 2.0 1.0
Maximum antenna gain (dBd) 6.0 0.0
Maximum antenna gain (dBi) 8.2 2.2
Maximum e.r.p. dBW 24.0 16.0
Maximum e.i.r.p. dBW 26.2 18.1
Antenna height m 60 2.0
Distance to horizon from station km 27.7 5.0
Mobile station to base station range km 32.7
Free space loss dB 106.9
Additional terrestrial path loss dB 29.8
Received carrier power C dBW 1112.4 1109.4

6.1.2.2.1.3 C/I analysis for the interference level from the VDESAT downlink into a base
station and a mobile station

Recommendation ITHR M.20920 and 8§ 4.2.1 of this Report provide the pfd mask for the \ADHE
downlink. Based on the pfmhask, and the base and mobile station characteristics given in Table 30,

a link budget for the interference level from the VMBET downlink into a base station and a mobile
station can be calculated. Combining the interference level with the receivesr gaer for
transmissions between mobile stations and base stations from Table 35, the carrier to interference
ratio (C/l) can be found. The outcome is presented in Tables 36 for a base station and 37 for a mobile
station.

It should be noted that a prawl realization of the VDESAT downlink with the Yagi antenna
concept as described in 8 4.1.4 will not match the pfd mask perfectly. As shown in Table 7, there will
be margin to the pfd mask at all elevation angles, except at 30 degrees. When thisahduhtigm

is accounted for th€/l will improve further, also shown in Tald86 and 37.
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TABLE 36

Cl/l considerations for transmissions from mobile station to base station with received carrier
power, C, ofi 112.4 dBW and interference from the VDESAT downlink according to the pfd
mask specified in ReclTU -R M.20920

Base station | Effective il with
Elevation | pfd mask specified in antennagain | area of base | .
pfd per 16 kHz . : . C/l realizable
angle |Rec.ITU-R M.2092-0 (ABW/(? * 16 kHz)) including feed station per 16 kHz (dB) pfd
(degrees)| (dBWI/(n? * 4 kHz)) (Igssi (eant((arr:%r;l (dBW) (dB)
Bi B
0 1149.0 1143.0 6.2 0.6 1142.4 30.0 334
10 1147.4 1141.4 1.7 73.9 71145.3 329 34.6
20 1145.8 1139.8 7.2 T12. 11526 40.2 40.6
30 1144.2 1138.2 i8.4 114. 1152.2 39.8 39.8
40 1142.6 71136.6 1T9.0 T14. 71151.2 38.8 39.6
50 1139.4 1133.4 19. 4 1T15. 1148.4 36.0 40.1
60 71134.0 71128.0 1T9.6 1T15. 71143.2 30.8 41.3
70 1133.0 1127.0 19.7 1T15. 1142.3 29.9 43.6
80 71132.0 71126.0 1T9.9 1T15. 711415 29.1 46.3
90 1131.0 1125.0 1T9.9 115. 1140.5 28.1 49.5
TABLE 37

C/l considerations for transmissions from base station to mobile station with received carrier
power, C, ofi 109.4 dBW and interference from the VDESAT downlink according to the pfd
mask specified in ReclTU -R M.20920

Base station . .

. L . | Effective area | C/1 with

Elevation | pfd mask specified in fd per 16 kHz antenna gain of base stafbn ci realizable
angle | Rec.ITU-R M.2092-0 (dEE)W/(pmz * 16 kHz)) including antenna per 16 kHz (dB) pfd

(degrees)| (dBWI/(m? * 4 kHz)) feed loss (dBW)

(@Bi) (dB(mP) (dB)
0 1149.0 1143.0 1.2 T4. 4 1147.4 38.0 414
10 1147.4 71141.4 0.9 1T4.7 1146.1 36.7 384
20 1145.8 71139.8 0.0 1T5.6 1145.4 36.0 36.4
30 1144.2 71138.2 1T1. 4 17.0 1145.2 35.8 35.8
40 1142.6 71136.6 1T3.3 1T8.9 1145.5 36.1 36.9
50 1139.4 711334 1T5.8 T11. 4 11448 354 395
60 71134.0 71128.0 18.9 T14. 95 71425 33.1 43.6
70 71133.0 1127.0 T11. T17. 4 11444 35.0 48.7
80 71132.0 71126.0 T12. 1T17.9 171439 34.5 51.7
90 71131.0 71125.0 T12. 1T18. 2 1143.2 33.8 55.2

6.1.2.2.1.4 Conclusions

As shown in Table 36, the carrier to interferencer@l/l) for the mobile station to base station link
with interference from the VDISAT downlink will be between 28.1 dB and 40.2 dB. For the base
station to mobile station link the C/I with interference from the VBT downlink will be between
33.1 and 8.0 dB, as shown in Table 37.
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Recommendation IT4R M.1808,8 2.2 of Annex 1, provides SINAD ratio values of 12 dB tadB®0

for establishing degradation protection for land mobile systems. The C/N required to achieve these
SINAD ratio values can be derivéidm the FM improvement formulae, which calculates the audio
S/N as a function of C/N in FM systems operating above the detection threshold. The detection
threshold can also be referred to as the minimum discernible signal TeeeEM improvement
formulae is as follows:

- - 30—0—

whereb @ i s the bandwidth of the FMQsthepeakftequenoyt ai n
deviation and is the bandwidth of the information signal.

The FM impovement formulae can be expressed in dB form as follows:

= - Py pméEQ— qmEQ—
Table 38 shows the C/N values required to achieve SINAD ratio values of 12 dB and 20 dB,
respectivly for FM system with 12.5 kHz and 25 kHz channel spacing.

TABLE 38

C/N required for audio SINADs of 12 dB and 20 dB in FM systems
with 12.5 and 25 kHz channel spacing

Channel spacing 12.5 25 kHz
SINAD 12 20 dB

i (0 11.7 20 dB

Og 3 3 kHz

3'Q 2.5 5 kHz

0 Wop 11 16 kHz

070 7.8 6.4 dB

A CJ/1 level of more than 28.1 dB for the mobile station to base station link with interference from the
VDE-SAT downlink is negligible relative to thé/N values of 7.8 dB and 6.4 dB required to meet
the SINAD degradation protection values for land mobile systprosided in Recommendation
ITU-R M.1808, Annex 1. When considering the actual realizable pfd level, the situation will improve
even further.

Furthermore, Report IT®R M.1021 provides equipmenharacteristics for digital transmission in

the land mobile service, including a bit energy to noise density EiiNo) reference sensitivity of

12 dB corresponding to a bit error ratio (BER) of 1%. According to RecommendatieR NIl1808,

digital lard mobile systems use C4FM modulation and a BER threshold of 5%. C4FM modulation
has two bits per symbol. Given that C/I corresponds to symbol energy to noise densigsitd)o (
digital land mobile systems have a typi€4|N+l) threshold of 15 dB. A/l level of more than 28.1

dB for the mobile station to base station link with interference from the-8BE downlink is
negligible relative to the reference sensitivity provided in ReportRTM.1021. When, considering

the actual realizable pfd level, teguation will improve even further.

Therefore, it can be concluded that the land mobile service will not experience harmful interference
from the VDESAT downlink with the pfd mask specified in Recommendation-R'W.20920.
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6.1.2.2.2 View 2 about the pfl mask

Threemethodswereconsideredn this sectionto evaluatethe pfd mask of the/DE-SAT downlink,

aiming to provide protection to the land mobile service in the same frequency band. One method is
based on/N defined inRecommendatioiTU-R M.18080, Annex 1, §82.1, and the second method

is similar to method 1 except that the noise floor was calculated considering the environment noise
floor. The third method is to calculate tB8&1+N).

6.1.2.2.2.1 Pfd mask with the method I/N

Recommendation ITH4R M.18080, Annex 1, 8.1, presents the protection criterial/ of 16 dB

for the land mobile service. The typical characteristics of mobile systems in the frequency band
138174 MHz extracted from Table 1 of Appendix 1 to Annex 1 in RecommendatiorRITU
M.18080 are shown in Table 39.

TABLE 39

Base station and mobile stabn characteristics for frequency sharing
in the frequency band 138174 MHz

Base station Mobile station
Type of emission Analogue ‘ Digital Analogue | Digital
Receiver
L 6to 12 6to 12 6to 12 6to 12
Noise figure (dB
gure (dB) @) @) @) @)
IF filter bandwidh (kHz) 8/11/12.5/16 | 5.5/5.5/5.5/5.5 8/11/12.5/16 | 5.5/5.5/5.5/5.5
. Oto9 Oto9 1T10 tog 1T10 toao
Antenna gain (dBd) ©6) (8) (H: 110 (H: 110
Radiation pattern Omnidirectional | Omnidirectiona| Omnidirectional| Omnidirectional
Antenna polarization Vertical Vertical Vertical Vertical
Oto6 Oto6 Oto1l Oto1l
Total loss (dB) 3) 3) (H: 0, V: 1) (H: 0, V: 1)

If I/N =16 dB, the permitted received interference power in the port of receiPéBsn/4 kHz) =
No+ NF +I/N =7174 + 7i 6 + 10*log (4000) = 136.98dBm/4kHz.

With P being the received interference power (W), pfd being the pfd @¥/4rkHz)), Go being the
isotropic antenna gain (dBi, in dBd + 2.15)paing total loss between antenna and receiver (gB),
being polarization mismatch loss ¢B) andf being 160 MHz, pfd could be calculated with
equation(1):

pfd(dBm/Mm?4kHz)) = P(dBmV4kHz)i (38.55 +Go i 20*log(f/MHz)) i 30 dB +a,(dB) +Ly(dB) (1)

The maximum permittegbfd to surface of antenna of land mobile base station will be pfd =
T 163.6dBm/(m?*4kHz).

For the base stations the average -fitbe patterns (in vertical) are codered in sharing study
according taRecommendation ITUR F.1336 for omnidirectional radiation pattemsazimuth)as
presented in equatio)(below.
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S5 O pg— for gs |
of .0 pupkiCQ p fdr ds | 2
E:‘O puvprni g ° 0 fdr gs wn
with:
[T pguv —lTCQop
where:

“Of :gain relatie to an isotropic antenna (dBi)

‘0: the maximum gain in the azimuthape (dBi) knowing thatO in dBi equals
‘OindBd + 2.15

[: elevation angle relative to the angle of the maximum gain (degrees)

WA [ wh
[ : the 3 dB beamwidth in the elevation plane (degrpes) p &g p 1 2

Q paameter which accounts for increased dalee levels above what would be
expected for an antenna with improved dolee performance (for antennas
operating in the 408Hz to 3 GHz range, the paramei@should be 0.7).

Given that pfd is calculated witquation {) and thatOf as defined in equatior2)is a function
of the elevation angl, then the VDESAT downlinkpfd is also a function of the elevation angle:

POH pC— for gs |
00b . [ . ptd@ pmlCE p fdr dgs | 4
, 8
;\J,"prqu pi i ¢ ¥ E fdr s wh
with [ the elevation angl¢, p & X J p @uahdE 1.

pudn pq— for s |
000, | . pt@ pmiCQ p fdr dgs [ (5
8 .
y PTa pk 1 ¢ Q fdr gs wn

with [ the elevation angl¢, ¢ & ) ¢ @B eahdE 1.

6.1.2.2.2 pfd mask with the method I/N where N includes environment noise

The Recommendation ITR@ P.3721 3 fiRadi o Noi se0 provides-meth
made noise level depending on the environment and galactic noise for different bands. For the VHF
maritime mobile band, galactic noise with temperaturd of 24 dBK and marmade noise with
temperature in the range frotn =31 to 38 dBK are the main sources of external noise. The overall
equivalent temperature4s o T A 'While a rural scenario is considered.

Therefore, the noise floor equale v @ B W/ 1 § coksldering the environment noiger I/N =
16 dB, the permitted received interference power in the port of receivE82sdBW per &Hz. Then
the maximum prmitted pfd to the antenna surface of a base station will be pfd =
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1 158.5dBW/(m?*4kHz) and the maximum permitted pfd to surface of antenna of mobile station will
be pfd =i 154.5dBW/(m?*4kHz) with equation {). With elevation angl¢ , the PFD is:

puvadp pc— for gs |
0o g pt& prl CE p fdr ds | (6)
- 8
y PT® pai ¢¥ E fdr s wn
with [ the elevation angl¢, p & X J p @uandE 1.
pPUd pC— for ss |
000 . pP® pml CQ p fdr ss | (7)
. 8
y P P® pii ¢ Q fdr ss wn

¢®wf @R gahdE T
The pfd masks based orC/(1+N)

with [ the elevation angl¢,
6.1.2.2.23

6.1.2.22.3.1

The link between the base station anduleicle mobile station has been evaluated in § 6.1.2.2.1.2,
therefore, in this section, only the link between the handheld mobile station and the base station was
calculated.

Link calculationsfor transmissions between mobile stations and base stations

TABLE 40

Technical characteristics of land mobile service stations used limk budget study

Station type Base station Mobile station(H)
Digital Analogue Digital Analogue

Modulation type C4F4 FM C4F4 FM
Output power (typicdimin) (W) 60/30 30/5 30/5 30/5
Totalloss (dB) 2 0
Maximum antenna gain (dBd) 6.0 110
Maximum antenna gain (dBi) 8.15 17.85
Antenna height (m) 60 2
Distance to horizon from station (km) 27.7 5

NOTE 1i Simplex systems use the same frequency for both the base station and mobile station to
transmit.

NOTE 2i Frequency division duplesystems have different frequencies for the base station and mol
station which allows simultaneous communications.

NOTE 3i Typical values are shown in parenthesis. In some instances, more than one typical value
provided.

NOTE 471 e.r.p. is equal tde output power (dBW) plus antenna gain (dBd) minus total losses (dB).

Given the typical antenna heights for the land mobile base station and the mobile station, and the
distance to the horizon from the base or mobile station shown in 4@lilee mobié station to base
station range can be found to be the sum of the two distances, which is 3238Hhamtypical
characteristics of mobile systemseaccording td(RecommendatioifU-R M.18080.
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For the frequency of 162 MKzbased on Recommendation TR P.15465, the field strengths
exceeded 50% of the time and 90% of the locations assuming a transmission e.i.r.p. of 1 kW can be
calculated a87.7dB(eV/m). Then he path loss experienced on a land mobile transmission channel

is equal to 145.8 dB.

For theanalogue land mobile systems, the expected received signal level in mobile station and base

stationared o pog A" Andd o p T&A " With 16 kHz necessary bandwidth.
For the digitalland mobile systemshe expected received signal level in mobile station and base
stationare® o pc&A" andbd o p T&A " with 8 kHz necessary bandwidth.

6.1.2.22.3.2 The requirement to protect the land mobile service

For the analogue land mobile systema § 2.2 of Annex 1 of Recommendation HRJM.1808,
SINAD ratio values of 12 dB to 20 dB was proposed for establishing degradation protection, which
corresponds taC/(N+l) levels of 6.4 dB to 7.8 dB (see § 6.1.2.2.1.4). In this sedli§N+l) = 6dB
providing a SINAD ratio value of 12 dB, is considered to provide protection to the land mobile service
from VDE-SAT downlink signals.

For digital land mobilesystems in the frequency band between 138 and 174 MHz, a bit error rate of
2-5% with C4FM modulation is targeted. Given ti@&t corresponds to symbol energy to noise
density ratio’Q 70 ), C/(N+l) = 13dBwas considered, which could be referreth® Report ITUR
M.1021-0.

6.1.2.22.3.3  Calculation of the pfd mask

For analogue land mobile systethe system noise level is NA53dBW (see %.1.2.2.2.2 Then
the maximum interference fohé base statiors 'O p THA " 7(per 16kHz) andO
p o A" TAper 16kHz) for the mobilestation

For digital land mobile systenthe maximum interference i® p vA" 7(per 16kHz) for
the base statioandO p T A" Aper 16kHz) for the mobilestation

Considering the digital land mobile system is vulnerable to interference, the required pfd was
calculated with the permitted interference to a digital system.

The permitted received interference power in the port of ftasienis p @ A" 7Aper 4kHz) and
p T &" Tper4kHz) for a mobilestation The permitted pfd could be calculated with equat@n

0’000 A"®E(U o®u Ozcmaé™@ (U &A" 0 A" (8)
The maximum permitted pfd to the antenna surface dfase station will beD & $
PUBA" Ta4SzZTE( Bnd 0 &S ¢ po®A" Taszt E (.UGiven that BFD is

calculatel with equations4) and §), and that | as defined inZd) is a function of the elevation
anglef , then the VDES awnlink pfd is also a function of the elevation angle:

S pu& pG— for s |
0&$ 7 J ., pPT& pmwlCE p fdr dgs | 9

>

L 8
b pta pil ¢ E fdr gs av
with [ the elevation anglg, p & x,J p @vahdE 1.
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s po®w pg— for s —
000 [ . pc@ piiCQp for gs — (10)
f;pciﬂ! oI CE ° 0 for g3 wn
with [ the elevation angl¢, ¢ & ) @B eahdE 1.

6.1.2.2.2.4 Conclusions

The comparison of different pfd masks is illustrated in Fig. 17. The pfd maBkéare derived from
calculations aly considering receiver noise floor. The pfd maskBNfare the result of evaluation,
in which the noise floor composed of receiver noise and radio noise. The pfd m&#{ds-Nj are
based on the analysis considering the link between the base atadidime handheld mobile station
in the land mobile service.

In Fig. 17, the pfd mask dfN1 and pfd mask o€/(1+N) for the base station are close to each other
(only 1 dB in difference), which means the methdi and methodC/(I+N) could produce simila
results. Therefore, the pfd mask for the VBEBT downlink is suggested as below, which is in
compliance with theprotection criteria to the land mobile service in28 of Annex 1 of
Recommendation ITUR M.18080.

s PuLd pg— for gs |
0&$ . pt&@ pHwl CE p fdr dgs J
Jpr&r pi i ¢ ¥ ° e fdr gs wn
with [ the elevation angl¢, p & X J p @uvahdE T&.

FIGURE I7

Comparison of pfd masksderived from methods in § 6.1.2.2.2
and in Recommendation ITUR M.2092-0
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6.1.2.2.3 View 3 about pdf mask

6.1.2.2.3.1 Characteristics of the systems operating in the 15862 MHz in the mobile

service

The characteristics of systems in the mobile sexeating in the frequency band 1662 MHz are
given in Recommendation I8 M.1808. Table 41 presents the characteristics of base stations and
Table 42 contains characteristics of mobile stations taken from the mentioned Recommendation.

TABLE 41
Base stdion receiver characteristics in the frequency band 13874 MHz
Frequency band (MHz) 138174
Type of emission Analogue Digital
Noise figure (dB) 6i 12 6i 12
) ()
IF filter bandwidth (kHz) 8/11/12,5/16 5,5/5,5/5,5/5,5
Sensitivity (dBm) 11186121 1116121
( 119) (1119)
Antenna gain 0r9 0’9
(dBi = dBd + 2.15) (dBd) (6) (8)
Antenna height 10r 150 10r 150
(relative to ground level) (m) (60) (65)
Radiation pattern Omnidirectional Omnidirectional
Antenna polarization Vertical Vertical
Total loss () 0i 6 0i 6
3 3

NOTE 17 Simplex systems use the same frequency for both the base station and mol

station to transmit.

NOTE 2i Frequency division duplex systems have different frequencies for the base ¢

and mobile station which allows simuleous communications.

NOTE 3i Typical values are shown in parenthesis. In some instances, more than one

value is provided.
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TABLE 42
Mobile station receiver characteristics in the frequency band 13874 MHz
Frequency band (MHz) 138174
Type of emission Analogue Digital
Noise figure (dB) 6i 12 6i 12
) )
IF filter bandwidth (kHz) 8/11/12,5/16 5,5/5,5/5,5/5,5
Sensitivity (dBm) T1T6121 1136121
(1119) (1119)
Antenna gain [ [
(dBi = dBd + 2.15) (dBd) (H: 110, (H: 1210,
Antenna height 2) 2)
(relative to ground level) (m)
Radiation pattern Omnidirectional Omnidirectional
Antenna polarization Vertical Vertical
Total loss (dB) Ol 01
(H: 0, V:1) (H:0,V:1)

NOTE 11 Simplex systems use the same frequency fdr e base station and mobile
station to transmit.

NOTE 27 Frequency division duplex (FDD) systems have different frequencies for the
base station and mobile station which allows simultaneous communications.
NOTE31 Typical values are shown inparentiiesi A H: 0 represent
mobile stations and AVO0: represents t
some instances, more than one typiedlie is provided.

S
h

Figure 18 shows antenna patterns for typical antennas used in the lalelseoiice as described in
Recommendation ITHR F.13364. The red dotted line shows the approximation that was used to
determine the pfd mask.
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FIGURE 18
VHF typical antenna pattern in vertical plane

Elevation (0) (degrees)

0 dBd 6 dBd
3 dBd

9 dBd Report M.2435-18

In accordance with Recommendation FRJ .1808 the prtection ratiol/N of 16 dBwas used as
the protection criteria.

6.1.2.2.3.2 Estimation of the pfd mask to ensure protection for the systems in the mobile
service

Tables 43 and 44 contain the estimation of the required pfd limits for protection of daselaite
stations.

TABLE 43
Estimation of the required pfd limits for protection of base stations
Hovaton |y |y | Ny |l | g | Reduredp
( degree) (dB) (K) | @BW@AKHZ) | 4 fee(ddeE:)Ioss 4 kHz))
0 7 1175 1161.9 1167.9 10 1172.3
10 7 1175 1161.9 1167.9 4 1168.3
20 7 1175 1161.9 1167.9 15 1163.8
30 7 1175 1161.9 1167.9 Tl 1161.3
40 7 1175 1161.9 1167.9 135 1158.8
50 7 1175 1161.9 1167.9 16 1156.3
60 7 1175 1161.9 1167.9 16 1156.3
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TABLE 43 (end
Elevation N . No | add gA ;::]evr\]/nﬁ Required pfd

angle (dBW (dBW/(n?
(degree) (dB) (K) (dBW(4 kHz)) (4 kHz)) fee?deé)loss *4 kHz))

70 7 1175 1161.9 1167.9 16 1156.3

80 7 1175 1161.9 1167.9 16 1156.3

90 7 1175 1161.9 1167.9 16 1156.3

TABLE 44
Estimation of the required pfd limits for protection of mobile stations
Antenna
Elevation N G No l add gain with Required pfd
angle (dB) (rl‘<°')se (dBW (dBW feeder (dBW/(n?
(degree) (4 kHz)) (4 kHz)) loss *4 kHz))
(dB)

0 7 1175 1161.9 1167.9 1 1163.3

10 7 1175 1161.9 1167.9 1 1163.3

20 7 1175 1161.9 1167.9 1 1163.3

30 7 1175 1161.9 1167.9 1 1163.3

40 7 1175 1161.9 1167.9 1 1163.3

50 7 1175 1161.9 1167.9 1 1163.3

60 7 1175 1161.9 1167.9 1 1163.3

70 7 1175 1161.9 1167.9 1 1163.3

80 7 1175 1161.9 1167.9 1 1163.3

90 7 1175 1161.9 1167.9 1 1163.3

6.1.2.2.3.3 Estimation of VHF data exchange system satellite component downlink impact

to the systems of the mobile service

The comparison of the pfd levels created by V&&T4 downlink with the pfd levels required for
protection of the systems in the mobile service obtained in Tables 24 and 25 are shown in Tables 45
to 48.

4 The pfd levels are taken from Table-84RecommendatiolTU-R M.20920.
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TABLE 45

Estimation of pfd level excess created by VHF data exchange system satellite with Yagi
antenna against the required pfd level for protection of base station with the maximum
antenna gain of 9 dBi

Elevation angle VDE-SAT pfd Required pfd Excess

(degree) (dBW/(n? *4 kHz)) | (dBWI/(m? *4 kHz)) (dB)
0 1152.4 1172.3 19.9
10 1149.1 1168.3 19.2
20 1146.2 1163.8 17.6
30 1144.2 1161.3 17.1
40 1143.4 1158.8 154
50 1143.5 1156.3 12.8
60 1144.5 1156.3 11.8
70 1146.7 1156.3 9.6
80 1149.2 1156.3 7.1
90 i1152.4 1156.3 3.9

TABLE 46

Estimation of pfd level excess created by VHF data exchange system satellite with Yagi
antenna against the required pfd level for protection of mobile station

Elevation angle VDE-SAT pfd Required pfd Excess
(degree) (dBWI/(m? *4 kHz)) | (dBW/(n? *4 kHz)) (dB)
0 1152.4 1163.3 10.9
10 1149.1 1163.3 14.2
20 1146.2 1163.3 17.1
30 1144.2 1163.3 19.1
40 1143.4 1163.3 19.9
50 1143.5 1163.3 19.8
60 11445 1163.3 18.8
70 1146.7 1163.3 16.6
80 1149.2 1163.3 14.1
90 1152.4 1163.3 10.9
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TABLE 47

Estimation of pfd level excess created by VHF data exchange system satellite with Isoflux

antenna against the required pfd level for protection of base station

Elevation angle VDE-SAT pfd Required pfd Excess
(degree) (dBWI/(n? *4 kHz)) | (dBWI/(n¥ *4 kHz)) (dB)
0 1151 1172.3 21.3
10 1148.2 1166.3 18.1
20 1145.8 1163.8 18.0
30 1145.1 1161.3 16.2
40 1144.9 1158.8 13.9
50 1145.6 1156.3 10.7
60 1145.7 1156.3 10.6
70 1147 1156.3 9.3
80 1147.6 1156.3 8.7
90 1148 1156.3 8.3
TABLE 48

Estimation of pfd level excss created by VHF data exchange system satellite with Isoflux

antenna against the required pfd level for protection of mobile station

Elevation angle VDE-SAT pfd Required pfd Excess
(degree) (dBW/(n? *4 kHz)) | (dBWI/(m? *4 kHz)) (dB)
0 1151 1163.3 12.3
10 1148.2 1163.3 15.1
20 1145.8 1163.3 17.5
30 1145.1 1163.3 18.2
40 1144.9 1163.3 18.4
50 1145.6 1163.3 17.7
60 1145.7 1163.3 17.6
70 1147 1163.3 16.3
80 1147.6 1163.3 15.7
90 1148 1163.3 15.3
6.1.2.2.34 Conclusions

The estimation results given iTables 45 to 48 show that the VEHAT downlink emissions can
cause unacceptable interference to the systems in the mobile service. Therefore, sharinr§ATVDE
downlink with the stations of the mobile service is unfeasible in the considered frequedsy ba



Rep. ITU-R M.24350 63

6.2 Out-of-band interference

6.2.1 Maritime distress and voice services

The impact of introducing VDEAT downlink into channels 24, 84, 25, 85, 26 and 86 of RR
Appendix 18 was addressed in Report TR M.2371, along with introduction of VDEER in
channel 24, 84, 25 and 85 of RR Appentld«

The VDESAT uplink has common characteristics with VADER shipto-shore. Therefore,
VDE-SAT uplink will not create any additional interference to maritime distress and voice services.

The VDESAT downlink is Icated in the upper leg channels of RR Apperidixwhile maritime
distress services and sHipship and shigo-shore voice is located in the lower leg channels. The
4.6 MHz frequency separation between VISIAT downlink and these services ensure that dagy

be protected from harmful interference.

6.2.2 Satellite automatic identification system

The impact of introducing VDEAT downlink into channels 24, 84, 25, 85, 26 and 86 of RR
Appendix 18 was addressed in Report TR M.2371, along with introductionof VDE-TER in
channel 24, 84, 25 and 85 of RR Appenti8x

The VDESAT uplink has common characteristics with VAIDER shipto-shore. Therefore, VDE
SAT uplink will not create any additional interference to satellite AlS.

The impact of the VDESAT transmis®n on the AIS1, AlS2, ASM1, ASM2 and RIS reception

by satellite has been highlighted in Report fRUM.2371. Due to a large frequency separation
between VDESAT transmission frequencies and -I48S frequencies, no impact on the satellite
detection of LRAIS is expected. The impact of VDEAT transmission on the reception of AIS1,

AIS2 and ASM1 and ASM2 depends on the system scenarios.

In a system scenario where the VAISBT transmission and SAAIS reception are hosted on
different satellites the impactilbe reduced by the separation between the satellite orbits and their
coverage. In this case, when the two satellites are close together, the use of bulletin boards and the
announcement channels as specified in RecommendatiofRIMJ20920, provides a gactical
solution to coordinate and control the duty cycle of the Y& transmission. Using this
mechanism, system operators can schedule the §/Etransmission in a dynamic manner (with a
repetitive control as frequent as every minute) to avoid tteefé@rence of the VDESAT on the
detection of SATAIS. The high repetition rate for AIS transmissions from ships also increases the
detection of ships by SAAIS, even if some AIS messages are lost to interference fromSSE
transmissionsThe time that VDE-SAT satellite is within interference range of a SATS satellite

will not be continuous, and in most circumstances, will be limited to only a few minutes.

The colocation of a SATAIS receiver and a VDISAT transmission may require a more
sophisticéed solution on board of the satellite. One such solution can bedupléx radio design

that would allow for the cancellation of interference caused by the transmitted signal. This may have
an effect on the complexity of the -twoard transceivers. Hower, the high repetition rate for AIS
transmissions from ships also increases the detection of ships bxISAven if some AIS messages

are lost due to interference from VEFAT transmissions

6.2.2.1 Satellitei automatic identification system receivemblocking analysis

Reception of a strong signal on a nearby channel will result in compression in th&lSAdceiver,

which can result in blocking of the SAAIS receiver. The blocking performance of a radio receiver

is typically described as the inputvéd of the unwanted signal where it will generate a 1 dB
compression of the wanted signal. A 1 dB compression level result in an insignificant impact on the
receiver performance.
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SAT-AIS receivers, commercially available, typically have a 1 dB comprebksiehof-48 dBm, for

the most sensitive receiver setting. To ensure that the-SBE downlink is operating within the
mask defined in Recommendation HRJM.20920 and provided in § 4.2.1, the maximum output
power of a VDESAT transceiver is 22.0 dBm in5® kHz channel. This also assumes Yagi antenna
case. With frequency plan alternative 1 and 3, up to 150 kHz will be available for th&SXDDE
downlink, while with frequency plan alternative 2 up to 525 kHz will be available for the ¥/SE
downlink. If the full VDE-SAT downlink band is used by a satellite, either as single or-cauttier,

the total output power of the VBEAT transceiver will then be either 26.8 dBm or 32.2 dBm. These
two output power levels are the basis for the analysis of requiredasiep distance presented in
Table 49.

TABLE 49
Satellitei automatic identification system receiver blocking analysis
Frequency plan Frequency plan
alternative 1 alternative 2
VDE-SAT tx output power (dBm) 26.8 32.2
Feed loss (dB) 1.1 1.1
Max VDE-SAT tx antenna gain (RHCP) (dBi) 8.0 8.0
SAT-AIS rx antenna gain (LP) (dBi) 0.0 0.0
Polarization loss (dB) 3.0 3.0
Max acceptable SARIS rx input level (dBm) 148 148
Required free space loss (dB) 78.7 84.1
Required separation distance (km) 1.3 2.4

From Table 49 it can be observed that even in a weasé scenario, with full output power from the
VDE-SAT transceiver using frequency plan alternative 2, the required separation distance to avoid
blocking of a SATAIS receiver on another satellite is or#lyd km. Such proximity between two
satellites occurs very rarely. Furthermore, given that satellites travel at a speed of akous,7if5

such proximity between two satellites occurs it will only last for a fraction of a second. Thus, it can
be concludd that AIS receiver blocking on other satellites by a VBAT transceiver is not a
problem, and no mitigation measures are needed.

6.2.2.2 Satellitei automatic identification system receiver front end burnout analysis

Reception of a very strong signal kit the operating frequency range of a SAIS receiver may
cause receiver front end burnout. A burn out protection level typically defines the receiver front end
input level that can be sustained over a longer period of time without damaging the fexeiverd.
SAT-AIS receivers, commercially available, typically have front end burnout protection level of 8
dBm. This value is used in the nominal case analysis of required separation distance for avoiding
SAT-AIS receiver front end burnout. Assuming thare SATAIS receivers on the commercial
market of lower quality, a worsiase analysis using a freahd burnout protection level of 0 dBm

has also been performed. The two analysis cases also assume the same {8A&TVICEhsceiver
output power levels abose used in the AIS receiver blocking analysis discussed in § 6.2.2.1. Table
50 presents the analysis of the separation distance required for avoiding§ylSAdceiver front end
burnout.
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TABLE 50
Satellitei automatic identification system receiver front end burnout analysis
Worst case Nominal case

VDE-SAT tx output power (dBm) 32.2 26.8
Feed loss (dB) 1.1 1.1
Max VDE-SAT tx antenna gain (RHCP) (dBi) 8.0 8.0
SAT-AIS rx antenna gain (LP) (dBi) 0.0 0.0
Polarization loss (dB) 3.0 3.0
Max acceptable AT-AIS rx input level (dBm) 0.0 8.0
Required free space loss (dB) 36.1 22.7
Required separation distance (km) 0.009 0.002

From Table 50 it can be observed that even in a veaist scenario, with full output power from the
VDE-SAT transceiver using fgeiency plan alternative 2 and a very sensitive AlS receiver, the
required separation distance to avoid AIS receiver front end burnout on another satellite is only
0.009km. Such proximity between two satellites occurs extremely rarely. Furthermore, lgaten t
satellites travel at a speed of about 7.5 km/s, if such proximity between two satellites occurs it will
only last for a fraction of a second. Also, such proximity events do not happen without ample warning,
allowing a planned shutdown of the VEFAT transceiver if so deemed necessary. Thus, it can be
concluded that SA-RIS receiver front end burnout on other satellites by a \@*g transceiver is

not a problem, and no mitigation measures are needed.

6.2.3 Radiolocation service in the frequency band 15456 MHz

6.2.3.1 Introduction

Radio regulations (RR) N&.225Aspecifies that in certain countries of Region 1 the frequency band
154156 MHz is allocated to the radiolocation service on the primary basis. Application of the
radiolocation service in thoseequency bands is limited to the space surveillance radars. Study results
reflected in ReporiTU-R M.21721 show that the mentioned radars could operate in a shared manner
with the maritime mobile service (MMS) ground systems operating in the adjaeguéncy band
156174 MHz.

A sharing study has been performed to ascertain if the potentiatSAIEdownlink service will
generate harmful interference into the radiolocation service.

6.2.3.2 Transmitter and receiver characteristics of the radiolocation sevice used for the
sharing study

Table 51 presents characteristics of the space surveillance radars operating in the frequency band
154156 MHz. The characteristics were taken from Report-RM.21721 and were used in the
compatibility studies.
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TABLE 51

Radiolocation service systems characteristics

Radar ¢ Radar |
(narrow-band radar) (wideband radar)
Frequency band (MHz) 154156
Output pulse power (min/max) (dBW) 27146 40/46
Mean output power (min/max) (dBW) 22/41 35/41
Polarization Linear
Pulse drration frs) 13 000 3 200
Duty cycle 0.322
Modulation type Pulse
Altitude above the ground level (m) 19

Antenna type Phased array
Maximum antenna gain (dB)

T transmitter 25

T receiver 30
Maximum antenna gain on the horizon (dB) 9

Antenna pattern

See §1.1 in Appendix 1 of Report ITAR M.21721

Main beam pattern (degrees)

i horizontal plane (Rx/Tx) 2.6/5.2

i vertical plane (Rx/Tx) 2.6/2.6

Receiver noise temperature (K) 800
Operational r e dBclavel) ékHz) | 0.132 625
Receiver thermal noise (dBW) 1178. 4 1141.6

In Recommendation ITHR M.18021 the protection criteria for the radiolocation service is given as

I/N =716 for both radar types. When converting teeeiver thermal noise level stated for Radar A and
Radar B in Table 51 to receiver thermal noise density, they both end up with a receiver thermal noise
density level of 199.6 dBW/Hz. To ensure the protection of the radiolocation service, any integferenc
must be at least 6 dB below that noise level. That correspond$otof&i205.6 dBW/Hz.

According to the technical characteristics of the radiolocation service as presented in Table 51, the
maximum receiver gain is 30 dB. It is assumed this is theajal®6 MHz. The effective aperture

area of the receiver antenna is tien= (G*c?)/(f*4") = 24.7 dBM. Thus, to ensure protection of

the radiolocation service, the interference pfd in the-1%8 MHz band must be less than

T 230.3dBW/(n? *Hz).

6.2.3.3 VHF data exchangesatellite downlink proposed power spectral and pfd mask

The VDESAT downlink has an imposed pfd mask, as specified in RecommendaticiR ITU
M.2092-0 and provided in § 4.2.1 for thelrand signal. This mask is presented in Table 5 and aga
here in Table 52.
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TABLE 52

Proposed power spectral angfd mask
) mtr At mwm gt | vm
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6.2.3.4 VHF data exchange' satellite downlink out of band noise

Without additional filtering of the spectral side lobes, the noise genkbgta VDESAT transmitter

in the frequency band 15466 MHz be will more than 50 dB below that of theband signal.
Appropriate filtering can ensure an additional 15 dB of reduction of the out of band noise. Table 53
presents the resulting interferenafd mask for the 15456 MHz frequency band.

TABLE 53
Proposed interference pfd mask for the frequency band 15256 MHz

J mtr Nt g gl g
CUTITED @ [J nJd [ 1 up
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The significant frequency separationeen the radiolocation service in the frequency bandl5e4
MHz and the upper leg of the RR AppendBfrequencies starting at 160.625 MHz ensures that this
interference pfd mask will be the woksdse interference level in the frequency band 1158 MHz.

6.2.3.5 Conclusions

According to 8§ 7.2.5, the radiolocation service in the frequency band3&MHz operates in an
elevation span from-20 degrees. The proposed interference pfd mask presented in Table 53 provides
a maximum interference pfd at 70 degs ofi 239.0 dBW/(m¥* Hz). This is 3.7 dB below the
protection criteria level calculated in § 6.2.3.2.

The VDESAT downlink uses circular polarisation, while the radiolocation service uses linear
polarisation. This results in a 3 dB reduction in intenfere from the VDESAT downlink to the
radiolocation service due to polarisation loss. The additional 3 dB of margin endiéikecdriess
thani 12.7 dB.

Based on these calculations it is concluded that the-8BE downlink, in compliance with the
proposed interference mask, will not cause harmful interference to stations operating in the
radiolocation service in the 18466 MHz frequency band amaling to Report ITER M.21721 and
Recommendation IT4R M.18021.

6.2.4 Broadcasting service in the frequency band 16264 MHz

Radio Regulations Nd.229stipulates an alternative allocation in Morocco in the frequency band
162-174 MHz to the broadcastirservice on a primary basis. The use of this band for this allocation
shall be subject to agreement with administrations having services, operating or planned, in
accordance with the Table of Frequency Allocations in RR Arfieldich are likely to be &tcted.
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Thus, outside of Morocco, any changes to the V& downlink to avoid interference to the
broadcasting service in this band requires agreement between relevant administrations.

6.2.5 Space operation service (spae®-Earth) in the frequency band 162-164 MHz

Radio Regulations N&.23Q stipulates an alternative allocation in China in the bandl8d3VIHz

to the space operation service (spaxe&arth) on a primary basis, subject to agreement obtained
under RR N09.21 RR No.9.21stipulates the iguirement to seek agreement of other administrations
to use this service. Thus, outside of China, any changes to theSADEdownlink to avoid
interference to the space operations service (sfgaEarth) in this band requires agreement between
relevant adhinistrations.

6.2.6 Land and aeronautical mobile services in adjacent frequency bands

The VDESAT uplink has common characteristics with VADER shipto-shore. Therefore, it will
not create any additional interference to land and aeronautical mobileeservi

The VDESAT downlink is in compliance with the pfd mask specified RecommendatiorRITU
M.2092-0 and provided in 8 4.2.1. The pfd mask is presented in Table 5. In addition, as discussed in
§ 6.2.3.4, the out of band emissions from the VB®XT downlinkwill be at least 65 dB below the
in-band emissions when more than 500 kHz away from the-8BE downlink. Thus, land mobile
stations in adjacent frequency bands will not experience harmful interference from thEA/DE
downlink.

6.2.7 Radio astronomy out d band pfd mask

Before WRC15, studies were performed and a pfd mask was defined for theSAOEdownlink
emissions and for the protection of the RAS operating in the nearby band-153.06MHz. This
mask is included and described in RecommendationRTM.20920, and it specifies that the
VDE-SAT downlink emissions not exce&d38 dBW/nt in a 2.95 MHz bandwidth centred around
152MHz. Application of this pfd mask will ensure the protection of the RAS band
150.05153.00MHz.

A technical analysis provideat CPM15CPM152/106 shows that the implementation of a filter on
board the VDESAT providesan attenuation of 98B in the nearby (radio astronomy) band
(150.05153MHz) and it was demonstrated that compatibility between MMSS in the band
161.78751619375MHz and the RAS in the band 150-053MHz is feasible. An attenuation of

90 dB ensures the protection of the radio astronomy station, regardless of total measurement duration
(even in the worst case considering measurements by the radio astronommyl€i@% of the time)

and minimum elevation angle.

The 150.05153MHz band is commonly used in all ITR Regions by large radio telescopes (often

an array of antennas). This band is frequently used for pulsar detection, and only for broadband
continuum obervations (never for narreland spectral line observations). In addition to these
observations, it is also necessary to protect the Radioastronomy band ceff¢re@2&3MHz,
frequency width = 6.81Hz, from harmonics in the spurious domain.

Accordingto Recommendation ITAR SM.32912, the following can be found:
Unwanted emissions in the spurious domain

Attenuation (dB) below the power (W) supplied to the antenna transmission line for space
services should be 43 + 10 IBgor 60 dBc, whichever i®s stringent.

(Under reference bandwidth of 4 kHz)
Spurious emission under the existing recommendation shown above is compared with threshold

levels of interference detrimental to radio astronomy observations (RecommendatieR ITU
RA.7692).
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Using a toth mean radiated power of 50 W by the VIHAT component, the corresponding
attenuation relative to total mean power equals 43 + 10 log 50 = 60 dB. So, the maximum power
emitted from the satellite in the spurious domain is 50(Wf¥*#& 50 W)

The pfd ofradio emission from a source (satellite) received at a receiver on the g&ufljs
expressed as:

S pS=P/(4'12) = E¥120°

where P(W) is radiation power from the source, r(m) distance from the source to the receiver, E(V/m)
electric field strendt at the receiver. Isotropic radiation and radiation efficient of unity are assumed.

In a case of B50eW (df=4kHz) and distance between the satellite and the RAS station
1 000km,

SpS=50x10°%(4" x(10%)?) = 4.0 x 10 W/ m?
=174 dB(WH?)
SpB/df= 1.0x10%t W/ m*Hz
=210 dB(Wh?*Hz)

The threshold levels of interference detrimental to radio astronomy observations (Recommendation
ITU-R RA.7692) are for continuum observatiorfs£325.3MHz, df=6.6 MHz)

pfd: i 189 dB(Wh?)
Spectrapfd: i 258 dB(W/m?*Hz),
and for spectral line observatioris{327MHz, df=10 kHz)
pfd: i 204 dB(WM?)
Spectral pfd: i 244dB(W/m?*Hz)

Comparison othe received pfd of 174 dB(Wm?) with these threshold values lead to excesses of
emission of respectively o61dB and 30 dB for continuum and spectral line observations.

Spurious emission of the candidate frequency bands, typically by harmonics, may impact RAS bands
such as 32328.6MHz. For protecting the RAS frequency bands, all downlink emissions of the
satelite in the spurious domain including harmonics need to meet the interference threshold defined
in Recommendation ITAR RA.769.

The excesses of spurious emissions may be compensated by the implementatimaitidiitering
is implemented on the VDBAT downlink, as mentioned above.

7 Satellite receiver resilience to harmful interference from incumbent services in the same
and adjacent frequency band

7.1 Compatibility of VHF data exchangei satellite with the mobile service operating in the
frequency band 56-162 MHz

7.1.1 Introduction

The three frequency plan alternatives currently under consideration, as discussed in 8§ 3, propose to
use frequencies for the VDEAT uplink that are allocated to the mobile service (except aeronautical
mobile in Region 1) subft to the Radio Regulations. It is therefore necessary to study the potential
impact of the mobile service into the VEEAT uplink.
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This section presents results of studies of the compatibility of the ¥/SEuplink in the frequency
bands 157.1875 to 12275 MHz and 161.7875 to 161.9375 MHz with the land mobile service
operating in the 156 to 162 MHz band.

7.1.2 Characteristics of land mobile systems operating in the 156 to 162 MHz band

Representative technical and operational characteristics of comadnsind trunked land mobile
systems operating in the mobile service in the frequency bandl@b8VIHz are given in
Recommendation ITYR M.1808. Table 54 provides the technical characteristics of base stations and
Table 55 provides technical characteristiocf mobile stations as they are given in that
Recommendation.

TABLE 54

Technical characteristics for base stations operating in the mobile service in the frequency
band 138174 MHz

Type of emission Analogue Digital
Systerrwide
Channel bandwidtfkHz) 12.5/15/25/30 6.25/7.5/12.5/15
Modulation type FM C4FM
Type of operation Simplex/duplex Duplex
Typical SINAD or BER (dB/%) 12 dB 5%
Transmitter
Output powel(W) 51125 20125
(30) (60)
(100) (100)
e.r.p.(dBw) 7126 13126
(19) (18)
(24) (24)
Necesary bandwidthikHz) 11/11/16/16 5.5/5.5/8.1/8.1
Coverage radiugkm) 1i75 1i75
(50) (50)
Antenna gair(dBd) 0i 9 0i 9
(6) (6)
Antenna height (m) 10i 150 10i 150
(relative to ground level) (60) (65)
Radiation pattern Omnidirectional Omnidirectional
Antennapolarization Vertical Vertical
Total loss(dB) or 7 3i9
(2) (6)
(2)
Receiver
Noise figure(dB) 6i 12 61 12
(1) )

IF filter bandwidth(kHz)

8/11/12.5/16

5.5/5.5/5.5/5.5




Rep. ITU-R M.24350

TABLE 54 (end

71

Type of emission Analogue Digital
Sensitivity(dBm) T13a B 1 21 T13a G 121
(1119) (1T119)
Antenna gair(dBd) 09 0r 9
(6) (8)
Antenna height (m) 101 150 10i 150
(relative to ground level) (60) (65)

Radiation pattern

Omnidirectional

Omnidirectional

Antenna polarization Vertical Vertical
Total loss(dB) 0i 6 0i 6
3 3

NOTE 17 Simplex systems use the same frequency for both the base station and mobile statio

transmit.

NOTE 2i Frequency division duplex systems have different frequencies for the base station ar
mobile station which allows simultaneotsmmunications.

NOTE 3i Typical values are shown in parenthesis. In some instances, more than one typical v

provided.

NOTE 41 e.r.p. is equal to the output power (dBW) plus antenna gain (dBd) minus total losses

TABLE 55

Technical charactetistics for mobile stations operating in the mobile service in the frequency

band 138174 MHz

Type of emission Analogue Digital
Systerrwide
Channel bandwidtfkHz) 12.5/15/25/30 6.25/7.5/12.5/15
Modulation type FM C4FM
Type of operation Simplex/duple Duplex
Typical SINAD or BER (IB/%) 12 dB 5%
Transmitter
Output powe(W) 17 100 17 100
(H:5 (H:5
V: 30, 50) V: 30, 50)
e.r.p.(dBw) T B18 T 818
(H: 13 (H: 13
V: 14, 16) V: 14, 16)
Necessary bandwidth (kHz) 11/11/16/16 5.5/5.5/8.1/8.1
Antenna gair(dBd) [ T 1li@a
(H: 110, (H: 110,
Antenna height (2) 2)
(relative to ground level) (m)
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TABLE 55 (end

Type of emission

Analogue

Digital

Radiation pattern

Omnidirectional

Omnidirectional

Antenna polarization Vertical Vertical
Total loss(dB) o1 01
(H:0,V:1) (H: 0, V: 1)
Receiver
Noise figure(dB) 6i 12 6i 12
(1) )
IF filter bandwidth(kHz) 8/11/12.5/16 5.5/5.5/55/5.5
Sensitivity(dBm) T1I6121 T1I6121
(1T119) (1T119)
Antenna gair(dBd) 1 1ia 1 1ia
(H: 110, (H: 110,
Antenna height () (2

(relative to ground level) (m)

Radiation pattern

Omnidirectional

Omnidirectional

Antenna polarization Vertical Vertical
Total loss(dB) 01 Ol
(H:0,V:1) (H:0,V:1)

NOTE 171 Simplex systems use the same frequency for both the base station and mobile station-
transmit.

NOTE 27 Frequency division duplex (FDD) systems have different frequencies for the base static
mobile station which allows simultaneous communications.

NOTE3i Typi cal values are shown in parenthesi:
stations and AV:0 represents the value for
typicd value is provided.

NOTEA417 e.r.p. is equal to the output power (dBW) plus antenna gain (dBd) minus total losses (d

For the studies of the compatibility of the VEFAT uplink with the land mobile service the typical
values from Table 54 and Table B&ve been used. These technical characteristics and values are
summarized in Table 56.

TABLE 56

Typical values for technical characteristics of land mobile service stations used in
compatibility study

Station type Base station Mobile station
Necessary &ddwidth (kHz) 16 16
Output power (W) 100 50
Output power (dBW) 20 17
Feed loss (dB) 2
Maximum antenna gain (dBd) 6
Maximum antenna gain (dBi) 8
Maximum e.r.p. (dBW) 24 16
Maximum e.i.r.p. (dBW) 26 18
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Figure 19 shows antenna patterns foragpantennas used in the land mobile service as described in
Recommendation ITHR F.13364. Assuming a 6 dB antenna is used at the base station adigida 0
antenna is used at the mobile station, the antenna gain versus elevation angle can be talvulated as i
Table 57 and Table 58 for the base station and mobile station respectively. Table 57 aB@ Table
also present the resulting e.i.r.p. versus elevation angle for the two station types.

R

10

FIGURE 19

Antenna patterns for typical antennas used in the land mobd service
as described in Recommendation ITLR F.13364
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TABLE 57
Base station antenna gain and e.i.r.p. versus elevation angle
Elevation angle Antenna gain e.i.r.p.
(degrees) (dBi) (dBW)
0 8.0 26.0
10 3.5 21.5
20 1T5.5 12.5
30 16.5 11.5
40 1T7.0 11.0
50 17.5 10.5
60 18. 0 10.0
70 18. 0 10.0
80 18. 0 10.0
90 18. 0 10.0
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TABLE 58
Mobile station antenna gain and e.i.r.p. versus elevation angle
Elevation angle Antenna gain e.i.r.p.
(degrees) (dBi) (dBW)
0 2.0 18.0
10 2.0 18.0
20 1.0 17.0
30 T0.5 15.5
40 T2.5 13.5
50 1T5.0 11.0
60 1T8.0 8.0
70 1T11.0 5.0
80 1T11.5 4.5
90 112.0 4.0

7.1.3 Characteristics of the VHF data exchangé satellite uplink

The technical characteristics of the VIZAT uplink are described 88 4.1 and 4.3 and summarized
in Table 59.

TABLE 59
Characteristics of VHF data exchange system satellite receiver

Parameter Value
Antenna noise temperatufi€) 200.0
Feed losse&lB) 1.0
LNA noise figure(dB) 2.0
LNA noise temperaturéK) 159.7
Feed loss noise temperature at LNA (K) 56.1
Antenna noise temperature at LNA (K) 158.9
System noise temperature at LNA (K) 374.7
System noise temperature at LNA (dBK) 25.7
Intrinsic noise power density (dBW/Hz) 1202.9
Intrinsic noise power in 42 kHz bandwidth (dBW) 1156.6
Required carrieto-noiseplusinterference ratioG/(N+1)) (dB) 1135

7.1.4 Estimation of interference level from base and mobile stations operating in the land
mobile service in the 156 td62 MHz band

Based on the technical characteristics for base stations and mobile stations in the land mobile service
and the VDESAT uplink receiver characteristics, the level of interference to the-SBE uplink

can be estimated. Tables 60 to 63 prowidstimate of the interference level from base and mobile
station at the satellite receiver input for both Isoflux and Yagi antenna. The analysis shows that the
maximum interference level at elevation angles of more than 10 degrees will be equal to:
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Interference from base station:
1123.1 dBW to satellite receiver with Isoflux antenna
1116.6 dBW to satellite receiver with Yagi antenna
Interference from mobile station:
1125.3 dBW to satellite receiver with Isoflux antenna
1117.7 dBW to satellite recsr with Yagi antenna

TABLE 60

Estimate of interference from base station to VHF data exchangesatellite uplink receiver
with Isoflux antenna

Radar elevation Base_ station | Polarization Path length | Path loss Satellite _ Il_nl\tlirf?r:ilnucdeir:g\:‘ilezt
angle e.i.r.p. loss (km) (dB) antenna gain loss
(degrees) (dBW) (dB) (dBi) (dBW)
0.0 26.0 3.0 2830 145.4 2.0 1121.4
10.0 21.5 3.0 1932 142.1 15 1123.1
20.0 12,5 3.0 1392 139.3 1.0 1129.8
30.0 11.5 3.0 1075 137.0 10.5 1130.0
40.0 11.0 3.0 882 135.3 12.0 1130.3
50.0 10.5 3.0 761 134.0 14.0 1131.5
60.0 10.0 3.0 683 133.1 15.0 1132.1
70.0 10.0 3.0 635 1324 17.0 1133.4
80.0 10.0 3.0 608 132.1 18.0 1134.1
90.0 10.0 3.0 600 131.9 18.5 1134.4

TABLE 61

Estimate of interference from base station to VHF data exchangesatellite uplink receiver
with Yagi antenna

Radar elevation Basg station | Polarization Path length | Path loss Satellite . Il_nl\tltz,f?:zlnucdeirlgvfile?jt
angle elr.p. loss (km) (dB) antenna_l gain loss
(degrees) (dBW) (dB) (dBi) (dBW)
0.0 26.0 3.0 2830 145.4 8.0 1115.4
10.0 215 3.0 1932 142.1 8.0 1116.6
20.0 12.5 3.0 1392 139.3 8.0 1122.8
30.0 11.5 3.0 1075 137.0 7.8 1121.7
40.0 11.0 3.0 882 135.3 6.9 1121.4
50.0 10.5 3.0 761 134.0 5.5 1122.0
60.0 10.0 3.0 683 133.1 3.6 1123.5
70.0 10.0 3.0 635 132.4 0.7 1125.7
80.0 10.0 3.0 608 132.1 12.2 1128.3
90.0 10.0 3.0 600 131.9 15.5 1131.4
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TABLE 62

Estimate of interference from mobile station to VHF data exchanggé satellite uplink receiver
with Isoflux antenna

Radar Mobile station | Polarization Satelite Interference level at
elevation ; | Path length | Path loss .| LNA, including feed
angle e.i.r.p. 0SS (km) (dB) antenna gain loss
(degrees) (dBW) (dB) (dBi) (dBW)
0.0 18.0 3.0 2830 145.4 2.0 1129.4
10.0 18.0 3.0 1932 142.1 15 1126.6
20.0 17.0 3.0 1392 139.3 1.0 1125.3
30.0 155 3.0 1075 137.0 10.5 1126.0
40.0 13.5 3.0 882 135.3 120 1127.8
50.0 11.0 3.0 761 134.0 14.0 1131.0
60.0 8.0 3.0 683 133.1 15.0 1134.1
70.0 5.0 3.0 635 132.4 17.0 1138.4
80.0 4.5 3.0 608 132.1 18.0 1139.6
90.0 4.0 3.0 600 131.9 18.5 1140.5
TABLE 63

Estimate of interference from mobile station to VHF dah exchangé satellite uplink receiver
with Yagi antenna

Radar Mobile station | Polarization Satellite Interference level at
elevation ; | Path length | Path loss .| LNA, including feed
angle e.i.r.p. 0SS (km) (dB) antenna gain loss
(degrees) (dBW) (dB) (dBi) (dBW)
0.0 18.0 3.0 2830 1454 8.0 1123.4
10.0 18.0 3.0 1932 142.1 8.0 1120.1
20.0 17.0 3.0 1392 139.3 8.0 1118.3
30.0 155 3.0 1075 137.0 7.8 1117.7
40.0 135 3.0 882 135.3 6.9 1118.9
50.0 11.0 3.0 761 134.0 55 1121.5
60.0 8.0 3.0 683 133.1 3.6 1125.5
70.0 5.0 3.0 635 132.4 0.7 1130.7
80.0 4.5 3.0 608 132.1 12.2 1133.8
90.0 4.0 3.0 600 131.9 15.5 1137.5

7.1.5 Effect on VHF data exchangé satellite uplink link budget from interference from base
and mobile stations operating in the land mobile service in the 156852 MHz band

The most robust waveform format defined for the VBET uplink is waveform 1, as provided in

84.3 and Table 13. This waveform is used in the analysis of the effect orSYADEIplink link

budget from interference from a single base or mobile station ogenatine land mobile service in

the 156 to 162 MHz band. An additional interfering land mobile base station 10 degree away from
worst case position will increase theéN level by approximately 0.9 dB. The analysis is based on the
interference free link bugets provided in § 4.3. Tables 64 to 67 present link budgets for¥/AE

up-link when interference from a base station or mobile station in the land mobile service is present.
The tables show that the VBEAT uplink waveform format 1 will ensure link avalility with
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margins with interference from base station and mobile station for the most relevant ship elevation
angles. The VDESAT uplink will be available for ship elevation angles between 10 and 60 degrees
with Yagi antenna on the satellite and betw&@iand 50 degrees with Isoflux antenna on the satellite.
Furthermore, Table 68 summaries some potential discrimination factors and mitigation techniques.

TABLE 64

Link budget for VHF data exchangei satellite uplink with Isoflux antenna and interference
from base station

Carrier Interference . Link Link Link
; Link . . .
Ship level at level at marain for | Margin margin margin
elevation| LNA, C/No | CIN LNA, CI(N+1) Wa\?eform for for for
angle | including | (dBHz) | (dB) | including (dB) 1 waveform | waveform | waveform
(degrees) feed loss feed loss (dB) 2,3 4 5
(dBW) (dBW) (dB) (dB) (dB)
0.0 1136.6 66.2 | 20.0 1123.1 113.5 0.0 116.4 120.5 124.7
10.0 71133.8 69.0 | 22.8 1123.1 110.7 2.8 113.6 117.7 121.9
20.0 1132.0 70.9 | 24.7 1123.1 18.9 4.6 111.8 115.9 120.1
30.0 1132.7 70.1 | 23.9 1123.1 19.6 3.9 1125 116.6 120.8
40.0 1133.5 69.4 | 23.1 1123.1 110.4 3.1 113.3 117.4 121.6
50.0 1135.7 67.1 | 20.9 1123.1 112.6 0.9 115.5 119.6 123.8
60.0 1137.3 65.6 | 19.3 1123.1 114.2 10.7 117.1 121.2 125.4
70.0 1139.7 63.2 | 17.0 1123.1 116.6 13.1 119.5 1236 127.8
80.0 1146.3 56.6 | 10.4 1123.1 123.2 19.7 126.1 130.2 134.4
90.0 1156.7 46.2 | 0.0 1123.1 133.6 120.1 136.5 140.6 144.8
TABLE 65

Link budget for VHF data exchangei satellite uplink with Yagi antenna and interference
from base station

Carrier Link Link Link Link
Ship level at Interference margin margin margin margin
elevation LNA, C/No | CIN Ie\i/:(ilzgiLnNA‘ CII()N * for for for for
angle | including | (dBHz) | (dB) 9 waveform | waveform | waveform | waveform
feed loss (dB)
(degrees)| feed loss (dBW) 1 2,3 4 5
(dBW) (dB) (dB) (dB) (dB)
0.0 1130.6 72.2 | 26.0 1116.6 114.0 10.5 116.9 121 125.2
10.0 1127.3 755 | 29.3 1116.6 110.7 2.8 113.6 117.7 121.9
20.0 i1125.0 77.9 | 31.7 1116.6 184 5.1 111.3 115.4 119.6
30.0 1124.4 78.4 | 322 1116.6 17.8 5.7 110.7 114.8 119
40.0 1124.6 78.3 | 32.0 1116.6 18.0 5.5 110.9 115 1192
50.0 1126.2 76.6 | 30.4 1116.6 19.6 3.9 112.5 116.6 120.8
60.0 1128.7 742 | 27.9 1116.6 112.1 1.4 115 119.1 123.3
70.0 1132.0 70.9 | 24.7 1116.6 115.4 11.9 118.3 122.4 126.6
80.0 1140.5 62.4 | 16.2 1116.6 123.9 110.4 126.8 130.9 135.1
90.0 1153.7 49.2 3.0 1116.6 137.1 123.6 140 144.1 148.3
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TABLE 66

Link budget for VHF data exchangei satellite uplink with Isoflux antenna and interference
from mobile station

Carrier Interferenc Link Link Link Link
Ship level at e level at margin | margin for | margin for | margin for
elevation LNA, C/No | CIN LNA, CI(N+1) for waveform | waveform | waveform
angle including | (dBHz) | (dB) | including (dB) | waveform 2,3 4 5
(degree)| feed loss feed loss 1 (dB) (dB) (dB)
(dBW) (dBW) (dB)
0.0 1136.6 66.2 | 20.0| 1125.3 111.4 2.1 114.3 118.4 122.6
10.0 71133.8 69.0 | 22.8| 1125.3 18.6 4.9 1115 115.6 119.8
20.0 71132.0 70.9 | 24.7| 11253 16.7 6.8 19.6 113.7 117.9
30.0 1132.7 70.1 | 23.9| 11253 175 6.0 110.4 114.5 118.7
40.0 1133.5 69.4 |23.1| 11253 18.2 5.3 T11.1 115.2 119.4
50.0 1135.7 67.1 | 20.9 1125.3 1105 3.0 1134 117.5 121.7
60.0 1137.3 65.6 | 19.3| 1125.3 112.0 15 114.9 119 123.2
70.0 1139.7 63.2 | 17.0| 1125.3 114.4 10.9 117.3 121.4 125.6
80.0 1146.3 56.6 |10.4| 11253 121.0 17.5 123.9 128 132.2
90.0 1156.7 46.2 | 0.0 1125.3 131.4 117.9 134.3 138.4 1426
TABLE 67

Link budget for VHF data exchangei satellite uplink with Yagi antenna and interference
from mobile station

Carrier Link Link Link Link
. Interference . . . .
Ship level at level at LNA margin margin margin margin
elevatio LNA, C/INo | C/N includin fee,d C/(N+I) for for for for
n angle | including | (dBHz)| (dB) Iosg (dB) waveform | waveform | waveform | waveform
(degree)| feed loss (dBW) 1 2,3 4 5
(dBW) (dB) (dB) (dB) (dB)
deg dBW dBHz | dB dBwW dB dB dB dB dB
0.0 1130.6 72.2 | 26.0 1117.7 112.9 0.6 115.8 119.9 124.1
10.0 1127.3 75.5 | 29.3 1117.7 19.6 3.9 1125 116.6 120.8
20.0 1125.0 779 | 31.7 1117.7 17.3 6.2 110.2 114.3 118.5
30.0 1124.4 78.4 | 32.2 1117.7 16.7 6.8 19.6 113.7 117.9
40.0 1124.6 78.3 | 32.0 1117.7 16.9 6.6 19.8 113.9 118.1
50.0 1126.2 76.6 | 30.4 1117.7 185 5.0 111.4 1155 119.7
60.0 1128.7 74.2 | 27.9 1117.7 111.0 25 113.9 118 122.2
70.0 1132.0 70.9 | 24.7 1117.7 114.2 10.7 117.1 121.2 125.4
80.0 1140.5 62.4 | 16.2 1117.7 122.8 19.3 125.7 129.8 134
90.0 1153.7 49.2 | 3.0 1117.7 135.9 122.4 138.8 142.9 147.1
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TABLE 68

Summary of a few potential discrimination factors and mitigation techniques for VHF data
exchange satellite uplink against interference from base and mobile stations in the land
mobile service

Factor Desciiption Effect
Range Base and mobile stations| No interference
are below horizon
Land mobile station | Land mobile systems In the gaps between transmissions from a land
operating mode typically operate in mobile gation VDESAT uplink transmissions can
simplex mode without be received, and intermittent interference blockin

continuous transmission | can be handled by FEC and/or ARQ

Frequency diversity | Both frequency plan In case of interference fromland mobile station of
alternative 1 and 2 provid¢ one VDESAT uplink channel, the satellite can
multiple VDE-SAT uplink | move traffic to a different VDEAT uplink channel

channels without interference from base or mobile station
Yagi antenna The Yagi antenna provide| The Yagi antenna provides discrimination when
isolation better spatial selectivity | pointed away from areas with land mobile station

than thelsoflux antenna | Table 3 shows typical Yagi isolation of 10 dB,

when pointed away from | 60 degrees off boresight and 20 dB &ges off
areas with land mobile boresight.
stations

7.1.6 Effect of interference from multiple land mobile stations

7.1.6.1 Study 1l

As a satellite at all times will cover a large area, there is a chance that th& ADEeceiver on

board a satellite will experience simultaneougrigrence from multiple land mobile stations. To
evaluate the effect of simultaneous interference from multiple land mobile stations an interference
scenario as illustrated in Fig. 20 has been defined.

FIGURE 20

lllustration of interference scenario to evéduate the effect of simultaneous interference
from multiple land mobile stations

Report M.2435-20

The land mobile stations are illustrated by the antennas, and are placed along the boresight axis of the
Yagi antenna. The number of interfering land mobile stations aes diy the separation distance



80 Rep. ITU-R M.24350

between the stations. Given the coverage radius for land mobile base station provided Table 54 of
typically 50 km. To limit interference between land mobile systems, the separation distance will
normally be larger than 250 km

Figures 21 to 23 presents estimated link margin for a range of land mobile base station separation
distances. The results are based on interference power calculations performed using the same
approach as that used in Tables 60 and 63, and summarizitiglenirterference sources. For
interference from land mobile base stations with a separation distance of 250 km the link margin is
positive for a large range of ship elevation angles between about 20 and 44 degrees. The range of
elevation angles with pdsre link margin grows to between 17 and 50 degrees with a land mobile
base station separation distance of 300 km and to between about 10 and 57 with a land mobile base
station separation distance of 500 km.

FIGURE 21

Estimated link margin for the VHF data exchangei satellite uplink waveform 1 with eight
interfering land mobile stations separated by 250 km

VDE-SAT uplink link margin for waveform 1 with 8 interfering stations 250 km apart

—— Total BS interference level of —111.5 dBW
Total MS interference level of —111.0 dBW

[N RV R 4]

Link margin for waveform 1 (dB)

0 10 20 30 40 S0 60 70 80 90
Elevation angle to the satellite from the ship (*)
Report M.2435-21
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FIGURE 22

Estimated link margin for the VHF data exchangei satellite uplink waveform 1 with six
interfering land mobile stations separated by 300rk

VDE-SAT uplink link margin for waveform 1 with 6 interfering stations 300 km apart

—— Total BS interference level of —112.2 dBW
Total MS interference level of —=111.7 dBW

[ R

Link margin for waveform | (dB)
o

0 10 20 30 40 50 60 70 80 90
Elevation angle to the satellite from the ship (*)
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FIGURE 23

Estimated link margin for the VHF data exchangei satellite uplink waveform 1 with four
interfering land mobile stations separated by 500 km

5 VDE-SAT uplink link margin for waveform 1 with 4 interfering stations 500 km apart

—— Total BS interference level of -113.8 dBW
4 Total MS interference level of —113.8 dBW

Link margin for waveform 1 (dB)
=)

0 10 20 30 40 50 60 70 80 90
Elevation angle to the satellite from the ship (*)
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A separation distance of 250 km can be assumed to represent a worst case scenario, since the
VDE-SAT system is designed for maritime usage and the antenna therefore will be pointed towards
sea and ocean areas where there are no land mobile stations. In addition, the discrimination factors
and mitigation techniques summarized in Table 68 can be applied.

7.1.6.2 Study 2
7.1.6.2.1 Initial data

This study takes into account the fact that the stations in the land mobile service can be located not
only at the VDESAT antenna axidA three element Yagi antenna is used as the \AAHE antenna
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in the study. The aximum antenna gain (antenna pattern main beam axis) is pointed to the horizon
in accordance with Fig. 9 and Table 3.

Currently there is no common view with respect to the protection criteria forS/AEreceiver.
Several Administrations consider that safj(interference + noise) ratio equal to minus 13.5 dB can
be used as the protection criteria for the VBET receiver. Other Administrations consider that
signal/(interference + noise) ratio, given in Annex 2 to RecommendatiofRIJTU1184 should be
used as the protection criteria. In accordance with this Recommendation the
signal/(interference noise) ratio shall be from 5.5 dB to 10.3 dB for MSS satellite receivers.

The characteristics of the stations in the land mobile service notified in Masteratideah
Frequency Register (MIFR) in the territory of the Russian Federation were used for estimation of
interference from the stations in the land mobile service. The analysis of the MIFR showed that the
typical base stations in the land mobile servid® {fpe) with e.i.r.p. of 17 dBW are notified in the
frequency bands corresponding to chanBé|s884, 2585, 26 and 86f RR Appendixl8. The stations

with such characteristics are used for estimation of interference teSAJEreceiver. With this it

was assumed that these stations use -neamidirectional antennas. The estimation of potential
interference was carried out for distances of 100 km and 250 km between stations.

7.1.6.2.2 Interference estimation methodology

The scenario presented in Fig. 24swaed for estimation of interference impact. It was assumed that
VDE-SAT receiver is onboard of the satellite located at the altitude of 600 km from the Earth surface.
The maximum satellite receiver antenna pattern is pointed towards the horizon. Hawever,
assumed that this scenario represents a worst case situation.

FIGURE24
Scenario of interference impatto VDE-SAT satellite receiver

Report M.2435-24

In the calculations it was assumed that the V®XT earth station is onboard the ship, located at the
point of the axis projection of the satellite receiver antenna pattern to the Earth surface at the distance
of m km from the coast (see Fig. 24) which can vary from 50 km to 500 km. The calculations are
carried out for two elevation angles of VEHAT satellite receier:

| 0 degree when the ship emitting the wanted signal is at the horizon point where the maximum
of satellite receiver antenna pattern is pointed;
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T 5 degrees when the ship emitting the wanted signal is at the point of the axis projection of
the satellie receiver antenna pattern main beam between the horizon and the Earth surface

The wanted signal C is defined by the VASAT earth station transmitter power, its antenna gain in
the direction of satellite, the distance from the VBAT earth station to saitite receiver and the
satellite antenna gain in the direction of the ship. The propagation model in free space given in
Recommendation ITH4R t .5253, is used for estimation of the wanted signal.

It was assumed in the estimations that stations in thentaide service are not deployed in the area

of 100 km located along the coast (highlighted in green in Fig. 24). In some CEPT countries including
the Russian Federation such measures are taken in order to provide compatibility of the stations in
the landmobile service with the stations of the maritime mobile service including-VBRE.
Therefore, the area highlighted in green in Fig. 24 will not cause interference to operdteoWbD&

SAT satellite receiver.

In the estimation of the aggregate interfeeimpact, the transmitting stations in the land mobile
service falling into the main beam footprint of the antenna pattern with the boiidedBflevel and

out of the area with the width of 100 km mentioned above are taken into account. This area is
highlighted in red in Fig. 24. The number of stations in the land mobile service falling into this area
is defined by the main beam width of the VISRAT receiver antenna pattern and by the distance
between the stations in the mobile service.

In estimation ofnterference powelr experienced by the VDBAT receiver, the interference power
value caused by each contributing station of the land mobile sdryite determined using the
following equation:

"OA" 7 O0OYD 0O O

where:
O0OYODi e.irp.of MS station with indek in direction of VDESAT, dBW
0 1 free space loss on the path between MS station with index k and VDES satellite
(propagation model given in Recommenoia ITU-R  { .-35s2u8ed), dB
‘O 1 VDE-SAT antenna gain in direction of MS station with index k, dBi.

Then the aggregate interference power vélaé the satellite receiver front end is determined by
summing up:

"OA" 7 pu'Q pm’

where:

NT number ofstations in the land mobile service falling into the main lobe of the
satellite antenna pattern.

The obtained values of the wanted sig@aland interferencd were used for estimation of
signal/(interference + noise) ratio.

7.1.6.2.3 Compatibility assessnent results

The interference estimation methodology mentioned above is used for interference assessment for the
case when the distance from the ship to the coast is varied from 50 km to 500 km and the distances
between the stations in the land mobilevier of 100 km and 250 km. The estimation results of
signal/(interference + noise) ratio for VBEEAT satellite elevation angle of 0 degree are given in
Table 69. The estimation results of signal/(interference + noise) ratio for elevation angle of 5 degrees
are given in Table 70.
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TABLE 69

Estimation of aggregate interference from the stations in the land mobile service for elevation
angle of 0 degree

Dista.nce from the Ngmbgr of MS. Wanted signal levé Interference level CIN+|
ship to coast stations in satellite (dBW) I (dB)
(km) antenna beam area (dBW)
Distance between MS stations 100 km
500 321 1130.6 188.33 142.27
300 410 1130.6 188.02 142.58
150 482 1130.6 187.75 142.85
50 534 1130.6 187.63 142.97
Distance between MS stations 250 km
500 51 1130.6 196.31 134.29
300 65 1130.6 195.92 134.68
150 77 1130.6 195.59 135.01
50 85 1130.6 195.59 135.01
TABLE 70

Estimation of aggregate interference from the stations in the land mobile service for elevation
angle of 5 degrees

Distance from the| Number of MS Wanted signal Interference
: ; i . level CIN+I
ship to coast stations in satellite level
(km) antenna beam areq (dBW) I (dB)
(dBW)
Distance between MS stations 100 km
500 14 1129.1 194.37 134.73
300 37 1129.1 192.62 136.48
150 60 1129.1 192.05 137.05
50 79 1129.1 191.54 137.56
Distance between MS stations 250 km
500 2 1129.1 1102.27 126.83
300 5 1129.1 199.84 129.26
150 9 1129.1 199.84 129.26
50 12 1129.1 198.76 130.34

The analysis of the estimation results given in Tables 69 and 70 shows that insideresihcase the
signal/(interference + noise) ratio is significantly less than the minus 13.5 dB value proposed by some
Administrations as the protection criterion. It means that even in the most stable operation mode with
the minimal data rate (Waveforfr) the VDESATe receiver will suffer unacceptable interference
from the terrestrial stations in the land mobile service.

It should be noted that the results presented above were obtained for the stations in the land mobile
service with e.i.r.p. of 17 dBWRecommendationIT®R [ . 1808 notes that the

of base stations in the mobile service operating in the considered frequency range is 26 dBW which

is 9 dB more than is the value used in the studies. It leads to a conclusion tlggintakatcount the
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stations in the land mobile service described in RecommendatioRITU . 1808 as i nt
sources, the interference caused to VBAT receiver will be higher even at a large distance between
the stations in the land mobile service.

The results mentioned above are obtained for the case when a Yagi antenna is used as a receiving anc
transmitting antenna. When an Isoflux antenna is used as theSADEEomponent antenna the study
results will be significantly worse since it receives maoteriference during a longer period of time.

7.1.7 Conclusions

7.1.7.1 Study 1

The calculations and estimations presented show that the most robust waveform, which provides low
data rate operation, is resilient to harmful interference from base and ntatidasoperating in the

land mobile service in the band 1562 MHz for all elevation angles between 0 and 60 degrees. The
more efficient waveforms, which provide higher data rates, will not be available in presence of
harmful interference from base andlpile stations operating in the land mobile service. Together
with the interference mitigation techniques listed in Table 68, the adaptive coding and modulation
scheme defined for VDESAT will ensure the use of the most efficient waveform with a positike |
margin.

7.1.7.2 Study 2

The analysis of another study results showed that the proposedS¥DEeceiver will suffer
unacceptable interference from the stations in the land mobile service operating in the frequency band
156-162 MHz in a wide sector ofevation angles even in an operation mode with low data rate (1.1
Kbit/s with waveform 1, the most resistant to interference). Therefore, operation o{SYXDE
component in any available mode of data transmission with interference caused by the base and
mohile stations in the land mobile service will be unfeasible.

7.2 Compatibility of VHF data exchangei satellite with the radiolocation service operating
in the frequency band 154156 MHz

7.2.1 Introduction

Radio Regulations (RR) N&.225Aspecifies that igertain countries of Region 1 the frequency band
154156 MHz is allocated to the radiolocation service on a primary basis. Applications of the
radiolocation service in those frequency bands is limited to the space surveillance radars. Study results
refleded in Report ITUR M.21721 show that the mentioned radars could operate in a shared manner
with the maritime mobile service (MMS) ground systems operating in the adjacent frequency band
156-174 MHz. At the same time to provide protection for the MMSatatin the frequency bands
156.5125156.5375 MHz, 156.762856.8375 MHz, 161.962%61.9875VHz  and
162.0125162.0375 MHzadditional constrains specifying that e.i.r.p. of -ofiband emissions
produced by the space surveillance radamuld not exceed ¢hlevel ofi 16 dBW was imposed by
RRNo.5.225A The requirement is met by integrating additional notch filters into radar transmitting
circuits for the mentioned frequency bands. The rest of the frequency bands related to provisions of
RR Appendix18 contin no constraints on the operation of the space surveillance systems, and no
specific measures are applied to reduceaftand emissions.

Recommendation IT4YR M.20920 specifies that the VDESAT uplink may be established in the
frequency band 157.18787.3375 MHz by combining channels 1024, 1084, 1025, 1085, 1026, 1086
of RR Appendixl8into a single channel of 150 kHz.

This section presents results of studies on compatibility of a newSAEcomponent whink in
the frequency band56.0125157.4375 MHz with space surveillance radars operating in the
frequency band 15456 MHz.
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7.2.2 Characteristics of space surveillance radars operating in the frequency band
154156 MHz

Table 71 presents characteristics of the space surveillance radars operaimdréguency band
154156 MHz. The characteristics were taken from Recommendaiidik M.18021 and were used
in the compatibility studies.

TABLE 71
Characteristics of radars operating in the frequency bandl54-156 MHz

Parameter Value
Radar ¢ Radar |

Radar type Primary ranging radar
Radar function Space objects recognition and tracking
Frequency banfMHz) 154 156
Relative frequency instability 04
Output pulse power (min/max) (dBW 27146 40/46
Mean output power (min/max) (dBW 22/41 35/41
Polaization Linear
Pulse lengtlfus) 13 000 3200
Duty cycle 0.322
Modulation type Pulse
Altitude above the ground level (m) 19
Antenna type Phased array
Maximum antenna gain: (dB)
I transmitter 25
i receiver 30
Max antenna gain into horizon (dB) 9 12
Main beam pattern (degrees)
i horizontal plane (Rx/Tx) 2.6/5.2
I vertical plane (Rx/Tx) 2.6/2.6
Scan angle rangefdegrees
T horizontal plane 0- 360
i vertical plane 2-70
Receiver noise temperatui€) 800
Operation receiver passbafidtz) 0.132 625
Required frequency bar{kHz) 0.132 625
Emission class PON MXN
I/N protection ratio (dB) T 6
Level of unwanted emissions Complies with provisions of RR AppendsX

5 Values of unwanted emissions in the VDES receiver frequency band are desc§lied in
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7.2.3 Characteristics of VHF data exchangé satellite uplink (ship-to-satellite)

The technical characteristics of the VIZAT uplink are described irg&8.1 and 4.3 and summaed

in Table 72. The requiregd/(N+l) listed in Table 72 is for the most robust waveform. Adaptive coding
and modulation allow the usage of waveforms with higher throughput when the necessary link quality
is available.

TABLE 72
Characteristics of VHF dataexchange system satellite receiver
Parameter Value
Antenna noise temperature (K) 200.0
Feed losses (dB) 1.0
LNA noise figure (dB) 2.0
LNA noise temperature (K) 159.7
Feed loss noise temperature at LNA (K) 56.1
Antenna noise temperature at LNA (K) 1589
System noise temperature at LNA (K) 374.7
System noise temperature at LNA (dBK) 25.7
Intrinsic noise power density (dBW/Hz) 1202.9
Intrinsic noise power in 42 kHz bandwidth (dBW) 1156.6
Required carrieto-noiseplusinterference ratioG/(N+l)) (dB) 113.5

7.2.4 Scenario of interference from unwanted emissions by radars operating in the frequency
band 154156 MHz on VHF data exchange system satellite receiver

Subject to Recommendation IR M.20920, the VDESAT uplink may be established in the
frequency band 157.187857.3375 MHz by combining channels 1024, 1084, 1025, 1085, 1026,
1086 of RR Appendid8into a single channel of 150 kHz.
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FIGURE 25
Scenario of radar unwanted emission interference effect on VHF data exchange system satellite reaeive
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Figure 25 depicts a scenario of the interference from space surveillance radar emissions on the
VDE-SAT receivers. A wanted signal from the ship transmitter is shown as a solid green arrow
whereas interference from the space surveillance radar isteeflas a dashed red arrow.

7.2.5 Estimation of interference level from unwanted emissions by radars operating in the
frequency band 154156 MHz on VHF data exchange system satellite receiver

The methodology described in Report FRUM.21721 was used foestimating the levels of
unwanted emissions from Radar A in the band of the \@DH receiver. Assuming a frequency
separation of 1.2 MHz it was found that the unwanted emission power at the radar antenna front end
in a 25 kHz bandwidth would be minus 3@BW and that in a 150 kHz bandwidth would be
122.9dBW. Given the 25 dB transmit gain of the radar, this is equal to a peak e.i.r.p. in 42 kHz of
13.4 dBW.

The result meets the RR Appen@iprovisions for spurious emissions specifying that, for radars of
the given type, the level power delivered to the antenna feed shall not €2de@dBW in a 77 Hz
reference band.

For Radar B, the unwanted emissions level is a function of modulation parameters. Therefore, for
Radar B, in accordance with requiremerft® B Appendix3, the value of its unwanted emissions at

the radar antenna front end wouldit33 dBW in a bandwidth of 25 kHz and minus 28BW in a
bandwidth of 150 kHz. This radar contributes less interference than Radar A, so theaserst
scenario oRadar A is used to assess feasibility in this Report.
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A satellite with a VDESAT onboard receiver is in a circular orbit of 600 km in altitude. Catoer
interference /1) ratios are estimated using satellite elevation angle steps of 10 degreesfmid¢ise

of satellite visibility by the ship station from 0 to 90 degrees corresponding to appropriate angles of
satellite visible by the radar. Since space surveillance radar scans in a vertical plane within an angle
sector of 2 to 70 degrees, the estima@ssumes that a receiving antenna onboard a satellite will be
aligned with the space surveillance radar main Idteble 73 and Table 74 show the resulting
receivednterference poweusing the satellite Isoflux antenna and the 8 dBi Yagi antenna asdefi

in Recommendation ITUR M.20920. These calculations present the waate in that they assume

that the radar and satellite antenna boresights are aligned, which is a rare occiicandse seen

that the worstase interference level is144.7 dBW for the Isoflux antenna. The wecsse
interference levelor the Yagi antenna i5135.8 dBW for a radar elevation angle to the satellite of

40 degrees.

TABLE 73
Radar emissions into a 600 km low earth orbit satellite using Isoflux antenna
. Radar peak o . Interference level
Rada;r(?l(?(\a/atlon e.i.r.p.in 42 kHz Polalgéztlon Path length| Path loss ani?]tﬁglteain at LNA, including
(do ?ees) at 157 MHz (@B) (km) (dB) ( dBi)g feed loss
9 (dBW) (dBW)
0.0 134 3.0 23830 145.4 2.0 1150.9
10.0 13.4 3.0 1932 142.1 1.5 1148.0
20.0 13.4 3.0 1392 139.3 1.0 1145.7
30.0 134 3.0 1075 137.0 7105 1145.0
40.0 13.4 3.0 882 135.3 12.0 1144.7
50.0 13.4 3.0 761 134.0 14.0 11455
60.0 134 3.0 683 133.1 15.0 11455
70.0 13.4 3.0 635 132.4 17.0 1146.9
80.0 13.4 3.0 608 132.1 18.0 11475
90.0 134 3.0 600 131.9 185 1147.9
TABLE 74
Radar emissions into a 600 km low earth orbit satellite using 8 dBi Yagi antenna
. Radar peak o . Interference level
Rada;rtfltla;/atlon e.i.r.p. in 42 kHz Polalgzgtlon Path length | Path loss antsear:r?!neain at LNA, including
(do ?ees) at 157 MHz (@B) (km) (dB) ( dBi)g feed loss
9 (dBW) (dBW)
0.0 13.4 3.0 23830.0 145.4 8.0 1144.9
10.0 13.4 3.0 1932.0 142.1 8.0 11415
20.0 134 3.0 1392.0 139.3 8.0 1138.7
30.0 13.4 3.0 1075.0 137.0 7.8 1136.7
40.0 134 3.0 882.0 135.3 6.9 1135.8
50.0 134 3.0 761.0 134.0 55 1136.0
60.0 13.4 3.0 683.0 133.1 3.6 1136.9
70.0 134 3.0 635.0 132.4 0.7 1139.2
80.0 134 3.0 608.0 132.1 12.2 1141.7
90.0 13.4 3.0 600.0 131.9 15.5 11449
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7.2.6 Estimation of link budget for VHF data exchange system upink with a satellite
receiver in a 600 km altitude orbit

The most robust waveform format defined for the VBT uplink is waveform 1, as provided in
§84.3 and Table 13. This waveform used in the analysis of the effect on VBET uplink link
budget from interference from radars operating in theX¥841MHz band. The analysis is based on
the interference free link budgets provided in § 4.3. Tables 75 and 76 present the resultingseorst
C/IN and C/(N+1), when the interference level from unwanted emissions by radars operating in the
frequency band 15456 MHz as calculated in Table 54 and Table 55 is included. Table 75 and Table
76 show that waveform1 will ensure link availability wghbstantial margins under the wecsise

radar interference condition for all ship elevation angles. Waveforms 2 and 3 will be available for
ship elevation angles up to 70 degrees. Waveform 4 will be available for ship elevation angles up to
60 degrees, i waveform 5 will require additional discrimination or mitigation techniqliable 77
summarzes some potential discrimination factors and mitigation techniques.
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TABLE 75

Worst-case link budget for VHF data exchangesatellite uplink with 6 W ship transmitter, Isoflux satellite receiving antenna with
interference radar type A

Ship elevation C_arrier _Ievel at LNA, C/No C/N Interfere_nce Ie_vel ci CIN+) Link margin fol;i\?vg\'j;?;?ri]: 2 foI;inka\r?eafL%inq 4 foI;inka\r?eafL%inq 5
angle including feed loss (dBHz2) (dB) at LNA, including (dB) (dB) for waveform 1 3 (dB) (dB)
(degrees) (dBW) feed loss (dB) (dB)

0.0 1136.6 66.2 20.0 1144.7 8.1 7.8 21.3 4.9 0.8 13.4
10.0 71133.8 69.0 22.8 1144.7 10.9 10.6 24.1 7.7 3.6 10.6
20.0 1132.0 70.9 24.7 1144.7 12.7 12.5 26.0 9.6 5.5 1.3
30.0 1132.7 70.1 23.9 1144.7 12.0 11.7 25.2 8.8 4.7 0.5
40.0 71133.5 69.4 23.1 1144.7 11.2 11.0 24.5 8.1 4 10.2
50.0 71135.7 67.1 20.9 1144.7 9.0 8.7 22.2 5.8 1.7 125
60.0 71137.3 65.6 19.3 1144.7 7.4 7.2 20.7 4.3 0.2 14
70.0 1139.7 63.2 17.0 1144.7 5.0 4.8 18.3 1.9 12.2 16.4
80.0 1146.3 56.6 104 1144.7 11.6 11.8 11.7 14.7 18.8 113
90.0 1156.7 46.2 0.0 1144.7 112.0 112.2 1.3 115.1 119.2 1234
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TABLE 76

Worst-case link budget for VHF data exchangesatellite uplink with 6 w ship transmitter,
Yagi satellite receiving antennawith interference radar type A

Ship elevation C_arrier _Ievel at LNA, C/No C/N Interfere_nce Ie_vel at ci CIN+) Link margin for ftirnvlf/;]\q/ae;gir% foLrinka\r?eafE)%m 4 foLrinka\r?eafE)%m 5
angle including feed loss (dBH2) (dB) LNA, including (dB) (dB) waveform 1 23 (dB) (dB)
(degrees) (dBW) feed loss (dB) (dB)

0.0 1130.6 72.2 26.0 1135.8 5.2 5.2 18.7 2.3 11.8 16
10.0 1127.3 75.5 29.3 1135.8 8.5 8.5 22.0 5.6 15 12.7
20.0 1125.0 7.7 31.7 71135.8 10.8 10.8 24.3 7.9 3.8 104
30.0 1124.4 78.4 32.2 1135.8 11.4 11.4 24.9 8.5 4.4 0.2
40.0 1124.6 78.3 31.2 1135.8 11.2 11.2 24.7 8.3 4.2 0
50.0 1126.2 76.6 304 1135.8 9.6 9.6 23.1 6.7 2.6 11.6
60.0 1128.7 74.2 27.9 1135.8 7.1 7.1 20.6 4.2 0.1 14.1
70.0 1132.0 70.9 24.7 71135.8 3.8 3.8 17.3 0.9 13.2 17.4
80.0 1140.5 62.4 16.2 1135.8 14.7 14.7 8.8 17.6 111.7 115.9
90.0 1153.7 49.2 3.0 1135.8 117.9 117.9 14.4 120.8 1249 129.1
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TABLE 77

Summary of a few potential discrimination factors and mitigation techniques for VHF data
exchangesatellite uplink against interference from unwanted emissions by radars

Factor

Description

Effect

Range

Radars that are below
horizon

No interference

Radar operating
mode

When the radar is operatin
in a scan mode, it will only
affect the satellite for the
short time it points directly
at it.

There are approximately 69 horizontal beam position
and 27 vertichbeam positions, or a total of863 beam

positions. Assuming a beam offset of 2 beamwidths

provides sufficient discrimination, the probability that
transmission in one of the seven possible beams is G
%. This level of interference blocking can be haddby

FEC and/or ARQ

Radar scan loss

Planar phased array radar
have a scan loss when not
pointing orthogonal to the
flat surface.

The scan loss depends on the number of planar arra
used. A horizontal scan of 60 degrees will cause a 3
loss, a verticlscan of 35 degrees will cause a scan Id
of 0.9 dB.

The worstcase condition when the main beam is
orthogonal to the array is considered.

Yagi antenna
isolation

The Yagi antenna provides
better spatial selectivity
than the Isoflux antenna
when pointecaway from
the radar

The Yagi antenna provides discrimination when poin
away from the radar.

Figure 26 and Table 3 shows typical Yagi isolation of
10dB,

60 degrees off boresight and 20 dB 75 degrees off
boresight.
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FIGURE 26
Typical Yagi gain pattern as a function of boresight offset angle
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7.2.7 Potential for burnout and blocking of the VHF data exchangesatellite receiver caused
by unwanted emissions from the radar

Table 78 and Table 79 show the radar levels at the antenna for both the IsofNgaadtennas,

with peak output e.i.r.p. from the radar of 71 dBW at 156 MHz. It can be seen that the maximum level
is less than 61 dBW. This is more than 30 dB below expected burnout levels. Thus, theSXDE
receiver will not be exposed to an interfeze level from the radar that potentially can be capable of
degroying the satellite receiver.

The presence of a radar signal between 154 and 156 MHz will add a blocking performance
requirement for the VDESAT receiver. This requirement is not expecteldé@ concern.

TABLE 78

Maximum signal level of unwanted emissions from radar with Isoflux antenna
onboard the satellite

Elevation Rgdar Polarization Range | Pathloss Satellite _ Received gjnal
angle e.ir.p. loss (km) (dB) antenng gain level

(degrees) (dBW) (dB) (dBi) (dBW)

0 71.0 3.0 2830.0| 7145.3 2.0 176.3

10 71.0 3.0 1932.0/ 1142.0 15 1735

20 71.0 3.0 1392.0f 1139.2 1.0 i71.2

30 71.0 3.0 1075.0f 1136.9 0.5 i70.4

40 71.0 3.0 882.0 | 1135.2 2.0 170.2

50 71.0 3.0 761.0 | 1133.9 4.0 7170.9

60 71.0 3.0 683.0 | 1133.0 5.0 171.0
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TABLE 78 (end

Elevation Radar Polarization Satellite Received signal
; Range | Pathloss :
angle e.i.r.p. loss (km) (dB) antenna gain level

(degrees) (dBW) (dB) (dBi) (dBW)

70 71.0 3.0 635.0 | 71324 7.0 172.4

80 71.0 3.0 608.0 | 1132.0 8.0 i173.0

90 71.0 3.0 600.0 | 7131.9 8.5 173.4

TABLE 7%

Maximum signal level of unwanted emissions from radar with
Yagi antenna onboard the satellite

Elevation quar Polarization Range | Pathloss Satellite _ Received signal
angle e.i.r.p. loss (km) (dB) antenng gain level
(degrees) (dBW) (dB) (dBi) (dBW)
deg dBW dB km dB dBi dBW
0.0 71.0 3.0 2830.0| 1145.3 8.0 170.3
10.0 71.0 3.0 1932.0| 71142.0 8.0 167.0
20.0 71.0 3.0 1392.0| 1139.2 8.0 164.2
30.0 71.0 3.0 1075.0] 71136.9 7.8 162.1
40.0 71.0 3.0 882.0 | 1135.2 6.9 161.3
50.0 71.0 3.0 761.0 | 7133.9 55 161.4
60.0 71.0 3.0 683.0 | 7133.0 3.6 162.4
70.0 71.0 3.0 635.0 | 1132.4 0.7 164.7
80.0 71.0 3.0 608.0 | 1132.0 i2.2 167.2
90.0 71.0 3.0 600.0 | 7131.9 5.5 170.4

7.2.8 Conclusions

Based on the calculationa@estimations presented above, waveforms 1 to 4 defined for the VDE
SAT uplink (see Table 13) are resilient to harmful interference from radars operating in the frequency
band 154156 MHz for all elevation angles up to 60 degrees. Allowing for poteriiatichination

factors and mitigation techniques discussed in Table 77, waveform 5 is also expected to perform.
Together with the interference mitigation techniques listed in Table 77, the adaptive modulation and
coding scheme defined for VDEAT will ensue use of the most efficient waveform with a positive

link margin.

Furthermore, the calculations and estimations showthbanterference level from the radar will not
harm the onboard satellite VEEAT receiver.

8 Testing, demonstrations and measuremeast

This section is intended to provide results from actual demonstration and measurement projects
involving VDE-SAT.

6 Antenna pointinds described in § 4.1.4.
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8.1 Measurement results of VHF data exchangge satellite downlink using NorSat2

The Norwegian NorS&2 LEO satellite with a VDESAT testpayload was launched 14 July 2017.
The satellite is in a 600 km polar orbit and uses a Yagi antenna with performance as described in
Recommendation ITUR M.20920, Table A43.

Initial VDE-SAT downlink signal level measurement from a single satellite plheschédian signal
level at the antenna port of the ship terminalii.9 dBm.

Signal level measurements from 103 satellite downlink passes on Norwegian Coastguard vessel
operating in the Arctic (Fig. 27) have now been analyzed. The median receivedleighalas
measured to bel17.1 dBm, confirming the initial downlink signal level measurement.

As expected, the signals suffered specular multipath fading, with a lognormal distribution and a
standard deviation of 4.2 dB.

FIGURE 27
VDES downlink test area
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Using modern modulation and FEC, the measurements show thaSDEEan be used to provide
a range of digital downlink-Blavigation services to areas with limited communications today.

8.1.1 NorSat-2 VHF data exchangéd satellite

The satellite has a mae§ 15.7 kg and an orbit period of 97 minutes. The satellite can typically be
used for communications 12 times per day and for an average period of 10 minutes at 80 degrees
north. VDESAT is a store and forward system, an@ Ratellites can deliver twayay messaging

with a latency of less than one hour using a shared earth station at Svalbard. The low infrastructure
cost makes such a solution financially viable, even with the limited number of vessels in the Arctic.

The satellite is threaxis stabilized ad rotates its body around the nadir axis to point an 8 dBi Yagi
antenna towards the service arféigure 28 shows the ground area coverage taking into account the
satellite antenna gain in blue, the free space path loss and the ship antenna gain. tret@udBs
referenced to a ship located at the satellite antenna boresight seeing the satellite with an elevation of
0 degreesThe coverage fits well with NAVAREA XIX which is 1400 km at its widest.
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FIGURE 28
Coverage area
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8.1.2 Background, explanation

The threeaxis stabilized satellite rotates the body to point the antenna boresight to the earth limb
(67 degrees nadir angle). It is programmed to support two active attitude modes, along track or
through a variable height point above a defined serviez eentre.

For the test campaign, the 8 dBi Yagi antenna transmitted with a peak e.kL@. @BW in RHCP,
in compliance with the pfd mask for a 50 kHz channel given in § 4.2.1, Table 5.

The satellite with the antenna deployed is shown in Fig. 29.
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FIGURE 29
Norsat-2 with 8 dBi circular polarized Yagi antenna
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The Norwegian Coastguard vessel KV Harstad had \@2H test equipment installed that measured
received signal levels from Norsat A 1.25 m commercial ship antenna was used. The ship antenna
gan vs the shigo-satellite elevation angle is given in Table 80. It should be noted that this antenna
has approximately 2 dB lower gain between 0 and 30 degrees compared to the antenna used in
Recommendation ITUR M.20920.

TABLE 80
Ship antenna gain vs kevation angle
Ship elevation angle Ship antenna gain, Test antenna Difference
(degrees Table 2 (dBi) (dB)
(dBi)

0 3 1 12
10 3 1.5 115
20 2.5 0.5 12
30 1 12.8 13.8
40 0 144 14.4
50 115 12.3 10.8
60 13 114 11.6
70 14 12.2 11.8
80 110 14.8 5.2
90 120 194 10.6

The ship antenna position on the vessel is shown in Fig. 30 (red dot). It was not optimum in terms of
azimuth coverage which limited the pass time, but was selected for practical reasons. Normally the
combined VDES/AIS antenna would be installed on the upper platform. The feed losses were
estimated to be 0.5 dB. The transmitted satellite signal contéivee@.4s VDES frames (18)
followed by 12s pauses repeated up to five times, starting at every UTC minute epoch. Nat all 12
periods were used for transmissions.
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FIGURE 30
Antenna installation on Norwegian CG Harstad vessel
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8.1.3 VHF data exchangei satellite downlink test results

8.1.3.1 Signal level vs azimuth and elevation

The Norwegian Coastguard vessel KV Harstad’s antenna installation was not optimum in terms
antenna location at a railing on a lower deck, with partial azimuth blockage blyitheey aft and

on the port side. Figure 31 shows the received signal level contours vs. elevation and azimuth (relative
to ship bow). The blockage effects were much less than anticipated, showing that the VHF signals do
not require line of sight for commigations.
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FIGURE 31
Received signal levels vs. azimuth and elevation
Received signal (color) vs. geometry, 2017-11-1601853 2017-11-2402004
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8.1.3.2 Elevation statistics

Most of the time the satellite is visible at low elevation angles. Figure 32 shows the observation time
vs elevation for the measurements for the 103 passes
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FIGURE 32
Satellite visibility time vs elevation angle
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8.1.3.3 Signal level measurements

Figure 33showsthe mean signal level and standard deviation vs ship elevation angle. Figure 34
shows the probability density function for the signal level atrdeoeiver input (0.5 dB losses).
Figure35 shows the cumulative signal level probability.

FIGURE 33
Mean signal level and standard deviation vs elevation angle



