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Abstract

This document aims at characterising the operational constraints for a satellite access
infrastructure that would share spectrum of a cellular network. The document investigates mobile
satellite bands but also a range of cellular bands. The study show that sharing is possible under
certain conditions related to the satellite system design and the environment in which the service
is deployed. Apart in established satellite bands, the regulatory environment for such use is yet
to be established.
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EXECUTIVE SUMMARY

This document aims at characterising the operational constraints for a satellite access
infrastructure that would share spectrum of a cellular network. The document investigates mobile
satellite bands s uatR.0/222sGHZ BuGas®a rangeroficell6ld bands below
6 GHz. The main part of the study, of a technical nature, shows that sharing is unlikely to be
possible between a satellite system and a terrestrial cellular system operating in TDD mode. With
respect to cellular deployments in FDD, hence below 3 GHz, sharing is possible while protecting
cellular deployments of MNO operating in neighbouring countries. The sharing is also possible
with the cellular deployments of the MNO inside the same country, through a cooperative
approach: when the two deployments are distant by more than a few tenth km, a limited mutual
degradation is observed and may be acceptable. On a more local basis, both networks cannot
generally share the same frequencies and dynamic spectrum sharing approaches can be
envisaged. The study shows that a key enabler of the above sharing possibilities is the satellite
antenna directivity and sidelobe performance. Sharing is also made easier in rural zones,
compared to areas close to conurbations. The report also shows that sharing is made possible
only when both terrestrial and satellite systems operate in aligned duplex directions: uplink, and
respectively downlink, transmissions in the same bands.

The regulatory environment is also investigated. While a comprehensive framework exists for the
Mobile Satellite Service band at 2.0/2.2 GHz, there is no recognition of possible satellite operation
in most cellular bands. The report investigates possible avenues to enable such operations in the
future.

Parts of the document has been redacted according to the indications of the external Security
Advisory Board.
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1 INTRODUCTION

While satellite systemscapabi |l ities now permit to reacitis from

relevant to investigate all possible spectrum options. This document aims at characterising the
operational constraints for a satellite access infrastructure that would share the spectrum of a
cellular network. The approach taken is pragmatic: i.e. it considers practical cellular deployments,
and looks at mobile satellite spectrum, such as the 2 GHz MSS band, but also a range a cellular
frequencies which are today not allocated by the international regulations for satellite use.

The study shall identify the most relevant band ranges for investigation, and define the
coexistence scenarios to be studied (section 2). Operational coexistence includes situations
where cellular and satellite systems cooperatively use the spectrum resource, but also situations
in which no cooperation is envisaged. In section 3, based on a range of assumptions on the
satellite system operations, some being approached parametrically, and on the cellular system
operations, the coexistence is assessed with the view to provide a set of requirements or
guidelines for the satellite system design that would enable mutual coexistence.

In section 4, the regulatory situation is analysed, and a projection is made on the changes to the
regulatory framework that would enable such novel spectrum approaches.

The conclusions of the analysis are expected to be used by other Dynasat Work Packages:

- Within WP2, iterations among tasks shall allow to consolidate system level assumptions

- WP4 could take advantage of the findings in this deliverable to evaluate the spectrum
sharing techniques. Models used or developed in this document may also be useful for
WP4

- Technical assumptions and results in this document may also be used in WP3 evaluations
of efficient bandwidth techniques.

- WP6: follow-up activities conducted in WP6 could help refining models used in this
deliverable. Results of this deliverable could be used on the longer term in dissemination
activities.

© DYNASAT Consortium 2020-2023 Page 9 of 41 E
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2 STUDY SCENARIOS AND ASSUMPTIONS

2.1 Bands for investigation

The aim of the technical investigations in this document is to determine the driving factors that
would enable terrestrial cellular and satellite access systems addressing smartphones to use and
share the same frequency ranges. This technical exercise is first made without consideration of
the regulatory framework applying in those bands. The evaluation of regulatory implications is
included in section 4. It is however necessary to identify frequency ranges relevant and
representative for such technical studies. They may fall under the two following categories:

- MSS (Mobile Satellite Service), to which an additional terrestrial cellular use would be
added
- MS (Mobile Service) (NB: an initial terrestrial allocation), with an additional satellite use

In the first case, the most relevantband isthe MSSso-c al | ed A S -20A0rVHDUL(2179-8 0
2200 MHz DL) for the target handheld UE, with omni-directional antenna (see also D2.1). This
band is identified in ITU for IMT satellite component. This band is also allocated to the terrestrial
mobile service (MS) and identified for terrestrial IMT. Terrestrial use of this band remains limited
(this band is understood to be a satellite reserved band in many countries), but it is worth noting
that some regions allow the use of a Complementary Ground Component (CGC) which is a
cellular network subsidiary to the satellite. It is therefore very relevant to study the coexistence
conditions of a 5G satellite access system sharing the band with terrestrial MS in this band.

The amount of available bandwidth for MSS use is limited in the lower frequencies (typically below
3 GHz) where propagation conditions are most favourable. Considering that terrestrial cellular
networks deploy in priority in the most populated areas while satellite systems have an inherent
capability to address wide coverage including remote areas, there is interest in investigating how
a satellite access system could exploit cellular frequencies without affecting cellular operations.
Some initiatives in the industry or start-ups have been reported in this respect.

Among cellular frequencies, the 3GPP has established two frequency ranges: FR1 (410 MHz i
7125 MHz) and FR2 (24250 MHz i 52600 MHz), see [1] - Table 5.1-1. As the Dynasat service is
focused on direct access to Class 3 type User Equipment (UE), FR1 bands are privileged for
enabling link budget to/from the satellite, since FR2 frequencies is generally foreseen for VSAT
type terminals (see [Error! Bookmark not defined.] i Table 5.1-1) .

In 5GNR, duplex modes may be FDD or TDD. FDD is found below 3GHz, while TDD may be used
in many bands, but is particularly privileged in upper frequency ranges. As regards satellite use
such as contemplated in Dynasat, the TDD duplex mode is raising specific issues:

A Spectral inefficiency in a satellite context:

The TDD duplex scheme requires that a guard time be introduces at the UE level at each
transmission direction switch. Such guard time is at least equal to the round trip delay between
the UE and its associated satellite. The 5GNR TDD frame switch may be as frequent as 1ms,
hence introducing major inefficiencies in the transmission.

A Compatibility issues with terrestrial cellular deployments:

As is demonstrated in this document, the aggregate interference from BS stations into satellite
uplinks appears to be a major issue (see conclusions of scenario 5 at section Error! Reference
source not found.). The protection of terrestrial uplink (BS Rx) by satellite downlinks is also
challenging. A Dynasat system operating co-frequency with TDD cellular should therefore be
synchronized on the TDD terrestrial UL/DL frames, to avoid detrimental contra-directional
operations. This is in practice not possible as it is unlikely that all TDD deployments under the
satellite field-of-view be synchronized together. It should be noted that some synchronisation
principles are recommended in Europe to facilitate adjacent block, and border co-frequency
coordination among terrestrial deployments.

© DYNASAT Consortium 2020-2023 Page 10 of 41 E
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Even if all TDD terrestrial deployment areas under the satellite field-of-view were synchronized,
the propagation delay dispersion across the satellite field-of-view is larger than the UL/DL

DYNASAT ™

timeslots length (1ms) in the satellite field-of-vi ew, hence there is
the satellite uplink would remain un-interfered by terrestrial BSs.

no

For the above reasons the TDD duplex mode is not retained in Dynasat, and only FDD
3GPP bands are considered.

The following table provides the FDD or single duplex (SDL or SUL) bands standardized in 3GPP
for 5GNR in the FR1 range from [1] - Table 5.2-1.

Band# Uplink (UL) operating band Downlink (DL) operating band | Duplex Mode
nl 1920 MHz i 1980 MHz 2110 MHz 7 2170 MHz FDD
n2 1850 MHz i 1910 MHz 1930 MHz 7 1990 MHz FDD
n3 1710 MHz i 1785 MHz 1805 MHz 1 1880 MHz FDD
n5 824 MHz i 849 MHz 869 MHz i 894 MHz FDD
n7 2500 MHz i 2570 MHz 2620 MHz 7 2690 MHz FDD
n8 880 MHz i 915 MHz 925 MHz i 960 MHz FDD
ni2 699 MHz i 716 MHz 729 MHz i 746 MHz FDD
nl4 788 MHz i 798 MHz 758 MHz i 768 MHz FDD
nl8 815 MHz i 830 MHz 860 MHz i 875 MHz FDD
n20 832 MHz i 862 MHz 791 MHz i 821 MHz FDD
n25 1850 MHz i 1915 MHz 1930 MHz 1 1995 MHz FDD
n26 814 MHz i 849 MHz 859 MHz i 894 MHz FDD
n28 703 MHz i 748 MHz 758 MHz i 803 MHz FDD
n29 N/A 717 MHz i 728 MHz SDL
n30 2305 MHz i 2315 MHz 2350 MHz i 2360 MHz FDD
n65 1920 MHz 7 2010 MHz 2110 MHz 7 2200 MHz FDD
n66 1710 MHz i 1780 MHz 2110 MHz i 2200 MHz FDD
n70 1695 MHz 7 1710 MHz 1995 MHz i 2020 MHz FDD
n71 663 MHz i 698 MHz 617 MHz i 652 MHz FDD
n74 1427 MHz 7 1470 MHz 1475 MHz 7 1518 MHz FDD
n75 N/A 1432 MHz 1 1517 MHz SDL
n76 N/A 1427 MHz 7 1432 MHz SDL
n80 1710 MHz i 1785 MHz N/A SUL
n81 880 MHz i 915 MHz N/A SUL
nd2 832 MHz i 862 MHz N/A SUL
n83 703 MHz i 748 MHz N/A SUL
n84 1920 MHz i 1980 MHz N/A SUL
n86 1710 MHz i 1780 MHz N/A SUL
n89 824 MHz i 849 MHz N/A SUL
n9l 832 MHz i 862 MHz 1427 MHz 1 1432 MHz FDD
n92 832 MHz i 862 MHz 1432 MHz 1 1517 MHz FDD
n93 880 MHz i 915 MHz 1427 MHz 1 1432 MHz FDD
n94 880 MHz i 915 MHz 1432 MHz 1 1517 MHz FDD
n95 2010 MHz i 2025 MHz N/A SUL

© DYNASAT Consortium 2020-2023
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While there is an extensive humber of frequency bands in the above table, not all are equally
implemented/licensed on a global basis, and the technical evaluations in this document can be
considered applicable for bands that are close in frequencies.

Specific frequencies have been elected as representative across the range of bands below 3
GHz:

850 MHz: representative of bands below 1 GHz

1800 MHz: representative of the extensively used 3GPP band 3
2 GHz: representative of 3GPP bands 1 & 65

2.5 GHz: representative of band 7

Too Too Too To

2.2 Cooperative and non-cooperative operations

One of the core objectives of Dynasat is to study how satellite capabilities can contribute to
providing mobile connectivity in particular to fill-in terrestrial networks coverage gaps by making
reuse of terrestrial licensed frequency.

In general, cellular spectrum is licensed by regulators to MNOs on a national basis, and
sometimes at smaller geographical scale. Such licenses, although they may be subject to certain
conditions, are exclusive. The introduction of satellite capabilities in that licensed band are
therefore contingent of the licensed MNO agreeing to its use conditions. As an exception, it is
worth noting that the licensing regime differs in international waters/airspaces, as there is no
jurisdiction attached to a specific location but rather to the carrier of the radio station involved.

Three levels in the relation between the cellular and satellite network can be defined:

1- Non-cooperative: a cellular operator operating in the adjacent spectrum block with respect
to the satellite system, or operating co-frequency in a neighbouring country may not have
interest or willingness to cooperate with respect to its spectrum use. In this case, no
cooperative mechanism is envisaged for his area of service and its operations shall remain
unaffected at all times (no dynamicity). The interference levels are bounded by the
regulation.

2- Cooperative & non-coordinated: an MNO allowing use of its licensed spectrum by a
satellite system will add the satellite capacity to its own resources to address its customers
located in relatively remote areas. The mutual degradation between both networks is
limited but acceptable operationally. It is non-coordinated in the sense that the resource
usage by the satellite system is bounded on the long-term : no or very little dynamicity is
foreseen. The interference level is bounded by a negotiation or trade-off to maximise the
overall efficiency of both components.

3- Cooperative & coordinated: The MNO allowing use of its licensed spectrum by a satellite
system fully integrates the satellite capacity to its own resources to address its customers.
The optimisation, in the geographical, time or frequency domains, of the resource
allocation between cellular and satellite is dynamically managed.

These three levels are summarized in the table below:

Non-Cooperative Regulatory limits No

Cooperative i non-coordinated  Negociated limits (relaxed No or very little
wrt regulation)

© DYNASAT Consortium 2020-2023 Page 12 of 41 -
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Cooperative i coordinated Dynamically managed Yes

Table 27 TN T NTN spectrum sharing levels

These sharing levels can be applied to the operational situations illustrated below:

O : Satellite coverage

A : Terrestrial cells of MNO A. Satellite reuses MNO A spectrum

&:» :MNO B operating in adjacent band in country 1.

Co-frequency Not using satellite.

: MNO operating co-frequency in adjacent country 2.

Country 2 Not using satellite.

{ T "’\: Boundary of coordinated/non-coordinated zone
Adjacent-band -

EREnREN . .
¢ . Boundary of cooperative/non-cooperative zone

Figure 117 Satellite and terrestrial systems overlap

Case A: The satellite beam in is country 1 where MNO A operates. Two sub-cases are presented:

- The terrestrial cell Al within the satellite beam or close to it is using the same frequency
range as the satellite beam. The resource is cooperatively assigned through Radio
Resource Management and its use is dynamically is coordinated. This is a cooperative -
coordinated situation.

- The terrestrial cell A2 located beyond a certain distance, the mutual interference is low
enough so that no active mitigation is necessary with the satellite system. The mutual
interference level threshold is agreed/optimized between both components: This is a
cooperative i_non coordinated situation.

Case B: In country 1, a MNO B operates in the adjacent frequency block. It is assumed that no
interaction occurs between the satellite system and the MNO B. Compatibility is ensured by
system adjacent band discrimination performance. This is a non-cooperative situation.

Case C: In country 2, neighbouring country 1, a MNO C operates on the same frequencies as
MNO A and the satellite system operating in country 1. It is assumed that no interaction occurs
between the satellite system and the MNO C. Compatibility is ensured by satellite system
geographical separation performance with regulated protection levels. This is a hon-cooperative
situation.

These three cases will occur simultaneously during system operations.

© DYNASAT Consortium 2020-2023 Page 13 of 41 -
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2.3 Interference scenarios

In this section the interference scenarios are identified, and their applicability to frequency bands
is analysed.

2.3.1 Generic scenarios identification

The following interference scenarios have been identified:

co- adjacent
Scenarios frequency |band

1 UL TN to UL NTN C&NC NC
2 UL NTNto UL TN C&NC NC
3 DL TN to DL NTN C&NC NC
4 DL NTNto DL TN C&NC NC
5 DL TN to UL NTN NC NC
6 DL NTNto UL TN NC NC
7 UL TN to DL NTN NC NC
8 UL NTNto DL TN NC NC

Table 317 TN-NTN interference scenarios
C: Cooperative sharing
NC: Non-Cooperative sharing

The above list of scenarios aim to cover any possible situation for the respective frequency
arrangements for the terrestrial and satellite system, including FDD or TDD access modes.

In the case where the cellular and satellite system duplex direction are aligned, the following
interference paths apply:

\‘t-\
- ~
~ Y
Y Y
\\\\
\\\ 1
Y
4\\\\
TN
\\\\ ,_..-"}
2 ____’_‘,\..:—______.--
_ - .--:__‘____.-t.
mmmTTTIE- 3 /
a <
Satellite coverage MNO

Figure 27 TN-NTN interference paths aligned duplex

All 4 scenarios (1,2,3,4) can be cooperative or non-cooperative: when the satellite and MNO
coverage overlap and are co-frequency, cooperation is necessary. If there is no coverage overlap
and there is frequency overlap, the sharing is deemed non-cooperative. Similarly if there is
coverage overlap, but no frequency overlap (adjacent channel), the sharing is deemed non
cooperative.

In the case where the cellular and satellite system duplex direction are opposite, the following

© DYNASAT Consortium 2020-2023 Page 14 of 41 -
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interference paths are observed:

=

Satellite coverage MNO

Figure 3 T TN-NTN interference paths opposite duplex

All 4 scenarios (5,6,7,8) are non-cooperative: it is not envisaged to operate cellular and satellite
systems in the same band in opposite duplex directions. However, such opposite duplex situation
can occur in adjacent coverages (e.g. neighbouring countries having different frequency
arrangements), or in adjacent band.

2.3.2 Applicability of scenarios to frequency bands

The duplex mode of the frequency bands under study is defined in the Radio Regulations for
Mobile Satellite Service bands, or in industry standards for cellular MS bands. As frequency plans
vary according to the regions or countries, the applicable coexistence scenarios vary with
frequency and geography.

2.3.2.1 Mobile Satellite Service band at 2/2.2 GHz

The bands 1980-2010 MHz and 2170-2200 MHz bands are allocated on a primary basis to the
Mobile Satellite Service (MSS) worldwide for respectively uplinks and downlinks. In ITU Region 2
(Americas), the MSS allocation is extended in 2010-2025 MHz (uplink) and 2160-2170 MHz
(downlink).

Specifically in North America, national decisions have restricted the usable MSS band to 2000-
2020 MHz (uplink) and 2180-2200 MHz (downlink).

This MSS band is allocated with co-primary rights to the Mobile Service (MS). Each country has
the flexibility to decide on its preferred use, but sound spectrum management directs towards a
large scale harmonisation. The EU has decided to allow an hybrid MSS/MS use where the
terrestrial component, called CGC, is under the control of the satellite resource management
system. In North-America, flexibility has been left to the licensees to elect between satellite,
terrestrial or a combination. The current plans seem to indicate that a pure mobile use in all or
part of the band may be possible. It is also possible that the uplink MSS portion (2000-2020 MHZz)
be used for terrestrial downlinks.

In the rest of region 2 (i.e. Latin America), the lower part of the MSS uplink band (1980-1990/1995
MHz) is used for Cellular downlinks (3GPP bands 2 and 25).

Some terrestrial cellular deployments in Japan and Korea are reported in the ITU master register,
and are understood to use the same duplex direction as the MSS.

From the above, the applicable coexistence scenarios are applicable in the various parts of the
MSS 2/2.2 GHz band:

© DYNASAT Consortium 2020-2023 Page 15 of 41 -
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Terres rial IMT Uplink Satellite IMT Temres trial INT Downlink Satellite IMT
uglink WSS Reg2 Spece Ops (TC) downlink

1&2

Space Ops (TM)

1520 1380 X
Americas

1995 2000 010
1

Regarding MS/MSS coexistence in the 2/2/2 GHz MSS band, some ITU studies were conducted
prior to WRC-19, under Agenda Item 9.1.1. The studies were called by Resolution 212 as follows:

to study possible technical and operational measures to ensure coexistence and
compatibility between the terrestrial component of IMT (in the mobile service) and the
satellite component of IMT (in the mobile service and the mobile-satellite service) in the
frequency bands 1 980-2 010 MHz and 2 170-2 200 MHz where those frequency bands
are shared by the mobile service and the mobile-satellite service in different countries, in
particular for the deployment of independent satellite and terrestrial components of IMT
and to facilitate development of both the satellite and terrestrial components of IMT

The scope of these studies is, in part only, relevant to Dynasat as it deals with independent, i.e.
non-cooperative, terrestrial and satellite IMT systems. However some indications have been
included in Resolution 212, as revised by WRC-19:

Administrations are provided with guidelines for the implementation of technical and operational
measures to facilitate coexistence :

- In the uplink MSS band 1980-2010 MHz, Terrestrial IMT should use the band in
uplink (UE Transmit - BS Receive), with an EIRP of, for example -10dBW /5
MHz.

- In the downlink MSS band 2170-2200 MHz, satellite could consider implementing
pfd maximum values to protect terrestrial IMT (examples: -108.8 and -122
dBW/m?/MHz to protect respectively UE and BS reception)

- Terrestrial systems are invited in both bands, to use BS antennas with improved
sidelobe patterns.

- Satellite systems are invited -offfantearae

steering, beamforming/beam nulling, dynanm

2.3.2.2 Cellular bands below 1 GHz

The following graph illustrates the cellular bands below 1 GHz, and their approximate use per
region:
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North-Am South-Am EMEA APAC
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The uplink bands (green) are all subject to interference scenarios 1&2
The downlink bands (blue) are all subject to interference scenarios 3&4

In addition scenarios 5,6,7 and 8 would apply locally in neighboring areas with opposite duplex in
the following bands:

- 700 MHz: US/Mexico borders and Bolivian borders : US, Canada and Bolivia uses the
i U $OE 700 band plan, while the rest of the world (TBC) uses band 28 arrangement.
- 880-894 MHz: overlapping parts of band 5 (850 MHz) and band 8 (900 MHZz)

2.3.2.3 Cellular bands in the 1.7-2.2 GHz range

This frequency range encompasses the legacy cellular 3GPP bands 1 (IMT core band) ,2 (PCS
1900) and 3 (1800).

The geographical use of these bands is:

- Band 1: EMEA, APAC, Brazil
- Band 2: Vietham (TBC), Afghanistan (TBC), Americas except Brazil
- Band 3: EMEA, APAC, Brazil

The frequency plan together with 3GPP numbering is provided below:
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n39 n34
n3 (1800)
nl/n65 (2100
1830 2000 2§20 2180
1710 1785 1808 1880 1920 1980 201p| 2025 2110 160 2170 2200
¢ 6 o ¢ ® o
| i I |
1 , 1 Spaceops TC 1 Space ops TM
® 1 ! =7 T
i hatg 9 ? 1!
169 1755 1770 1780 1850 | M 1990 199 2155
n2 / n25 (1900)
b23 (AWS-4)
n70 (AWS-3/4)

b4/b10/n66 (AWS)

The uplink bands (green) are all subject to interference scenarios 1&2
The downlink bands (blue) are all subject to interference scenarios 3&4

In addition scenarios 5,6,7 and 8 would apply locally in neighboring areas with opposite duplex in
the following bands (yellow arrows):

- 1850-1880 MHz & 1930-1980 MHz: This case would mainly apply for Brazil with respect
to other countries in Americas.

- 1880-1910 MHz: band 39 is used in China while band 2 may be used in Vietham and
Afghanistan. No issues between China and Americas deployments are expected due to
geographical separation.

2.3.2.4 Cellular bands in the 2600 MHz range

This band is used on a very large scale with the 3GPP band 7 FDD frequency arrangement. In
addition TDD is used under 3GPP band 41 in USA and China.

n7- 260C

2483t  250C 257C 262 269(C

WiF

n41

Assuming that the satellite is operated in FDD mode according to band 7 duplex, the following
coexistence scenarios apply:

- Scenarios 1&2 in band 2500-2570 MHz between cellular and satellite conforming to band
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7 uplink

- Scenarios 3&4 in band 2620-2690 MHz between cellular and satellite conforming to band
7 downlink

- Scenarios 5&8 in band 2500-2570 MHz between satellite UL and TDD cellular use in US
and China (distinct coverage)

- Scenario 6&7 in band 2620-2690 MHz between satellite DL and TDD cellular use in US
and China (distinct coverage)
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3 OPERATIONAL CONSTRAINTS FOR SATELLITE ACCESS

3.1 Cooperative coordinated sharing

The cooperative sharing has two different options: coordinated and non-coordinated spectrum
sharing. In cooperative coordinated sharing, the transmissions in the terrestrial cell and non-
terrestrial beam are coordinated in 3GPP frame level. This section aims at identifying the relevant
models, mainly from ITU literature, and their application in interference estimations necessary for
the implementation of cooperative coordinated mechanisms. The implantation of those
mechanisms is explored in further details in WP4. If we assume that only the terrestrial cells which
are within the non-terrestrial beam are coordinated, a terrestrial cell can experience interference
from the neighbouring beams. In cooperative non-coordinated spectrum sharing, the
transmissions of non-terrestrial beams, which are overlapping terrestrial cells, are not allowed in
the frequency band. Due to that the geometry of the interference study is the same both in
coordinated and non-coordinated spectrum sharing, see Figure 4. The coordinated sharing is only
possible in cooperative sharing arrangements. The main difference between non-cooperative and
cooperative-non-coordinated sharing is that the interference to noise ratio (I/N) requirement at the
victim receiver is -6 dB and 0 dB in hon-cooperative and co-operative cases, respectively.

V 4
~

\

Figure 4 T Interference from non-coordinated beams
3.1.1 Scenario 17 UL TN to UL NTN

The interference caused by the transmissions of Terrestrial UEs to Non-terrestrial base stations
in scenario 1 - UL TN to UL NTN, see Figure 5. The aggregate interference is evaluated as the
sum of transmissions from all interfering TN UEs to the studied TN base station:

‘O BO 7 ,where
Interference caused by a single TN UE i is:
li= Pt ue i+ Grnue, il Li+ Gnrn ue, i (dB).

The antenna gains of the NTN BS (Gnrn_ss), TN UE (Gt ue) and path loss (L) are evaluated
according to [2], [3] and [4], respectively.

The path loss L [4] is sum of free space loss and clutter loss L = Lyss + L (dB), where
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Luss = 92.45 + 20 log(f d) (dB) and
0 o 1 1p — AT® p — — p ™0 — A", [5]

The coefficients and variables in the equation are K; = 93(f>1%), A; = 0.05, f frequency (GHz), d
elevation angle (degrees), and p percentage of locations (%).

Figure 5 7 UL NTN to UL TN interference
3.1.2 Scenario 27 ULNTNto UL TN

The interference caused by the transmissions of Non-terrestrial UES to terrestrial base station in
scenario 2 - UL NTN to UL TN, see Figure 6. The aggregate interference is evaluated as the sum
of transmissions from all interfering NTN UESs to the studied TN base station:

‘O BO 7 , where interference from the NTN UE i is
li=Pntn_ue, i + Ghrn ug, i T Li + Grngs,i (dB).

The antenna gains of the NTN UE (Gnrn_ue), TN BS (Gt gs) and path loss (L) are evaluated
according to [3], [6] and [7], respectively.
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Figure 6 T UL NTN to UL TN interference
3.1.3 Scenario 37 DL TN to DL NTN

The interference caused by the transmissions of Terrestrial base stations to Non-terrestrial UEs
in scenario 3 - DL TN to DL NTN, see Figure 7. The aggregate interference is evaluated as the
sum of transmissions from all interfering TN base stations to the studied NTN UE:

‘O B'O 7 ,where interference from the NTN base station i is
li=Prnss,it+ Gings,il Li+ Gnrv ue i (dB).

The antenna gains of the NTN UE (Gntn_ue), TN BS (Grn_gs) and path loss (L) are evaluated
according to [3], [6] and [7], respectively.
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TN_BS

Figure 7 7 DL TN to DL NTN interference
3.1.4 Scenario4i DLNTNto DL TN

The interference caused by the transmissions of Non-terrestrial base stations to terrestrial UEs in
scenario 4 - DL NTN to DL TN, see Figure 8. The aggregate interference is evaluated as the sum
of transmissions from all interfering NTN base stations to the studied TN UE:

‘O B'O 7 ,where
Interference caused by the NTN base station i is:
li=Pntn s, i + Gnrnss,i| Li+ G ue,i (dB).

The antenna gains of the NTN BS (Gt ss), TN BS (Grn_ue) and path loss (L) are evaluated
according to [2], [3] and [4], respectively.

The path loss L [4] is sum of free space loss and clutter loss L = Lyts + Lc (dB), where
Lois = 92.45 + 20 log(f d) (dB) and

0 O I Tp — AT® p — — p T — A", [5]

The coefficients and variables in the equation are K; = 93(°1®), A; = 0.05, f frequency (GHz), d
elevation angle (degrees), and p percentage of locations (%).
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Figure 8 7 DL NTN to DL TN interference
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3.2 Non-cooperative sharing and non-coordinated sharing

In the following sections, number of IMT related parameters have been used to conduct studies
described in the generic scenarios described under section 2.3.1. These are extracted from ITU-
R Recommendation M.2101, ITU-R or document in 5D/716 (Annex 4.4) and are in the following
paragraphs.

3.2.1 Deployment related IMT parameters
The deployment related IMT parameters used in the studies are given in Table 4 and Table 5.

These have been used for characterizing terrestrial TN networks, but also in some cases for
NTN UE transmitters and receivers.

Below 1 GHz Between 1 and 3 GHz
Rural Suburban Urban Rural Suburban Urban
macro macro macro macro macro macro
Base station characteristics/Cell structure
1-2 GHz : 1-2 GHz : 1-2 GHz :
5km 1 km 0.5 km
Cell radius 8 km 3 km 1.5 km
2-3GHz: 2-3GHz: 2-3 GHz :
4 km 0.8 km 0.4 km
1-2 GHz : 1-2 GHz :
) 30m 25 m urban
Antenna height 30m 30m
2-3GHz: 2-3 GHz:
25m 20 m urban
Sectorization 3 sectors
Downtilt 3 degrees 3 degrees | 6 degrees | 10 degrees
Frequency reuse 1

Recommendation ITU-R F.1336 (recommends 3.1)

ka=0.7

ko =0.7

kh =0.7

Antenna pattern kv=0.3

Horizontal 3 dB beam width: 65 degrees

Vertical 3 dB beam width: determined from the horizontal beam width by

equations in Recommendation ITU-R F.1336. Vertical beam widths of actual
antennas may also be used when available.

Antenna polarization Linear/+45 degrees

Feeder loss 3dB

Typical channel

bandwidth 10 MHz 10 or 20 MHz

Maximum base station
output power (Report 46 dBm in 10 MHz 46 dBm
ITU-R M.2292)

Maximum base station
antenna gain (Report 15 dBi 18 dBi 16 dBi
ITU-R M.2292)
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Below 1 GHz Between 1 and 3 GHz
Rural Suburban Urban Rural Suburban Urban
macro macro macro macro macro macro
Maximum base station
output power/sector 58 dBm in 10 MHz 61 dBm 59 dBm
(e.i.r.p.)
TDD /FDD / SDL FDD / SDL

Table 4 - Deployment-related parameters of terrestrial IMT

Rural macro Urban/suburban macro

User terminal characteristics

Indoor user terminal usage (Report

0, 0,
ITU-R M.2292) 50% 0%

Indoor user terminal penetration loss Rec. ITU-R P.2109

User equipment density for terminals
that are transmitting simultaneously 3 UEs per sector
(Note 1)

UE height 15m

Average user terminal output power Use transmit power control

Typical antenna gain for user terminals T3 dBi

Body loss 4 dB

Transmit power control

Power control model Refer to Recommendation ITU-R M.2101 Annex 1, section 4.1

Maximum user terminal output power,

PCMAX 23 dBm

Power (dBm) target value per RB, 992 2
PO_PUSCH (Note 2) :

Path loss compensation factor, a
(same as fdAbal ancin 0.8
in Rec. ITU-R M.2101)

Note 1: UEs share equally the channel bandwidth, i.e. each UE is allocated 1/3 of the channel bandwidth
(see Rec. ITU-R M.2101, section 3.4.1, item le-f.).

Note 2: The target power is defined per Resource Block (RB), considering 180 kHz RB bandwidth
corresponding to 15 kHz subcarrier spacing.

Table 5 - UE parameters used in the studies

3.2.2 Propagation models
As mentioned ITU-R Recommendation M.2101, ITU-R Report ITU-R M.2135 has been used for
the calculation of the path loss between the IMT TN base stations and TN UEs.

In other studies involving TN base stations or UEs and NTN UEs, the calculation of the path loss
in the sharing studies, in relation I/N protection criterion, has been made according to ITU-R
Recommendation P.452-16.
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3.2.3 TN UE Power control algorithm
TN UE power control algorithm to be used in sharing studies is as follows (see ITU-R
Recommendation M.2101 for more details :
0 [ ET0 a0 &0
where:
Pprusch : TN UE transmit power (dBm)
Pcmax @ TN UE maximum transmit power (23 dBm)
Mpusch : number of allocated RBs (17)
Po_pusch : power per RB used target value (dBm)
a : balancing factor for TN UEs with bad channel and TN UEs with good channel
PL : (effective) path loss for the TN UE from its serving BS (dB)
Values for Pcuax, PO_PUSCH, and a are provided in Table 5.

No power control is used on TN base stations
3.2.4 Protection criteria for IMT parameters

Protection criteria are given in ITU-R documents such as Report ITU-R M.2292 and document
5D/716 (Annex 4.4), which provides I/N as the protection criterion. The I/N is the ratio of the
allowedinterrsy st em i nterference | evel received in
level.

Table 6 contains the IMT protection criterion (irrespective of the number of cells and independent
of the number of interferers). Note that this criterion has been developed without considering any
percentage of time related to it.

Protection criteria (I/N) -6 dB

Table 6 - Protection criterion for IMT

3.2.5 Scenario analysis

The detailed analysis on scenarios 1 to 8 defined in section 2.3.1 is provided in details in Appendix
D.

The analysis shows that non-cooperative or non-coordinated operations is possible depending
on the satellite antenna performance: the parametric analysis conducted provides metrics on the
key features to enable compatibility. The analysis also shows that the system traffic loading is to
be considered in conjunction with the satellite antenna performances.
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4 REGULATORY FRAMEWORK ANALYSIS

In this section, the applicable regulatory framework is analysed, gaps to enable spectrum sharing
are identified. Some potential ways to address these gaps are proposed.

4.1 International frequency allocations

Among the bands considered in Dynasat, it is relevant to distinguish the bands allocated to the
Mobile Satellite Service from the bands where a terrestrial Mobile Service allocation is present.
In the first case, the current regulations provides a basis for satellite service provision and
coexistence issues have already been subject to discussions. In MS bands, the concept of
introducing satellite capabilities opens new questions that the current regime does not adequately
address. In the following sections the two distinct situations are examined.

4.1.1 MSSbandsi 2 GHzrange

In the Dynasat context, the Mobile Satellite Service band of interest is the so-called S band. The
allocation is recalled in the diagram below:

Terres rial IMT Uplink Satellite IMT Temres trial INT Downlink Satellite IMT
uplink MS5 Reg2 Space Ops (TC) downlink Space Ops (TM)

PEPCTRPLIRE FEOPRREr zareesseaneenesnass
! MBS North-Am | MSS Reg2 | MBS North-Am

1820 13D 2003 2010 2020 2025 2110 2160 2170 2180 2200

Figure 9 - MSS S band frequency allocations

As per RR Footnote 5.388 and Resolution 212, this band is identified for IMT (International Mobile
Telecommunications) for both the satellite and terrestrial components.

The question of co-existence between satellite and terrestrial IMT systems has to some extent
being examined by ITU:

WRC-15 placed on the agenda of WRC-19 the item 9.1.1. Its associated Resolution 212, called
for ITU-R s t u o stwdg posgsible technical and operational measures to ensure coexistence
and compatibility between the terrestrial component of IMT (in the mobile service) and the satellite
component of IMT (in the mobile service and the mobile-satellite service) in the frequency bands
1 980-2 010 MHz and 2 170-2 200 MHz where those frequency bands are shared by the mobile
service and the mobile-satellite service in different countries, in particular for the deployment of
independent satellite and terrestrial components of IMT and to facilitate development of both the
satellite and terrestrial components of IMT fi .

Resolution 212 was modified by WRC-19 to include the following elements :

Administrations are provided with guidelines for the implementation of technical and operational
measures to facilitate coexistence :

- In the uplink MSS band 1980-2010 MHz, Terrestrial IMT should use the band in
uplink (UE Transmit - BS Receive), with an EIRP of, for example -10dBW / 5
MHz.

- In the downlink MSS band 2170-2200 MHz, satellite could consider implementing
pfd maximum values to protect terrestrial IMT (examples: -108.8 and -122
dBW/m?/MHz to protect respectively UE and BS reception)
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- Terrestrial systems are invited in both bands, to use BS antennas with improved
sidelobe patterns.

- Satellite systems are invited -offantearme fAnar
steering, beamforminglbe am nul I i ng, dynamic frequency

These guidelines have no regulatory weight, but provide useful indications in the Dynasat context.
They were elaborated with the following assumptions:

- The satellite and terrestrial are operated independently. This corresponds to
cooperativeodo situation in Dynasat scenari os.
- The characteristics of the MSS systems may differ from those of Dynasat.

Resolution 212 callsITU-R t o study fApossible technical coand op
existence and compatibility between the terrestrial and satellite components of IMT in the

frequency bands 1980-2010 MHz and 2170-2 2 0 0 M HThe IdU-R Working Party 4C is in

charge of these activities, but so far little activity has been observed.

In addition, the following pfd coordination threshold applies with respect to terrestrial services:

o o o Ref.
Band 0-5 5-25 25-90 bandwidth
11471 11441 0.5(0 118 4 kHz (1)
2160-2200 MHz
1T 12 11283 0. 5( Q0 113 1 MHz (2)

Table 7 - PFD coordination threshold in S band

(1) This limit per 4 kHz bandwith applies only with respect to analogue Fixed Service
telephony
(2) This limit applies to all terrestrial services allocated in the band

Whenever the coordination threshold is exceed on the territory of an administration, this
administration is entitled to require coordination with its registered assignments.

Gap analysis:

The sharing conditions determined with Dynasat assumptions under scenarios 1,4, 5 and 6
confirm the findings in Annex of Resolution 212.

While the 2 GHz MSS bands offers attractive regulatory primary status, and a wide international
recognition, the following difficulties are however observed:

- The reverse duplex (compared to satellite) operation of terrestrial services, which is
allowed today, is highly detrimental to MSS signal on-board reception in the MSS uplink
band at 2 GHz.

- The terrestrial BS reception is more difficult to protect from satellite emissions than UE
reception. It is noted that the terrestrial frequency arrangements of ITU-R
Recommendation M.1036 only include terrestrial DL around 2.2 GHz: the requirement to
protect BS reception is therefore unnecessary

- Terrestrial services other than IMT (in particular Fixed links) may be used in certain
countries, which trigger stringent pfd protection levels (at 2.2 GHz) and interference to the
satellite (at 2 GHz). Potential coverage gaps could result from these situations. It is noted
that Resolution 716 invites administrations to progressively phase-out Fixed systems from
the MSS S band
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Potential measures to mitigate requlatory gaps:

- Incentivize administrations to use terrestrial duplex directions aligned with those of the
MSS allocations

- Reinforce the implementation of Resolution 716, so to limit impairments created by
residual Fixed service

- Limit protection requirements of terrestrial IMT to those of the UEs in the band 2170-2200
MHz. The proposed value of -108.8 dBW/m2/MHz in Annex of Resolution 212 could be a
basis.

4.1.2 Satellite operations in MS bands

An essential requirement for enabling satellite connectivity in terrestrial mobile bands is
to avoid detrimental impact on existing and future deployment of terrestrial mobile
systems. The technical analysis conducted in section 3 of this document has the objective
to determine the conditions or constraints that could apply to a satellite system in order
to share frequencies with cellular systems. In the following, it is assumed that those
technical conditions are met. The discussion therefore focuses on exploring the
regulatory status which may be afforded to a Dynasat system operating in cellular bands.

In the cellular bands considered in the study (i.e. FDD bands below 3 GHz), there is
generally no MSS frequency allocations. Some exceptions are to be noted:

- The MSS band 1980-2010 MHz (UL) and 2170-2200 MHz (DL) already covered in
the section 4.1.1

- MSS secondary allocation in Region 2 in the bands 1930-1970 MHz (UL) and
2120-2160 MHz (DL).

- MSS primary allocations in 2500-2535 MHz (DL) and 2655-2670 MHz (UL), part
of which is limited to operation within national boundaries. This MSS band has a
reverse duplex pairing with respect to the cellular band 7, hence this allocation
cannot be used in conjunction with band 7.

- MSS allocations in the 800/900 MHz range for national systems in certain areas.

Considering the most general case of Mobile Service allocation with no MSS allocations,
the Radio Regulations includes a provision under Article 4.4 which states that

fAdministrations of the Member States shall not assign to a station any frequency in
derogation of either the Table of Frequency Allocations in this Chapter or the other
provisions of these Regulations, except on the express condition that such a station, when
using such a frequency assignment, shall not cause harmful interference to, and shall not
claim protection from harmful interference caused by, a station operating in accordance
with the provisions of the Constitution, the Convention and these Regulations.o

Over the recent period, a number of satellite filings in terrestrial mobile bands have been
submitted to ITU under this provision.
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Operating under Article 4.4 does not provide status or recognition. The non-interference
condition is not associated to a technical threshold. Hence there is a risk that, in the case
an administration authorises the satellite service in its territory, a neighbouring
administration requires emissions to cease even under very low levels of interference.

In any alternative to operations under Article 4.4, the following elements may therefore
be considered:

- Definition of harmful i nterference thr eshcoolodpel
cellular deployments

- Mechanism to implement and enforce compliance to these thresholds
An analysis of the potential alternative frameworks is provided in Appendix F.

For a satellite system, sharing with MS has very significant technical and regulatory
implications. To ensure satellite connectivity and service continuity, it is necessary to
preserve the current MSS allocations free from terrestrial use so that satellite service can
always be provided.

4.2 National licensing aspects

Dynamic spectrum sharing has been on the agenda of national regulators for some years,
whereas static spectrum sharing has been deployed practically in all bands globally from the
beginning of radio spectrum management. Regulated forms of dynamic spectrum sharing have
been defined, and in some cases implemented.

Some examples of dynamic spectrum sharing are:

- CBRS: Citizens Broadband Radio Service
- LSA: Licensed Shared Access

- TVWS: TV White Spaces

- AFC: Automated Frequency Coordination

In the above cases, the objective is to permit the use of spectrum between heterogeneous
services, one being the protected incumbent, the new incoming service which is not allowed to
cause harmful interference to the incumbent service.

In case of Dynasat service, the cellular and the satellite service would provide the same type of
services, addressing the same category of end-users. Under a typical spectrum sharing typical
scenario, the satellite would reuse frequencies that have been licensed nationally to a cellular
MNO.

Contrary to competing use, it is expected that the incumbent cellular network and the new
incoming satellite network will be used in cooperation to augment the service to the end-user. In
this context, a nationally regulated approach to set technical sharing conditions would not be
optimal. Rather, the cellular and the satellite operator should be given the possibility to optimize
the service provision and spectrum use.

In all cases, national regulators may be required to offer flexibility to the licensed MNO to
implement incremental satellite use.

The EU Radio Spectrum Policy Group has issued in June 2021 an Opinion on fiSpectrum Sharing
i Pioneer initiatives and bandso 8].[This Opinion builds on the RSPG Report on Spectrum Sharing
- A forward-looking survey [9] issued in February 2021. Several aspects of the above documents
are relevant to Dynasat, including section 2.1 Spectrum sharing in the current EU framework in
report [9], and sections 1 Options for promoting spectrum sharing and 3 Roadmap for increased
spectrum sharing in the opinion document [8].
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5 CONCLUSIONS

In this document aims the main operational constraints for a satellite access infrastructure that
would share spectrum of a cellular network have been analysed. The document investigates
mobile satellite bands such as A3GPP band 650 at
below 6 GHz. The main part of the study, of a technical nature, shows that sharing is unlikely to
be possible between a satellite system and a terrestrial cellular system operating in TDD mode.
With respect to cellular deployments in FDD, hence below 3 GHz, sharing is possible while
protecting cellular deployments of MNO operating in heighbouring countries. The sharing is also
possible with the cellular deployments of the MNO inside the same country, through a cooperative
approach: when the two deployments are distant by more than a few tenth km, a limited mutual
degradation is observed and may be acceptable. On a more local basis, both networks cannot
generally share the same frequencies and dynamic spectrum sharing approaches can be
envisaged. The implementation of such dynamic approaches is not covered in this document.
The study shows that a key enabler of the above sharing possibilities is the satellite antenna
directivity and sidelobe performance. Sharing is also made easier in rural zones, compared to
areas close to conurbations. The report also shows that sharing is made possible only when both
terrestrial and satellite system operate in aligned duplex directions: uplink, and respectively
downlink, transmissions in the same bands.

Further to this study, there would be benefit to more accurately model the terrestrial networks
interference and work further on satellite antenna design.

The regulatory environment has been also investigated. While a comprehensive framework exists
for the Mobile Satellite Service band at 2.0/2.2 GHz, there is no current recognition for possible
satellite operation in most cellular bands. The report investigates possible avenues to enable such
operations in the future.
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APPENDIX A - DYNASAT CONSTELLATION

Redacted according to the indications of the external Security Advisory Board
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APPENDIX B - SATELLITE ANTENNA CHARACTERISTICS

Redacted according to the indications of the external Security Advisory Board
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APPENDIX C - FIELD STRENGTH VALUES USED FOR CROSS-
BORDER COORDINATION IN CEPT (EXTRACTYS)

C.1 Frequency band 800 MHz and 1800 MHz

Source ECC/REC(08)02 (Cross-border coordination for Mobile/Fixed Communications
Networks (MFCN) in the frequency bands 900 MHz and 1800 MHz excluding GSM vs. GSM
systems)

Wideband system vs. Wideband system

Centre frequencies Centre frequencies
aligned not aligned
Preferential codes/PCls Non-preferential All codes/PCls
codes/PCls

900 MHz

59dBeV/ m/ 5MH 59d B &//5MH 0k
Between same and & m z 41dBe V/ m/SMHzand & 2@ m
technologies | i B e v/ m/ 5 MHz | < 41dBeV/ m/ 5MHz
different and
1800 MHz
Between_same 65dBeV/ m/ 5MHz 47 stV/m/SMGSdBSV/m/SMHZ
technologies and Kkm and

47dBeV/ m/ 5 MHz 47dBe V/ m/ 5 MHz
Between 66dBeV/ m/ 5MHz @ O km
different and
technologies 47dBeV/ m/ 5MHz @ 6 km
@ stands for fiat a distance inside the neighboli

Field strength levels at a height of 3 m above ground between wideband systems

Narrowband system

Wideband system

Option 1
900 MHz according to ECC Recommendation 50dBegV/ m/l5MHz @ 0 kr
(05)08 or existing and
agreement/arrangement between 41dBeV/ m/l 5MHz @ 6 ki
administrations/operators for all codes/PCls
1800 MHz according to ECC Recommendation 65dBeV/ m/ 5MHz @ 0 ki
(05)08 or existing and
agreement/arrangement between 47dBeV/ m/ 5MHz @ 6 ki
administrations/operators for all codes/PCls
Option 2
900 MHz 45dBeV/ m/ 200 kHz@0 |[5dBeV/ m/ 5MHz @ 0 Kk
and
41dBeV/ m/ 5MHz @ 6 ki
for all codes/PCls
1800 MHz 51dBegV/ m/ 200 kHz @0 |[65dBeV/ m/ 5MHz @ 0 Kk
and
47dBeV/ m/ 5MHz @ 6 ki
for all codes/PCls
@ stands for fiat a distance inside the neighbouring countr

Field strength levels at a height of 3 m above ground for the case of narrowband and wideband
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systems

DYNASAT

Narrowband system vs. Narrowband system
Preferential Frequency

Non-Preferential Frequency

Option 1
900 MHz according to ECC Recommendation (05)08 or existing agreement/arrangement
between administrations/operators
1800 MHz according to ECC Recommendation (05)08 or existing agreement/arrangement
between administrations/operators
Option 2
900 MHz 45dBeV/ m/ 200kHz @ 0 19dBeV/ m/ 200kHz @ O
1800 MHz 51dBeV/ m/ 200k Hz 25dBeV/ m/ 200k Hz ¢

@ stands

for

fiat a distance inside

t he

nei ghbouring countr

Field strength levels at a height of 3 m above ground between narrowband systems

C.2 Frequency band 1920-1980 MHz and 2110-2170 MHz
Source : ECC/REC(01)01 (Cross-border coordination for mobile/fixed communications networks
(MFCN) in the frequency bands: 1920-1980 MHz and 2110-2170 MHz)

Overview Table

Preference Preference Code Alignment of Concept /evBizafa height
Frequency centre frequency of 3 m above ground @ km
FDD vs. FDD with code coordination only
n.a. Y Y 65@0 & 37@6
n.a. Y N 65@0 & 37@6
n.a. N Y 37@0
n.a. N N 65@0 & 37@6
FDD vs. FDD with code coordination and add. preferential frequencies
Y Y/N n.a. 75@0
N Y/N n.a. 65@0 & 37@6
Not e: @ stands for fAat a distance inside the
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C.3 Frequency band 2500-2690 MHz
Source : ECC/REC/(11)05 (Cross-border Coordination for Mobile/Fixed Communications
Networks (MFCN) in the frequency band 2500-2690 MHz)

Trigger values at a height of 3 m above ground for MFCN FDD systems

: Preferential
Non-Preferential frequency usage

frequency usage

. . Centre frequencies not
Centre frequencies aligned .
aligned

Using preferential i - i

9p leleln 30 denson preferential Using all PCI codes Based on
PCI codes bi-or multilateral
65 dBmV/m/5 MHz@0 agreements/
km 65 dBmV/m/5 MHz@O km | arrangement
and 4k19 dBmV/m/5 MHz@0 and (paragraph 3)
49 dBmV/m/5 MHz@6 (";ra aph 2) 49 dBmV/m/5 MHz@6 km
km paragrap (paragraph 1)
(paragraph 1)

@ stands for fiat a distance inside the neighbouring

For field strength predictions the calculations should be made according to Annex 3. In cases of channel
bandwidth other than 5 MHz, a factor of 10 x Logio (channel bandwidth! /5MHz) should be added to the
field strength values.

Trigger values at a height of 3 m above ground between TDD systems

. Preferential
Non-Preferential frequency usage

frequency usage

Centre frequencies aligned Centre frequencies not aligned
Synchronised TDD, or DL only Unsynchronised SynchromsedI Unsynchronised
TDD TDD, or DL only TDD Based on bi-or
Preferential PCI | Non-preferential multilateral
codes PCI codes All PCI codes All PCI codes agreements
(Annex 1
;"n'jjz@o km 49 dBeVim/5 | 30 dBeV/m/5 2"”'12@0 km 30 dBe V/m/5
49 dBeV/mn '(\A:rza@r(;krTZ) '(\/' |;rza@r(; krrlnl) 49 dBeV/ '(V| |z:rza@rczjl krrmnl)
MHz@6 km paragrap paragrap MHz@6 km paragrap
(paragraph 2) (paragraph 2)
@ stands for fiat a distance inside the neighbouring

1 not occupied bandwidth
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For field strength predictions the calculations should be made according to Annex 3. In the case of other
channel bandwidth other than 5 MHz, a factor of 10 x Logio (channel bandwidth? /5 MHz) should be added
to the field strength values.

C.4 Propagation models to be used for cross-border coordination
Path specific model :

Where appropriate detailed terrain data is available, the propagation model for interference field strength
prediction is the latest version of Recommendation ITU-R P.452, For the relevant transmitting terminal,
predictions of path loss would be made at x km steps along radials of y km at z degree intervals. The values
for those receiver locations within the neighbouring country would be used to construct a histogram of path
loss i and if more than 10% of predicted values exceed the threshold the station should be required to be
coordinated.

Values for x, y, z and path specific field strength levels are to be agreed between the administrations
concerned.

Site General model

If it is not desirable to utilise detailed terrain height data for the propagation modelling in the border area,

the basic model to be used to trigger coordination between administrations and to decide, if co-ordination

is necessary, is Recommendation ITU-R P. 1546, iMet hod f or point to ar
services in the frequency dehistpbe efifloyed tor 58% I6cations| H@% . Thi
time and using a receiver height of 3m.

For specific reception areas where terrain roughness adjustments for improved accuracy of field strength
prediction are needed, administrations may use correction factors according to terrain irregularity and/or an
averaged value of the TCA parameter in order to describe the roughness of the area on and around the
coordination line.

Administrations and/or operators concerned may agree to deviate from the aforementioned model by
mutual consents.

2 not occupied bandwidth
3e.g. as used by members of the HCM-Agreement
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APPENDIX D - DETAILED ANALYSIS FOR NON COOPERATIVE
SHARING

Redacted according to the indications of the external Security Advisory Board
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APPENDIX E - POTENTIAL STATUS OF SATELLITE IN MS
BANDS

Redacted according to the indications of the external Security Advisory Board
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