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Sharing and compatibility studies of high-altitude platform stations
as IMT base stations (HIBS) on WRC-23 agenda item 1.4

[Editor’s note: As guidance for future input contributions, below is an example of structure for each
study provided:

11 Study A

111 Technical characteristics

[This section provides the specific parameters used in the included study/studies.]
112 Propagation models

[This section provides specific propagation models and related parameters for sharing/interference
analyses used in the study.]

113 Methodology

[This section provides the methodology used in this study.]

114 Study results

[This section provides the sharing and compatibility study results of this study.]
115 Summary and analysis of the results of Study A

[This section provides the summary and analysis of the results of this study.]]

1 Introduction

This document provides the sharing and compatibility studies of high-altitude platform stations as
IMT base stations (HIBS) in the 694-960 MHz, 1 710-1 885 MHz, 1 885-1 980 MHz, 2 010-

2 025 MHz, 2 110-2 170 MHz, and 2 500-2 690 MHz frequency ranges with other services and
systems referenced under resolves to invite ITU-R 2 in Resolution 247 (WRC-19), to ensure the
protection of services, without imposing any additional technical or regulatory constraints in their
deployment, to which the frequency band is allocated on a primary basis, including other IMT uses,
existing systems and the planned development of primary allocated services, and adjacent services,
as appropriate, for certain frequency bands below 2.7 GHz, or portions thereof, globally or

regionally harmonized for IMT. [Formatted: English (U.S.)
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2 Allocation information

The relevant allocation information is contained in the RR Article 5, in the Tables for the frequency
ranges 460-890 MHz, 890-1 300 MHz, 1 710-2 170 MHz, 2 170-2 520 MHz, and 2 520-2 700 MHz.

3 Propagation models and technical and operational characteristics

3.1 Technical and operational characteristics of HIBS

The technical and operational characteristics of HIBS are contained in the working document
towards a preliminary draft new Report ITU-R M.[HIBS-CHARACTERISTICS] (see Annex 4.19
to Working Party 5D Chairman’s Report, Document 5D/716).

3.2 Propagation models and technical and operational characteristics of other services
and systems

Source Services/Applications/Models Information available at

WP 5D IMT parameters 5D/716 (Annex 4.4)
WPs 3J, 3K and 3M Propagation models 5D/243, 723

WP 4A Broadcasting satellite (BSS) 5D/385, 732

Fixed satellite (FSS)
WP 4C Mobile satellite (MSS) 5D/376, 731
Radiodetermination satellite (RDSS)
WP 5A Mobile (MS) 5D/401
WP 5B Aeronautical mobile (AMS) 5D/241, 711

Aeronautical radionavigation
Meteorological radars
Radiodetermination

WP 5C Fixed (FS) 5D/234
WP 6A Broadcasting (BS) 5D/363, 554
WP 7B Earth exploration satellite (EESS) 5D/149, 351, 558, 751

Meteorological satellite (MetSat)
Space operation (SOS)
Space research (SRS)

WP 7C Earth exploration satellite (EESS 5D/152, 354, 566
(passive))
Space research (SRS (passive))
WP 7D Radio astronomy (RAS) 5D/261
4 Sharing and compatibility studies

The sharing and compatibility studies are contained in the Annexes to this document.

5 Summary and analysis of the results of studies

[Editor’s note: This section includes the summary of all the studies between HIBS and existing
services, which should be transposed to the Section 3 of the Draft CPM text for WRC-23 agenda
item 1.4. It may also include possible mitigation measures, as applicable.]

[Editor’s note: In case of more than one study, need to separate as Study A, Study B, etc. Highlight

in each study only the characteristics used that are not already described in Section 3.] [Formatted: English (U.S)
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Annex 1: Sharing and compatibility studies of high-altitude platform stations as IMT base stations
(HIBS) in the 694-960 MHz frequency range

Annex 2: Sharing and compatibility studies of high-altitude platform stations as IMT base stations
(HIBS) in the 1 710-1 885 MHz frequency range

Annex 3: Sharing and compatibility studies of high-altitude platform stations as IMT base stations
(HIBS) in the 1 885-1 980 MHz, 2 010-2 025 MHz and 2 110-2 170 MHz frequency
ranges

Annex 4: Sharing and compatibility studies of high-altitude platform stations as IMT base stations
(HIBS) in the 2 500-2 690 MHz frequency range
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ANNEX 1

Sharing and compatibility studies of high-altitude platform stations as IMT base
stations (HIBS)in the 694-960 MHz frequency range

All Sharing studies between land mobile service excluding IMT and HIBS operating in
the 694-960 MHz frequency range

The applications of the land mobile service in the 694-960 MHz frequency range include:

- Trunk systems in the 869-960 MHz range;

- Public Protection and Disaster Relief Operations (PPDR) in the 694-894 MHz range;
- Digital dispatch systems in different bands in the 746-940 MHz range;

- Systems for public mobile communications with aircraft in Region 2 in the 849-
851 MHz and 894-896 MHz frequency ranges.

It is important to note that several of these frequency ranges would fall in the proposed HIBS uplink
arrangement (i.e., 698-748 MHz, 824-862 MHz, and 880-915 MHz), and thus the sharing and
compatibility would not differ from the existing conditions for terrestrial IMT networks.

For example, the PPDR broadband applications in the sub-ranges 694-791 MHz and 791-862 MHz
in Region 1, and 703-803 MHz in Region 2 are mostly aligned with the channel arrangements
proposed for IMT in Recommendation ITU-R M.1036, which would therefore align with the
proposed channel arrangements for HIBS in the same geographical area. In this case, the operation
of HIBS and PPDR in the same geographical is equivalent to that of terrestrial IMT and PPDR,
including in its capabilities to support such applications. As such, the HIBS base stations
transmission will not be different than terrestrial IMT base stations in terms of compatibility with
broadband PPDR in this range. The channel arrangements for PDDR in the frequency range 806-
869 MHz in Region 2 does not coincide with that of IMT, and thus does not coincide with that of
HIBS in the same Region.

Al2 Sharing studies between the ground component of IMT and HIBS operating in the
694-960 MHz frequency range

Al21 Study A
Al1.2.1.1 Technical characteristics

Al.2.1.1.1 Technical and operational characteristics of HIBS systems operating in the
frequency band 694-960 MHz

This section provides the characteristics of HIBS systems, according to the PDNR ITU-R M.[HIBS-
CHARACTERISTICS] (Annex 4.19 to Working Party 5D Chairman’s Report, Doc. 5D/716).
Table Al1.2.1.1 provides the specification-related parameters to be used in this analysis for HIBS.

TABLE A1.2.1.1
Specification related parameters of HIBS (Base Station)

No. Parameter Band 1
(694-960 MHz)
1 Duplex Method FDD
2 Channel bandwidth (MHz) 20 MHz [Formatted- English (U.S)
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Signal bandwidth (MHz) 18 MHz
Power dynamic range (dB) 0 dB conducted BS output power
Spurious emissions —13 dBm/100 kHz

Table A1.2.1.2 shows deployment-related parameters used in this analysis for HIBS and the
associated UEs.

TABLE A1.2.1.2

Deployment related parameters of HIBS and the UE associated to HIBS

No. Parameter Band 1
(694-960 MHz)
1 Network topology and characteristics
11 BS density or ISD 1 BS/HIBS area
1.2 HIBS area radius 100 km
13 HIBS network configuration FDD
(Duplex Mode)
2 Base station characteristics/Cell Structure
2.1 HIBS Platform Altitude 20
2.2 Number of cells/HIBS 7
2.3 Frequency reuse 1
25 HIBS Platform Antenna pattern Recommendation ITU-R M.2101
Element gain 8 dBi
Horizontal/vertical 3 dB beamwidth 65° for both H/V
of single element
Horizontal/vertical front-to-back ratio 30 dB for both H/V
Antenna polarization Linear/+45 degrees
Antenna array configuration 2 x 2 elements (1% layer cell),
(Row x Column) 4 x 2 elements per cell (2™ layer cell)
Horizontal/Vertical radiating element 0.5 of wavelength for both H/V
spacing
Ohmic losses 2dB
2.6 | HIBS Platform Antenna tilt 90° (1% layer cell),
330 (2" layer cell)
2.7 HIBS Conducted power per antenna 37 dBm (1% layer cell),
element 34 dBm (2™ layer cell)
2.8 HIBS Platform e.i.r.p./cell 55 dBm (1% layer cell),
58 dBm (2™ layer cell)
2.9 HIBS Platform e.i.r.p. Spectral 42 dBm/MHz (1% layer cell),
Density/cell 45 dBm/MHz (2™ layer cell)
UE characteristics
31 UE density for equipment that are 3 UEs per cell
transmitting simultaneously
3.2 UE height 15m
33 Body loss 4dB
34 Typical antenna gain for UE -3 dBi
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35

Transmit power control model

Refer to Recommendation ITU-R M.2101

3.6

Maximum UE transmitter output
power

23dBm

Al.2.1.1.2 Technical and operational characteristics of the ground component of IMT
operating in the frequency band 694-960 MHz

This section provides the characteristics of IMT systems, according to Characteristics of terrestrial
component of IMT for sharing and compatibility studies in preparation for WRC-23 (Annex 4.4 to
Working Party 5D Chairman’s Report, 5D/716).

Tables A1.2.1.3 and Al1.2.1.4 provide the deployment-related parameters of IMT systems for the
frequency bands below 1 GHz. In these frequency bands, implementation of AAS is not considered
in IMT base and mobile stations.

TABLE A1.2.1.3

Deployment-related parameters for bands below 1 GHz

Urban/suburban macro

Rural macro

Base station characteristics/Cell structure

Cell radius urban macro: 1.5 km 8 km
suburban macro: 3 km

Antenna height 30m 30m
Sectorization 3 sectors 3 sectors
Downtilt 3 degrees 3 degrees
Frequency reuse 1 1
Antenna pattern Recommendation ITU-R F.1336 (recommends 3.1)

k,=0.7

k,=0.7

kn=0.7

k,=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

Linear/+45 degrees

Below rooftop base station antenna Urban: 20% 0%
deployment Suburban: 0%

Feeder loss 3dB 3dB
Typical channel bandwidth 10 MHz 10 MHz

Maximum base station output power
(Report ITU-R M.2292)

46 dBm in 10 MHz

46 dBm in 10 MHz

Maximum base station antenna gain
(Report ITU-R M.2292)

15 dBi

15 dBi

Maximum base station output
power/sector (e.i.r.p.)

58 dBm in 10 MHz

58 dBm in 10 MHz

Network loading factor (base station
load probability X%)

50%

50%
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Urban/suburban macro

Rural macro

TDD/FDD/SDL FDD FDD
TABLE A1.2.1.4
UE parameters for bands below 1 GHz
Urban/suburban macro Rural macro

User terminal characteristics
Indoor user terminal usage (Report ITU-R 70% 50%
M.2292)
Indoor user terminal penetration loss Rec. ITU-R P.2109 Rec. ITU-R P.2109
User equipment density for terminals that are 3 UEs per sector 3 UEs per sector
transmitting simultaneously
UE height 15m 15m
Average user terminal output power Use transmit power Use transmit power

control control
Typical antenna gain for user terminals -3 dBi -3 dBi
Body loss 4dB 4dB
Transmit power control
Power control model Refer to Recommendation ITU-R M.2101 Annex 1,

section 4.1

Maximum user terminal output power, PCMAX 23dBm 23dBm
Power (dBm) target value per RB, PO_PUSCH -92.2 -92.2
Path loss compensation factor, o 0.8 0.8
(same as “balancing factor” mentioned in Rec.
ITU-R M.2101)

Table Al1.2.1.5 provides the protection criterion for IMT systems (irrespective of the number of
cells and independent of the number of interferers). This criterion has been developed without

considering any percentage of time related to it.

TABLE A1.2.1.5

Protection criterion for IMT

Protection criterion (I/N) -6 dB

Al.2.1.2 Propagation models for sharing and compatibility studies in the frequency band

694-960 MHz

According to the liaison statement from ITU-R SG 3 (Doc. 5D/723), Recommendation ITU-R
P.528-4 is used to model the basic transmission loss between HIBS BS and UEs in the ground.

In urban and suburban scenarios, according to the liaison statement 5D/723, Document 3K/178

(Annex 6 to Working Party 3K Chairman’s Report) is used to calculate clutter loss.

When the user equipment of the ground component of IMT system is indoors, building entry loss

shall be considered according to Recommendation ITU-R P.2109-1.
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Al.2.1.3 Methodology

This section describes the methodology of modelling HIBS BS interference into IMT UE. Main
steps of the simulation are as follows:

Step 1: Determine evaluation area and the deployment of HIBS and the ground component of IMT
system.
Step 1.1: Determine evaluation area.

According to the PDNR ITU-R M.[HIBS CHARACTERISTICS], the potential usage scenarios for
HIBS are coverage enhancement for rural and remote areas, safety and security, internet of things,
and event services. To cover all kinds of border areas, the deployment scenarios for the ground
component of IMT system are assumed to contain urban, suburban and rural areas.

The coexistence scenario for HIBS and IMT system is shown in Figure A1.2.1.1. In this figure,
point A represents the subpoint of HIBS base station, point B represents the centre cell of the IMT
system, the letter D represents the distance between point A and point B. HIBS and the ground
component of IMT system are assumed to be deployed in different areas.

FIGURE A1.2.1.1

Coexistence scenario of HIBS and the ground component of IMT system

\ HIBS
S

Step 1.2: Determine the deployment of HIBS and the ground component of IMT system.

The HIBS base stations is assumed to be deployed at the altitude of 20 km, with the structure of
7 cells. The IMT system is composed of 19 cells, with the structure of 3 sectors per cell. HIBS
system and the ground component of IMT system are assumed to use the same frequency band to
transmit or receive, in the FDD duplex mode.

Step 2: Calculate aggregate interference from HIBS system.
Step 2.1: Calculate the interference from HIBS BS sector to each IMT UE.

In HIBS downlink transmission, the interference power from HIBS BS sector to the IMT UE could
be calculated by equation (1) as below.

|, =P, +G, -PL+G, O

where:
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In: interference power from the n-th HIBS base station sector to the IMT UE,
dBm/20 MHz;

Pw : HIBS base station transmit power in the reference bandwidth, dBm/20 MHz;

Guw: The antenna gain of the n-th HIBS base station sector in direction of the IMT
UE, dBi;

PL: propagation loss including free space transmission loss, atmospheric
attenuation and clutter loss as appropriate, dB;

G the maximum antenna gain of the IMT UE, dBi.
Step 2.2: Calculate aggregate interference from HIBS BS.
The aggregate interference is calculated by equation (2) as follows.

liotal :10|09@:;Nlolnlm) )]

where:
loai:  received aggregate interference for IMT UE, dBm/20 MHz;
n: index of the HIBS BS sectors;
In: received interference power from the n-th HIBS BS sector (dBm/20 MHz);
N: the total number of HIBS BS sectors.

Step 3: Compare the defined I/N protection criterion and analyse the simulation results.
Al.2.1.4 Study results

Al.2.1.4.1 HIBS antenna patterns

The antenna patterns for HIBS base station are shown in following figures, in accordance with
Recommendation ITU-R M.2101. In the frequency band 694-960 MHz, HIBS system uses Non-
Advanced Antenna System (Non-AAS).
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FIGURE A1.2.1.2

HIBS antenna pattern for 1* layer cell (2x2 elements)

HIBS base station horizontal antenna pattern-1st layer cell HIBS base station vertical antenna pattern-1st layer cell
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Al.2.1.4.2 Propagation loss

The Cumulative Distribution Function of propagation loss between HIBS base station and HIBS UE
is shown in Figure Al1.2.1.4, where HIBS UEs are randomly distributed in the coverage area. The
simulations were done with 700 snapshots.
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FIGURE A1.2.14
The CDF of propagation loss in urban areas
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Al.2.1.4.3 HIBS interference

Al.2.1.5 Summary and analysis of the results of Study A
[Editor’s note: This section provides the summary and analysis of the results of this study.]

Al3 Sharing studies between aeronautical radionavigation service and HIBS operating
in the 694-960 MHz frequency range

[TBD]

Al4 Sharing and compatibility studies between broadcasting services in the

470-960 MHz band and HIBS operating in the 694-960 MHz frequency range

The use of the frequency band 698-748 MHz by HIBS would be in the uplink direction, consistent
with Recommendation ITU-R M.1036 and based exclusively on FDD duplex mode (no use of TDD
duplex mode). Since a HIBS base station will not transmit in the band adjacent to the broadcasting
service in the 470-698 MHz band, it could be considered that interference from HIBS in the uplink
direction to broadcasting receivers operating in adjacent frequency band is unlikely to be a problem.

In terms of sharing conditions between HIBS and broadcasting services in the 694-960 MHz
frequency, the high altitude of the HIBS base stations gives them a potential of interference over a
very large area As they may operate in co-channel with broadcasting services in neighbouring
countries, co-channel sharing and compatibility studies between terrestrial broadcasting service and
HIBS downlinks operating in the 694-960 MHz frequency range are needed to determine the size of
the area over which an existing receiving installation of the terrestrial broadcasting service might be
affected.

Al5 Compatibility studies between aeronautical radionavigation service in the adjacent
frequency band and HIBS operating in the 694-960 MHz frequency range

[TBD]

Al6 Compatibility studies between aeronautical mobile (route) service in the adjacent
frequency band and HIBS operating in the 694-960 MHz frequency range

[TBD]
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[Al1.7 Compatibility studies between radio astronomy service 1 610.6-1 613.8 MHz and
HIBS BS operating in the 694-960 MHz frequency range

[Editor’s Note: With regards to 2" harmonics, this issue and related studies have not fully
discussed, nor concluded, and nor agreed to by WP 5D.]

Al7.1 General description

The frequency band 1 610.6-1 613.8 MHz is allocated to the radio astronomy service on a primary
basis. Owing to the increased likelihood of line-of-sight conditions and main-beam to main-beam
coupling, RAS stations may receive harmful interference from spurious emissions of HIBS
operating in the frequency range 804.3-806.9 MHz. According to RR Article 1, No. 1.145, ”/...]
Spurious emissions include harmonic emissions, parasitic emissions, intermodulation products and
frequency conversion products/...] .

Harmonic emissions are a physical consequence of electronic circuits, only a perfectly linear system
(an ideal device) would not produce any harmonic emissions. Normally, harmonics are not an issue
for compatibility studies due to their relatively low level with respect to in-band signals.
Nevertheless, the high sensitivity of radio telescopes and the fact that HIBS transmissions would be
attenuated almost exclusively by free space propagation, require specific attention to second
harmonics as presented in this study.

According to Report ITU-R SM.2421 (Section 5.3), one of the measured LTE800 UE devices
produced second harmonics in the 1 700 MHz band, with broad-band emissions of -31.3 dBm/MHz
just slightly below the regulatory limit for this type of device, which is -30 dBm/MHz. It is difficult
to rule out that other IMT equipment could produce similar features in the RAS band considered in
this study. The regulatory limits for spurious emissions are usually much higher than real emissions
at most frequencies, but at particular frequencies the actual emissions can come close to the
spectrum mask values, owing to intermodulation products, harmonics, etc.

This study is conducted using parameters from relevant references as described in Tables A1.7.1 —
ALl.7.4. One HIBS system is assumed to consist of two layers, with 1 central and 6 surrounding
cells as described in WDPDN REPORT ITU-R M.[HIBS-CHARACTERISTICS], with base
stations (BS) using the frequency arrangement A3 or A6 (see Table A1.7.2) of which the second
harmonic falls into the 1 610.6-1 613.8 MHz RAS band, from a platform at nominal altitude 20 km.
The study calculates the mean power flux density (pfd) of spurious emissions arriving at a radio
telescope in the frequency band 1 610.6-1 613.8 MHz, varying the nadir distance to the HIBS
platform in a spherical Earth geometry.

Al7.2 Characteristics and protection criteria

Al1.7.2.1 HIBS characteristics

To calculate the eirp level in the RAS band arising from the second harmonics of HIBS BS, the
spurious emissions level for HIBS BS is given in Table 2 of WDPDN REPORT ITU-R M.[HIBS-
CHARACTERISTICS] as -13 dBm/MHz or -30 dBm/MHz2. Throughout this study,

the -13 dBm/MHz spurious level is considered, the effect of a lower spurious level is discussed in
section A1.7.7. To obtain the eirp from one BS, the spurious emissions are affected by the single
element antenna pattern as described in Recommendation ITU-R M.2101 Section 5.

1 Note 1: The choice between the two spurious emissions values of —13 dBm/-30 dBm should take
into consideration specific national requirements and the studies with other services and
applications, as the results of such studies may indicate which value is more appropriate to achieve
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TABLE Al1.7.1

Platform operating characteristics

HAPS Parameters Value Reference
Altitude (nominal) 20 km RR. 1.66A
Horizontal circulation radius 5 km Rep. ITU-R F.2439

Altitude deviation )

+5 km (20 — 25 km)

Rep. ITU-R F.2439

1) Not considered at this point in the study

TABLE A1.7.2

HIBS operational characteristics

HIBS/BS Parameters

Value or Description

Reference in
WDPDN Report ITU-R M.[HIBS-

CHARACTERISTICS]

Frequency band A3 or A6 Table 2
Spectrum mask per beam -13 dBm/MHz or Table 2

-30 dBm/MHz @
Single element maximum gain 8 dBi Table 2 and Rec. ITU-R M.2101
Ohmic losses 2dB Table 2
Antenna pattern Single element as per Rec. Parameters from Table 5

ITU-R M.2070

Beams considered

1x1* layer toward nadir
6x2™ layer 67° off-nadir

Section 6.1.3.2
2" Jayer offset +/- 30°, 90°, 150° in azimuth
relative to the RAS antenna

1) The -30 dBm/MHz value is considered in section A1.7.7

Al7.22

RAS Characteristics

Radio telescopes are sited in remote locations having a clear horizon down to a few degrees
elevation, rendering HIBS in line of sight at large distances. Site characteristics have little influence
on the study results but, for definiteness, this study took as an example a radio telescope operating
at an elevation of 7000 feet (Table A1.7.1) like the Karl Jansky Very Large Array (VLA) in New

Mexico, USA.

The characteristics and protection thresholds for radio astronomy are reproduced in Table A1.7.3
from the relevant recommendations.

TABLE A1.7.3
RAS operating characteristics and protection threshold
RAS Parameters Value Reference
PFD threshold -251 dB W/m%/Hz Rec. ITU-R RA.769, Table 1
Antenna gain 0 dBi Rec. ITU-R RA.769
Site altitude 2.13 km (7000”) Karl Jansky VLA (USA)
Max data loss from HIBS 2% Rec. ITU-R RA.1513
Allocated Frequency Band 1610.6-1 613.8 MHz RR Vol 1 Article 5
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Antenna pattern considered for
avoidance angle

Rec ITU-R SA.509

Separation angle for 2% data loss

11.5 degrees (for one HIBS in
line of sight)

The protection thresholds in the tables of Recommendation ITU-R RA.769 are calculated for O dBi
RAS gain, and, as noted in Rec. ITU-R RA.1513, ensuring 0 dBi gain requires an off-axis angle
(avoidance angle) from a persistent interferer like a HIBS that remains in direct line of sight of a
radio telescope. The size of such angular offset will define how much of the sky in not available for

RAS observations at 1 610.6-1 613.8 MHz resulting in data loss.

FIGURE AL.7.1

Avoidance angle for an RAS station

\HIBS

Nadir distance

For only one HAPS in line of sight, the maximum permitted sky loss is of 2%, representing an
avoidance angle of 11.5°. The gain for an RAS antenna as defined in Rec. ITU-R SA.509,
irrespective of antenna diameter, for this off-axis angle is 5.5 dBi.

Al7.3 Geometry: HIBS — RAS distance

The geometry of the study is illustrated in Figure A1.7.2 where it is shown that the line between the
platform and the radio astronomy station, defining the nadir distance, passes between two outer-
layer HIBS BS cells/beams and is not aligned with any one of them.
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FIGURE A1.7.2

Geometrical configuration of the study.

(b) 7 cells

Madir distance

RAS station

Al74 Propagation model

TABLE Al.7.4

Propagation characteristics

Propagation loss Value or Description Reference
Free space loss Inverse square law P.619
Atmospheric attenuation @ Numerical integration of P.619, P.676, P.835

0.006 dB/km * exp (-h/6 km) at height h
along path to RAS

Ducting, Scintillation Negligible P.619, P.676, P.835
Clutter loss None See Section A1.X.4.1
) Atmospheric attenuation is not included in the study

Al1.7.4.1 Clutter loss

Over the range of nadir distances shown in Figures A1.X.3 and A1X.4, the line of sight between the
HIBS and the VLA does not pass low enough to encounter ground clutter except in the very
immediate vicinity of the telescope where the only “clutter” is other antennas that by design do not
obstruct each other.

Al75 Study results

A1.75.1 Harmonics level at -13 dBm/MHz

Shown in Figure A1.X.3 at left is the pfd received from HIBS transmissions aboard one platform as
a function of the platform’s nadir distance to the radio astronomy station (the total BS on board the
HIBS and only the nadir pointing one). The threshold level defined in Rec. ITU-R RA.769 is
denoted by a dashed horizontal line. At larger separation the contribution from the outer layer is
enhanced by the 67° upward tilt from nadir of the radiating elements. Shown at right is the apparent
elevation of the HIBS above the horizon at the telescope.
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FIGURE A1.7.3

nadir-pointing central antenna element are shown. The horizontal dashed line at bottom left represents the

protection threshold -251 dB W/m?/Hz in Table 1 of Rec. ITU-R RA.769 at 1 612 MHz. Right: Elevation angle of

the HIBS at the RAS station.
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As a check, note that the pfd at 0 nadir distance arising from the nadir-pointing BS is just that for a
conducted power of -13 dBm/MHz affected by the maximum element gain and the ohmic losses at
18 km line of sight distance, resulting in -195.57 dBW/m%Hz. The effect of the individual antenna

element beam pattern is evident in Figure A1.7.3 because the incident pfd from the central BS drops

much faster than the inverse square law distance dependence as the platform nadir distance
increases away from the origin. By contrast, the upward tilt of the outer layer BS is more nearly
oriented toward the telescope at larger nadir distance, compensating for increased spreading loss.

Al1.7.5.1.1 Incident PFD compared with the protection threshold in Recommendation ITU-R

RA. 769

The total incident pfd exceeds the Rec. ITU-R RA.769-2 threshold at all separations by 52 to 22 dB
(see Figure A1.7.4 in the blue line). In this case, added attenuation of the unwanted emissions of
whatever kind (see A1.7.6) would be required to operate compatibly with radio astronomy. The
added attenuation that will lower the incident pfd to the RA.769 threshold will be denoted Xpjock.
Once that is added and the threshold pfd in RA.769 is met, compatibility becomes a question of sky

blockage, as explained in A1.7.2.2.
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FIGURE A1.7.4

Additional attenuation Xy, needed to reach the RA769 levels for 0 dBi RAS antenna gain and for an 11.5°

avoidance cone where Xy, is increased by 5.5 dB.
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In the case of multiple HIBS deployment, calculation of the size of the angular regions of avoidance
and the value of Xyock IS complex because to maintain the 2% data loss, each additional HIBS in
line of sight reduces the required size of all cones of avoidance, implying higher RAS gain and
increased Xpiock- This could greatly complicate compatibility if several HIBS in line of sight to the
same radio telescope are deployed by different operators or in different administrations.

As an example, in previous studies of a full HAPS network buildout, compatibility with RAS
operations at 23.6-24 GHz required Xpiock = 30 dB in the direction of radio astronomy stations as
discussed in Rep. ITU-R F.2472-0. This allowed the cones of avoidance to have radii 6 = 3° and to
occupy 2% of the sky in the aggregate.

Al.7.7.1 Harmonics -30 dBm/MHz
In the case that the spurious level from BS is the lower option in Table A1.7.2 (-30 dBm/MHz), the

pfd level at the RAS site and the needed Xblock are shown in Figure A1.7.5.
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FIGURE A1.7.5

Left: Received power flux density vs. HIBS platform nadir distance with -30dBm/MHz spurious emissions. The
total pfd and the contribution of the nadir-pointing central antenna element are shown. The horizontal dashed
line at bottom left represents the protection threshold -251 dB W/m?/Hz in Table 1 of Rec. ITU-R RA.769 at 1

612 MHz. Right: Additional attenuation Xp,,.x needed to reach the RA769 levels
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Al.7.6 Summary

It should be noted that studies on the effects of second harmonics are not usually performed as part
of sharing and compatibility studies, and are not included in the invites of Resolution 247 (WRC-
19). Furthermore, when considering the FDD arrangements of Recommendation ITU-R M.1036
(A4-Al11), most of the possible harmonics listed to fall under RAS frequency bands would come
from the HIBS uplink in the 700 MHz band. As such, considering that the UE from HIBS and
ground-based IMT networks are the same, no studies would be necessary in this case. In the case
when the FDD arrangement A3 (also known as 800 MHz band) is used, which has a reverse
duplexer (BS in the lower part, UE in the upper part), there could be a possibility that the second
harmonics of this arrangement would fall into the RAS frequency band 1 610.6-1 613.8 MHz. For
this specific case, this study has provided the following summary.

With the parameters considered in this study, for a single HIBS and a RAS station, and the
deployment scenario considered, achieving compatibility requires further measures.

To achieve compatibility of a single HIBS using a frequency arrangement as A3 or A6 (791-821 or
698-806 respectively) and a RAS station operating in the 1 610.6-1 613.8 MHz band, the following
measures can be considered:

To avoid receiving harmful interference an RAS station would have to avoid pointing to a HIBS,
with the angular separation dependent on the HIBS 2nd harmonics emissions level. The dynamic
movement of the HIBS (vertically and horizontally) may be an important consideration in this
avoidance.

A combination of the following measures could be employed by the HIBS:

a) As assumed in this study, avoid the situation where HIBS BS are oriented in azimuth
directly towards RAS station.
b) Filter or otherwise attenuate 2" harmonics emissions in the direction of the RAS

station. According to Figure AL1.7.3, the required additional attenuation for one HIBS
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(in a 2-layer 7 cell HIBS system) at 100 km nadir distance from a RAS station is Xpjock
=42 dB, (see Section A1.7.4 and A.1.7.6) including the additional 5.5 dB attenuation
that limits the fractional sky blockage of the region of avoidance about the HIBS to 2%.

Geographic separation.]
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ANNEX 2

Sharing and compatibility studies of high-altitude platform stations as IMT base
stations (HIBS) in the 1 710-1 885 MHz frequency range

A2.1 Sharing studies between land mobile service excluding IMT and HIBS operating in
the 1 710-1 885 MHz frequency range

The applications of the land mobile service in the 1 710-1 885 MHz frequency range include digital
dispatch systems in the 1 785-1 805 MHz and 1 850-1 910 MHz frequency bands. The 1 710-

1 885 MHz frequency range would fall in the proposed HIBS uplink arrangement, and thus the
sharing and compatibility conditions between HIBS and the applications of the land mobile service
do not differ from the existing conditions for ground-based terrestrial IMT networks.

A2.2 Sharing studies between the ground component of IMT and HIBS operating in the
1 710-1 885 MHz frequency range

A2.2.1 Study A
A2.2.1.1 Technical characteristics
[Editor’s note: This section provides the specific parameters used in the included study/studies.]

A2.2.1.1.1 Technical and operational characteristics of HIBS systems operating in the
frequency band 1 710-1 885 MHz

This section provides the characteristics of HIBS systems, according to the PDNR ITU-R M.[HIBS-
CHARACTERISTICS] (Annex 4.19 to Working Party 5D Chairman’s Report, Doc. 5D/716).
Table A2.2.1.1 provides the specification-related parameters to be used in this analysis for HIBS.

TABLE A2.2.1.1
Specification related parameters of HIBS (Base Station)

No. Parameter Band 2

(1710-1 980 MHz
2 010-2 025 MHz
2 110-2 170 MHz)

1 Duplex Method FDD

2 Channel bandwidth (MHz) 20 MHz

3 Signal bandwidth (MHz) 18 MHz

4 Power dynamic range (dB) 0 dB conducted BS output power
5 Spurious emissions —13 dBm/ MHz

Table A2.2.1.2 shows deployment-related parameters used in this analysis for HIBS and the
associated UEs.
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TABLE A2.2.1.2

Deployment related parameters of HIBS and the UE associated to HIBS

No. Parameter Band 2
(1710-1 980 MHz
2 010-2 025 MHz
2 110-2 170 MHz)
1 Network topology and characteristics
1.1 BS density or ISD 1 BS/HIBS area
1.2 HIBS area radius 100 km
1.3 HIBS Network Configuration FDD
(Duplex Mode)®
2 Base station characteristics/Cell Structure
21 HIBS Platform Altitude 20 km
2.2 Number of cells/HIBS 7
2.3 Frequency reuse 1
25 HIBS Platform Antenna pattern Recommendation ITU-R M.2101
Element gain 8 dBi
Horizontal/vertical 3 dB beamwidth 65° for both H/V
of single element
Horizontal/vertical front-to-back ratio | 30 dB for both H/V
Antenna polarization Linear/+45 degrees
Antenna array configuration 2 x 2 elements (1* layer cell),
(Row x Column) 4 x 2 elements per cell (2™ layer cell)
Horizontal/Vertical radiating element | 0.5 of wavelength for both H/V
spacing
Ohmic losses 2dB
2.6 HIBS Platform Antenna tilt 90° (1% layer cell),
230 (2" layer cell)
2.7 HIBS Conducted power per antenna 37 dBm (1% layer cell),
element 34 dBm (2™ layer cell)
2.8 HIBS Platform e.i.r.p./cell 55 dBm (1% layer cell),
58 dBm (2™ layer cell)
2.9 HIBS Platform e.i.r.p. Spectral 42 dBm/MHz (1% layer cell),
Density/cell 45 dBm/MHz (2" layer cell)
UE characteristics
3.1 UE density for equipment that are 3 UEs per cell
transmitting simultaneously
3.2 UE height 15m
3.3 Body loss 4dB
34 Typical antenna gain for UE -3 dBi
35 Transmit power control model Refer to Recommendation ITU-R M.2101
3.6 Maximum UE transmitter output 23dBm

power
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A2.2.1.1.2 Technical and operational characteristics of the ground component of IMT
operating in the frequency band 1 710-1 885 MHz

This section provides the characteristics of IMT systems, according to the Characteristics of
terrestrial component of IMT for sharing and compatibility studies in preparation for WRC-23

(Annex 4.4 to Working Party 5D Chairman’s Report, SD/716).

Tables A2.2.1.3 and A2.2.1.4 provide the deployment-related parameters of IMT systems for the
frequency bands between 1 and 3 GHz. AAS is implementable in IMT base stations in the
frequency bands above about 1 710 MHz, and for these bands both AAS and antenna characteristics
in Recommendation ITU-R F.1336 are considered for IMT base stations. Implementation of AAS is

not considered in IMT user equipment / mobile stations.

TABLE A2.2.1.3

Deployment-related parameters for bands between 1 and 3 GHz

Rural macro Urban/suburban macro
Cell radius / Deployment 5km urban macro 0.5 km
density (for bands between 1 suburban macro 1 km
and 2 GHz)
(Report ITU-R M.2292)
Cell radius / Deployment 4 km urban macro 0.4 km
density (for bands between 2 suburban macro 0.8 km
and 3 GHz)
(Report ITU-R M.2292)
Antenna height 30m 25 m urban / 30 m suburban
(Report ITU-R M.2292)
Sectorization 3 sectors 3 sectors
Frequency reuse 1 1
Below rooftop base station 0% Urban: 30%
antenna deployment (Report Suburban: 0%
ITU-R M.2292)
Typical channel bandwidth 10 or 20 MHz 10 or 20 MHz
Network loading factor (base 50% 50%
station load probability X%)
(see section 3.4 below and
Rec. ITU-R M.2101 Annex 1,
section 3.4.1 and 6)
TDD / FDD FDD FDD

TABLE A2.2.1.4

UE parameters for bands between 1 and 3 GHz

Rural macro

Urban/suburban macro

User terminal characteristics

M.2292)

Indoor user terminal usage (Report ITU-R 50%

70%

Indoor user terminal penetration loss

Rec. ITU-R P.2109

Rec. ITU-R P.2109

LDOCUMENT IN PANDEY SIR\NSG 5\FEB 2022 I\/IEETING\FINAL DOCS FOR SUBI\/IISSION\DOS CONTRIBUTION_AI 1.4 _HIBS VS
R 0 0 Sl 23 11.03.2210:01-2206-04-22

MSS BSS RDSS.DOCXM:=

[Formatted: English (U.S.)

11.03.2221:02:08



-23-
5D/886 (Annex 4.21)-E

User equipment density for terminals that 3 UEs per sector 3 UEs per sector
are transmitting simultaneously

UE height 1.5m 15m
Average user terminal output power Use transmit power control Use transmit power control
Typical antenna gain for user terminals -3 dBi -3 dBi
Body loss 4dB 4dB

UE TDD activity factor 25% 25%
Transmit power control

Power control model Refer to Recommendation ITU-R M.2101 Annex 1, section 4.1
Maximum user terminal output power, 23dBm 23dBm
PCMAX

Power (dBm) target value per RB, -92.2 -92.2
PO_PUSCH

Path loss compensation factor, o 0.8 0.8

(same as “balancing factor” mentioned in

Rec. ITU-R M.2101)

Antenna characteristics for AAS base stations (for frequency bands above 1 710 MHz) are provided
in Characteristics of terrestrial component of IMT for sharing and compatibility studies in
preparation for WRC-23.

Table A2.2.1.5 provides the protection criterion for IMT systems (irrespective of the number of
cells and independent of the number of interferers). This criterion has been developed without
considering any percentage of time related to it.

TABLE A2.2.1.5

Protection criterion for IMT

Protection criterion (I/N) -6 dB

A2.2.1.2 Propagation models for sharing and compatibility studies in the frequency band
1710-1 885 MHz

According to the liaison statement from ITU-R SG3 (5D/723), Recommendation ITU-R P.528-4 is
used to model the basic transmission loss between HIBS BS and UEs in the ground. In urban and
suburban scenarios, according to the liaison statement 5D/723, the document 3K/178 (Annex 6 to
Working Party 3K Chairman’s report) is used to calculate clutter loss. When the user equipment of
the ground component of IMT system is indoors, building entry loss shall be considered according
to Recommendation ITU-R P.2109-1.

A2.2.1.3 Methodology

This section describes the methodology of modelling HIBS BS interference into IMT UE. Main
steps of the simulation are as follows:

Step 1: Determine evaluation area and the deployment of HIBS and the ground component of IMT
system.

Step 1.1: Determine evaluation area.
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According to the PDNR ITU-R M.[HIBS CHARACTERISTICS], the potential usage scenarios for
HIBS are coverage enhancement for rural and remote areas, safety and security, internet of things,
and event services. To cover all kinds of border areas, the deployment scenarios for the ground
component of IMT system are assumed to contain urban, suburban and rural areas.

The coexistence scenario for HIBS and IMT system is shown in Figure A2.2.1.1. In this figure,
point A represents the subpoint of HIBS base station, point B represents the centre cell of the IMT
system, the letter D represents the distance between point A and point B. HIBS and the ground
component of IMT system are assumed to be deployed in different areas.

FIGURE A2.2.1.1

Coexistence scenario of HIBS and the ground component of IMT system

\\ HIBS
ey T .g =

Step 1.2: Determine the deployment of HIBS and the ground component of IMT system.

The HIBS base stations is assumed to be deployed at the altitude of 20 km, with the structure of
7 cells. The IMT system is composed of 19 cells, with the structure of 3 sectors per cell. HIBS
system and the ground component of IMT system are assumed to use the same frequency band to
transmit or receive, in the FDD duplex mode.

Step 2: Calculate aggregate interference from HIBS system.

Step 2.1: Calculate the interference from HIBS BS sector to each IMT UE.

In HIBS downlink transmission, the interference power from HIBS BS sector to the IMT UE could
be calculated by equation (1) as below.

In:F)tx+Gtx_PL+er (1)

where:

In: Interference power from the n-th HIBS base station sector to the IMT UE,
dBm/20 MHz;

Pw : HIBS base station transmit power in the reference bandwidth , dBm/20 MHz;

G The antenna gain of the HIBS base station sector in direction of the IMT UE,
dBi;
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PL: Propagation loss including free space transmission loss, atmospheric
attenuation and clutter loss as appropriate, dB;

G the maximum antenna gain of the IMT UE, dBi.
Step 2.2: Calculate aggregate interference from HIBS BS.
The aggregate interference is calculated by equation (2) as follows:

| =10l0g (3" 10" @

where:
lotai:  Received aggregate interference for the IMT UE, dBm/20 MHz,;
n: Index of the HIBS BS sectors;
In: Received interference power from the n-th HIBS BS sector (dBm/20 MHz);
N: The total number of HIBS BS sectors.

Step 3: Compare the defined I/N protection criterion and analyse the simulation results.
A2.2.1.4  Study results

A2.2.1.4.1 HIBS antenna patterns

The antenna patterns for HIBS base station are shown in following figures, in accordance with
Recommendation ITU-R M.2101. In the frequency band 1 710-1 885 MHz, HIBS system uses
Advanced Antenna System (AAS).

[Formatted: English (U.S.)

LDOCUMENT IN PANDEY SIR\NSG 5\FEB 2022 I\/IEETING\FINAL DOCS FOR SUBI\/IISSION\DOS CONTRIBUTION_AI 1.4 _HIBS VS
MSS BSS RDSS.DOCXMABR 9 0 00\886 A 21 11.03.2210:01-2206-04-22 11.03.2221:02:08




-26-
5D/886 (Annex 4.21)-E

FIGURE A2.2.1.2

HIBS antenna pattern for 1* layer cell (2x2 elements)

HIBS base station horizontal antenna pattern-1st layer cell
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FIGURE A2.2.1.3
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HIBS antenna pattern for 2" layer cell (4x2 elements)
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A2.2.1.4.2 Propagation loss

The Cumulative Distribution Function of propagation loss between HIBS base station and HIBS UE
is shown in Figure A2.2.1.4, where HIBS UEs are randomly distributed in the coverage area. The

simulations were done with 700 snapshots.
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FIGURE A1.2.14

The CDF of propagation loss in urban areas
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A2.2.1.4.3 HIBS interference

A2.2.1.5 Summary and analysis of the results of Study A
[Editor’s note: This section provides the summary and analysis of the results of this study.]

A2.3 Sharing studies between fixed service and HIBS operating in the 1 710-1 885 MHz
frequency range

See Section A3.3.

A2.4 Sharing studies between space research service (Earth-to-space) and space
operation service (Earth-to-space) in the 1 750-1 850 MHz band and HIBS
operating in the 1 710-1 885 MHz frequency range

The frequency band 1 750-1 850 MHz is allocated to the space operation (Earth-to-space) and space
research (Earth-to-space) services in Region 2 (except in Mexico), in Australia, Guam, India,
Indonesia and Japan on a primary basis, subject to agreement obtained under RR No. 9.21, having
particular regard to troposcatter systems, as identified under RR No. 5.386.

[As shown in the Appendix, since the interference level from HIBS to space stations is much lower
than that from ground-based IMT base stations, any HIBS specific mitigation measures to protect
the space stations would not be necessary.]

A2.5 Sharing studies between aeronautical mobile service and HIBS operating in the 1
780-1 850 MHz frequency range

A25.1 Study A

This study is for interference from a high-altitude platform station as IMT base station (HIBS) to
aeronautical mobile service stations operating in 1 780-1 850 MHz frequency range.

A25.1.1 Technical and operational characteristics of HIBS operating in the 1 710-
1 850 MHz frequency band

The technical and operational characteristics of a high-altitude platform station as IMT base station
(HIBS) are based on the working documents towards a preliminary draft new Report ITU-R
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M.[HIBS-CHARACTERISTICS] (Annex 4.19 of 5D/716) and summarized in this section. The
following Table A2.5.1.1 provides the HIBS frequency arrangements in 1 710-1 850 MHz band.
The interference from HIBS will be calculated for the analysis.

TABLE A25.1.1
HIBS Frequency arrangements in 1 710-1 850 MHz band

Frequency band
No. Mobile station transmitter Base station transmitter Duplex mode
(MHz) (MHz)
B2 1710-1785 1 805-1 880 FDD
B4 1710-1785 1 805-1 880 FDD

The deployment related parameters for HIBS for use in sharing studies are given in following

Table A2.5.1.2.

TABLE A25.1.2

Deployment related parameters in 1 710-1 850 MHz frequency band

Parameter

Band 2

(1710-1 980 MHz)

Network topology and characteristics

BS density or 1ISD

1 BS/HIBS area

HIBS area radius 100 km
HIBS Network Configuration FDD
Base station characteristics/Cell Structure

HIBS Platform Altitude 20-50 km
Number of cells/HIBS 7
Frequency reuse 1

HIBS Platform Antenna pattern

Recommendation ITU-R M.2101

Element gain

8 dBi

Horizontal/vertical 3 dB beamwidth of single element

65° for both H/V

Horizontal/vertical front-to-back ratio

30 dB for both H/V

Antenna polarization

Linear/+45 degrees

Antenna array configuration (Row x Column)

2 x 2 elements (1% layer cell),

4 x 2 elements per cell (2™ layer cell)
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Parameter

Band 2

(1710-1 980 MHz)

Horizontal/Vertical radiating element spacing

0.5 of wavelength for both H/V

Ohmic losses

2dB

Channel Bandwidth

20 MHz

HIBS Platform Antenna tilt

90° (1% layer cell),
230 (2™ layer cell)

HIBS Conducted power per antenna element

37 dBm (1% layer cell),
34 dBm (2" layer cell)

HIBS Platform e.i.r.p./cell

55 dBm (1% layer cell),
58 dBm (2™ layer cell)

HIBS Platform e.i.r.p. Spectral Density/cell

42 dBm/MHz (1* layer cell),
45 dBm/MHz (2" layer cell)

UE characteristics

UE density for equipment that are transmitting

simultaneously 3 UEs per cell

UE height 15m

Body loss 4dB

Typical antenna gain for UE -3dBi

Transmit power control model Refer to Recommendation ITU-R M.2101
Maximum UE transmitter output power 23 dBm

A2.5.1.2 Technical and operational characteristics of aeronautical mobile services (AMS)
operating in the 1 780-1 850 MHz frequency band

Data links operating in the aeronautical mobile service includes transmission from and to, either
aircraft stations or a ground terminal considered as an aeronautical station. These transmissions
could use bidirectional air-to-ground links. Table 3 below provides the typical technical
characteristics of representative systems operating in aeronautical mobile service in the frequency
range 1 780-1 850 MHz. WP 5B has finalized the characteristics for AMS systems in frequency
bands of 1 780-1 850 MHz which are provided in Chairman’s report (Annex 23 of 5D/355). The
system characteristics for 3 AMS systems to be used for sharing studies are given in below Table

A25.1.3.
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TABLE A2.5.1.3

Typical technical characteristics of representative systems operating in aeronautical mobile service in the frequency range 1 780-1 850 MHz

System 1 System 1 System 2 System 2 System 3 System 3
Parameter Units
Airborne Ground Airborne Ground Airborne Ground
Tuning 1780-1
range MHz 850 1780-1 850 1780-1 850 1780-1 850 1780-1850 | 1780-1850
IF
Selectivity MHz 6 6 0.2 0.2 1 1
(3dB)
Noise figure | dB 35 3 25 25 3 3
Antenna Omni- Omni- I Omni- I Oomni- - Oomni- Oomni- Omni-
type directional | directional Directional directional Directional directional Directional directional directional directional
Antenna dBi 3 6 19 31 35 16 3 30 3 3 13
gain
. . Not Not Not Not Not Not
1 sidelobe dBi applicable applicable 6 u applicable 9 applicable g applicable applicable 6
Rec ITU-R Rec ITU-R Rec ITU-R Rec ITU-R Biconical
Antenna Oomni Oomni M'.1851 M'.1851 Oomni M‘.1851 Omni M.;851 Omni Omni dipole (Rec.
pattern Uniform Uniform Uniform Uniform ITU-R F.1336)
distribution distribution distribution distribution .
Horizontal
beamwidth Degrees | 360 360 16 33 360 33 360 44 360 360 360
Vertical Degrees | 90 90 16 33 35 33 40 44 180 180 10
beamwidth
ﬁer};eh”t”a Meters | 20 000 10 10 10 20 000 20000 10 10 15000 10 10
I/N
protection dB -6 -6 -6 -6 -6 -6 -6 -6 -6 -6 -6
criteria
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A25.1.3 Propagation model

Recommendation ITU-R P.1409, indicates that Recommendation ITU-R P.528 should be used for
studies of frequency sharing between high-altitude platform networks and other aeronautical
stations.

A25.1.4 Methodology

The following Figures A2.5.1.1 and A2.5.1.2 show the interference scenarios from a high-altitude
platform station as IMT base station (HIBS) to AMS stations. Figure A2.5.1.1 represent the
scenario in which HIBS interfere the aircraft terminal and aeronautical station on ground. The
second scenario is when aircraft to aircraft are communicating, and interference affects the receivers
of aircraft stations being used for aeronautical mobile services.

FIGURE A25.1.1

Interference from a high-altitude platform station as IMT base station (HIBS)
to aircraft station and aeronautical station

S~
Alrcraft Terminal
. Legend:
m——
Dcslrcd Link
->
Interference Link to Aircraft
t |
Aeronautical Station erminal

UE UE Interference Link to Aeronautical
Station
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FIGURE A2.5.1.2
Interference from a high-altitude platform station as IMT base station (HIBS) to aircraft stations

Aircraft Terminal

UE
Q Legend:
UE UE Desired Link
Interference Li_nl:In_Alrcl‘afl Terminal
[Editor’s Note: Further details for methodology will be added later on.]
A2.5.1.5 Scenarios and results of the study
[TBD]
A25.1.6 Summary and analysis of the results of Study A
[TBD]
A2.6 Compatibility studies between meteorological satellite service in the adjacent 1

670-1 710 MHz frequency band and HIBS operating in the 1 710-1 885 MHz
frequency range

As HIBS are intended to be used as a part of, and complement to, terrestrial IMT networks, they
will use the same frequency bands as ground-based IMT base stations. Since resolves 1 of
Resolution 223 (Rev.WRC-19) invites administration for implementation of IMT above 1 GHz to
consider "the benefits of harmonized utilization of the spectrum for the terrestrial component of
IMT, taking into account the services to which the frequency band is currently allocated", it would
be expected that administrations who deploy HIBS in 1 710-1 885 MHz are likely to employ the
same band plans (i.e. Recommendation ITU-R M.1036) as those used by ground-based IMT
networks. Furthermore, section 5 of Recommendation ITU-R M.1036 provides only the uplink
directions of frequency arrangements based on FDD duplex mode in the frequency band 1 710-1
785 MHz.

It should also be noted that development of new frequency arrangements would be outside the
scope of WRC-23 agenda item 1.4 based on invites WRC-23 of Resolution 247 (WRC-19) so as to
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Based on the above considerations, HIBS would only use the frequency band 1 710-1 785 MHz in
the uplink direction. As a HIBS base station will not transmit in the band adjacent to meteorological
satellite (MetSat) operations in 1 670-1 710 MHz band, it could be considered that interference is
unlikely to be from HIBS in the uplink direction to MetSat Earth stations operating in adjacent
frequency band. However, it is noted that the limitation of HIBS in the uplink direction is not based
on regulatory conditions but only on Recommendation ITU-R M.1036. It would be valuable to
consider regulatory matters on how such uplink limitation could be ensured or on how MetSat
protection in the 1 670-1 710 MHz band would be ensured if the 1 710-1 785 MHz band in the
future will be proposed for usage by HIBS in the downlink direction or for TDD duplex mode.

[Editor’s note: It would be valuable to provide in this section elements of understanding on how
protection of MetSat in the 1 670-1 710 MHz would be ensured from technical point of view.]
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ANNEX 3

Sharing and compatibility studies of high-altitude platform stations as IMT base
stations (HIBS) in 1 885-1 980 MHz, 2 010-2 025 MHz and 2 110-2 170 MHz
frequency ranges

A3.1 Sharing studies between land mobile service excluding IMT and HIBS operating in
the 1 885-1 980 MHz, 2 010-2 025 MHz and 2 110-2 170 MHz frequency ranges

The applications of the land mobile service in the 1 885-1 980 MHz, 2 010-2 025 MHz and 2 110-
2 170 MHz frequency ranges include digital dispatch systems in the 1 850-1 910/1 930-1 990 MHz
and 1 920-1 980/2 110-2 170 MHz frequency bands. Currently, HIBS may use the bands 1 885-
1980 MHz, 2 010-2 025 MHz, and 2 110-2 170 MHz as per RR No. 5.388A, and in accordance
with Resolution 221 (Rev.WRC-07), which does not include any additional regulatory or technical
measures in relation to the land mobile service.

A3.2 Sharing studies between the ground component of IMT and HIBS operating in the
1 885-1 980 MHz, 2 010-2 025 MHz and 2 110-2 170 MHz frequency ranges

A3.2.1 Study A

A3.2.1.1 Technical characteristics
[Editor’s note: This section provides the specific parameters used in the included study/studies.]
A3.2.1.1.1 Technical and operational characteristics of HIBS systems operating in the

frequency band 1 885-1 980 MHz, 2 010-2 025 MHz and 2 110-2 170 MHz

This section provides the characteristics of HIBS systems, according to the PDNR ITU-R M.[HIBS-
CHARACTERISTICS] (Annex 4.19 to Working Party 5D Chairman’s Report, Doc. 5D/716). Table
A3.2.1.1 provides the specification-related parameters to be used in this analysis for HIBS.

TABLE A3.2.1.1

Specification related parameters of HIBS (Base Station)

No. Parameter Band 2

(1710-1 980 MHz
2 010-2 025 MHz
2110-2 170 MHz)

1 Duplex Method FDD

2 Channel bandwidth (MHz) 20 MHz

3 Signal bandwidth (MHz) 18 MHz

4 Power dynamic range (dB) 0 dB conducted BS output power
5 Spurious emissions —13 dBm/ MHz

Table A3.2.1.2 shows deployment-related HIBS parameters for this analysis.
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TABLE A3.2.1.2
Deployment related parameters of HIBS and the UE associated to HIBS

No. Parameter Band 2
(1710-1 980 MHz
2 010-2 025 MHz
2 110-2 170 MHz)
1 Network topology and characteristics
1.1 BS density or ISD 1 BS/HIBS area
1.2 HIBS area radius 100 km
1.3 HIBS Network Configuration FDD
(Duplex Mode)®
2 Base station characteristics/Cell Structure
21 HIBS Platform Altitude 20 km
2.2 Number of cells/HIBS 7
2.3 Frequency reuse 1
25 HIBS Platform Antenna pattern Recommendation ITU-R M.2101
Element gain 8 dBi
Horizontal/vertical 3 dB beamwidth 65° for both H/V
of single element
Horizontal/vertical front-to-back ratio | 30 dB for both H/\V
Antenna polarization Linear/+45 degrees
Antenna array configuration 2 x 2 elements (1% layer cell),
(Row x Column) 4 x 2 elements per cell (2™ layer cell)
Horizontal/Vertical radiating element | 0.5 of wavelength for both H/V
spacing
Ohmic losses 2dB
2.6 HIBS Platform Antenna tilt 90° (1% layer cell),
230 (2" layer cell)
2.7 HIBS Conducted power per antenna | 37 dBm (1% layer cell),
element 34 dBm (2™ layer cell)
2.8 HIBS Platform e.i.r.p./cell 55 dBm (1% layer cell),
58 dBm (2™ layer cell)
2.9 HIBS Platform e.i.r.p. Spectral 42 dBm/MHz (1% layer cell),
Density/cell 45 dBm/MHz (2™ layer cell)
UE characteristics
3.1 UE density for equipment that are 3 UEs per cell
transmitting simultaneously
3.2 UE height 15m
3.3 Body loss 4dB
34 Typical antenna gain for UE -3 dBi
35 Transmit power control model Refer to Recommendation ITU-R M.2101
3.6 Maximum UE transmitter output 23 dBm
power
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A3.2.1.1.2 Technical and operational characteristics of the ground component of IMT
operating in the frequency band 1 885-1 980 MHz, 2 010-2 025 MHz and
2110-2 170 MHz

This section provides the characteristics of IMT systems, according to the Characteristics of
terrestrial component of IMT for sharing and compatibility studies in preparation for WRC-23
(Annex 4.4 to Working Party 5D Chairman’s Report, 5D/716).

Tables A3.2.1.3 and A3.2.1.4 provide the deployment-related parameters of IMT systems for the
frequency bands between 1 and 3 GHz. AAS is implementable in IMT base stations in the
frequency bands above about 1 710 MHz, and for these bands both AAS and antenna characteristics
in Recommendation ITU-R F.1336 are considered for IMT base stations. Implementation of AAS is
not considered in IMT user equipment / mabile stations.

Antenna characteristics for AAS base stations (for frequency bands above 1 710 MHz) are provided
in Annex 4.4 to Working Party 5D Chairman’s Report.

TABLE A3.2.1.3
BS Deployment-related parameters for bands between 1 and 3 GHz

Rural macro Urban/suburban macro
Cell radius / Deployment 5km urban macro 0.5 km
density (for bands between 1 suburban macro 1 km
and 2 GHz)
(Report ITU-R M.2292)
Cell radius / Deployment 4 km urban macro 0.4 km
density (for bands between 2 suburban macro 0.8 km
and 3 GHz)
(Report ITU-R M.2292)
Antenna height 30m 25 m urban / 30 m suburban (1-2 GHz)
(Report ITU-R M.2292) 20 m urban / 25 m suburban (2-3 GHz)
Sectorization 3 sectors 3 sectors
Frequency reuse 1 1
Below rooftop base station 0% Urban: 30% (1-2 GHz), 50% (2-3 GHz)
antenna deployment (Report Suburban: 0%
ITU-R M.2292)
Typical channel bandwidth 10 or 20 MHz 10 or 20 MHz
Network loading factor (base 50% 50%
station load probability X%)
(see section 3.4 below and
Rec. ITU-R M.2101 Annex 1,
section 3.4.1 and 6)
TDD / FDD FDD FDD
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TABLE A3.2.1.4

UE parameters for bands between 1 and 3 GHz

Rural macro Urban/suburban macro
User terminal characteristics
Indoor user terminal usage (Report ITU-R 50% 70%
M.2292)
Indoor user terminal penetration loss Rec. ITU-R P.2109 Rec. ITU-R P.2109
User equipment density for terminals that 3 UEs per sector 3 UEs per sector
are transmitting simultaneously
UE height 1.5m 15m
Average user terminal output power Use transmit power control Use transmit power control
Typical antenna gain for user terminals -3 dBi -3 dBi
Body loss 4dB 4dB
UE TDD activity factor 25% 25%
Transmit power control
Power control model Refer to Recommendation ITU-R M.2101 Annex 1, section 4.1
Maximum user terminal output power, 23dBm 23dBm
PCMAX
Power (dBm) target value per RB, -92.2 -92.2
PO_PUSCH
Path loss compensation factor, o 0.8 0.8
(same as “balancing factor” mentioned in
Rec. ITU-R M.2101)

Table A3.2.1.5 provides the protection criterion for IMT systems (irrespective of the number of
cells and independent of the number of interferers). This criterion has been developed without
considering any percentage of time related to it.

TABLE A3.2.1.5

Protection criterion for IMT

Protection criterion (I/N) -6 dB

A3.2.1.2 Propagation models for sharing and compatibility studies in the frequency band
1 885-1 980 MHz, 2 010-2 025 MHz and 2 110-2 170 MHz

According to the liaison statement from ITU-R SG 3 (Doc. 5D/723), Recommendation 1TU-R
P.528-4 is used to model the basic transmission loss between HIBS BS and UEs in the ground. In
urban and suburban scenarios, according to the liaison statement 5D/723, Document 3K/178
(Annex 6 to Working Party 3K Chairman’s report) is used to calculate clutter loss. When the user
equipment of the ground component of IMT system is indoors, building entry loss shall be
considered according to Recommendation ITU-R P.2109-1.

A3.2.1.3 Methodology

This section describes the methodology of modelling HIBS BS interference into IMT UE. Main
steps of the simulation are as follows:
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Step 1: Determine evaluation area and the deployment of HIBS and the ground component of IMT
system.
Step 1.1: Determine evaluation area.

According to the PDNR ITU-R M.[HIBS CHARACTERISTICS], the potential usage scenarios for
HIBS are coverage enhancement for rural and remote areas, safety and security, internet of things,
and event services. To cover all kinds of border areas, the deployment scenarios for the ground
component of IMT system are assumed to contain urban, suburban and rural areas.

The coexistence scenario for HIBS and IMT system is shown in Figure A3.2.1.1. In this figure,
point A represents the subpoint of HIBS base station, point B represents the centre cell of the IMT
system, the letter D represents the distance between point A and point B. HIBS and the ground
component of IMT system are assumed to be deployed in different areas.

FIGURE A3.2.1.1

Coexistence scenario of HIBS and the ground component of IMT system

\\ HIBS
S

Step 1.2: Determine the deployment of HIBS and the ground component of IMT system.

The HIBS base stations is assumed to be deployed at the altitude of 20 km, with the structure of
7 cells. The IMT system is composed of 19 cells, with the structure of 3 sectors per cell. HIBS
system and the ground component of IMT system are assumed to use the same frequency band to
transmit or receive, in the FDD duplex mode.

Step 2: Calculate aggregate interference from HIBS system.

Step 2.1: Calculate the interference from HIBS BS sector to each IMT UE.
In HIBS downlink transmission, the interference power from HIBS BS sector to IMT UE could be
calculated by equation (1) as below:

I,=P,+G,-PL+G, 1)

where:

In: interference power from the n-th HIBS base station sector to the IMT UE,
dBm/20 MHz;

Pw : HIBS base station transmit power in the reference bandwidth , dBm/20 MHz;
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Gw: The antenna gain of HIBS base station sector in direction of the IMT UE, dBi;

PL: propagation loss including free space transmission loss, atmospheric
attenuation and clutter loss as appropriate, dB;

G the maximum antenna gain of the IMT UE, dBi.
Step 2.2: Calculate aggregate interference from HIBS BS.
The aggregate interference is calculated by equation (2) as follows.

L = 1010(510+) (2)

where:
lo:  received aggregate interference for the IMT UE, dBm/20 MHz;
n: index of the HIBS BS sectors

In: received interference power from the n-th HIBS BS sector to the IMT UE
(dBm/20 MHz);

N: the total number of HIBS BS sectors.
Step 3: Compare the defined I/N protection criterion and analyse the simulation results.

A3.2.1.4  Study results

A3.2.1.4.1 HIBS antenna patterns

The antenna patterns for HIBS base station are shown in following figures, in accordance with
Recommendation ITU-R M.2101. In the frequency band 1 885-1 980 MHz, 2 010-2 025 MHz and
2 110-2 170 MHz, HIBS system uses Advanced Antenna System (AAS).
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FIGURE A A3.2.1.2

HIBS antenna pattern for 1 layer cell (2 x 2 elements)
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FIGURE A3.2.1.3
HIBS antenna pattern for 2 layer cell (4 x 2 elements)
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A3.2.1.4.2 Propagation loss

The Cumulative Distribution Function of propagation loss between HIBS base station and HIBS UE
is shown in Figure A3.2.1.4, where HIBS UEs are randomly distributed in the coverage area. The
simulations were done with 700 snapshots.
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FIGURE A3.2.1.4

The CDF of propagation loss in urban areas
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A3.2.1.4.3 HIBS interference

A3.2.1.5 Summary and analysis of the results of Study A
[Editor’s note: This section provides the summary and analysis of the results of this study.]

A3.3 Sharing studies between fixed service and HIBS operating in the 1 885-1 980 MHz,
2 010-2 025 MHz and 2 110-2 170 MHz frequency ranges

A3.3.1 Study A

A3.3.1.1 Technical and operational characteristics of HIBS operating in the
1 885-1 980 MHz, 2 010-2 025 MHz, and 2 110-2 170 MHz frequency ranges

The technical and operational characteristics of HIBS are those for Band 2 from the working
document towards a preliminary draft new Report ITU-R M.[HIBS-CHARACTERISTICS],
including Table 2, Table 2-A, Table 3, and Table 5. It should be emphasized that the analysis is
needed only with the HIBS (BS), as the user equipment is the same as the IMT ground-based
network.
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FIGURE A3.3.1.1
HIBS antenna pointing and network topology
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FIGURE A3.3.1.2

HIBS antenna pattern (Recommendation ITU-R M.2101)
(a) Single element (for adjacent case)
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(c) 2nd layer (4 x 2)

{ Formatted: English (U.S.)

OCUMENT IN PANDEY SIR\NSG 5\FEB 2022 MEETING\FINAL DOCS FOR SUBMISSION\DOS CONTRIBUTION_AI 1.4 HIBS VS
MSS BSS RDSS.DOCXM-ABF DOC 11.03.2210:01-22 2210,012206.01.22 11.03.2221:02:08




_43-

5D/886 (Annex 4.21)-E

HIBS Base Statien horizental antenna pattern

HIBS Base Station vertical antenna patterm
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1 885-1980 MHz and 2 010-2 170 MHz frequency ranges

[Editor’s Note: The characteristic of the FS antenna pattern given in the table below and used in
the study needs to be updated for the next meeting, taking into account Note 2 of Recommendation
ITU-R F.1245, which references item 3 of the Recommendation ITU-R F.699 for antenna diameter

calculation based on the maximum gain information.]

”\

160 180

Technical and operational characteristics of fixed service operating in the

The characteristics for the fixed service (FS) for point-to-point (PP) systems are based on the
information contained in the Recommendation ITU-R F.758, Table 16, as summarized below.

TABLE A3.3.1.1
Characteristics of the FS (PP) systems

Parameter

Value

Band of operation

1900-2 300 MHz

Reference for the band of operation

Recommendation ITU-R F.1098

Modulation format 256-QAM
Bandwidth 14 MHz

Receiver noise figure 3.5dB

Antenna height 30m

Antenna pattern Recommendation ITU-R F.1245
Antenna gain 35 dBi

Antenna beamwidth 2.58°

Diameter of the antenna 4m

Protection criteria (I/N) -6 dB

For FS (PP), in cases of analysis consisting of many interference entries, as it is the case with the
HIBS multiple cells, using a peak envelope radiation pattern would result in aggregate interference
values that are greater than values that would be experienced in practice. In this case, it is more
appropriate to use an antenna pattern in accordance with Recommendation ITU-R F.1245,

representing average sidelobe levels.
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FIGURE A3.3.1.3
FS (PP) antenna pattern (Recommendation ITU-R F.1245)
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A3.3.1.3 Propagation model

Recommendation ITU-R P.1409, item 2.3, indicates that Recommendation ITU-R P.619 should be
used for studies of frequency sharing between high-altitude platform networks and other terrestrial
stations. Furthermore, Recommendation ITU-R P.835 is used for reference atmosphere, and a
latitude < 22° (Brasilia, Brazil is at —15.8°) was considered, which has no significant seasonal
variations, and thus a single annual atmosphere profile can be used.

The total propagation loss considered is the sum of free space loss, atmospheric gasses loss, beam
spreading attenuation, and tropospheric scintillation loss. Additionally, the study considered 3 dB of
average polarization discrimination loss. The diffraction loss, building loss, and clutter loss were
not considered as the HIBS is in a line-of-sight scenario. Finally, the HIBS visible horizon when
deployed at 18 km and 20 km of altitude is approximately 478 km and 500 km, respectively, from
its nadir, after which it can no longer be considered in a line-of-sight scenario due to heavy
attenuation.

A3.3.1.4 Methodology

The SHARC open-source simulation tool is used, which is a coexistence static system-level
simulator using the Monte Carlo method. It has the main features required for a common system-
level simulator, such as antenna beamforming, power control, resource blocks allocation, among
others. The simulator is written in Python and the source code is available at GitHub
https://github.com/SIMULATOR-WG/SHARC.

At each simulation snapshot, the UE are randomly generated and located within a cell cluster. The
coupling loss is calculated between the UE and their nearest BS. The simulation then performs
resource scheduling and power control, enabling the interference calculation among the systems.
Finally, system performance indicators are collected, and this procedure is repeated for a fixed
number of snapshots.

With SHARC, it is possible to study the coexistence between HIBS, IMT, and other services and
applications. The main key performance indicator obtained from these simulations is the aggregate
interference generated by the HIBS into the other system, and vice-versa. In this study the
interference-to-noise ratio is calculated and compared with the protection criteria for their specific
frequency range.
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A3.3.1.5 Scenarios and results of the study

The study was implemented in accordance with the scenarios described in Figure A3.3.1.4, with the
FS stations positioned at different distances from the HIBS nadir, as described in Table A3.3.1.2.
The simulations were done with 10 000 snapshots.

FIGURE A3.3.1.4
HIBS-FS (PP) simulation scenario

4— HIBS Area Radius
*=—> FSdistance from HIBS nadir
== HIBS Area
A HBs
S (PP)

/ *3’ 9 4998

‘- A (s D E F G H |
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2000

FS Antenna Pointing

Azimuth (Uniform distribution)
= Azimuth (-180° 1o 180°)

Elevation (Normal distribution)
Rec. ITU-R F.2086 (Table A2-1A)

®  Median =-0.2°
= Standard deviation = 0.9°

1750

Count

[ 50 - -1 o
Azimuth Elevation

TABLE A3.3.1.2

Geographical coordinates of the FS (PP) stations in the simulation

Position Distance from point A Latitude Longitude
AW - —15.809422° —47.866732°
B 50 km —15.356298° —47.866732°
C 100 km —14.901080° —47.866732°
D 150 km —14.458172° —47.866732°
E 250 km —13.560102° —47.866732°
F 350 km —12.660001° —47.866732°
G 450 km —11.760120° —47.866732°
H 478 km —11.510010° —47.866732°
| 500 km —-11.310301° —47.866732°

@ HIBS nadir.

The simulation for co-channel sharing analysis was done considering both HIBS and FS (PP)
central frequency at 2 017.5 MHz, as shown in Figure A3.3.1.5. For HIBS, the maximum available

bandwidth of 15 MHz in this range was used. For FS (PP), the bandwidth of 14 MHz was used. [ Formatted: English (U.S)
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FIGURE A3.3.1.5
HIBS-FS (PP) co-channel analysis
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The results of the simulations, as shown in Figure A3.3.1.6, indicates the probability of the achieved
protection criteria (I/N) for each of the distances described above. At each snapshot, the FS (PP)
station elevation angle varied following a normal distribution with a median of —0.2° and standard
deviation of 0.9°, according to the Recommendation ITU-R F.2086 (Table A2-1A), and the azimuth
varied from —180° to 180° in a uniform distribution. Furthermore, a sensitivity analysis was
performed considering HIBS at an altitude of 18 km.

FIGURE A3.3.1.6
HIBS-FS (PP) co-channel simulation results
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In case no additional measures are implemented for the HIBS station, the results show that the
achieved I/N will not meet the FS (PP) protection criteria of -6 dB. It should be noted that, for this
frequency range, Resolution 221 (Rev.WRC-07) currently defines values of power flux-density
(pfd) at the Earth’s surface for the operation of the HIBS stations in order to protect the FS systems.

As such, an analysis was done to verify what the appropriate pfd values for the HIBS station would
be to protect the FS systems, in calculating pfd levels as the following:

Thermal noiseggm/muz) = 10 X log(Boltzmann constant X Receiver Noise figuregeyin X
1000) + 10 x log(Bandwidth)

INR4p) = Interference levelyp,, — Thermal noise pm
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Interference level ypm
10 10
PFDdB(m/(mZ*MHz)) =10 X lOg( Gg )

Effective areax1010 xBandwidth
PFDdB(W/(mZ*MHZ)) = PFDdB(m/(mZ*MHZ)) —10 x lOg(lOOO)
Where Gg = antenna gain at each angle of arrival.

As shown in Figure A3.3.1.7, the results indicate that while a pfd limit is still required for the HIBS
station, the current values in Resolution 221 (Rev.WRC-07) could be reviewed. As such,
considering all the possible cases, it is possible to achieve the FS (PP) protection criteria (I/N)
always lower than —6 dB when implementing the HIBS pfd mask in blue.

FIGURE A3.6.1.7
HIBS pfd mask for FS (PP) co-channel feasibility
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—— Resolution 221
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A3.3.1.6 Summary and analysis of the results of Study A

The results of this study show that for HIBS operating in the 1 885-1 980 MHz, 2 010-2 025 MHz,
and 2 110-2 170 MHz frequency ranges the sharing with FS co-channel is only feasible if additional
measures are implemented for the HIBS stations. In reviewing the existing values in Resolution 221
(Rev.WRC-07), the results indicate that they could be updated. As such, HIBS, in order to protect
fixed stations from co-channel interference, shall not exceed the following limits of a co channel
power flux-density (pfd) at the Earth’s surface:

- —157 dB(W/(m? - MHz)) for angles of arrival (0) less than 2° above the horizontal
plane;

- —157 + 1.55 (6 — 2) dB(W/(m? - MHz)) for angles of arrival between 2° and 25° above
the horizontal plane; and

- —120 dB(W/(m? - MHz)) for angles of arrival between 25° and 90° above the horizontal
plane.

A3.4 Sharing studies between space research service (deep space) (Earth-to-space) in
the 2 110-2 120 MHz band and HIBS operating in the 2 110-2 170 MHz frequency
range

Currently, HIBS may use the bands 1 885-1 980 MHz, 2 010-2 025 MHz, and 2 110-2 170 MHz as
per RR No. 5.388A, and in accordance with Resolution 221 (Rev.WRC-07), which does not
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include any additional regulatory or technical measures in relation to the space research service in
the 2 110-2 120 MHz frequency range.

[Furthermore, as shown in the Appendix, since the interference level from HIBS to space stations is
much lower than that from ground-based IMT base stations, any HIBS specific mitigation measures
to protect the space stations would not be necessary.]

A3.5 Compatibility studies between mobile satellite service (space-to-Earth) in the
adjacent 2 170-2 200 MHz frequency band and HIBS operating in the 2 110-
2 170 MHz frequency range

A3.5.1 Study A

This study conducted the calculations of the pfd values for the protection of MSS (s-E) from HIBS
based on the technical and operational characteristics of MSS (s-E) and HIBS and the comparison
between those values and the existing pfd limit in resolves 3.2 of Resolution 221 (Rev.WRC-07).

Technical and operational characteristics of HIBS in the 2 110-2 160/2 170 MHz
frequency range

This study used technical and operational characteristics of HIBS in Band 2 (1 710-1 980 MHz,

2 010-2 025 MHz and 2 110-2 170 MHz frequency ranges) contained in section 6.1.3 of the
working document towards a PDN Report ITU-R M.[HIBS-CHARACTERISTICS]. The single
element antenna pattern of Recommendation ITU-R M.2101 was used for this adjacent
compatibility study. With regard to Platform Altitude, this study considers at 18 km and 20 km in
order to perform the sensitivity analysis on the interference from HIBS operating at altitude below

20 km.

A3.5.1.1

Technical and operational characteristics of MSS (s-E) in the 2 160/2 170-2 200
MHZz frequency range

Tables A3.5.1.1 summarized the technical and operational characteristics of MSS (s-E) for this
study, which are included in Recommendation ITU-R M.1184.

A3.5.1.2

TABLE A35.1.1
Technical and operational characteristics of MSS (s-E) in 2.1/2.2 GHz frequency bands

Parameters Units GSO System E Non-GSO System F | Non-GSO System R
Frequency bands of service link GHz 2.2 2.2 2.1
Beam carrier bandwidth kHz 4 4 4
Maximum MES antenna
discrimination towards the dBi 1 2 0
horizon
User G/T dB(K™) -23 —24 -18

It is noted that currently there are no ITU-R Recommendations for the protection criteria for MSS
(s-E) in the 2 160/2 170-2 200 MHz frequency range.

Furthermore, pfd limit for the protection of mobile earth stations (MES) in the 2 160/2 170-
2 200 MHz frequency range from HIBS in the 2 100-2 160/2 170 MHz frequency range is
stipulated in resolves 3.2 of Resolution 221 (Rev.WRC-07) as follows.
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3.2 for the purpose of protecting mobile earth stations within the satellite
component of IMT from interference, a HAPS operating as an IMT base station, shall
not exceed an out-of-band pfd of —165 dB(W/(m* - 4 kHz)) at the Earth’s surface in the
bands 2 160-2 200 MHz in Region 2 and 2 170-2 200 MHz in Regions 1 and 3.

A3.5.1.3

Propagation model

Free space and depolarization loss from Recommendation ITU-R P.619 were used as the baseline
propagation model based on section 2.1 of the draft revision of Recommendation ITU-R P.1409-1.
Diffraction loss due to a spherical earth was also considered.

A3.5.1.4 Methodology and results of the study

In this study, the pfd values for single-entry interference from HIBS based on the technical and
operational characteristics of MSS (s-E) in section A3.5.1.4.1. Then, multiple HIBS effects were
calculated and added to pfd values for single-entry interference in order to find pfd values for the
aggregated interference to protect MSS (s-E) in section A3.5.1.4.2. Section A3.5.1.4.2 also
compared those values with the existing pfd limit in resolves 3.2 of Resolution 221 (Rev.WRC-07).

A3.5.1.4.1 pfd calculation for single-entry interference

The pfd calculation for single-entry interference from HIBS to protect MSS (s-E) is provided in Table
A3.5.1.2. Since currently there are no ITU-R Recommendations for the protection criteria for MSS
(s-E) in this frequency range as section A3.5.2.1, this study used “I/N = —6/~10/-12.2 dB” as the

MSS protection criteria.

TABLE A3.5.1.2

Calculation results of pfd values for HIBS to protect MSS (s-E)

Parameters Units GSO System E Non-GSO System F
Frequency MHz 2170 2170
10log(A\¥/4m) m? -28.2 -28.2
Beam carrier bandwidth kHz 4 4
User GIT dB(K™) -23 24
Maximum MES antenna
discrimination towards dBi 1 2
the horizon
Thermal noise dBK 24 26
Noise spectrum density dBW/4 kHz —168.6 —166.6
MES protection criteria dB 6 _10 122 6 “10 122
(I/N)

Interferences level to

satisfy the protection dBW/4 kHz -174.6 | —178.6 | —180.8 -172.6 —-176.6 —178.8
criterion

Antenna discrimination 4B 0 0

loss

Depolarization loss

(See section 2.2 of

Recommendation ITU-R dB 3 3

P.619)

pfd value dBW/m?4 kHz —144.4 ‘ —148.4 | —150.6 —143.4 —147.4 —149.6
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Parameters Units NGSO System R
Frequency MHz 2170
10log(A\¥/4) m? -28.2
Beam carrier bandwidth kHz 4
User G/IT dB(K™) -18
Maximum MES antenna
discrimination towards dBi 0
the horizon
Thermal noise dBK 18
Noise spectrum density dBW/4 kHz -174.6
MES protection criteria B _ B
(IIN) dB 6 10 12.2
Interferences level to
satisfy the protection dBW/4 kHz —180.6 | —184.6 | —186.8
criterion
Antenna discrimination 4B 0
loss
Depolarization loss
(See section 2.2 of dB 3
Recommendation ITU-R
P.619)
pfd value dBW/mY4kHz | -149.4 | -153.4 | -155.6 |

Note to the Table

The pfd calculation formula is listed as follows:

pfd (dB(W/m2-MHz)) = Noise spectrum density (dB(W/4 kHz)) + I/N (dB) -
Maximum MES antenna discrimination towards the horizon (dBi) + Antenna
discrimination loss (dB) + Depolarization loss (dB) - 10log(A*/4m).

Since the values of non-GSO system R are the most stringent as Table A3.5.1.2, those values were
used for the calculations in the following sections.

A3.5.1.4.2 Analysis on the multiple HIBS effect

To analyse the multiple HIBS effect, the horizontal separation distances (worst case) to satisfy pfd
value in the previous section were calculated, reflecting the interference power increment in
multiple HIBS deployment scenario. This analysis was conducted based on the technical and
operational characteristics of HIBS in section A3.5.1.1.

A3.5.14.2.1 HIBS deployments and interference scenario

Figure A3.5.1.1 shows single and twelve (12) HIBS deployments and the relative relation between
HIBS and an interfered station. The horizontal separation distance Dy, is defined as the distance
from the nadir of the nearest HIBS (HIBS1-1) to the interfered station. When the horizontal
separation distance exceeds 500 km, the elevation angle (0) between HIBS and the interfered station
becomes 0° or less, which is out of visible range. In the case of that interfered stations are deployed
outside the visible area of HIBS, the interference from HIBS would be negligible due to the heavy
attenuation. Therefore, this study assumed the number of multiple HIBS as twelve (12), the
maximum number of HIBS deployed within the visible area of HIBS from the interfered station.
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FIGURE A3.5.1.1

Relative relations between HIBS and interfered station

a) |HIBS b) 12HIBS
X
A
Country A
Country B D,
®: HIBS O - HIBS area X : Interfered station
D, : Honizontal separation distance (km)
HIBS area radius = 100km  Inter-HIBS distance = 173km
A3.5.14.2.2 Calculation method of horizontal separation distance

The separation distance D between HIBS and the interfered station for calculating pfd value at the
receiving point is calculated by the horizontal separation distance Dy, (see also Figure A3.5.1.2) as
follows:

D= JRZ + (R + H)? — 2R(R + H)cos(*%)  (km)

where:
R: Earth radius = 6 378 km;
H: Platform Altitude = 18/20 km.
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FIGURE A3.5.1.2

Separation distance from HIBS to Interfered station

HIBS

Interfered station

A3.5.14.23 pfd calculation for aggregate interference
Aggregated pfd values (PFDagg) from multiple HIBS is computed using the following equation:
PFDyg4 = 1010g(m Xn EIRPyy 1 /ADLy, , /AnDE)  (dBW/m2-MHz)
where:
EIRPy: transmit e.i.r.p of Cell, in HIBSy, (W/MHz);
ADLnn: angular discrimination of Cell, in HIBS;
Dn: separation distance between HIBS, and the interfered station (m).

The calculation result of aggregated pfd values is shown in Figure A3.5.1.3.
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FIGURE A3.5.1.3

Calculation results of aggregated pfd values

Pfd value {dBW/m?2/MHz)

134 km 205 km 260 km

300
he nearest H\Es[km)

izontal separation distance f

Based on the calculation result, the horizontal separation distance Dy, to satisfy pfd values of
non-GSO System R in Table A3.5.1.1 were 134 km (I/N=—-6 dB), 205 km (I/N=—10 dB) and 260
km (I/N=—12.2 dB) in the single HIBS deployment scenario with both 18 km and 20 km of HIBS
platform altitude.

At those horizontal separation distances, the interference power increment relating to the increase of
HIBS number (12 HIBS) were 4.2 dB (I/N=—6 dB), 5.4 dB (I/N=—10 dB) and 6.2 dB (I/N=—12.2
dB). It can be seen that the increment is comparatively limited since the interference from the
nearest HIBS of the interfered station is dominant. In addition, although the increment rises toward
far side of the horizontal separation distance, pfd value is satisfied to protect the interfered station
and no interference occur in such area. Moreover, when the HIBS number is increased to more than
12, it is expected that those HIBS would not contribute the increment of aggregate interference as
section A3.5.1.4.2.1 indicated. Based on the above analysis, it was considered that those values are
sufficient as the aggregate effect of the multiple HIBS deployment.

The pfd values which consider the aggregate effect on the single-entry pfd values of non-GSO
System R in Table A3.5.1.1 are —153.6 dBW/m*/4 kHz (I/N=—6 dB), —158.8 dBW/m?/4 kHz
(I/N=—10 dB) and —161.8 dBW/m?/4 kHz (I/N=—12.2 dB). The current pfd limits (—165 dBW/m?/4
kHz) in resolves 3.2 of Resolution 221 (Rev.WRC-07) are more stringent than all of those pfd
values.
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A3.5.1.5 Summary and analysis of the results of Study A

Based on the results of study A, the pfd values of —153.6 dBW/m?/4 kHz for horizontal separation
distance between HIBS and MSS earth station 134 km (I/N=—6 dB), —158.8 dBW/m?/4 kHz for
horizontal separation distance HIBS and MSS earth station 205 km (I/N=—10 dB) and —161.8
dBW/m?/4 kHz for horizontal separation distance HIBS and MSS earth station 260 km (I/N=—12.2
dB) were derived for the protection of MSS (s-E) in the 2 160/2 170-2 200 MHz frequency range
from the interference of HIBS in the 2 110-2 160/2 170 MHz frequency range. It should be noted
that the shape of the country border was taken as a line and therefore aggregate affect was
calculated from 12 HIBS that may be not sufficient. With understanding that MES in 2GHz has
omni-directional antennas, the shape of the country border as a part of a circle could have more
serious aggregate affect. On the other hand, it should also be noted that the aggregate effect may be
evaluated excessively since Network loading factor of HIBS and clutter loss were not considered in
this study. The current pfd limit (—165 dBW/m?/4 kHz) in resolves 3.2 of Resolution 221
(Rev.WRC-07) are more stringent than all of those pfd values.

A3.6

A3.6.1
A3.6.1.1

Compatibility studies between fixed service in the adjacent 1 885-1980 MHz and
2 010-2 170 MHz frequency bands and HIBS operating in the 1 885-1 980 MHz,
2 010-2 025 MHz, and 2 110-2 170 MHz frequency ranges

Study A

Technical and operational characteristics of HIBS operating in the

1 885-1 980 MHz, 2 010-2 025 MHz and 2 110-2 170 MHz frequency ranges

The technical and operational characteristics of HIBS are based on the working documents towards
a preliminary draft new Report ITU-R M.[HIBS-CHARACTERISTICS], and summarized in this
section. It should be emphasized that the analysis is needed only with the HIBS (BS), as the user
equipment is the same as the IMT ground-based network.

TABLE A36.1.1

Specification related parameters of HIBS (Base Station)

HIBS (BS)
No. Parameter Band 2
(1710-1 980 MHz / 2 010-2 025 MHz / 2 110-2 170 MHz)
1 Duplex Method FDD/TDD
2 Channel bandwidth (MHz) 20 MHz®
4 Transmitter characteristics
4.4 Spurious emissions -13 dBm / MHz
5 Receiver characteristics
5.1 Noise figure 5dB

@ In the case of the 2 010-2 025 MHz range, the maximum bandwidth of 15 MHz is used.
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TABLE A3.6.1.1-A
Spectrum mask - HIBS (BS)

(3
Frequency offs'et‘fro’l’n edge of Emission limit Measurement bandwidth
transmission” Af
7 (T _offset
0 MHz < Af <5 MHz —-7dBm-—-| ———-0.05dB 100 kHz
5 MHz
5 MHz < Af <
-14 dBm 100 kHz
10 MHz
10 MHz < Af -13 dBm 1 MHz

TABLE A3.6.1.2

Deployment related parameters of HIBS and the UE associated to HIBS

Band 2
No. Parameter
(1710-1 980 MHz /2 010-2 025 MHz / 2 110-2 170 MHz)
Network topology and
1 L
characteristics
1.1 | BSdensity or ISD 1 BS/HIBS area
1.2 | HIBS area radius 100 km
Base station characteristics/Cell
2
Structure
2.1 | Platform Altitude 20 km
2.2 | Number of cells/HIBS 7
2.3 | Frequency reuse 1
2.4 | Network loading factor 100%
2.5 | Platform Antenna pattern Recommendation ITU-R M.2101
Element gain 8 dBi
Antenna array configuration 2 x 2 elements (1st layer cell),
(Row x Column) 4 x 2 elements per cell (2nd layer cell)
. 90° (1st layer cell),
2.6 | Platform Antenna tilt 23° (2nd layer cell)
27 Conducted power per antenna 37 dBm (1st layer cell)
' element 34 dBm (2nd layer cell)
3 UE characteristics
31 UE densny f_or equipment that 3 UEs per cell
are transmitting simultaneously
3.2 | UE height 15m
3.3 | Body loss 4dB
3.4 | Typical antenna gain for UE -3 dBi
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FIGURE A3.6.1.1
HIBS antenna pointing and network topology
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FIGURE A3.6.1.2
HIBS antenna pattern (Recommendation ITU-R M.2101)

(a) Single element (for adjacent case)
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(c) 2nd layer (4 x 2)

HIBS Base Staticn horizontal antenna pattern

HIBS Base Staticn vertical antenna pattern
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A3.6.1.2 Technical and operational characteristics of fixed service operating in the 1 885-
1980 MHz and 2 010-2 170 MHz frequency ranges

The characteristics for the fixed service (FS), for both point-to-multipoint (PMP) and point-to-point
(PP) systems are based on the information contained in the Recommendation ITU-R F.758,
especially those contained in its Tables 16 and 19, and summarized in this section.

TABLE A3.6.1.3
Characteristics of the FS (PMP) systems

Parameter

Value

Band of operation

1350-2 690 MHz

Reference Recommendation ITU-R F.701

Modulation format QPSK
Bandwidth 3.5 MHz

Receiver noise figure 4dB
Antenna height 30m

Antenna pattern Recommendation ITU-R F.1336

Antenna gain 13 dBi (omni)

Protection criteria (I/N) -6 dB

TABLE A3.6.1.4
Characteristics of the FS (PP) systems

Parameter

Value

Band of operation

1900-2 300 MHz

Reference Recommendation ITU-R F.1098
Modulation format 256-QAM
Bandwidth 14 MHz
Receiver noise figure 3.5dB
Antenna height 30m

Antenna pattern

Recommendation ITU-R F.1245
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Parameter Value
Antenna gain 35 dBi
Antenna beamwidth 2.56°
Diameter of the antenna 4m
Protection criteria (I/N) -6 dB

(a) PMP (Recommendation ITU-R F.1336)

FIGURE A3.6.1.3

FS antenna pattern
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(b) PP (Recommendation ITU-R F.1245)
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For FS (PP), it should be highlighted that in cases of analysis consisting of many interference
entries, as with the HIBS multiple cells, using a peak envelope radiation pattern would result in
aggregate interference values that are greater than values that would be experienced in practice. In
this case, it is more appropriate to use an antenna pattern in accordance with Recommendation

ITU-R F.1245, representing average sidelobe levels.

A3.6.1.3 Propagation model

Recommendation ITU-R P.1409, item 2.3, indicates that Recommendation ITU-R P.619 should be
used for studies of frequency sharing between high-altitude platform networks and other terrestrial
stations. Furthermore, Recommendation ITU-R P.835 is used for reference atmosphere, and a
latitude < 22° (Brasilia, Brazil is at -15.8°) was considered, which has no significant seasonal
variations, and thus a single annual atmosphere profile can be used.

The total propagation loss considered is the sum of free space loss, atmospheric gasses loss, beam

spreading attenuation, and tropospheric scintillation loss. Additionally, the study considered 3 dB of

average polarization discrimination loss. The diffraction loss, building loss, and clutter loss were
not considered as the HIBS is in a line-of-sight scenario. Finally, the HIBS visible horizon when
deployed at 18 km and 20 km of altitude is approximately 478 km and 500 km, respectively, from
its nadir, after which it can no longer be considered in a line-of-sight scenario due to heavy

attenuation.

A3.6.1.4 Methodology

The Brazilian administration continues to use and develop, in cooperation with partners in the
industry and academia, an open-source simulation tool, named SHARC, to support Sharing and
Compatibility studies between IMT and other radio communication systems, according to the
framework proposed by Recommendation ITU-R M.2101. SHARC is a coexistence static system-
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level simulator using the Monte Carlo method. It has the main features required for a common
system-level simulator, such as antenna beamforming, power control, resource blocks allocation,
among others. The simulator is written in Python and the source code is available at GitHub
https://github.com/SIMULATOR-WG/SHARC.

At each simulation snapshot, the UE are randomly generated and located within a cell cluster. The
coupling loss is calculated between the UE and their nearest BS. The simulation then performs
resource scheduling and power control, enabling the interference calculation among the systems.
Finally, system performance indicators are collected, and this procedure is repeated for a fixed
number of snapshots.

With SHARC, it is possible to study the coexistence between HIBS, IMT, and other services and
applications. The main key performance indicator obtained from these simulations is the aggregate
interference generated by the HIBS into the other system, and vice-versa. In this contribution, a FS
system is considered. The interference-to-noise ratio is calculated and compared with the FS
protection criteria for their specific frequency range.

A3.6.1.5 Scenarios and results of the study

The study was implemented in accordance with the scenarios described in Figures A3.6.1.4 and
A3.6.1.5, with the FS stations positioned at different distances from the HIBS nadir, as described in
Tables A3.6.1.5 and A3.6.1.6. For the FS (PMP) simulations, the only variance is the distance.
However, for the FS (PP) case, for each distance, the elevation and azimuth of the FS antenna
varied according to the statistical distributions presented in Figure A3.6.1.5. The simulations were
done with 10 000 shapshots.

FIGURE A3.6.1.4
HIBS-FS (PMP) simulation scenario

. <«— HIBS Area Radius

<= FSdistance from HIBS nadir /F é * % x = . a
HIBS Area N > A % 2. 2 2 L
A His \ A B D E F G
@ FS(PMP) '*\ f
‘\\\ I

TABLE A3.6.1.5
Geographical coordinates of the FS (PMP) stations in the simulation

Position Distance from point A Latitude Longitude
AW - -15.809422° -47.866732°

B 50 km -15.356298° -47.866732°

C 100 km -14.901080° -47.866732°
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Position Distance from point A Latitude Longitude
D 150 km -14.458172° -47.866732°
E 250 km -13.560102° -47.866732°
F 350 km -12.660001° -47.866732°
G 450 km -11.760120° -47.866732°
H 500 km -11.310301° -47.866732°

@ HIBS nadir.

FIGURE A3.6.1.5
HIBS-FS (PP) simulation scenario
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TABLE A3.6.1.6
Geographical coordinates of the FS (PP) stations in the simulation
Position Distance from point A Latitude Longitude
AW - -15.809422° -47.866732°
B 50 km -15.356298°- -47.866732°
C 100 km -14.901080° -47.866732°
D 150 km -14.458172° -47.866732°
E 250 km -13.560102" -41.866732° { Formatted: English (U.S)
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Position Distance from point A Latitude Longitude
F 350 km -12.660001° -47.866732°
G 450 km -11.760120° -47.866732°
H 478 km -11.510010° -47.866732°
| 500 km -11.310301° -47.866732°
@ HIBS nadir.

The simulations for adjacent channel compatibility analysis were done considering HIBS central

frequency at 2 017.5 MHz, and FS (PMP) central frequency at 2 026.75 MHz, as shown in

Figure A3.6.1.6.

The results of the simulations, as shown in Figure A3.6.1.7, indicates the probability of the achieved
protection criteria (1/N) for each of the distances described above. In all cases, the achieved I/N is
always lower than -21 dB.

100%

FIGURE A3.6.1.6
HIBS-FS (PMP) adjacent channel analysis
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—  HIBS Spectral Mask
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FIGURE A3.6.1.7
HIBS-FS (PMP) adjacent channel simulation results
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Additionally, the simulations for adjacent channel compatibility analysis were done considering
HIBS central frequency at 2 017.5 MHz, and FS (PP) central frequency at 2 032 MHz, as shown in

Figure A3.6.1.8.
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FIGURE A3.6.1.8
HIBS-FS (PP) adjacent channel analysis
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The results of the simulations are shown in Figure A3.6.1.9. At each snapshot, the FS (PP) station
elevation angle varied following a normal distribution with a median of -0.2° and standard deviation
of 0.9°, according to the Recommendation ITU-R F.2086 (Table A2-1A), and the azimuth varied
from -180° to 180° in a uniform distribution. Furthermore, a sensitivity analysis was performed
considering HIBS at an altitude of 18 km.

For all cases at nadir, the achieved I/N is lower than -17.5 dB. For the probability of 80% of the
cases, the achieved I/N varies from -25.5 dB (50 km), -30.5 dB (100 km), to -47.5 dB (500 km). For
the probability of 90% of the cases, the achieved I/N varies from -20.8 dB (50 km), -24.2 dB (100
km), to -40.5 dB (500 km). And for the probability of 95% of the cases, the achieved I/N varies
from -18.5 dB (50 km), -19.7 dB (100 km), to -33.3 dB (500 km). Finally, considering all the
possible cases, the achieved I/N is always lower than -6 dB.

FIGURE A3.6.1.9
HIBS-FS (PP) adjacent channel simulation results
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A3.6.1.6 Summary and analysis of the results of Study A

The results of this study show that for HIBS operating in the 1 885-1 980 MHz, 2 010-2 025 MHz,
and 2 110-2 170 MHz frequency ranges the compatibility with FS in the adjacent channel is
feasible. In the case of FS (PMP), the results indicate a margin of more than 15 dB in comparison
with the FS protection criteria. In the case of FS (PP), for the probability of 95% of the cases or
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lower, the results indicate a margin of at least 11 dB in comparison with the FS protection criteria,
as well as that in all the possible cases the protection criteria is met. Additionally, the sensitivity
analysis of varying the altitude of the HIBS platform from 20 km to 18 km has shown that the FS
protection criteria continues to be met.

A3.7 Compatibility studies between space operation service (Earth-to-space) (space-to-
space), Earth exploration-satellite service (Earth-to-space)(space-to-space), and
space research service (Earth-to-space) (space-to-space) in the adjacent 2 025-
2 110 MHz frequency band and HIBS operating in the 2 010-2 025 MHz and
2 110-2 170 MHz frequency ranges

Currently, HIBS may use the bands 1 885-1 980 MHz, 2 010-2 025 MHz, and 2 110-2 170 MHz as
per RR No. 5.388A, and in accordance with Resolution 221 (Rev.WRC-07), which does not
include any additional regulatory or technical measures in relation to the space operation service,
Earth exploration-satellite service, and space research service in the adjacent bands.

[Furthermore, as shown in the Appendix, since the interference level from HIBS to space stations is
much lower than that from ground-based IMT base stations, any HIBS specific mitigation measures
to protect the space stations would not be necessary.]
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ANNEX 4

Sharing and compatibility studies of high-altitude platform stations as IMT base
stations (HIBS) in 2 500-2 690 MHz frequency range

A4l Sharing studies between the ground component of IMT and HIBS operating in the
2 500-2 690 MHz frequency range
A4.1.1 Study A

This study is for cross-border interference scenario from HIBS to ground-based IMT base station in
the border of neighbouring administration. Two main factors for cross-border interference
coordination are presented: i) the minimum separation distance between the HIBS nadir and the
border of neighbouring administration to meet the IMT protection criterion, and ii) the amount of
interference reduction required for meeting the IMT protection criterion.

A4.1.1.1 Technical characteristics

A4.1.1.1.1 Technical and operational characteristics of HIBS operating in the 2 500-
2 690 MHz frequency range

The technical and operational characteristics of HIBS are based on Document 5D/716 Chapter 4
Annex 4.19 “Working documents towards a preliminary draft new Report ITU-R M.[HIBS-
CHARACTERISTICS]”. This study is conducted to evaluate the potential interference of the HIBS
operating in the Band 3 (2 500-2 690 MHz). The HIBS user equipment are not considered as a
source of interference.

Under the frequency arrangement presented in Table A4.1.1.2, TDD HIBS operating in the 2 500-
2 570 MHz (2 535- 2 570 in Region 3) could interfere with a ground-based IMT base station in
neighboring administrations in the FDD uplink band 2 500- 2 570 MHz (2 535- 2 570 in Region 3).

TABLE A4.1.1.1
Deployment related parameters of HIBS (Base Station)

No. Parameter Band 3
(2 500-2 690 MHz)
1 Network topology and characteristics
11 BS density or ISD 1 BS/HIBS area
1.2 HIBS area radius 90 km
1.3 HIBS network configuration (Duplex TDDW
Mode)
2 Base station characteristics/Cell structure
21 HIBS Platform Altitude 20 km
22 Number of cells/HIBS 7
2.3 Frequency reuse 1
2.4 HIBS Platform Antenna pattern Recommendation ITU-R M.2101
Element gain 8 dBi
Horizontal/vertical 3 dB beamwidth of 65° for both H/V
single element
Horizontal/vertical front-to-back ratio 30 dB for both H/V
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No. Parameter

Band 3
(2 500-2 690 MHz)

Antenna polarization

Linear/+45 degrees

Antenna array configuration
(Row x Column)

2 x 2 elements (1% layer cell),
4 x 2 elements per cell (2™ layer cell)?

Horizontal/Vertical radiating element

0.5 of wavelength for both H/V

spacing
Ohmic losses 2dB
2.5 HIBS platform antenna tilt 90° (1% layer cell),
230 (2" layer cell)
2.6 HIBS conducted power per antenna element 37 dBm (1 layer cell), 34 dBm (2™ layer cell)
2.7 HIBS platform e.i.r.p./cell 55 dBm (1 layer cell), 58 dBm (2™ layer cell)

3) See Table A4.1.1.2 for the 2 500-2 690 MHz band for the specific Duplex mode applicable to the scenario

under study, noting that the 2 500-2 535 MHz range is to be used for only uplink in Region 3, and that the
2 655-2 690 MHz range is not to be used in Region 3.

TABLE A4.1.1.2

Possible examples of HIBS frequency arrangements in 2 500-2 690 MHz
(see also Section 7 in Recommendation ITU-R M.1036)

Frequency band

No. Mobile station transmitter Base station transmitter Duplex mode

(MHz) (MHz)
c1 2 500-2 570 2 620-2 690 FDD

2 570-2 620 TDD

3 500-2 570 3 620-2 690
c2 External 2 570-2 620 FDD
C3 2 500-2 690 Flexible FDD/TDD

A4.1.1.1.2 Technical and operational characteristics of the ground component of IMT
operating in the 2 500-2 690 MHz frequency range

The technical and operational characteristics of the ground component of IMT are based on
Document 5D/716 Chapter 4 Annex 4.4 “Characteristics of terrestrial component of IMT for
sharing and compatibility studies in preparation for WRC-23”. Tables A4.1.1.3 and A4.1.1.4 list the
deployment-related and specification-related parameters of Non AAS IMT BS for the frequency
bands including the 2 500-2 690 MHz. Table 3 presents the protection criterion for IMT, which is

also found in the aforementioned Document.
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TABLE A4.1.1.3
IMT-2020 specification related parameters in 470-4 990 MHz

Base station
(non-AAS)

Noise figure (dB) 5 dB (Macro cell scenario)
10 dB (Micro cell scenario)
13 dB (Indoor small cell scenario)

Parameter

TABLE A4.1.1.4
Deployment-related parameters for bands between 1 and 3 GHz

Urban/suburban macro Rural macro

Antenna height 25 m urban / 30 m suburban 30m
(Report ITU-R M.2292) (1-2 GHz)

20 m urban / 25 m suburban

(2-3 GHz)
Sectorization 3 sectors 3 sectors
Non-AAS BS downtilt 10 degrees urban / 6 degrees suburban |3 degrees
(Report ITU-R M.2292)

Non-AAS BS antenna pattern |[Recommendation ITU-R F.1336 (recommends 3.1)
ka=0.7
kp=0.7
kh=0.7
kv=0.3
Horizontal 3 dB beamwidth: 65 degrees

Vertical 3 dB beamwidth: determined from the horizontal beamwidth by
equations in Recommendation ITU-R F.1336.

Vertical beamwidths of actual antennas may also be used when available.

Non-AAS BS antenna Linear/+45 degrees Linear/+45 degrees
polarization

Indoor base station n.a. n.a.
deployment

Typical channel bandwidth 10 or 20 MHz 10 or 20 MHz

Maximum Non-AAS BS 16 dBi 18 dBi
antenna gain (Report ITU-R
M.2292) (Note 1)

TABLE A4.1.1.5

Protection criterion for IMT

Protection criterion (I/N) -6dB

A4.1.1.2 Propagation models

The propagation model used is contained in Recommendation ITU-R P.619 “Propagation data
required for the evaluation of interference between stations in space and those on the surface of the
Earth”. The propagation loss consists of free space basic transmission loss, depolarization
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attenuation, attenuation due to atmospheric gases and beam spreading. According to a liaison
statement from ITU-R Working Party 3J, 3K and 3M in Document 5D/723, Recommendation ITU-
R P.1409 has been updated to include guidance to the sharing and compatibility studies of HIBS
under WRC-23 agenda item 1.4. Recommendation ITU-R P.1409 indicates that Recommendation
ITU-R P.619 or ITU-R P.528 should be used for the interference scenario/path between HIBS and
stations on the surface of the Earth, as appropriate. Future revision may include Recommendation
ITU-R P.528 “A propagation prediction method for aecronautical mobile and radionavigation
services using the VHF, UHF and SHF bands” and Recommendation ITU-R P.2108 “prediction of
clutter loss™.

A4.1.1.3 Methodology

A methodology for assessing the cross-border interference from HIBS to the ground-based IMT
base station are presented. Two interference scenarios, single HIBS and multiple HIBSs are
considered.

A4.1.1.4 Deployment Scenario

For inference assessment, two HIBS deployment scenarios are considered: a single HIBS and the
HIBS networks consisting of seven HIBSs as shown in Figures A4.1.1.1 and A4.1.1.2. The single
HIBS or HIBS network interferes with a ground-based IMT base station at the border of a
neighbouring country. The HIBS area radius and the inter-HIBS distance is 90 km and 155.9 km,
respectively. As noted in Table 4, indoor base station is not considered.
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FIGURE A4.1.1.1

Single HIBS Interference Scenario
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FIGURE A4.1.1.2
Multiple HIBS Interference Scenario

3 ground-based
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A4.1.15 Assumptions for Interference Calculation

HIBS adopts AAS with a radiation pattern defined in Recommendation ITU-R M.2101 and seven
antenna-arrays, each of which conducts beamforming in a direction perpendicular to array antenna
aperture; that is, fixed beams are assumed. In the single HIBS scenario, the main beam of HIBS for
the cell 2 azimuthally points the ground-based IMT base station. In the multiple HIBS scenario, the
main beam of the nearest HIBS for the cell 2 azimuthally points the ground-based IMT base station.

Ground-based IMT base station is not equipped with AAS, but typical three-sectoral antenna with a
radiation pattern defined in Recommendation ITU-R F.1336. The ground-based IMT base station
antenna azimuthally points the HIBS in the single HIBS scenario, or the nearest HIBS in the
multiple HIBS scenario.
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Center frequency of HIBS and ground-based IMT base station is 2 545 MHz. The channel
bandwidth of both systems is 20 MHz.

The ground-based IMT base station for macro cell is deployed in urban, suburban, or rural.

As shown in Figure 1, in the single HIBS scenario, the separation distance is defined as a distance
between the HIBS nadir and the ground-based IMT base station at the border line between two
different countries. In the multiple HIBS scenario, the separation distance is defined as a distance
between the HIBS nadir and the ground-based IMT base station at the border line between two
difference countries.

A4.1.16 Study results

For protection of a ground-based IMT base station receiver, Table A4.1.1.6 shows the required
separation distances are from 189 km to 222 km in the single HIBS interference scenario, and from
219 km to 273 km in multiple HIBS interference scenario.

For protection of a ground-based IMT base station receiver with a separation distance from 50 km

to 200 km, Table A4.1.1.7 shows the required interference reductions are from18.72 dB to 0 dB in

the single HIBS interference scenario, and from 18.88 dB to 1.03 dB in multiple HIBS interference
scenario.

TABLE A4.1.1.6

Minimum separation distance

Interference Separation distance (km) between IMT BS and HIBS nadir
Scenario Urban macro Suburban macro Rural macro
Single HIBS 189 196 222
Multiple HIBS 219 231 273

TABLE A4.1.1.7

Required inference reduction at a given separation distance

Interference | Separation distance Required interference reduction (dB)
Scenario (km) Urban macro Suburban macro Rural macro
50 16.91 17.14 18.72
. 100 8.99 9.35 10.98
Single HIBS
150 3.28 3.71 541
200 - - 1.42
50 17.06 17.29 18.88
Multiple 100 9.54 9.92 11.57
HIBS 150 4.47 4.94 6.67
200 1.03 1.58 3.38
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A4.1.2 Study B

A4.1.2.1 Technical and operational characteristics of HIBS operating 2 500-2 690 MHz
frequency range

The technical and operational characteristics of HIBS are those for Band 3 from the working
document towards a preliminary draft new Report ITU-R M.[HIBS-CHARACTERISTICS],
including Table 2, Table 2-A, Table 3, and Table 5. It should be emphasized that the analysis is
needed only with the HIBS (BS), as the user equipment is the same as the IMT ground-based
network.

FIGURE A4.1.2.1
HIBS antenna pointing and network topology
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FIGURE A4.1.2.2

HIBS antenna pattern (Recommendation ITU-R M.2101)
(a) Single element (for adjacent case)
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(b) 1st layer (2 x 2)

HIBS Base Station horizontal antenna pattern . HIBS Base Station vertical antenna pattern
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(c) 2nd layer (4 x 2)
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A4.1.2.2 Technical and operational characteristics of IMT operating in the 2 500-2 690
MHz frequency range

The characteristics for IMT are those contained in the document with the characteristics of
terrestrial component of IMT for sharing and compatibility studies in preparation for WRC-23
(Annex 4.4 to Document 5D/716), Tables 5-1 and 9, and summarized below. It should be noted that
for IMT base stations, AAS should be considered in the frequency bands above 1 710 MHz. Also,
as HIBS is envisioned to complement the coverage of existing IMT networks in areas not covered
by the terrestrial IMT networks, a suburban macro scenario is more adequate for the cross-border
analysis.

TABLE A4.1.2.1
IMT deployment characteristics for bands between 2 and 3 GHz

Suburban macro

Cell radius / deployment 0.4-2.5 km suburban (typical value to be used in
density (for bands between 2 |sharing studies for suburban macro 0.8 km)

and 3 GHz)

(Report ITU-R M.2292)

Antenna height 25 m suburban (2-3 GHz)

(Report ITU-R M.2292)

Sectorization 3 sectors

Frequency reuse 1

Below rooftop base station Suburban: 0%
antenna deployment (Report
ITU-R M.2292)

Typical channel bandwidth |20 MHz
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Suburban macro

Network loading factor (base [{20%, 50%
station load probability X%)
(see section 3.4 below and
Rec. ITU-R M.2101 Annex 1,
section 3.4.1 and 6)

BS TDD activity factor 75%

TABLE A4.1.2.2
UE parameters for bands between 1 and 3 GHz

Urban/suburban macro

Indoor user terminal usage 70%
(Report ITU-R M.2292)

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

User equipment density for 3 UEs per sector

terminals that are transmitting
simultaneously [1]

UE height [2] 15m
Average user terminal output Use transmit power control
power
Typical antenna gain for user -3 dBi
terminals
Body loss 4dB
UE TDD activity factor 25%
Transmit power control
Power control model Refer to Recommendation 1ITU-R M.2101 Annex 1,
section 4.1
Maximum user terminal 23 dBm
output power, PCMAX
Power (dBm) target value per -92.2
RB, PO_PUSCH [3]
Path loss compensation 0.8
factor, o

(same as “balancing factor”
mentioned in Rec. ITU-R
M.2101)

[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 1e-f.). In sharing studies, it is assumed that the AAS BS beamforms towards each UE using
the entire array.

[2]: In principle, indoor UEs are distributed over different floors of the building. It should be noted that the number of
floors of buildings vary within the environment and among the countries. Moreover, the number of floors of buildings is
not related to Macro BS antenna height (parameter given in the Table). In particular in small cities, sub-urban and rural
areas, many or most of antennas are installed on masts. Therefore, for outdoor BSs, indoor UEs are assumed to be
modelled on the ground floor for the sharing study.
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[3]: The target power is defined per Resource Block (RB), considering 180 kHz RB bandwidth corresponding to 15 kHz
subcarrier spacing

A4.1.2.3 Propagation model

Recommendation ITU-R P.1409, item 2.3, indicates that Recommendation ITU-R P.619 should be
used for studies of frequency sharing between high-altitude platform networks and other terrestrial
stations. Furthermore, Recommendation ITU-R P.835 is used for reference atmosphere, and a
latitude < 22° (Brasilia, Brazil is at -15.8°) was considered, which has no significant seasonal
variations, and thus a single annual atmosphere profile can be used.

The total propagation loss considered is the sum of free space loss, atmospheric gasses loss, beam
spreading attenuation, and tropospheric scintillation loss. Additionally, the study considered 3 dB of
average polarization discrimination loss. The diffraction loss, building loss, and clutter loss were
not considered as the HIBS is in a line-of-sight scenario. In addition, for the analysis between HIBS
and IMT user equipment, the human shield loss was added in accordance with the revision of
Recommendation ITU-R P.1409-1. The human shield loss includes the contribution of multi-paths,
such as reflections or diffractions caused by the surrounding environments, in different cases in
which the user equipment antenna can be at the height of the head or chest of the user. It considers
different elements such as the frequency of operation, elevation of Earth-space path, average
building height, azimuth angle between the direction of the HIBS to the user, and percentage of
angles.

Finally, the HIBS visible horizon when deployed at 18 km and 20 km of altitude is approximately
478 km and 500 km, respectively, from its nadir, after which it can no longer be considered in a
line-of-sight scenario due to heavy attenuation.

A4.1.2.4 Methodology

The SHARC open-source simulation tool is used, which is a coexistence static system-level
simulator using the Monte Carlo method. It has the main features required for a common system-
level simulator, such as antenna beamforming, power control, resource blocks allocation, among
others. The simulator is written in Python and the source code is available at GitHub
https://github.com/SIMULATOR-WG/SHARC.

At each simulation snapshot, the UE are randomly generated and located within a cell cluster. The
coupling loss is calculated between the UE and their nearest BS. The simulation then performs
resource scheduling and power control, enabling the interference calculation among the systems.
Finally, system performance indicators are collected, and this procedure is repeated for a fixed
number of snapshots.

With SHARC, it is possible to study the coexistence between HIBS, IMT, and other services and
applications. The main key performance indicator obtained from these simulations is the aggregate
interference generated by the HIBS into the other system, and vice-versa.

A4.1.2.5 Scenarios and results of the study

The study was implemented in accordance with the scenario described in Figure A4.1.2.3, in which
the HIBS and IMT networks are from different operators located at the border of two countries. The
network topology of each system is as such that their respective coverage areas are next to each
other, representing a worst-case scenario of both networks operating in suburban areas next to their
country border. The IMT network topology is based on 19 macro cells, whereas HIBS topology is
based on 7 cells. The simulations were done with 10 000 snapshots.
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FIGURE A4.1.2.3

HIBS-IMT simulation scenario
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The simulation for co-channel sharing analysis was done considering both HIBS and IMT central
frequency at 2 680 MHz, as shown in Figure A4.1.2.4.

FIGURE A4.1.2.4
HIBS-IMT co-channel analysis
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[Editor’s note: The results of the Study A will be provided later.]

A4.1.1.6 Summary and analysis of the results of Study B
[Editor’s note: The summary and analysis of Study A will be provided later.]

A4.1.3 Study C

This study evaluates sharing and compatibility between the ground component of IMT and high-
altitude platform stations as IMT base stations (HIBS) operating in the 2 500-2 690 MHz frequency
range. Characteristics and operation of the IMT User Equipment (UE), e.g. its association to the
network (HIBS or terrestrial IMT) that offers the best connection condition, make the interference
due to IMT UEs associated to the HIBS network similar to conventional inter-cell interference in
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the terrestrial IMT network. Therefore, the study considers only interference due to transmissions of
HIBS base stations into the terrestrial IMT network, as this is the relevant case.

A4.13.1

This section provides the specific parameters used in this study for HIBS and terrestrial IMT, as
provided by ITU-R WP 5D.

Technical characteristics

A4.1.3.1.1 Technical and operational characteristics of HIBS operating in the 2 500-2 690
MHz frequency range

Table A4.1.3.1 summarizes the main HIBS parameters and values used in the conducted study.
HIBS parameters not listed in Table A4.1.3.1 are used as described in Document 5D/716 (WP 5D
Chairman’s Report), Annex 4.19 — “Working document towards a preliminary draft new report
ITU-R M.[HIBS-CHARACTERISTICS]/Working document related to WRC-23 agenda item 1.4”.

TABLE A4.1.3.1
Main HIBS system parameters.

Parameter Base Station UE

Network topology, cell structure and characteristics

Centre frequency 2.6 GHz

Channel bandwidth 20 MHz

I(ﬁljlsjel:l(e&vxg%r; Configuration DD

Number of nodes 1 BS/HIBS area 3 UEs per cell
HIBS area radius 90 km N.A.
Number of cells/HIBS 7 N.A.
Frequency reuse 1 N.A.
Height above ground 20 km 15m

Antenna characteristics

Antenna pattern model Rec. ITU-R M.2101 Isotropic, -3 dBi gain

Element gain 8 dBi N.A.

Horizontal/vertical 3 dB beamwidth of 65° for both H/V

. N.A.
single element
Horizontal/vertical front-to-back ratio 30 dB for both H/V N.A.
Antenna polarization Linear/+45 degrees N.A.
Antenna array configuration 2 x 2 elements (1* layer cell),
(Row x Column) 4 x 2 elements per cell (2™ layer N.A.
cell)
Horizontal/Vertical radiating element 0.5 of wavelength for both H/V NA
spacing o
Ohmic losses 2dB N.A.
HIBS Platform Antenna tilt 90° (1% layer cell), NA
330 (2" layer cell) i
HIBS Conducted power per antenna 37 dBm (1% layer cell), NA
element 34 dBm (2™ layer cell) i
HIBS Platform e.i.r.p./cell 55 dBm (1% layer cell), NA

58 dBm (2™ layer cell)
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Parameter Base Station UE
HIBS_ Platform e.i.r.p. Spectral 42 dBm/MHz (151dlayer cell), NA.
Density/cell 45 dBm/MHz (2™ layer cell)
Others
Body loss N.A. 4dB
Transmit power control model N.A. Rec. ITU-R M.2101
Maximum UE output power N.A. 23dBm
ACLR 45 dB 30dB

AAS antenna radiation at adjacent channel

AAS antennas have their antenna elements correlated to generate radiation beams in the operating
frequency bands. Antenna elements are expected to gradually lose the correlation observed in-band
with the increase of the frequency offset from the operating band.

For the specific compatibility case of HIBS operating in the frequency band 2 500-2 690 MHz and
the ground component of IMT operating in an adjacent band, it is technically reasonable to consider
that HIBS base station antennas will keep the same level of correlation between their elements for
such a small frequency offset. This is the assumption adopted in this study.

A4.1.3.1.2 Technical and operational characteristics of the ground component of IMT
operating in the 2 500-2 690 MHz frequency range

Table A4.1.3.2 summarizes the main parameters and values used in the conducted study to model
the ground component of IMT. Parameters not listed in Table A4.1.3.2 are used as described in

Document 5D/716 (WP 5D Chairman’s Report), Annex 4.4 —

“Characteristics of terrestrial

component of IMT for sharing and compatibility studies in preparation for WRC-23”.

TABLE A4.1.3.2

Main system parameters for the ground component of IMT.

Parameter

Base Station

UE

Network topology, cell structure and characteristics

Centre frequency

2.6 GHz (co-channel with HIBS)
2.62 GHz (first adjacent channel to HIBS)

Channel bandwidth 20 MHz

Network Configuration

(Duplex Mode) TbD

Cell radius 0.8 km (suburban macro) N.A.
Antenna height 25m 15m
Sectorization 3 sectors N.A.

User eqmp_m_ent d_enSIty for terminals that NA. 3 UEs per sector
are transmitting simultaneously

Frequency reuse 1 N.A.
Indoor user terminal usage N.A. 70%

Antenna characteristics

Antenna pattern model

Extended AAS model in Table A
of Annex 3 of Doc 5D/716,

Isotropic, -3 dBi gain
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Parameter Base Station UE
Annex 4.4.

Element gain (Note 1) 6.4 dBi N.A.
I—_Iorizontal/vertical 3 dB beamwidth of 90° for H NA
single element 65° for V
Horizontal/vertical front-to-back ratio 30 dB for both H/V N.A.
Antenna polarization Linear/+45 degrees N.A.
fotenna artay configuratio 48 elements NA
Horizontal/Vertical rad_iating 0.5 of wavelength for H, NA.
element/sub-array spacing 2.1 of wavelength for V
Number of element rows in sub-array 3 N.A.
;/r(?;t;cal radiating element spacing in sub- 0.7 of wavelength of V NA.
Pre-set sub-array down-tilt 3° N.A.
Array ohmic loss (Note 1) 2dB N.A.
antomna cementsibearay 28 dBm NA
Base station horizontal coverage range +60° N.A.
Base station vertical coverage range 90° -100° N.A.
Mechanical downtilt 6° N.A.
poverisecor oi1py 72.28 dBm NA
Others
Body loss N.A. 4dB
Transmit power control model N.A. Rec. ITU-R M.2101
Maximum UE output power N.A. 23dBm
ACS 37.6dB 27 dB
Noise figure 5dB 9dB

Note 1: The element gain includes the ohmic loss. Therefore, ohmic loss is not needed for the calculation of the BS
composite antenna gain and e.i.r.p.

Correlation of AAS antenna elements outside the operating band:

The assumption of HIBS base station antenna keeping the same level of correlation between their
elements for a small frequency offset is also made for the ground component of IMT.

A4.1.3.2 Propagation models

The application of propagation models in this study is based on the guidance given by ITU-R WPs
3J, 3K, 3M in Document 5D/723. For interference paths between HIBS base station and the ground
component of IMT, Rec. ITU-R P.528 is applied.

The statistical clutter loss model (Rec. ITU-R P.2108, Section 3.3) and the building entry loss
model (Rec. ITU-R P.2109) are also applied, the latter in case of IMT UEs located indoors (i.e. 70%
of UEs associated to the ground component of IMT network). The entire distribution of loss from
these statistical models is used to select different loss samples in the Monte Carlo simulation.
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For intra-system propagation between BS and UE in the ground component of IMT network, the
Urban Macro (UMa) model from Document 3GPP TR 38.901 is used. For HIBS intra-system
propagation, free-space path loss and clutter loss model (Rec. ITU-R P.2108, Section 3.3) are used.

A4.1.3.3 Methodology

The HIBS network is modeled as indicated in Section 1.1, with a 7-cell network topology. The
methodology to simulate the ground component of IMT follows Rec. ITU-R M.2101. A cell grid
with 21 sectors (7 tri-sectorized cells) with characteristics provided in Section 1.2 is considered in
the study. Figure A4.1.3.1 illustrates the network topology of both systems. It also shows different
aspects of the simulation scenario, such as the distance between the coverage edge of the two
networks, the distance between their coverage centers, and the distance between the closest bases
station of the ground-based IMT network and the HIBS network coverage center.

FIGURE A4.1.3.1
Topology of HIBS and ground-based IMT networks for simulation

Ground-based HIBS network
IMT network

For the evaluation of interference into the ground-based IMT network due to HIBS base station
transmissions, this study considers the distance between the coverage centers of the two networks,
namely the Inter-Network Distance (IND). Given that the coverage area of the HIBS network has
a radius of 90 km and the ground-based IMT cell/sector radius is 0.8 km (inter-site distance 1.2 km)
for the assumed suburban environment, one can easily derive the other mentioned distances from
the IND.

Studies for co-channel and adjacent channel operations are provided. For adjacent channel studies,
the HIBS base station Adjacent Channel Leakage Ratio (ACLR) and the Adjacent Channel
Selectivity (ACS) of base station and UE in the ground-based IMT network are used to derive the
resulting interference level at the receiver.

The interference scenarios considered in this study refer to interference into the ground-based IMT
network due to HIBS base station transmissions. As illustrated in Figure A4.1.3.2, HIBS base
station can cause interference to the UE connected to the ground-based IMT network, shown as
downlink to downlink (DL) interference, and/or to the ground-based IMT base station, shown as
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downlink to uplink (UL) interference. Both interference cases are evaluated for the co-channel and
the adjacent channel scenarios.

FIGURE A4.1.3.2

Interference scenarios: HIBS base station interference into the ground-based IMT network

HIBS base station

@ IMT base stati
E \"??-. ((('l)) ase station

HIBS coverage Ground-based IMT
coverage

Results are presented in this study as cumulative distribution of interference-to-noise ratio (I/N) for
different IND. The I/N distribution curves can then be checked against the IMT protection level of
I/N = -6 dB. As additional analysis, the study also presents the observed throughput degradation of
the ground-based IMT network due to interference from HIBS base station transmissions.

A4.1.3.4  Study results

In the following, simulation results are provided separately for the co-channel and the adjacent
channel scenarios.

A4.1.3.4.1 Co-channel operation of HIBS and the ground component of IMT

A4.134.1.1 HIBS base station interference into ground-based IMT base stations

Figure A4.1.3.3 presents simulation results of interference at the ground-based IMT base stations
due to HIBS base station transmissions. This is the scenario shown in Figure A4.1.3.2 as DL to UL
interference, which is representative of a fully unsynchronized operation of the two networks.
Results are presented as curves of cumulative distribution of I/N for Inter-Network Distance (IND)
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based IMT network is placed at the edge of the HIBS coverage area.

Co-channel interference at IMT base stations due to HIBS base station transmissions

As observed in Figure A4.1.3.3, the protection level for the ground component of IMT, i.e. I/N

=-6 dB, is crossed even for the largest IND considered, i.e. 250 km. However, additional
assessment of the impact of HIBS base station interference into the ground-based IMT base stations
shows limited degradation of the average UL throughput, as described in Table A4.1.3.3. The
average UL throughput degradation due to HIBS base station interference is less than 1% even for
IND =90 km.

Degradation of the average UL throughput of the ground component of IMT due to co-channel HIBS base

CDF
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0.5

04
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0.1

HIBS DL -> IMT UL, co-channel

FIGURE A4.1.3.3

IND = 90 km
IND = 110 km
IND = 130 km
= IND = 150 km
IND = 180 km
IND = 200 km
IND = 250 km
—— " IN=-6dB

-50 -40 =30 -20 -10 0 10
I/N (dB)

TABLE A4.1.3.3

station interference

Inter-Network Distance Average throughput degradation of
(IND) ground-based IMT UL
90 km 0.93%
110 km 0.74%
130 km 0.37%
150 km 0.19%
180 km 0.28%
200 km 0.05%
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Inter-Network Distance Average throughput degradation of
(IND) ground-based IMT UL
250 km 0.01%

The reduced performance impact for the ground-based IMT base stations of interference caused by
HIBS base station transmissions is explained by the fact that the ground-based network is already
interference limited. This means that the levels of intra-system interference of the ground-based
network with the characteristics described in Section 1.2 are elevated, and the additional
interference due to HIBS base station transmissions, even crossing the I/N protection level of -6 dB,
leads to a limited increase in the interference levels seen at the ground-based IMT base stations.

A4.1.34.1.2 HIBS base station interference into IMT UEs

Figure A4.1.3.4 presents simulation results of interference at the IMT UEs due to HIBS base station
transmissions. This is the scenario shown in Figure A4.1.3.2 as DL to DL interference, which is
representative of a fully synchronized operation of the two networks. Results are presented as
curves of cumulative distribution of I/N for IND varying from 90 km to 250 km, where IND = 90
km means that the centre of the simulated ground-based IMT network is placed at the edge of the
HIBS coverage area.

FIGURE A4.1.3.4

Co-channel interference at IMT UEs due to HIBS base station transmissions

5 HIBS DL -> IMT DL, co-channel
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As observed in Figure A4.1.3.4, also in this case the protection level for the ground component of
IMT, i.e. I/N = -6 dB, is crossed even for the largest IND considered, i.e. 250 km. Again, additional
assessment of the impact of HIBS base station interference, this time into the IMT UEs, is
considered. Table A4.1.3.4 shows that the degradation of the average DL throughput is negligible
(no more than 0.05%) for all simulated INDs.
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TABLE A4.1.3.4

Degradation of the average DL throughput of the ground component of IMT due to co-channel HIBS base
station interference

Inter-Network Distance Average throughput degradation of
(IND) ground-based IMT UL
90 km 0.05%
110 km 0.04%
130 km 0.02%
150 km 0.03%
180 km 0.03%
200 km 0.02%
250 km 0.02%

The reduced performance impact for the IMT UEs of interference caused by HIBS base station
transmissions is also explained by the fact that the ground-based network is already interference
limited, and the additional interference due to HIBS base station transmissions, even crossing the

I/N protection level of -6 dB, leads to a limited increase in the interference levels seen at the IMT
UEs.

A4.1.3.4.2 Adjacent channel operation of HIBS and the ground component of IMT

A4.134.2.1 HIBS base station interference into ground-based IMT base stations

Figure A4.1.3.5 presents simulation results of interference at the ground-based IMT base stations
due to HIBS base station transmissions at the adjacent channel. This DL to UL interference scenario
represents a fully unsynchronized operation of the two networks. Results are presented as curves of
cumulative distribution of I/N for Inter-Network Distance (IND) varying from 0 km (co-located
network coverage centres) to 110 km. The combined effect of the HIBS base station ACLR and the

ground-based IMT base station ACS results in an Adjacent Channel Interference Ratio (ACIR) of
36.9 dB.
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FIGURE A4.1.3.5

Adjacent channel interference at IMT base stations due to HIBS base station transmissions

HIBS DL -> IMT UL, adjacent channel
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As observed in Figure A4.1.3.5, the protection level for the ground component of IMT, i.e. I/N = -
dB, is not crossed for any of the INDs considered. The case of IND = 0 km, i.e. superposition of
coverage areas with co-located network coverage centres, leads to reduced interference levels in
comparison with other INDs. This is a direct consequence of the reduced antenna gain of the IMT
base station at 90° above horizon line, towards the HIBS base station. A trend of increase in the
interference levels at the ground-based IMT base station with an increase in the IND is seen for
IND =10 km and 20 km. This is due to slightly reduced elevation angles above horizon line
towards the HIBS base station in comparison to the case of IND = 0 km, and consequential
increased receiver antenna gain in that direction. The interference behaviour observed for the largest
INDs evaluated, i.e. 90 km and 110 km, is dominated by the path loss, with longer IND leading to
lower interference.

A4.1.34.1.2 HIBS base station interference into IMT UEs

Figure A4.1.3.6 presents simulation results of interference at the IMT UEs due to HIBS base station
transmissions at the adjacent channel. This DL to DL interference scenario represents a fully
synchronized operation of the two networks. Results are presented as curves of cumulative
distribution of I/N for Inter-Network Distance (IND) varying from 0 km (co-located network
coverage centres) to 110 km. The combined effect of the HIBS base station ACLR and the IMT UE
ACS results in an ACIR of 26.9 dB.
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FIGURE A4.1.3.6

Adjacent channel interference at IMT UEs due to HIBS base station transmissions

HIBS DL -> IMT DL, adjacent channel
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As observed in Figure A4.1.3.6, the protection level for the ground component of IMT, i.e. I/N = -6
dB, is not crossed for any of the INDs considered. The variation of interference levels with respect
to different INDs is basically governed by the radiation level and pattern of the HIBS base station
and the path loss, as the IMT UEs have isotropic antennas. This explains similar interference levels
for slightly different INDs, including a percentage of IMT UEs subject to practically the same
interference levels for INDs between 0 km and 20 km due to very small variations on the
propagation losses (no building entry loss, small range of clutter loss for elevation angles between
45° and 90° above horizon line).

A4.1.3.5 Summary and analysis of the results of study

Considering that a maximum I/N = -6 dB at the IMT base station or UE receiver is required for its
protection, separation distances larger than 250 km between the HIBS coverage centre and a
ground-based IMT network are required for co-channel operation in the 2 500-2 690 MHz
frequency range. No interference issue is expected for adjacent channel operation.

It is also observed that due to the characteristics of the ground-based IMT network (interference
limited), the increase in interference due to co-channel HIBS transmissions leads to limited or
negligible performance degradation for a ground-based IMT network even at around the edge of the
HIBS coverage area.

A4.2 Sharing studies between fixed service and HIBS operating in the 2 500-2 690 MHz
frequency range

A4.2.1 Study A

A4.2.1.1 Technical and operational characteristics of HIBS operating 2 500-2 690 MHz
frequency range

The technical and operational characteristics of HIBS are those for Band 3 from the working

document towards a preliminary draft new Report ITU-R M.[HIBS-CHARACTERISTICS], [F tted: English (US)
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including Table 2, Table 2-A, Table 3, and Table 5. It should be emphasized that the analysis is
needed only with the HIBS (BS), as the user equipment is the same as the IMT ground-based
network.

FIGURE A4.2.1.1
HIBS antenna pointing and network topology

W s plattorms.

HIBS Antenna Structure

<= HIBS Area Radius

y<coordinate (k)

100000 7500 50000 25000 0 2500 %0600 75000 100000
1% kayer Cell O fownward) xcoordnate k]

FIGURE A4.2.1.2

HIBS antenna pattern (Recommendation ITU-R M.2101)
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(¢) 2nd layer (4 x 2)
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A4.2.1.2

The characteristics for the fixed service (FS) for point-to-point (PP) systems are based on the
information contained in the Recommendation ITU-R F.758, Table 16, as summarized below.
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TABLE A4.2.1.1
Characteristics of the FS (PP) systems

”\

Technical and operational characteristics of fixed service operating in the 2 500-2
690 MHz frequency range

Parameter

Value

Band of operation

2290-2 670 MHz

Reference Recommendation ITU-R F.1243
Modulation MSK

Bandwidth 14 MHz

Receiver noise figure 4dB

Antenna height 30m

Antenna pattern Recommendation ITU-R F.1245
Antenna gain 25 dBi

Antenna beamwidth 8.68°

Diameter of the antenna 0.9m

Protection criteria (I/N) -6 dB

For FS (PP), in cases of analysis consisting of many interference entries, as it is the case with the
HIBS multiple cells, using a peak envelope radiation pattern would result in aggregate interference
values that are greater than values that would be experienced in practice. In this case, it is more
appropriate to use an antenna pattern in accordance with Recommendation ITU-R F.1245,

representing average sidelobe levels.
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FIGURE A4.2.1.3
FS (PP) antenna pattern (Recommendation ITU-R F.1245)
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A4.2.1.3 Propagation model

Recommendation ITU-R P.1409, item 2.3, indicates that Recommendation ITU-R P.619 should be
used for studies of frequency sharing between high-altitude platform networks and other terrestrial
stations. Furthermore, Recommendation ITU-R P.835 is used for reference atmosphere, and a
latitude < 22° (Brasilia, Brazil is at —15.8°) was considered, which has no significant seasonal
variations, and thus a single annual atmosphere profile can be used.

The total propagation loss considered is the sum of free space loss, atmospheric gasses loss, beam
spreading attenuation, and tropospheric scintillation loss. Additionally, the study considered 3 dB of
average polarization discrimination loss. The diffraction loss, building loss, and clutter loss were
not considered as the HIBS is in a line-of-sight scenario. Finally, the HIBS visible horizon when
deployed at 18 km and 20 km of altitude is approximately 478 km and 500 km, respectively, from
its nadir, after which it can no longer be considered in a line-of-sight scenario due to heavy
attenuation.

A4.2.1.4 Methodology

The SHARC open-source simulation tool is used, which is a coexistence static system-level
simulator using the Monte Carlo method. It has the main features required for a common system-
level simulator, such as antenna beamforming, power control, resource blocks allocation, among
others. The simulator is written in Python and the source code is available at GitHub
https://github.com/SIMULATOR-WG/SHARC.

At each simulation snapshot, the UE are randomly generated and located within a cell cluster. The
coupling loss is calculated between the UE and their nearest BS. The simulation then performs
resource scheduling and power control, enabling the interference calculation among the systems.
Finally, system performance indicators are collected, and this procedure is repeated for a fixed
number of snapshots.

With SHARC, it is possible to study the coexistence between HIBS, IMT, and other services and
applications. The main key performance indicator obtained from these simulations is the aggregate
interference generated by the HIBS into the other system, and vice-versa. In this study the
interference-to-noise ratio is calculated and compared with the protection criteria for their specific
frequency range.
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A4.2.1.5 Scenarios and results of the study

The study was implemented in accordance with the scenarios described in Figure A4.2.1.4, with the
FS stations positioned at different distances from the HIBS nadir, as described in Table A4.2.1.2.
The simulations were done with 10 000 snapshots.

FIGURE A4.2.1.4
HIBS-FS (PP) simulation scenario
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TABLE A4.2.1.2

Geographical coordinates of the FS (PP) stations in the simulation

Position Distance from point A Latitude Longitude
AW - —15.809422° —47.866732°
B 50 km —15.356298° —47.866732°
C 100 km —14.901080° —47.866732°
D 150 km —14.458172° —47.866732°
E 250 km —13.560102° —47.866732°
F 350 km —12.660001° —47.866732°
G 450 km —11.760120° —47.866732°
H 478 km —11.510010° —47.866732°
| 500 km —-11.310301° —47.866732°

@ HIBS nadir.

The simulation for co-channel sharing analysis was done considering HIBS central frequency at
2 660 MHz, and the FS (PP) at 2 663 MHz, as shown in Figure A4.2.1.5.
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FIGURE A4.2.1.5
HIBS-FS (PP) co-channel analysis
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The results of the simulations, as shown in Figure A4.2.1.6, indicates the probability of the achieved
protection criteria (I/N) for each of the distances described above. At each snapshot, the FS (PP)
station elevation angle varied following a normal distribution with a median of -0.2° and standard
deviation of 0.9°, according to the Recommendation ITU-R F.2086 (Table A2-1A), and the azimuth
varied from -180° to 180° in a uniform distribution. Furthermore, a sensitivity analysis was
performed considering HIBS at an altitude of 18 km.

FIGURE A4.2.1.6
HIBS-FS (PP) co-channel simulation results
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In case no additional measures are implemented for the HIBS station, the results show that the
achieved I/N will not meet the FS (PP) protection criteria of —6 dB. As such, an analysis was done
to verify what the appropriate pfd values for the HIBS station would be to protect the FS systems, in
calculating pfd levels as the following:

Thermal noisegm/muz) = 10 X log(Boltzmann constant X Receiver Noise figuregeipin X
1000) + 10 x log(Bandwidth)

INR4p) = Interference levelyp,, — Thermal noise pm

Interference level gy
10 10
PFDdB(m/(mZ*MHZ)) =10 X lOg Gg

Effective areax1010 xBandwidth
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PFD 45w/m2«mtz)) = PFDapm/m2+muzy) — 10 X log(1000)
Where Gy = antenna gain at each angle of arrival.

As shown in Figure A4.2.1.7, the results indicate that considering all the possible cases, it is
possible to achieve the FS (PP) protection criteria (I/N) always lower than —6 dB when
implementing the HIBS pfd mask in red.

FIGURE A4.2.1.7
HIBS pfd mask for FS (PP) co-channel feasibility

PFD Mask

—1157 --- PFD Protection Criteria | F======
—— PFD Mask

—120 4

—1251

—130 4

—135 1

PFD [dBW/(m2*MHz)]

~140 4

-145 4

Angle of arrival © [degrees]

A4.2.1.6 Summary and analysis of the results of Study A

The results of this study show that for HIBS operating in the 2 500-2 690 MHz frequency range the
sharing with FS co-channel is only feasible if additional measures are implemented for the HIBS
stations. As such, HIBS, in order to protect fixed stations from co-channel interference, shall not
exceed the following limits of a co channel power flux-density (pfd) at the Earth’s surface:

- —148 dB(W/(m? - MHz)) for angles of arrival (6) less than 2° above the horizontal
plane;

- —148 + 0.71 (6 — 2) dB(W/(m* - MHz)) for angles of arrival between 2° and 47° above
the horizontal plane; and

- —116 dB(W/(m? - MHz)) for angles of arrival between 47° and 90° above the horizontal
plane.

A4.3 Sharing studies between broadcasting satellite service in the 2 520-2 630 MHz
frequency range and HIBS operating in the 2 500-2 690 MHz frequency range

A43.1 Study A

[Editor's note: The study may be revised to include the contributions of multiple HIBS for BSS
Carriers 1 and 3, which earth stations have omni-directional antennas, in case the study is to be
validated for cross-border scenario. Also, the pfd values pertaining to the protection criteria for
0.6% time and 0.02% time may also be included.]
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As per RR No. 5.416, coordination scheme based on RR No. 9.19 may be applied for sharing
between BSS and HIBS in the 2 520-2 630 MHz frequency range. This study calculated the pfd
values as a possible threshold level in application of this coordination.

A4.3.1.1 Technical and operational characteristics of broadcasting satellite service in the 2
520-2 630 MHz frequency range

Tables A4.3.1.1 and A4.3.1.2 summarized the technical and operational characteristics of BSS
downlink for this study, which are included in the liaison statement from WP 4A (5D/732).

TABLE A43.1.1
BSS downlink parameters in the 2 520-2 630 MHz frequency range

Parameters Units Carrier 1 Carrier 2 Carrier 3
Frequency range MHz 2 550-2 630 2 520-2 550 2 520-2 550
Noise bandwidth MHz 0.007-0.1 0.009-0.2 0.009-0.2
Antenna diameter M 0.042 x 0.042 0.12x0.12 0.042 x 0.042
Peak receiver antenna gain dBi 2.5 10 2.5
Antenna receive gain pattern - Omni Non-directional ote) Oomni
System receive noise K 450 150 450
temperature
Minimum earth station Degrees 5 10 5

elevation angle

NOTE : ITU standard antenna pattern APEND_099V01 (G = Gmax for all angles) is assumed to be used. There is a
general understanding that using an earth station antenna with the maximum antenna gain of 10 dBi may lead to
directivity and antenna discrimination. However, this case refers to the envelope of the peak gain of the main beam
which is steerable. It should be noted that using such an antenna, compared to using a directional antenna, can make
the system more sensitive to interference.

TABLE A4.3.1.2
Protection criteria of BSS in the 2 520-2 630 MHz frequency range

Frequency Ranges Percentage of time for which the Z/Vvalue I/N Criteria (dB)
could be exceeded (%)
) -
can l:k))e excee;je[(jj not more t:an g(éo/; offtl_me 105 dB IN
2520 to 2 630 MHz can be exceeded not more than 0.6% of time 6dB I/N
can be exceeded not more than 0.02% of
time 0dBI/N

A4.3.1.2 Propagation model

Free space and depolarization loss from Recommendation ITU-R P.619 were used as the baseline
propagation model based on section 2.1 of the draft revision of Recommendation ITU-R P.1409-1.

A4.3.1.3 Calculation of pfd threshold level for the protection of broadcasting satellite
services

The pfd calculation for the protection of BSS earth stations in the 2 520-2 630 MHz frequency range is

provided in Table A4.3.1.3.1. [Formatted: English (US)
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TABLE A4.3.1.3
Pfd threshold levels for the protection of BSS in the 2 520-2 630 MHz frequency range

Parameter Carrier 1 Carrier 2 Carrier 3
Frequency 2 590 MHz 2535 MHz 2535 MHz
10log(A\¥/4m) -29.7 m? -29.5 m? -29.5 m’
Noise bandwidth 7 kHz 9 kHz 9 kHz
tsef]f::aigfs"’e noise 450 K 150 K 450 K

Noise spectral density

—163.6 dBW/7 kHz
=-142.1 dBW/MHz

—167.3 dBW/9 kHz
=-146.8 dBW/MHz

—162.5 dBW/9 kHz
=-142.1 dBW/MHz

Protection criterion
(I/N), can be exceeded

not more than 20% of ~10.5dB 10548 ~10.5dB
time

Interferences level to

satisfy the protection —152.6 dBW/MHz —-157.3 dBW/MHz —152.6 dBW/MHz
criterion

Peak receiver antenna 2.5 dBi 10 dBi 2.5 dBi
gain

Antenna discrimination 0dB 0dB 0dB
loss

Depolarization loss

(See section 2.2 of 3dB 3dB 3dB

Recommendation ITU-
R P.619)

pfd value, can be
exceeded not more than
20% of time

—122.4 dBW/m?-MHz

—134.8 dBW/m?-MHz

—122.5 dBW/m?-MHz

Note to the table:

The pfd calculation formula is listed as follows:

pfd (dB(W/m?2-MHz)) = Noise spectrum density (dB(W/MHz)) + I/N (dB) - Peak receiver antenna gain (dBi) +
Antenna discrimination loss (dB) + Depolarization loss (dB) - 10log(A%/47).

As Note to the Table A4.3.1.1.1, although maximum antenna gain of the earth station for Carrier 2
is 10 dBi, the antenna pattern of this earth station is “Non-directional” in order to describe the
envelope of the peak gain of the main beam which is steerable. However, this means that the main
beam of this earth station can direct to below the minimum elevation angle (=10 degrees) and the
pfd value of Carrier 2 overestimates the interference from HIBS below the elevation angle of 10

degrees.

Based on the above considerations, it would be appropriate for the protection of BSS in the 2 520-
2 630 MHz frequency range to set the pfd value of Carrier 2 at the elevation angle of 10 degrees or
higher and the pfd value of Carrier 3 at the elevation angle lower than 10 degrees. Therefore, this
study showed that the following pfd mask that can be exceeded not more than 20% of time as a
possible threshold of the coordination.

—122.5 dB(W/m?) in 1 MHz for 0° < 6 < 10°
—134.8 dB(W/m?) in 1 MHz for 10° < 6< 90°
where 0 is the angle of arrival above the horizontal plane, in degrees.
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A4.3.1.4 Summary and analysis of the results of Study A

This study showed that the following pfd mask that can be exceeded not more than 20% of time as a
possible threshold of the coordination to protect BSS from HIBS in the 2 520-2 630 MHz frequency
range.

—122.5 dB(W/m?) in 1 MHz for 0° <6 < 10°
—134.8 dB(W/m?) in 1 MHz for 10° < 6< 90°
where 0 is the angle of arrival above the horizontal plane, in degrees.

A4.3.2 Study B

[ Formatted: Highlight
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Comment [P1]: Justification for deletion ¢
this Editor’s Note is provided in the “coveris

A4.3.2.1 Introduction note” of the Indian’s contribution

This document includes the Sharing studies between Broadcast satellite service (BSS) in frequency
band of 2520-2630 MHz and HIBS operating in the 2500-2 690 MHz frequency range in
pursuance with the resolves to invite ITU-R 2 of Resolution 247 (WRC-19) under WRC-23 agenda
item 1.4. This study provides assessment of the possible interference from HIBS base station (BS)
and user equipment (UE) to the BSS.

The Study has been carried out considering following cases:
- Case I: HIBS BS to BSS user terminals
- Case II: HIBS UE to BSS user terminals.

A4.3.2.2 Technical characteristics

This section provides the specific parameters of HIBS used in the included study/studies, as
provided in Annex 4.19 of Document 5D/716. The specific parameters of BSS used are as provided
by the contributing group WP 4A to WP 5D (Doc. 5D/732).

A4.3.2.2.1 Technical and operational characteristics of HIBS systems operating in the
2 500-2 690 MHz frequency range

Tables show parameters values used for IMT base station and IMT UE in the sharing studies. Only
those parameters that are relevant to this study are included.

TABLE A4.3.2.1

HIBS Base Station Specification & deployment related parameters

BS density 1 BS/HIBS area

HIBS altitude 20 km

HIBS transmit antenna pattern ITU-R M.2101

Channel bandwidth 20 MHz

HIBS network configuration TDD

HIBS platform e.i.r.p. spectral density/cell 45 dBm/MHz (2" layer cell)
42 dBm/MHz (1% layer cell)
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HIBS element antenna gain 8 dBi
HIBS area radius 90 km
Ohmic losses 2dB
Polarization loss 3dB

TABLE A4.3.2.2
UE Specification & deployment related parameters

UE density 21 UEs/HIBS area (3 UEs per cell)
UE height 15m

HIBS UE transmit antenna gain -3 dBi

Body loss 4dB

Maximum UE transmitter output power 23dBm

Polarization loss 3dB

A4.3.2.2.2 Technical and operational characteristics of BSS systems operating in the
2 520-2 630 MHz frequency range

Below tables show parameters values used for BSS in the sharing studies. Only those parameters
that are relevant to this study are included.

TABLE A4.3.2.3

BSS receiver parameters

Noise bandwidth (MHz) 0.007-0.1
Peak receive antenna gain (dBi) 25
Antenna receive gain pattern (ITU-R omni
. mni
Recommendation)
System receive noise temperature (K) 450
A4.3.2.2.3 Protection criteria
TABLE A4.3.2.4
Protection criteria for BSS system
Frequency ranges Percentage of time for which the Z/Vvalue I/N criteria
could be exceeded (%) (dB)
can be exceeded not more than 20% of time -10.5dB I/N
2520to 2 630 MHz can be exceeded not more than 0.6% of time -6 dB I/N
can be exceeded not more than 0.02% of time 0dB I/N

In the frequency band 2 520-2 630 MHz, there are primary allocations to the fixed service«
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possible source of undesirable emissions to the BSS user terminals. An apportionment of 3 dB in
the protection criteria is therefore considered in the analysis.

A4.3.2.3.1 Case |I: HIBS BS to BSS user terminal

Considering above technical and deployment related parameters worst case analysis is carried out to
find interference power received at BSS UE due to emission from HIBS BS.

Parameters Unit Values

HIBS platform e.i.r.p. spectral density/cell (1% layer cell) dBm/MHz 42.0
HIBS BS ohmic loss dB 2.0
HIBS BS polarization loss dB 3.0
Maximum effective HIBS BS e.i.r.p. density dBW/MHz 7
Transmit frequency of BS MHz 2 550-2 570
Path length m 20 000.0
Path loss dB 126.6
Aggregate received interference density dBW/MHz -119.6
BSS user terminal receive antenna gain dBi 2.5
Aggregate received interference density to BSS receiver dBW/Hz -177.1
Interference noise temp. K 141 253.8
BSS receiver noise temperature K 450
Degradation in noise temp. % 31 389.7
I/N dB 25
Protection criteria % 25 (I/N: =6 dB)
Exceedance 31dB
-xceedance after applying apportionment of 3 dB in protection criteria 34dB

Sensitivity Analysis - With respect to HIBS BS altitude change from 20 to 18 Kms, the sensitivity*

analysis has been carried out. The maximum interference and corresponding exceedance against
protection thresholds increases by 0.9 dB for 18 km altitude compared to 20 kms altitude of HIBS
BS.

A

A4.3.2.3.2 Case Il: HIBS UE to BSS user terminal

Parameters Unit Values
Maximum HIBS UE output power dBm 23.0 23.0 23.0
HIBS UT antenna gain dBi -3.0 -3.0 -3.0
HIBS UT body loss dB 4.0 4.0 4.0
HIBS UT polarization loss dB 3.0 3.0 3.0
Maximum HIBS UE e.i.r.p. density dBW -17.0 -17.0 -17.0
Maximum HIBS UE e.i.r.p. density dBW/Hz -90.0 -90.0 -90.0
Transmit frequency of UE MHz 2550.0 2550.0 2550.0
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Propagation loss (ITU-R P.1812) dB 125.0 120.6 114.6
Aggregate received interference density dBW/Hz -215.0 -210.6 —204.6
BSS user terminal receive antenna gain dBi 25 25 25
Aggregate received interference density dBW/Hz -212.5 —208.1 -202.1
Interference noise temp. K 40.6 111.9 445.6
BSS receiver noise temperature K 450.0 450.0 450.0
Degradation in noise temp. % 9 25.0 100
Protection criteria (AT/T) % (IN: 7190‘5 dB) (I/N:%56 dB) (I/Nl:%OdB)
Lo erminal to minian protetion arerta m 52 43 37
keep-out distance between HIBS UE & BSS

user terminals to maintain protection criteria km 59 4.9 3.9
after applying apportionment of 3 dB

A4.3.2.4 Summary

A4.3.2.4.1 HIBS BS to BSS UE

This preliminary sharing study on assessing the possible interference from HIBS BS into BSS user
terminals in the 2 520-2 630 MHz frequency bands shows the following trend:

a) I/N protection criteria is exceeded by about 35.5 dB assuming an I/N of —10.5 dB.
b) I/N protection criteria is exceeded by about 31 dB assuming an I/N of —6 dB.
c) I/N protection criteria is exceeded by about 25 dB assuming an I/N of 0 dB.

Further, I/N is exceeded by 3 dB in each of the above cases with 3 dB apportionment in the

protection criteria.

The maximum interference and corresponding exceedance against protection thresholds increases

by 0.9 dB for 18 km altitude compared to 20 kms altitude of HIBS BS.

Considering the amount of exceedance, the coexistence of HIBS and BSS is not possible in this
frequency band.

A4.3.2.4.2 HIBS UE to BSS UE

Sharing study on assessing the interference from HIBS UE to BSS user terminals in the
2 520-2 630 MHz frequency bands shows the following results:

a) 5.2 km of keep-out distance required to meet protection criteria of I/N of —10.5 dB.
b) 4.3 km of keep-out distance required to meet protection criteria of I/N of —6 dB.
C) 3.7 km of keep-out distance required to meet protection criteria of I/N of 0 dB.

Further, keep-out distances are increased in the range of 3.9 Km to 59 Km with 3 dB

apportionment in the protection criteria.

Considering the ubiquitous nature of HIBS UE and BSS user terminals, it would not be practically
possible to ensure such large keep-out distances. Hence, the coexistence of HIBS UE and BSS is
not possible in this frequency band.
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A4.3.25 Conclusion

Based on the outcome of the sharing studies, it is concluded that there would be harmful
interference from HIBS BS with the I/N exceedance in the range of 25 dB to 35.5 dB (28 dB to 38.5
dB with 3 dB apportionment in the protection criteria) to the BSS user terminals, if both HIBS and
BSS shares the same frequency band 2 520-2 630 MHz. Also, keep-out distances in the range of 3.7
km to 5.2 km (3.9 km to 5.9 km with 3 dB apportionment in protection criteria) between the HIBS

UE and BSS user terminals would be needed in order to meet the protection criteria for protection
of BSS services. Considering the ubiquitous nature of HIBS UE and BSS user terminals, it would
not be practically possible to ensure such large keep-out distances.

Hence, the coexistence of HIBS and BSS is not possible in this frequency band.

Ad.4 Sharing and compatibility studies between mobile satellite service in the 2 500-
2 535 MHz (space-to-Earth) and 2 655-2 690 MHz (Earth-to-space) bands in
Region 3 and HIBS operating in the 2 500-2 690 MHz frequency range

Resolution 247 (WRC-19) resolves to invite the ITU Radiocommunication Sector 2 indicates that
for HIBS operating in the 2 500-2 690 MHz frequency range there are limitations specifically for
Region 3, including that the 2 500-2 535 MHz range is to be used for uplink only, and that the

2 655-2 690 MHz range should not be used. Hence, the 2 500-2 535 MHz frequency range would
fall in the proposed HIBS uplink arrangement for Region 3, and no studies are required for HIBS
operating in the 2 655-2 690 MHz frequency range in Region 3

In terms of the analysis of HIBS operating in Regions 1 and 2, and its sharing and compatibility
with MSS in Region 3, the following should be considered:

- For MSS(s-E) in the 2 500-2 535 MHz frequency range, sharing studies on the impact
from HIBS operating in Region 2 on the MSS in Region 3 are not necessary as the
interference from HIBS to mobile earth stations (MES) is negligible due to high
attenuation. Similarly, no adjacent band compatibility studies are needed to assess the
impact of out-of-band emissions from HIBS operating in Regions 1 and 2 on the MSS
operating in Region 3.

- For MSS (E-s) in the 2 655-2 690 MHz frequency range, the interference from HIBS in
Regions 2 to MSS space stations in Region 3 is unlikely to be a problem, since the
interference level from HIBS to space stations is much lower due to high attenuation.
Similarly, no adjacent band compatibility is necessary between HIBS operating in
2 500-2 655 MHz and MSS operating in the 2 655-2 690 MHz frequency band.

Based on the above considerations, this section is focused on:

- For the 2 500-2 535 MHz (s-E) range, in-band sharing studies between HIBS in
Regionfs} 1 fand 3} and MSS in Region 3;

- For the 2 655-2 690 MHz (E-s) range, the in-band sharing studies between HIBS in
Region 1 and MSS in Region 3;

- And in Region 3, adjacent band compatibility studies between HIBS in the 2 500-
2 690 MHz frequency band and MSS in the 2 500-2 535 MHz (s-E) frequency range.

Ad41 Study A

[Editor's note: The study may be updated for clarifying the assumptions which could present a
worst-case scenario for single entry interference analysis and also providing the justification as to
why the interference scenario involving multiple HIBS is not a worst-case scenario for assessing the
interference to MSS.]
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This study considered the horizontal separation distance from area edge of HIBS to MES based on
the calculations of interference-to-noise ratio (I/N) in order to evaluate whether HIBS specific
mitigation measures would be necessary to protect MSS (s-E).

A4.4.1.1 Technical and operational characteristics of HIBS in the 2 535-2 690 MHz
frequency range

This study used technical and operational characteristics of HIBS in Band 3 (2 500-2 690 MHz
frequency range) contained in section 6.1.3 of the working document towards a PDN Report ITU-R
M.[HIBS-CHARACTERISTICS]. The single element antenna pattern of Recommendation ITU-R
M.2101 was used for this adjacent compatibility study. With regard to Platform Altitude, this study
considers at 18 km and 20 km in order to perform the sensitivity analysis on the interference from
HIBS operating at altitude below 20 km.

A4.4.1.2 Technical and operational characteristics of MSS (s-E) in the 2 500-2 535 MHz
frequency range

Tables A4.4.1.1 and A4.4.1.2 summarized the technical and operational characteristics of MSS (s-
E) for this study, which are included in Attachment 2 of the liaison statement from WP 4C
(5D/731).

TABLE A4.4.1.1
Technical and operational characteristics of MSS (s-E) in the 2 500-2 535 MHz frequency range

Parameters Units Values

Beam carrier bandwidth kHz 4
Maximum MES antenna

discrimination towards the horizon dBi 15
User GIT dB(K™?) -23t0—25
TABLE A4.4.1.2

MSS Protection criteria for the purpose of sharing and compatibility study for allocations within the 2 500-
2 690 MHz frequency range

Parameter Values
For Co-frequency sharing and adjacent 6% (I/N =—-12.2 dB) or 10% (I/N = —10 dB) or 25%
band compatibility, AT/T (I/IN=-6dB)

Note to the Table : Presently no ITU-R recommendation exists for the protection criteria for MSS in the
frequency band 2.6 GHz (noting that there are variations on the MSS allocation for each Region), and
that this contribution is based on previous studies contained in ITU-R reports in the frequency band

2 500-2 690 MHz that have considered the protection criteria for MSS for the purpose of that specific
study. Studies using this protection criteria for MSS could be assessed on the basis that these range of
values were put forward by WP 4C to facilitate the work for WRC-23 agenda item 1.4 and these values
may evolve in the future based on inputs to the ITU-R, but no conclusions on the application of this
protection criteria and its associated assumptions should be extrapolated to other studies.

A4.41.3 Propagation model

Free space and depolarization loss from Recommendation ITU-R P.619 were used as the baseline
propagation model based on section 2.1 of the draft revision of Recommendation ITU-R P.1409-1.
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A4.414 Methodology

This study calculated I/N produced by HIBS at MES in the interference scenarios in Table A4.4.1.3
and considered the horizontal separation distance from area edge of HIBS to comply with the MSS
protection criteria (I/N = —6/-10/-12.2 dB) in Table A4.4.1.2.2.

TABLE A4.4.1.3
Interference scenarios
Interfered with Interfering
Frequency range Interfered Station Frequency range Interfering station
HIBS
2 500-2 535 MHz MES 2 535-2 690 MHz (Platform altitude:
18/20 km)

A4.4.1.4.1 Relative relationship between HIBS and the interfered station

Figure A4.4.1.4.1.1 shows the relative relationship between HIBS and MES. The horizontal
separation distance Dy, is defined as the distance from the nadir of HIBS to the interfered station. D,

is defined as the distance from the area edge of HIBS to the interfered station. D, can be calculated
as “Dy = Dp —90 km (HIBS area radius)”.

FIGURE A4.4.1.1

Relative relations between HIBS and interfered station

X

'y

Country A

Country B

#: HIBS O :HIBS area X : Interfered station  HIBS area radius = 90 km
D, : Honzontal separation distance from HIBS nadir (km)

D, : Honzontal separation distance from HIBS area edge (km)

A4.4.1.4.2 Calculation method of separation distance

The separation distance D between HIBS and the interfered station is calculated by the horizontal
separation distance Dy, (see also Figure A4.4.1.4.2.1) as follows:
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D= JRZ + (R +H)2 - 2R(R + H) cos (%) (km)

where:
R: Earth radius = 6 378 km;
H: Platform Altitude = 18/20 km.

FIGURE A4.4.1.2

Separation distance from HIBS to Interfered station

Interfered station

A4.4.1.4.3 Calculation method of I/N
The following steps were performed to calculate I/N produced by HIBS at MES.
Step 1: Calculate Noise spectrum density (Nwss) of MES as Table A4.4.1.4:

TABLE A4.4.14
Calculation of Noise spectrum density of MES in the 2 500-2 535 MHz frequency range

Parameters Units Values
Frequency MHz 2035
Beam carrier bandwidth kHz 4
User G/T dB(K™) -23
Maximum MES antenna
discrimination towards the dBi 15
horizon
Thermal noise dB(K) 38
Noise spectrum density dBW/4 kHz -154.6

Step 2: Calculate received interference level (lygs) produced by HIBS at MES as follows:

EIRPygs(n)
Iyigs = 10log (211\1,:1#1‘:(:)) — FSL — DPL

where:

[Formatted: English (U.S.)

JDOCUMENT IN PANDEY SIR\NSG 5\FEB 2022 I\/IEETING\FINAL DOCS FOR SUBI\/IISSION\DOS CONTRIBUTION_AI 1.4 _HIBS VS
MSS BSS RDSS.DOCXMABR 11.03.2210:01-2206-04-22 11.03.2221:02:08




-101 -
5D/886 (Annex 4.21)-E
EIRPyps(n): HIBS maximum e.i.r.p (W/MHz) in cell n;
N: number of cells;
ADLygs(n): angular discrimination loss of HIBS in cell n;

FSL: free space loss (dB) of the separation distance between HIBS and the
Interfered station (D);

DPL: Depolarization loss (dB) (See section 2.2 of Recommendation ITU-R P.619).
Step 3: Calculate I/N as follows:

= Iyips = Nuss

A4.4.15 Study results
The calculation results of I/N produced by HIBS at MES are shown in Figure A4.4.1.3.

FIGURE A4.4.1.3

Calculation results of I/N
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e HIBS Platform altitude = 20km == == HIBS Platform altitude = 18km

:‘;‘rjjzx)até(uon criteria
—— MSS protection criteria = VISS protection criteria
/N=-10dB I/N=-12.2dB
The horizontal separation distances from area edge of HIBS to comply with MSS protection criteria
were 0 km/not required (I/N=—6 dB), 14 km (I/N=—10 dB) and 42 km (I/N=—12.2 dB) in the cases

of HIBS operating at the altitude of both 18 km and 20 km.

A4.4.16 Summary and analysis of the results of Study A

The results of this study show that the horizontal separation distance from area edge of HIBS to
comply with MSS protection criteria in the 2 500-2 535 MHz frequency range is 0 km to 42 km.
This means that the compatibility between MSS (s-E) in the 2 500-2 535 MHz frequency range and
HIBS in the 2 535-2 690 MHz frequency range could be addressed by maintaining the above-
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mentioned separation distances between the area edge of HIBS and adjacent countries and any
HIBS specific mitigation measures to protect MSS (s-E) would not be necessary.

A4.4.2 Study B

g [Formatted: Highlight

Comment [P2]: Justification for deletion
this Editpr's Note is provided in the "coverir

A4.4.2.1 Introduction note” of the Indian’s contribution.

This document includes the Sharing and compatibility studies between Mobile satellite service (MSS)
in frequency band of 2 500-2 535 MHz (space-to-Earth) and 2 655-2 690 MHz (Earth-to-space) and
HIBS operating in the 2500-2690 MHz frequency range in pursuance with the resolves to invite
ITU-R 2 of Resolution 247 (WRC-19) under WRC-23 agenda item 1.4. This study provides
assessment of the possible interference from HIBS base station (BS) and user equipment (UE) to
the MSS space station receiver and MSS user terminals.

The Study is carried out considering following cases:

- Case I: Adjacent band compatibility study to assess possible interference from HIBS BS
to MSS UE in 2 500-2 535 MHz (space-to-Earth).

- Case Il: In-band sharing study to assess possible interference from HIBS UE to MSS
UE in 2 500-2 535 MHz (space-to-Earth).

- Case IlI: In-band sharing study to assess possible interference from HIBS BS to MSS
space station receiver in 2 655-2 690 MHz (Earth-to-space).

A4.4.2.2 Technical characteristics

This section provides the specific parameters of HIBS used in the study, as provided in Annex 4.19 of
Document 5D/716. The specific parameters of MSS used in the study are as per Document 5D/731.

A4.4.2.2.1 Technical and operational characteristics of HIBS systems operating in the
2 500-2 690 MHz frequency range

Below tables show parameters values used for IMT base station and IMT UE in the sharing studies.
Only those parameters that are relevant to this study are included.

TABLE A4.4.2.1

HIBS base station specification and deployment related parameters

BS density 1 BS/HIBS area

HIBS altitude 20 km

HIBS transmit antenna pattern ITU-R M.2101

Channel bandwidth 20 MHz

HIBS network configuration TDD

HIBS platform e.i.r.p. spectral density/cell 45 dBm/MHz (2nd layer cell)
42 dBm/MHz (1% layer cell)

HIBS area radius 90 Kms

Ohmic losses 2dB
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Polarization loss 3dB
TABLE A4.4.2.2
Spectrum mask - HIBS (BS)
Frequency offset from “edge of Emission limit Measurement bandwidth
transmission” Af

0 MHz < Af <5 MHz 100 kHz
5 MHz

5 MHz < Af <10 MHz —14 dBm 100 kHz

10 MHz < Af Spurious domain limits -

TABLE A4.4.2.3
UE Specification & deployment related parameters

UE density 21 UES/HIBS area (3 UEs per cell)
UE Height 15m

HIBS UE transmit antenna gain -3 dBi

Body loss 4 dB

Maximum UE transmitter output power 23dBm

Ohmic losses 2dB

Polarization loss 3dB

A4.4.2.2.2 Technical and operational characteristics of MSS systems operating in the
2 500-2 535 MHz and 2 655-2 690 MHz frequency range

Below tables show parameters values used for MSS in the sharing studies. Only those parameters that
are relevant to this study are included.

TABLE A4.4.2.4
MSS receiver parameters (2500-2535 MHz)

Burst rate (Kbps) 2.7-64

Receive antenna (G/T) -23

User terminal noise temperature 446 K

Peak receive antenna gain (dBi) 3.5dBi

Note: The values of antenna gain and system noise temperature are not provided by WP 4C in Document
5D/731, though the G/T is retained the same in the study.

TABLE A4.4.2.5
MSS space station receiver parameters (2655-2690 MHz)

| EOC satellite G/T (dB/K) +6
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Space station receiver noise temp (K)

1000

Satellite orbital location

83°E

Beam location

North region of Indian Mainland

A4.4.2.2.3 Protection criteria

TABLE A4.4.2.6

MSS Protection criteria for the purpose of sharing and compatibility study
for allocations within the 2 500-2 690 MHz range

Parameter

Values

For co-frequency sharing and adjacent
band compatibility, AT/T

(I/N = —6 dB)

6% (I/N = —12.2 dB) or 10% (I/N = —10 dB) or 25%

A4.4.2.3.1 Case I: Adjacent band compatibility study to assess interference from HIBS BS to
MSS User Terminals in 2 500-2 535 MHz (space-to-Earth)

Considering above technical and deployment related parameters, analysis is carried out to assess the

possible interference power received at MSS user terminals due to the OOB emission from HIBS
BS. The worst case 1 MHz OOB emission within MSS band (2 500-2 535 MHz) is considered
which falls within the signal bandwidth of defined MSS parameters. The spectrum mask of the

HIBS BS is shown in Figure A4.4.2.1.

FIGURE A4.4.2.1

HIBS BS emission mask

MSS band

Power (dBm/100KHz)
&

0
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Parameters Unit Values
POz (ith O Mz Offed) dBm/MHz 31
HIBS BS antenna gain dBi 8.0
HIBS BS ohmic loss dB 2.0
HIBS BS polarization loss dB 3.0
Maximum HIBS BS e.i.r.p. density dBW/MHz -23.9
Transmit frequency of BS MHz 2 535-2 555 MHz
Path length (20 km) m 20 000
Path loss dB 126.6
Aggregate received interference density dBW/MHz -150.5
MSS user terminal receive antenna gain dBi 35
Aggregate received interference density to the receiver dBWI/Hz -207
Interference noise temp. K 144.5
MSS receiver noise temperature K 446.0
Degradation in noise temp. % 324
I/N daB -4.9
Protection criteria % 6.0 (I/IN=-12.2 dB)
Exceedance 7.3dB

Sensitivity Analysis - With respect to HIBS BS altitude change from 20 to 18 Kms, the sensitivity

analysis has been carried out. The maximum interference and corresponding exceedance against

protection thresholds increases by 0.9 dB for 18 km altitude compared to 20 kms altitude of HIBS

BS.

A4.4.2.3.2 Case Il: In-band sharing study to assess interference from HIBS UE to MSS user
terminals in 2 500-2 535 MHz (space-to-Earth)

Parameters Unit Values

Maximum HIBS UE terminal output power dBm 23.0 23.0 23.0
HIBS UT Antenna gain dBi -3.0 -3.0 -3.0
HIBS UT body loss dB 4.0 4.0 4.0
HIBS UT Polarization loss dB 3.0 3.0 3.0
Maximum HIBS UE e.i.r.p. dBW —-17.0 —-17.0 -17.0
Maximum HIBS UE e.i.r.p. density dBW/Hz —90.0 -90.0 -90.0
Transmit Frequency of UE MHz 2 500-2 520 2 500-2 520 2 500-2 520
Propagation loss (ITU-R P.1812) dB 127.8 125.6 121.6
Aggregate received interference density dBW/Hz -217.8 -215.6 -211.6
MSS user terminal receive antenna gain dBi 35 35 35
,:\/Igsgsrer%z;teei\:sfelved interference density to dBW/Hz 9143 121 08.1
Interference noise temp. K 26.9 44.6 111.9
MSS receiver noise temperature K 446.7 446.7 446.7
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Degradation in noise temp. % 6.0 10.0 25.1
Protection criteria % 60 100 250
0
(IN=-122dB) | (I/N=-10dB) (/N =-6dB)
Requm_ed kee_p-o_ut distance to maintain Kkm 6 5 4
protection criteria

A4.4.2.3.3 Case Il In-band sharing study to assess possible interference from HIBS BS to
MSS space station receiver in 2 655-2 690 MHz (Earth-to-space)

Methodology: As a case study, aggregate interference from HIBS towards space station receiver
located at 83°E longitude is estimated. S-band space station receive beam is directed towards the
northern region of Indian mainland for the presented interference analysis. Interference is computed
from the in-band emissions from multiple HIBS towards the S-band space station receiver.

- Contribution from all countries in Region 3 which are visible from space station located
at 83°E are not considered, as the band 2 655-2 690 MHz is not to be used for HIBS in
Region 3, as per resolves to invite ITU-R 2 of Resolution 247 (WRC-19).

- As a worst case analysis, all countries in Region 1 that are visible from space station
located at 83°E are assumed to be fully covered by HIBS operating in 2 655-2 690 MHz
band. Approx. 57 523 116 km?area (total area of 85 countries in Region 1 that are
visible from the space station located at 83°E location) covered by 2222 number of
HIBS BS (90 km radius) is considered in assessing the aggregate interference.

- As HIBS are located uniformly over the countries, average path loss and average on-
board antenna gain over each country are computed and used in the aggregate
interference analysis. Clutter loss is estimated as per ITU-R P.2108.

- Polarization loss of 3 dB is considered between HIBS and on-board space station
receiver due to mismatch in the polarization sense of each system and random
orientation of each HIBS towards space station receiver.

- In the analysis, azimuth averaged antenna pattern of 2™ layer cell is considered in
computing aggregate interference. This is used to estimate the antenna gain towards
space station. HIBS BS average antenna pattern (average antenna gain vs. elevation
angle) of 2" layer cell for HIBS with 20 km and 50 km altitudes are shown in Figure 1.

- In the frequency band 2 655-2 690 MHz, there are primary allocations to the fixed* [Formatted: Highlight

service and the mobile service in Region-1. This means that two services could be
operating in Region-1 in the frequency band 2 655-2 690 MHz that could be source of
undesirable off-axis emissions from Region-1 to the MSS space station. An
apportionment of 3 dB in the protection criteria is therefore considered in the analysis.
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FIGURE A4.4.2.2

HIBS BS average antenna pattern over azimuth
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1a. HIBS BS average antenna pattern of 2™ layer cell with 1b. HIBS BS average antenna pattern of 2™ layer cell with 23°
23° mechanical tilt (HIBS Height: 20 km) mechanical tilt and 18° electrical (HIBS Height: 50 km)

Results of interference analysis for in-band cases are shown in Table A4.4.2.7

HIBS Altitude
Parameters
20 km 50 km
AT/T (%) 173 75
I/N Exceedance (in dB) for I/N=-12.2 dB criteria 14.6 11.0
I/N Exceedance (in dB) for I/N=-10 dB criteria 12.4 8.8
I/N Exceedance (in dB) for I/N=-6 dB criteria 8.4 4.8
lying an apportionment of 3 dB in the protection criteria .
I/N Exceedance (in dB) for I/N=-15.2 dB criteria 17.6 14.0
I/N Exceedance (in dB) for I/N=-13 dB criteria 15.4 11.8
JIN Exceedance (in dB) for I/N=-9 dB criteria 114 7.8

A4.42.4 Summary of outcome

A4.4.2.4.1 HIBS BS to MSS user terminal

This adjacent band compatibility study on OOBE interference from HIBS BS (operating in
2 535-2 555 MHz, the band adjacent to MSS) into MSS user terminals operating in the 2 500-
2 535 MHz frequency band shows that the I/N protection criteria of —12.2 dB is exceeded by about
7.3 dB.

It is to be noted that 7.3 dB exceedance is computed with single element antenna gain. However, as
the HIBS BS channel allocation starts immediately after MSS band and there is no frequency
separation among them, the single element approximation may not be valid. Hence, for this adjacent
band study, if composite antenna is considered then the exceedance would be 13.3 dB.

The maximum interference and corresponding exceedance against protection thresholds increases

by 0.9 dB for 18 km altitude compared to 20 kms altitude of HIBS BS.
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Hence, measures like guard band between HIBS and MSS and/or containing the OOBE from HIBS
are required in order to ensure coexistence of MSS and HIBS in this band.

A4.4.2.4.2 HIBS UE to MSS user terminal

In-band sharing study on interference from HIBS UE to MSS user terminal in the 2 500-2 535 MHz
frequency bands shows the following results:

a) 4 km of protection distance required to meet protection criteria of I/N of —6 dB.
b) 5 km of protection distance required to meet protection criteria of I/N of =10 dB.
C) 6 km of protection distance required to meet protection criteria of I/N of —12.2 dB.

Considering the ubiquitous nature of HIBS UE and MSS user terminals, it would not be practically
possible to ensure such large keep-out distances. Hence, the coexistence of HIBS UE and MSS is
not possible in this frequency band.

A4.4.2.4.3 HIBS BS to MSS space station receiver

This in-band sharing study on aggregate interference from HIBS BS in Region 1 into MSS satellite
receiver with service area in Region 3 in the 2 655-2 690 MHz frequency band shows that the I/N is

exceeded by 8.4 dB to 14.6 dB for the protection criteria I/N range of —6 to —12.2 dB. Further, I/N,is [pormaued; Highlight

=

exceeded by 11.4 to 17.6 dB with 3 dB apportionment in these protection criteria. Hence, the

[Formatted: Font: Italic, Highlight

coexistence of HIBS and MSS is not possible in this frequency band. [F .
ormatted: Highlight

A4.5 Compatibility studies between radiodetermination satellite service in the adjacent
2 483.5-2 500 MHz (space-to-Earth) band and HIBS operating in the 2 500-2 690
MHz frequency range

A45.1 Study A

[Editor's note: The study may be revised to include the contributions of multiple HIBS for RDSS
Types 1, 2 and 3, which earth stations have omni-directional antennas, in case the study is to be
validated for cross-border scenario. Also, the updated outcome may be included after revising the
Table A4.6.1.4.3.1 for appropriately considering the narrowband and wideband interferences and

receiver system noise temperature in calculation of noise spectrum density.], Formatted: Font: Not Italic, Complex
Script Font: Not Italic

This study considered the horizontal separation distance from area edge of HIBS to
radiodetermination satellite service (RDSS) receiver based on the calculations of interference-to-
noise ratio (I/N) in order to evaluate whether HIBS specific mitigation measures would be necessary
to protect RDSS (s-E).

A4.5.1.1 Technical and operational characteristics of HIBS in the 2 500-2 690 MHz
frequency range

This study used technical and operational characteristics of HIBS in Band 3 (2 500-2 690 MHz
frequency range) contained in section 6.1.3 of the working document towards a PDN Report ITU-R
M.[HIBS-CHARACTERISTICS]. The single element antenna pattern of Recommendation ITU-R
M.2101 was used for this adjacent compatibility study. The value of spurious emissions were
selected for “—13 dBm/ MHz” considering Note to the Table 2 of the working document towards a
PDN Report ITU-R M.[HIBS-CHARACTERISTICS]. With regard to Platform Altitude, this study
considers at 18 km and 20 km in order to perform the sensitivity analysis on the interference from
HIBS operating at altitude below 20 km.
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A4.5.12 Technical and operational characteristics of RDSS in the 2 483.5-2 500 MHz

frequency range

Tables A4.5.1.1 and A4.5.1.2 summarized the technical and operational characteristics of RDSS (s-
E) for this study, which are included in Attachment 1 of the liaison statement from WP 4C

(5D/731).

TABLE A4.5.1.1

Technical and operational characteristics of RDSS (s-E) receiver

Receiver use cases

Land mobile, aero mobile & maritime mobile

Types of Receiver Type-1 Type-2 Type-3 Type-4
Receive Antenna Gain Pattern Mentioned in Table A4.6.1.2.1-A

Maximum receive antenna gain 2.3 dBi 2.3 dBi 2.3dBi 7 dBi
Minimum receive antenna gain —7 dBi —7 dBi —7 dBi -3 dBi
RF filter 3 dB bandwidth 16.5/24/60/90 MHz

Pre-correlation filter 3 dB bandwidth 16.5 MHz

Receiver noise figure 2dB 3dB 3dB 2dB
Receiver system noise temperature 270K 389 K 589 K 270 K
Receiver input compression level —135 dBW

Receiver survival level —20 dBW

Note to the table: The defined receiver input compression level is applicable over corresponding RF filter 3-dB BW

TABLE A45.1.1-A

RDSS Receiver Antenna Gain

Antenna gain
Elevation angle (dBic)
(deg)
Type-1, 2, 3 Receivers Type-4 Receiver

=7.0 -3.0

=55 -2.0
10 -1.4 -0.5
15 0.0 0.0
20 0.8 15
25 11 2.0
30 1.2 3.0
35 1.2 35
40 1.2 4.0
45 1.3 45
50 1.3 5.0
55 15 5.6
60 1.6 6.2
65 1.8 6.2
70 1.9 6.4
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75 2.1 6.6
80 2.2 6.8
85 2.3 7.0
90 2.3 7.0

TABLE A4.5.1.2

Protection criteria for RDSS system

Types of receiver Type-1 Type-2 Type-3 Type-4
Acquisition mode threshold power density level of
aggregate wideband interference (incl. all non-RDSS -150.3 —148.7 —146.9 -150.3
interferences) at the passive antenna output, dBW/MHz dBW/MHz dBW/MHz dBW/MHz

I/N = —6 dB criteria

Tracking mode threshold power density level of
aggregate wideband interference (incl. all non-RDSS
interferences) at the passive antenna output

—144.3 —142.7 —-140.9 —144.3
dBW/MHz dBW/MHz dBW/MHz dBW/MHz

Acquisition mode threshold power level of aggregate
narrowband interference (incl. all non-RDSS —160.3 dBW | —158.7dBW | —156.9 dBW | —160.3 dBW
interferences) at the passive antenna output

Tracking mode threshold power level of aggregate
narrowband interference (incl. all non-RDSS —154.3dBW | —152.7dBW | —150.9dBW | —154.3 dBW
interferences) at the passive antenna output

Note 1 to the Table: Thresholds for acquisition and tracking modes should account for all the aggregate
wideband/narrowband interference other than non-RDSS signals.

Note 2 to the Table: Acquisition and tracking modes wideband/narrowband interference thresholds are defined at the
output of receiver antenna. However, interference analysis is to be done considering the peak receive antenna gain in
the direction of source of interference.

Note 3 to the Table: Bandwidth of wideband and narrowband interference is defined as >1 MHz and <700 Hz
respectively.

Note 4 to the Table: Presently no ITU-R recommendation exists for the protection criteria for RDSS in the frequency
band 2 483.5-2 500 MHz. Studies using this protection criteria for RDSS could be assessed on the basis that these
values were put forward by WP 4C to initiate the work for WRC-23 agenda item 1.4 and these values may evolve in the
future based on inputs to the ITU-R, but no conclusions on the application of this protection criteria and its associated
assumptions should be extrapolated to other studies.

A4.5.1.3 Propagation model

Free space and depolarization loss from Recommendation ITU-R P.619 were used as the baseline
propagation model based on section 2.1 of the draft revision of Recommendation ITU-R P.1409-1.

A4.5.1.4 Methodology

This study calculated I/N produced by HIBS at RDSS receiver in the interference scenarios of Table
A4.5.1.3 and considered the horizontal separation distance from area edge of HIBS to comply with
the RDSS protection criteria (I/N = —6 dB) in Table A4.5.1.2. Since invite ITU-R 2 of Resolution
247 (WRC-19) limits the studies of the frequency band in 2 500-2 535 MHz for HIBS in uplink
only for Region 3, Scenario A-2 for Region 3 did not include 2 500-2 535 MHz for the frequency
range of HIBS operation.
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TABLE A4.5.1.3

Interference scenarios

Interfered service Interfering services
Scenario No. .
Frequency range Interfered Station | Frequency range Inz:;tfie;‘[llng
. HIBS
A-1 RDSS receiver
o Landy) | 248352500MHz | 20 EREE | 2500-2690 MHz | (Platform afitude:
(in Regions 1 and 2) (Type- ) 18/20km)
. HIBS
A-2 RD.
v 2 483.5-2 500 MHz SSTECEIVEr | ) 5352690 MHz | (Platform altitude:
(in Region 3) (Type-1/2/3/4) 18/20km)

A4.5.1.4.1 Relative relations between HIBS and interfered station
Figure A4.5.1.1 shows the relative relation between HIBS and RDSS receiver. The horizontal

separation distance Dy, is defined as the distance from the nadir of HIBS to the interfered station. D,

is defined as the distance from the area edge of HIBS to the interfered station. Dy, can be calculated
as “D;,=Dy—90 km (HIBS area radius)”.

FIGURE A4.5.1.1

Relative relations between HIBS and interfered station

X

o St

Country A

Country B

D, D,

HIBS area radius

®: HIBS C cHIBS arca X - Interfered station  HIBS arca radius — 90 km
D, : Tlorizontal separation distance from IIBS nadir (km)

Dy : Horizontal separation distance rom HIBS area edge (km)

A4.5.1.4.2 Calculation method of separation distance

The separation distance D between HIBS and the interfered station is calculated by the horizontal
separation distance Dy, (see also Figure A4.5.1.2) as follows:

D= JRZ +(R+H)2 - 2R(R + H) cos (%) (km)
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where:
R: Earth radius = 6 378 km;
H: Platform Altitude = 18/20 km.

FIGURE A4.5.1.2

Separation distance from HIBS to Interfered station

HIBS

Interfered station

A4.5.1.4.3 Calculation method of I/N
The following steps were performed to calculate I/N produced by HIBS at RDSS receiver.
Stepl: Calculate Noise spectrum density (Nrpss) Of RDSS receiver as Table A4.5.1.4

TABLE A45.1.4
Calculation of Noise spectrum density of RDSS receiver in the 2 483.5-2 500 MHz frequency range
Type-1 Type-2 Type-3 Type-4

Parameters . . . .

Wide Wide Wide Wide

band Narrowband band Narrowband band Narrowband band Narrowband
Frequency 2500 MHz
Bandwidth 1 MHz 700 Hz 1 MHz 700 Hz 1 MHz 700 Hz 1 MHz 700 Hz
Receiver
system 270K 389 K 589 K 270K
noise
temperature
Receiver 2dB 3dB 3dB 248
noise figure
?%‘fﬁum “1423 | 1523 | -1397 | -1497 | -1379 | -1479 | -1423 | 1523
dznsity dBW/MHz|dBW/700 Hz*|dBW/MHz|dBW/700 Hz*|dBW/MHz|dBW/700 Hz*|dBW/MHz|dBW/700 Hz*
* Noise spectrum density of Narrowband RDSS system was subtracted by 10 dB from that of Wideband RDSS system
based on Table A4.6.1.2.2.
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Since Noise spectrum density for Wideband RDSS system is lower than that for Narrowband RDSS
system in all types of RDSS, the values of I/N for Wideband RDSS system are smaller than that for
Narrowband RDSS system. Therefore, the values of Noise spectrum density for Wideband RDSS
system were used in Step 3.

Step 2: Calculate received interference level (Iss) of RDSS receiver by HIBS as follows:
EIRP (n)
IHIBS =10 log( 2:1 ﬁ) + ADLRDSS — FSL — DPL

where:

EIRPyps(n): HIBS maximum e.i.r.p (W/MHz) in cell n;
N: number of cells;
ADLygs(n): angular discrimination loss of HIBS in cell n
ADLgpss: angular discrimination loss of RDSS;

FSL: free space loss (dB) of the separation distance between HIBS and the
Interfered station (D);

DPL: Depolarization loss (dB) (See section 2.2 of Recommendation ITU-R P.619).
Step3: Calculate I/N as follows:

—~ = Ipps = Nrpss

A4.5.15 Study results

The calculation results of I/N produced by HIBS at RDSS receiver in Scenario A-1 are shown in
Figure A4.5.1.3.
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FIGURE A4.5.1.3

Calculation results of Z/Vin scenario A-1
(Compatibility between HIBS in the 2 500-2 690 MHz frequency range in Regions 1 and 2 and RDSS in the
2 483.5 -2 500 MHz frequency range)

I/N (dB)

40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210

90 -80 -70 -60 -50 -40 -30 -20 -10 © 10 20 30
D, Horizontal separation distance from area edge of HIBS (km)

RDSS Type-2 * HIBS Platform altitude = 20km

e RDSS Type-1 + HIBS Platform altitude = 20km == == RDSS Type-1 - HIBS Platform altitude = 18km
3 * HiBS Platform altitude = 20km = = RDSS Type-3 * HIBS Platform altitude = 18km

= = RDS5S Type-2 - HIBS Platform al 1Blorm sm— R0

RDSS Protection criteria (I/N=-6dB)

———RDSS Type-4 * HIBS Platform altitude = 20km=— = RDSS Type-4 * HIBS Platform altitude = 18km

The calculation results of I/N produced by HIBS at RDSS receiver in Scenario A-2 are shown in
Figure A4.5.1.4.
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FIGURE A4.5.1.4

Calculation results of Z/Vin scenario A-2
(Compatibility between HIBS in the 2 535-2 690 MHz frequency range in Region 3 and RDSS
in the 2 483.5 -2 500 MHz frequency range)

I/N (dB)

D, : Horizontal separation distance from area edge of HIBS (km)

The horizontal separation distances from area edge of HIBS to comply with RDSS protection
criteria (I/N=—6 dB) is not required in the cases of HIBS operating at the altitude of both 18 km and
20 km in Scenarios A-1 and A-2.

A4.5.1.6 Summary and analysis of the results of Study A

The results of this study show that the horizontal separation distance from area edge of HIBS to
comply with RDSS protection criteria in the 2 483.5-2 500 MHz frequency range is not required.
This means that any HIBS specific mitigation measures to protect RDSS (s-E) in the 2 483.5-

2 500 MHz frequency range from HIBS in the 2 500-2 690 MHz would not be necessary.

A4.5.2 Study B

A452.1 Introduction

This document includes the compatibility studies between radiodetermination satellite service
(RDSS) in frequency band of 2 483.5-2 500 MHz and HIBS operating in the 2 500-2 690 MHz
frequency range in pursuance to the resolves to invite ITU-R 2 of Resolution 247 (WRC-19) under
WRC-23 agenda item 1.4. This study provides the assessment of possible interference from HIBS
base station (BS) and user equipment (UE) to the RDSS in adjacent band.

The Study has been carried out considering the following cases:
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- Case I: HIBS BS to RDSS USER TERMINAL
- Case Il: HIBS UE to RDSS USER TERMINAL.

A4.52.2

Technical characteristics

This section provides the specific parameters of HIBS used in the included study/studies, as
provided in Annex 4.19 of Document 5D/716. The specific parameters of RDSS used in study are

as given in Document 5D/731.

A4.5.2.2.1 Technical and operational characteristics of HIBS systems operating in
2 500-2 690 MHz frequency range

Below tables show parameters values used for IMT base station and IMT UE in the sharing studies.
Only those parameters that are relevant to this study are included.

HIBS Base Station Specification & deployment related parameters

TABLE A4.5.2.1

BS density

1 BS/HIBS area

HIBS altitude

20 km

Channel bandwidth

20 MHz (2 500-2 520 MHz)

HIBS transmit antenna pattern

— Asper ITU-R M.2101 (Single element pattern for Adjacent

band studies)

— Asper ITU-R M.2101 (Composite antenna Pattern)

HIBS network configuration

TDD

HIBS area radius

90 km

TABLE A4.5.2.2
Spectrum mask - HIBS (BS)

Frequency offset from “edge of Emission limit Measurement
transmission” Af bandwidth
0 MHz < Af <5 MHz 100 kHz
—7dm— L[ =0t 05 s
5 MHz
5 MHz < Af <10 MHz -14 dBm 100 kHz
10 MHz < Af Spurious domain limits -

UE Specification & deployment related parameters

TABLE A4.5.2.3

UE density 21 UEs/HIBS area (3 UEs per cell)

UE height 15m

Channel BW 20 MHz (2 500-2 520 MHz)

HIBS UE transmit antenna gain -3 dBi

Body loss 4dB

Maximum UE transmitter output power 23dBm

HIBS UE location 50 000 Random co-ordinates within the analysis region
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| (Area with 90 km radius from HIBS Nadir)

TABLE A4.5.2.4

Spectrum mask — UE served by HIBS

Frequency offset from “edge of
transmission” Af

Emission limit

Measurement bandwidth

0<Af<1MHz -13dBm 0.2 MHz
1 MHz < Af <5 MHz —-10 dBm 1 MHz
5 MHz < Af < 15 MHz -13 dBm 1 MHz
15 MHz < Af < 25 MHz —25dBm 1 MHz

Af > 25 MHz

Spurious domain limits

A4.5.2.2.2 Technical and operational characteristics of RDSS systems operating in the
2 483.5-2 500 MHz frequency range

Below tables show parameters values used for RDSS in the sharing studies. Only those parameters
that are relevant to this study are included.

TABLE A4.5.2.5

RDSS receiver parameters

RDSS USER TERMINAL antenna gain

Type—1,2,3: —5.5 dBi and Type 4: —2.0 dBi

RDSS USER TERMINAL antenna pattern

As per Table 5a

Receiver input compression level

—135dBW

RF filter 3 dB bandwidth

16.5/24/60/90 MHz

RDSS USER TERMINAL location

50 000 Random co—ordinates within the analysis region
(Area with 90 km radius from HIBS Nadir)

TABLE A4.5.2.5-A

RDSS receiver antenna gain pattern

Antenna gain
Elevation angle (dBic)
(deg)
Type-1, 2, 3 Receivers Type-4 Receiver
-7.0 -3.0
-5.5 -2.0
10 -1.4 -0.5
15 0.0 0.0
20 0.8 15
25 11 2.0
30 1.2 3.0
35 1.2 35
40 1.2 4.0
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45 13 4.5
50 13 5.0
55 15 5.6
60 1.6 6.2
65 1.8 6.2
70 1.9 6.4
75 2.1 6.6
80 2.2 6.8
85 2.3 7.0
90 2.3 7.0

A4.5.2.2.3 Protection criteria

TABLE A4.5.2.6

Protection criteria for RDSS system

Types of receiver Type-1 Type-2 Type-3 Type-4
Acquisition mode threshold power density level of
aggregate wideband interference (incl. all non-RDSS -150.3 —148.7 —146.9 —-150.3
interferences) at the passive antenna output, dBW/MHz dBW/MHz dBW/MHz dBW/MHz

I/N = —6 dB criteria

In the frequency bands 2 500-2 520 MHz and 2 450-2 483.5 MHz, adjacent bands to RDSS,« [Formatted: Highlight

there are primary allocations to the fixed service and the mobile service in all regions. This means
that two services could be operating in in the adjacent bands to RDSS that could be source of

Formatted: Normal, No bullets or
numbering

undesirable out of band emissions to the RDSS user terminals. An apportionment of 3 dB in the
protection criteria is therefore considered in the analysis.

A4.5.2.3 Case-l1 HIBS BS to RDSS user terminal

A4.5.2.3.1 Propagation model

Recommendation ITU-R P.1409 (Doc. 5D/723) is used for the possible sharing study scenarios
relating to the HIBS and RDSS for the following interference scenarios/paths:

- Interference scenario/path between HIBS and stations on the surface of the Earth.
- Interference scenario/path between HIBS and stations in the atmosphere of the Earth.
- Interference scenario/path between HIBS and stations in the space.

The total propagation loss considered is the sum of free space loss and atmospheric loss.
Additionally, the study considered 3 dB of polarization loss.

A4.5.2.3.2 Methodology

Considering above technical and deployment related parameters Monte-Carlo simulations were
carried out to find the probabilities of interference power received at RDSS user terminal due to the
OOB emission from HIBS BS. The worst case 1 MHz OOB emission within RDSS band is
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considered which falls within the signal bandwidth of defined RDSS parameters. The spectrum
mask of the HIBS BS is shown in Figure A4.5.2.1.

FIGURE A4.5.2.1
HIBS BS Emission mask

RDSS Band

] L

For the adjacent band analysis, the single element antenna pattern of HIBS BS has to be used in
pursuance with Recommendation ITU-R M.2101. However, as the HIBS BS channel allocation
starts immediately after RDSS band and there is no frequency separation among them, the single
element approximation may not be valid. Hence, the adjacent band study is carried out considering
the composite HIBS BS antenna pattern also. The single element and composite antenna patterns of
HIBS BS are shown in Figures A4.5.2.2-A and A4.5.2.2-B.
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FIUGRE A4.5.2.2-A
HIBS BS Single Element Antenna Pattern

FIGURE A4.5.2.2-B
HIBS BS composite antenna pattern (1** Layer)

A4.5.2.3.3 Case-1: Study with single element antenna pattern for adjacent band

To generate the CDF of received interference power, Monte Carlo simulation with 50000 snapshots
was carried out. The study scenario and distribution of RDSS USER TERMINALSs is shown in
Figure 3a and 3b respectively. The CDFs were obtained for RDSS USER TERMINAL Type 1/2/3
and Type 4 as shown in Figures A4.5.2.4-A and A4.5.2.4-B respectively.
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FIGURE A4.5.2.3-A FIGURE A4.5.2.3-B
HIBS BS and study area Distribution of RDSS USER TERMINALSs
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FIGURE A4.5.2.4-A
CDF of HIBS Interference power at RDSS USER TERMINAL Type 1/2/3
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FIGURE A4.5.2.4-B
CDF of HIBS Interference power at RDSS USER TERMINAL Type 4
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Power in dBW/MHz

-150 -140

The HIBS BS interference exceeding the RDSS acquisition mode protection threshold (for
wideband interference) defined is included in Table A4.5.2.7.

TABLE A4.5.2.7

HIBS BS interference exceeding the RDSS protection threshold (Single element antenna pattern)

RDSS USER Acquisition mode threshold Max Exceedance with respect to
TERMINAL (wideband interference) interference protection criteria
Type (dBW/MHz) (dBW/MHz) (dB)
Type -1 —150.3 3.3
Type -2 —148.7 —147.0 17
Type -3 —-146.9 -0.1
Type - 4 -150.3 —142.3 8

JHIBS BS interference exceeding the RDSS protection threshold (Single element antenna pattern) with 3 dB

apportionment in the protection criteria

[ Formatted: Highlight

A4.5.2.3.4 Case-1: Study with composite antenna pattern for adjacent band

The HIBS BS deployment characteristics states that the HIBS area consists of 7 cells and each cell
is serviced by a single beam as shown in Figure A4.5.2.5. The HIBS area structure is shown in
Figure A4.6.2.6.
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FIGURE A4.5.2.5
Example of HIBS deployment (7 cells)

2nd layer cell 1 2rd layer cell 3

2 layer cell 2

1t layer cell
(downward)

The HIBS area structure is shown in Figure A4.5.2.6.

FIGURE A4.5.2.6
HIBS area structure (7 cells)

e : HIBS O: HIBS area
A : HIBS area radius B : inter-HIBS distance

As the HIBS area radius is defined as 90 km, the radius of each cell can be approximated to 30 km.
The HIBS BS antenna generate one beam for each cell, hence the analysis is carried out over a cell
area of 30 km radius with composite antenna pattern. To generate the CDF of received interference
power, Monte Carlo simulation with 50 000 snapshots was carried out as show in Figure A4.5.2.7.
The CDFs were obtained for RDSS USER TERMINAL Type 1/2/3 and Type 4 as shown in Figures
A4.5.2.8a and A4.5.2.8b respectively.
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FIGURE A4.5.2.7
Distribution of 50 000 RDSS USER TERMINAL over a cell area
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FIGURE A4.5.2.8A
CDF of HIBS Interference power at RDSS USER TERMINAL Type 1/2/3
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FIGURE A4.5.2.8-B
CDF of HIBS interference power at RDSS USER TERMINAL Type 4

Received HIBS Inherf_erence Power _at RDSS Receiyer Type 4
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The expected HIBS BS interference exceeding the RDSS acquisition mode protection threshold (for
wideband interference) defined, is included in Table A4.5.2.8.

TABLE A4.5.2.8
HIBS BS interference exceeding the RDSS protection threshold (Composite antenna pattern)
RDSS USER Acquisition mode Threshold Max Exceedance with respect to
TERMINAL (wideband Interference) Interference protection criteria
Type (dBW/MHz) (dBW/MHz) (dB)
Type -1 -150.3 9.3
Type -2 —148.7 -141.0 7.7
Type -3 —146.9 5.9
Type - 4 —150.3 -136.3 14
HIBS BS interference exceeding the RDSS protection threshold (Composite antenna pattern) with 3 dB - [ Formatted: Highlight
apportionment in the protection criteria
RDSS USER Acquisition mode Threshold Max Exceedance with respect to
TERMINAL (wideband Interference) Interference Drotection criteria
Type (dBW/MHz) (dBW/MHz) L]
Type-1 ~153.3 123 ( Formatted: Highlight
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A4.5.2.3.5 Study for RDSS user terminal blocking / saturation

Due to high e.i.r.p. and OOB emission of HIBS BS there is possibility of RDSS user terminals
driven to compression. As defined in Table A4.5.2.5, the receiver input compression level threshold
is —135 dBW. This threshold is defined over 3 dB bandwidth of receiver RF filter. Accordingly,
Monte Carlo simulations were carried out to find out the probability of HIBS interference levels
exceeding the RDSS USER TERMINAL input compression thresholds. This has been done for all

the receiver RF filters. Transmit power of HIBS within the receiver BW is estimated as under: [Formaued; Highlight
HIBS BS emission mask (with channel Center frequency at 2510 MHz and measurement bandwidth
of 0.1 MHz) can be represented as below:
P_mask_hibs:
14 dBm - Af|<10 MHz
( Formatted: Highlight
—7dBm - [f offset 0.05}1‘3 1 10 MHz < |Afl< 15 ‘ .g .g
5 MHz B MHz [Formatted: Highlight
-14 dBm - 15 MHf fu|§f| <20 [Formatted: Highlight
IVIriZ
-23dBm | |Afl>20 MHz [Formatted: Highlight
The HIBS BS transmit power is the integrated power over the RDSS receiver RF Filter bandwidth. [ Formatted: Highlight
high | Formatted: Highlight
Phibs, dBm,= Z}r oo P_mask _hibs | [ b
‘ N [Formatted: Highlight
Here, f low and f _high are lower and upper ends of RDSS receive RF filter centered at 2491.75 N L
| Formatted: Highlight
MHz.
. . } [Formatted: Highlight
-The results are provided in Table A4.5.2.9. ‘ —
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TABLE A4.5.2.9 [Formatted: Highlight
HIBS BS interference exceeding the RDSS compression threshold [Formatted: Left
Receive Transmit Receiver input Max Exceedance with respect to
Filter BW Power of HIBS compression level Interference protection criteria
(dBm) within the threshold (dBW/MHz) (dB)
receiver BW (dBW)
Type 1/2/3 Type 4 Type 1/2/3 Type 4
16.5 MHz 8.6 -135 -134.9 -130.2 0.1 4.8
24 MHz 29.9 -135 -1135 -108.8 215 26.2
60 MHz 37.0 -135 -106.4 -101.7 27.6 33.3
90 MHz 39.4 -135 -103.9 -99.2 311 35.8
interference exceeding the RDSS ¢ ression threshold with 3 dB a [Formatted: Highlight
Receive Transmit Receiver input Max Exceedance with respect to
Filter BW Power of HIBS compression level Interference protection criteria
(dBm) within the threshold (dBW/MHz) (dB)
receiver BW (dBW)
Type 1/2/3 Type4 Type 1/2/3 Type 4
16.5 MHz 8.6 138 —134.9 ~130.2 31 7.8 ( Formatted: Highlight
24 MHz 29.9 —-138 -1135 —-108.8 24.5 29.2 [Formatted: Highlight
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Sensitivity Analysis: with respect to HIBS BS altitude change from 20 to 18 Kms, the sensitivity
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analysis has been carried out. The maximum interference and corresponding exceedance against
protection thresholds increases by 0.9 dB for 18 km altitude compared to 20 kms altitude of HIBS
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BS,

A4.52.4 Casell: HIBS UE to RDSS USER TERMINAL

A4.5.2.4.1 Propagation model

For the possible study scenarios relating to the user equipment (UE) communicating with HIBS
(herein called HIBS UE) and RDSS, based on the input from contributing group to WP 5D
(Doc. 5D/723), following Recommendations are used:

- Interference scenario/path between HIBS UE and stations on the surface of the Earth,
Recommendation ITU-R P.1812

- Interference scenario/path between HIBS UE and stations in the atmosphere of the
Earth, Recommendation ITU-R P.528

- Interference scenario/path between HIBS UE and stations in the space,
Recommendation ITU-R P.619.

Accordingly, for the study of interference from HIBS BS and RDSS USER TERMINAL the
document Recommendation ITU-R P.1812 has been followed. Additionally, the study considered 3
dB of polarization loss.

A4.5.2.4.2 Methodology

Considering above technical and deployment related parameters Monte-Carlo simulations were
carried out to find the probabilities of Interference power received at RDSS USER TERMINAL due
to the OOB emission from HIBS UE. The worst case 1 MHz OOB emission within RDSS band has
been considered which falls within the signal bandwidth of defined RDSS parameters. The
spectrum mask of the HIBS UE is shown in Figure A4.5.2.9.
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FIGURE A4.5.2.9
HIBS UE emission mask

RDSS Band

To generate the CDF of received interference power, Monte Carlo simulation with 50 000 snapshots
was carried out. The typical single simulation snapshot is shown in Figure A4.5.2.10. The received
interference power is aggregate of all 21 HIBS UEs within the study area. The CDFs were obtained
for RDSS USER TERMINAL Type 1/2/3 and Type 4 separately as shown in Figures A4.5.2.11a
and A4.5.2.11b.
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FIGURE A4.5.2.10

Typical snapshot of the simulation scenario

E/:\ﬂ,H'BS BS

Study Area HIBS UEs

FIGURE A4.5.2.11-A
CDF of HIBS UE interference power at RDSS USER TERMINAL Type 1/2/3

Received HIBS Interference Power at RDSS Receiver Type 1/2/3
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FIGURE A4.5.2.11-B
CDF of HIBS UE interference power at RDSS USER TERMINAL Type 4

Received HIBS Interference Power at RDSS Receiver Type 4
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The expected HIBS UE interference exceeding the RDSS protection threshold (for wideband
interference) defined and is shown in Table A4.5.2.10.

TABLE A4.5.2.10
HIBS UE interference exceeding the RDSS protection threshold

RDSS USER Acquisition mode Keep out distance Max Exceedance with
TERMINAL Threshold (meters) Interference respect to protection
Type (wideband Interference) (dBW/MHz) criteria
(dBW/MHz) (dB)
Type 1l —-150.3 460 37.9
Type 2 —148.7 420 -112.4 36.3
Type 3 —146.9 370 345
Type 4 —-150.3 580 —-108.9 414
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IBS UE interference exceeding the RDSS protection threshold with 3 dB apportionment [Formatted: Highlight
RDSS USER Acquisition mode Keep out distance Max Exceedance with
TERMINAL Threshold (meters) Interference respect to
Type (wideband Interference) (dBW/MHz) protection criteria
(dBW/MHz) (dB)
Type 1 —153.3 540 40.9 N Formatted: Highlight
Jype 2 1517 490 1124 393 | Formatted Table
JType 3 —149.9 440 37.5
JType 4 =538 660 —108.9 44.4

| Formatted: Highlight

Formatted: Highlight
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Note to above Table-18: The maximum interference has occurred at 10 meters distance between HIBS UE and RDSS
UE. However, as both HIBS and RDSS USER TERMINALSs are mobile, the maximum interference power can be
higher than the shown value depending on the distance between HIBS and RDSS user terminals.

Formatted: Highlight

A4.525 Summary of outcome:

A4.5.2.5.1 HIBS BS to RDSS USER TERMINAL:

a) The adjacent band study is carried out considering single element and composite
antenna patterns for HIBS BS. Considering that there is no gap between RDSS and
proposed HIBS spectrum band, composite antenna pattern analyses is relevant.

b) The interference due to OOB emission of HIBS BS to RDSS USER TERMINAL is
exceeding the protection threshold with significant probability. This can be avoided by
reducing the worst-case HIBS OOB emissions in any 1 MHz within the RDSS band by

increases by 0.9 dB for 18 km altitude compared to 20 kms altitude of HIBS BS.

Considering the amount of exceedance in all cases, coexistence of HIBS and RDSS in the adjacent
band may not be possible.
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at least 24-17 dB.- [Formatted: Highlight
C) To protect the RDSS receiver from compression/blocking, the total HIBS OOB

emission within the RDSS band needs to be reduced by at least 5-8 dB. [Formatted: Highlight
d) To protect the RDSS receiver with wide RF filters from compression, the total HIBS

e.i.r.p. has to be reduced by 26-t6-36- 29 to 39 dB. [Formatted: Highlight
e) The maximum interference and corresponding exceedance against protection thresholds* [Formatted: Highlight

A4.5.2.5.2 HIBS UE to RDSS USER TERMINAL

a) The interference due to OOB emission of HIBS UE to RDSS USER TERMINAL is
exceeding the protection threshold in the range of 34.5 to 41.4 dB requiring the keep-out
distances in the range of 370-5480 meter to meet the protection criteria._Protection [Formatted; Highlight
threshold is further increases in the range of 37.5 to 44.4 dB and requiring the keep-out
distances in the range of 440-660 meter to meet the protection criteria with 3 dB

apportionment.

[ Formatted: Highlight

b) The maximum interference from HIBS UE to RDSS USER TERMINAL will depend on
distance among the UEs, and can be significantly higher than the RDSS protection
thresholds.
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Considering the ubiquitous nature of HIBS UE and RDSS user terminals, it is not practically
possible to ensure the required keep-out distances to meet the protection criteria. Hence, the
coexistence of HIBS and RDSS may not be possible in these adjacent frequency bands.

A4.6 Compatibility studies between aeronautical radionavigation service in the adjacent
2 700-2 900 MHz band and HIBS operating in the 2 500-2 690 MHz frequency
range

[Editor’s note: In order to facilitate the comparison of results among different studies, it is invited
that the summary and analysis of each study contains the different elements used, including among
others, the AAS antenna pattern, propagation model (and % used), use of polarization loss, use of
CDF, pfd, and protection criteria. Common agreement on each of these elements would facilitate
comparison of studies.]

A4.6.1 Study A

This study is revised to consider the discussions that occurred during the June 2021 WP 5D
meeting.

This study evaluates possible interference from a High-altitude platform station as IMT Base
Station (HIBS). The user equipment is not considered as a source of interference in this case.

Abbreviations and acronyms

ARNS Aeronautical Radio Navigation Service
ATC Air Traffic Control

BS Base station

BW Bandwidth

e.i.r.p. Equivalent isotopically radiated power
FDD Frequency division duplex

FDR Frequency dependent rejection

H/V Horizontal/vertical

HIBS High-altitude platform station as IMT Base Stations
I/N Interference-to-noise ratio

IMT International Mobile Telecommunications
NF Noise Figure

Ptx Transmit power

TDD Time division duplex

UE User equipment (user terminal)

A4.6.1.1 Technical and operational characteristics of HIBS operating in the
2 500-2 690 MHz frequency range

HIBS stands for a High-altitude platform station as IMT Base Stations. A high-altitude platform
station is defined in RR No. 1.66A as a “A station located on an object at an altitude of 20 to 50 km
and at a specified, nominal, fixed point relative to the Earth”. RR No. 4.23 limits transmissions to or
from high altitude platform stations to bands specifically i