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[Edi tor 6s note: As guidance for future input
study provided:

1.1 Study A

111 Technical characteristics

[This section provides the specific parameters used in the included study/studies
11.2 Propagation models

[This section providespecificpropagation modeland related parameters for sharing/interference
analyses used in the study.]

113 Methodology

[This section providesit methodology used in this stdy

114 Study results

[This secikon provides hesharing and compatibility study resultstbfs study.]
115 Summary and analysis of the results of Study A

[This section provideshie summary and analysis of the results of this stdidy.]

1 Introduction

This document provides the sharing and compatibility studies ofdtighde platform stations as

IMT base stations (HIBS) in the 6960 MHz, 1 7161 885 MHz, 1 885L 980 MHz, 2 010
2025MHz, 2 1162 170 MHz, and 2 50@ 690 MHz frequency ranges withhetr services and
systems referenced under resolves to invite-R'R in Resolutior247 (WRGC-19), to ensure¢he
protection of services, without imposing any additional technical or regulatory constraints in their
deployment, to which the frequency bandlisaated 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
regionallyharmonized for IMT.
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2 Allocation information

The relevant allocation information is contained in the RR Arficia the Tables for the frequency
ranges 46890 MHz, 8961 300 MHz, 1 71 170 MHz, 2 17€ 520 MHz, and 2 52@ 700 MHz.

3 Propagation modds and technical and operational characteristics

3.1 Technical and operationalcharacteristicsof HIBS

The technical and operational characteristics of HIBS are contained in the working document
towards a preliminary draft new Report [TRIM.[HIBS-CHARACTERISTICS](seeAnnex 4.19
to Working Party 5D ChR7l®.mands Report, Document

3.2 Propagation models and technical and operationatharacteristics 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 3N 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 (SRpassive))
WP 7D Radio astronomy (RAS) 5D/261
4 Sharing and compatibility studies

The sharing and compatibility studies are contained itimexesto thisdocument

5 Summary and analysis of the results of studies

[Edi tor 6s not e: Taummaryokal thei siudies hetweeh HIBScand ekidtirg
services, which should be transposed to the Section 3 of the Draft CPM text fe23MgENda
item 1.4. It may also include possible mitigation measures, as applicable.

[Edi tor6s note: In case of more than one study, need to s

in each study only the characteristics used that are not already described in S¢ction [Formatted: English (U.S.)
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Sharing and compatibility studies of highitude platfem stations as IMT base stations
(HIBS) in the 694960 MHz frequency range

Sharing and compatibility studies of higltitude platform stations as IMT base stations
(HIBS) in the 1 7161 885 MHz frequency range

Sharing and compatibilitytedies of highaltitude platform stations as IMT base stations
(HIBS) in the 1 8851 980 MHz, 2 01& 025 MHz and 2 112 170 MHz frequency
ranges

Sharing and compatibility studies of higltitude platform stations as IMT base stations
(HIBS) inthe 2 5082 690 MHz frequency range
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ANNEX 1

Sharing and compatibility studies of highaltitude platform stations as IMT base
stations (HIBS)in the 694960 MHz frequency range

Al1l Sharing studies between land mobile service excluding IMT and HIBS opetiag in
the 694960 MHz frequency range

The applications of the land mobile service in the-86@ MHz frequency range include:

- Trunk systems in the 86860 MHz range;

- Public Protection and Disaster Relief Operations (PPDR) in th&8824MHz range;
- Digital dispatch systems in different bands in the-346 MHz range;

- Systems for public mobile communications with aircraft in Region 2 in the 849
851MHz and 894896 MHz frequency ranges.

It is important to note that several of these frequency rangeklviall in the proposed HIBS uplink
arrangement (i.e., 69848 MHz, 824862 MHz, and 88®15 MHz), and thus the sharing and
compatibility would not differ from the existing conditions for terrestrial IMT networks.

For example, the PPDR broadband appiice in the sulsanges 69491 MHz and 79862 MHz

in Region 1, and 76803 MHz in Region 2 are mostly aligned with the channel arrangements
proposed for IMT in Recommendation ITRIM.1036, which would therefore align with the
proposed channel arrangemefotsHIBS 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 tlaesaot coincide with that of

HIBS in the same Region.

Al.2 Sharing studies between the ground component of IMT and HIBS operating in the
694960 MHz frequency range

Al.2.1 Study A
Al.2.1.1 Technical characteristics

Al1.2.1.1.1 Technical and operationalcharacteristics of HIBS systems operating in the
frequency band 694960 MHz

This section provides the characteristics of HIBS systems, according to the PDNRNIHIBS-
CHARACTERI STI CS] (Annex 4.19 to Wor kiDfMl®. Party 5D Chai rn
TableAl1.2.1.1 provides the specificatioalated parameters to be used in this analysis for HIBS.

TABLE Al1.2.1.1

Specificationrelated parameters of HIBS (Base Station)

No. Parameter Band 1
(694960 MHz)
Duplex Method FDD
Channel bandwidth (MHz) 20 MHz [Formatted- English (U.S.)
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3 Signal bandwidth (MHz) 18 MHz
Power dynamic range (dB) 0 dB conducted BS output power
5 Spurious emissions 113 dBm/100 kHz

Table A1.2.1.2 shows deploymemiated parameters usidthis analysis for HIBS and the
associated UEs.

TABLE Al1.2.1.2

Deployment related parameters of HIBS and the UE associated to HIBS

No. Parameter Band 1
(694960 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
2.1 HIBS Platform Altitude 20
2.2 Number of cells/HIBS 7
2.3 Frequency reuse 1
25 HIBS Platform Antenna pattern RecommendatioiiTU-R M.2101
Element gain 8 dBi
Horizontal/vertical 3B beamwidth 65° for bothH/V
of single element
Horizontal/vertical frontto-back ratio 30 dB for both H/V
Antenna polarization Linear/+45 degrees
Antenna array configuration 2 x 2 elements (llayer cell),
(Row x Column) 4 x 2 elements per cellPayer cell)
Horizontal/Vertical radiating elemen 0.5 of wavelength for both H/V
spacing
Ohmic losses 2dB
2.6 | HIBS Platform Antenna tilt 90° ('layer cell),
330 (2 layer cell)
2.7 HIBS Conducted power per antenng 37 dBm (£'layer cell),
element 34 dBm (2%layer cell)
2.8 HIBS Platform e.i.r.p./cell 55 dBm (' layer cell),
58 dBm (2%layer cell)
2.9 HIBS Platform e.i.r.p. Spectral 42 dBm/MHz (f'layer cell),
Density/cell 45 dBmMHz (2" layer cell)
3 UE characteristics
3.1 UE density for equipment that are 3 UEs per cell
transmitting simultaneously
3.2 UE height 1.5m
3.3 Body loss 4 dB
3.4 | Typical antenna gain for UE -3 dBi
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3.5 | Transmit power control model Refer toRecommendation IT{R M.2101

3.6 Maximum UE transmitter output 23 dBm

power

Al1.2.1.1.2 Technical and operational characteristics of the ground component of IMT
operating in the frequency band 694960 MHz

This section provides the characteristics of IBf/Etems, according ©haracteristics of terrestrial
component of IMT for sharing and compatibility studies in preparation for \#R@nnex 4.4 to
Wor king Party 5D Chairmand6s Report, 5D/ 716)

Tables A1.2.1.3 and Al.2.1.4 provide the deploynrelsited pammeters 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 A1.2.13

Deploymentrelated parameters for bands below 1 GHz

Urban/suburban macro Rural macro
Base station characteristics/Cell structure
Cell radius urban macrol.5 km 8 km

suburban macro: 3 km

Antenna height 30m 30 m
Sectorization 3 sectors 3 sectors
Downtilt 3 degrees 3 degrees
Frequency reuse 1 1
Antenna pattern Recommendation ITHR F.1336 (ecommendS.1)

ka=0.7

k,=0.7

ky=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 RecommendationJR.1336.
Vertical beam width 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 ITUR M.2292)

46 dBm in 10 MHz

46 dBm in 10 MHz

Maximum base station antenna gain
(Report ITUR 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

Networkloading 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 FRJ 70% 50%
M.2292)
Indoor user terminal penetration loss Rec. ITUR P.2109 Rec. ITUR P.2109
User equipment density for terminals that ar¢ 3 UEs per sector 3 UEs per sector
transmitting simultaneously
UE height 15m 1.5m
Average user terminal output power Use trasmit power Use transmit power
control control
Typical antenna gain for user terminals 13 dBi 13 dBi
Body loss 4 dB 4 dB
Transmit power control
Power control model Refer to Recommendation IFTR M.2101 Annex 1,
section 4.1

Maximum user terminal outpyower, PCMAX 23 dBm 23 dBm
Power (dBm) target value per RB, PO_PUS( 192.2 192.2
Path loss compensation factar, 0.8 0.8
(same as fbalancing
ITU-R M.2101)

Table A1.2.1.5 provides the protection criterion for IMT systéimsspective 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 criterionl(N) 16dB

Al1.2.1.2 Propagation models for sharing and compatibility studies in the frequency band
694960 MHz

According to the liaison statement from HRJ SG3 (Doc. 5D/723, Recommendation ITAR
P.5284 is used to model the basic transmission loss between HIBS BS and UEs in the ground.

In urban and suburban scenariascording to the liaison statement 5D/723, Document 3K/178
(Annex 6 to Wor ki ng Piausedyo c8ldtlat€diutier losmands Report)

When the user equipment of the ground component of IMT system is indoors, building entry loss
shall be considered according to RecommendationRTRI21091.
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A1.2.1.3 Methodology

This section describes the methodolodgynwdelling 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 1.1Determine evaluation area.

According to the PDNR ITLR 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 tieecedintf 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 Al1.2.1.1

Coexistence scenario of HIBS and the ground component 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 altitudeof 26th the structure of

7 cells. The IMT system is composed of 19 cells, with stracture 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 thinterference from HIBS Bctorto each IMT UE.

In HIBS downlink transmission, the interference pofvem HIBS BS sector to theMT UE could
be calculatedy equation (1) as below.

In:Ptx+Gt><_ PL+er (1)

where:

[ Formatted: English(U.S.)
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In: interference power from theth HIBS base statiosectorto the IMT UE,
dBm/20MHz;

P« : HIBS base station transmit power in the reference bandwidth, dBvtiA20

Gw: The antenna gain of theth HIBS base statiosectorin direction of the IMT
UE, dB;

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

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

s =1000g[& 7 107") -

where:
lota:  received aggregate interference for IMT UE, dBmivaaz;
n: index of theHIBS BS sectors
In: received interference powkpm the nth HIBS BS secto(dBm/20MHz);
N: the total number dflIBS BS sectors

Step 3:  Compare the defineldN protection criterion and analyse the simulation results.
Al.2.1.4 Study results

Al1.2.1.4.1 HIBS antenna patterns

The antenna patterns for HIBS base station are shoviollowing figures, in accordance with
Recommendation IT4R M.2101. In the frequency band 6980 MHz, HIBS system uses Non
Advanced Antenna System (N@YAS).
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FIGURE A1.2.1.2

HIBS antenna pattern for 1% layer cell (2<2 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 A1.2.1.4, where HIBS UEs are randomly distributed iootferage ared he
simulations were done with 700 snapshots.
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FIGURE Al1.2.1.4
The CDF of propagation loss in urban areas
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Al1.2.1.4.3HIBS interference

Al1.2.1.5 Summary and analysis of the results of Study A
[Edi tor 6s not e: Hebummanand antlysie of theresolts of thise Sjdyt

Al1.3 Sharing studies between aeronautical radionavigation service and HIBS operating
in the 694960 MHz frequency range

[TBD]

Al4 Sharing and compatibility studies between broadcasting servisan the

470-960MHz band and HIBS operating in the 694960 MHz frequency range

The use of the frequency band 6883 MHz by HIBS would be in the uplink direction, consistent
with Recommendation ITAR M.1036 and basegkclusivelyon FDD duplex modéno use of TDD
duplex male). Since a HIBS base station will not transmit in the band adjacent to the broadcasting
service in the 47898 MHz band, it could be considered that interference from HIBS in the uplink
direction to broadcasting receivers operating in adjacent freqbamclis unlikely to be a problem.

In terms of sharing conditions between HIBS and broadcasting services in t86GMMHz

frequencythe high altitude of the HIBS base stations gives them a potential of interference over a
very large areds they may opete in cechannel with broadcasting services in neighbouring
countries co-channekharingandcompatibility studies between terrestrial broadcasting service and
HIBS downlinks operating in the 660 MHz frequency range are needed to determine thefsize o
the area over which an existing receiving installation of the terrestrial broadcasting service might be
affected.

A1.5 Compatibility studies between aeronautical radionavigation service in the adjacent
frequency band and HIBS operating in the 694960 MHz frequency range

[TBD|

Al.6 Compatibility studiesbetween aeronautical mobile (route) service in the adjacent
frequency band and HIBS operating in the 69960 MHz frequency range

[TBD|
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[A1.7 Compatibility studies between radio astronomy service 1 6105613.8 MHzand
HIBS BS operating in the 694960 MHz frequency range

[Edi t ote:®shrehards to 2 harmonicsthis issue and related studies have fudly
discussegdnor concludedandnor agreed toby WP5D ]

Al.7.1 General description

The frequency band 1 61016613.8 MHz is allocated to the radio astronomy service on a primary
basis. Owing to the increased likelihood of twfesight conditions and maibeam to mairbeam

coupling, RAS stations may receive harmful interference fromamiemissions of HIBS

operating in the frequency range 808(8%.9 MHz. According to RR Articlg, No.1.1450 [ . . . ]
Spurious emissions include harmonic emissions, parasitic emissions, intermodulation products and
frequency conversion products][ é] 0.

Harnonic 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 levetiwiespect to iband 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 thtady.

According to Report ITER SM.2421 (Section 5.3), one of the measured LTE800 UE devices
produced second harmonics in the 1 700 MHz band, with dyaad emissions 681.3 dBm/MHz

just slightly below the regulatory limit for this type of device, ethis-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 frequenciesubat 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 Taldlés Al.
Al1.7.4. One HBS system is assumed to consist of two layers, with 1 central and 6 surrounding
cells as described in WDPDN REPORT FRUM.[HIBS-CHARACTERISTICS], with base

stations (BS) using the frequency arrangement A3 or A6 (see TalM&)df which the second
harronic falls into the 1 610-& 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 1 610.613.8 MHz, varying theadir distance to the HIBS
platform in a spherical Earth geometry.

Al1.7.2 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 emissiorigvel for HIBS BS is given in Table 2 of WDPDN REPORT FRUM.[HIBS-
CHARACTERISTICS] as13 dBm/MHz or-30 dBm/MHZ. Throughout this study,

the-13dBm/MHz spurious level is considered, the effect of a lower spurious level is discussed in
section A17.7. To obtain the eirp from one BS, the spurious emissions are affected by the single
element antenna pattern as described in RecommendatieR N12101 Section 5.

INote 1: The choice between t lEmfi80vdBm shquidtakeous emi ssi ons va
into consideration specificationalrequirements and the studies with other services and
applications, athe results of such studies may indicate which value is more appropriate to achieve

compatibility. [ Formatted: English(U.S.)
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TABLE A1.7.1

Platform operating characteristics

HAPS Parameters Value Reference
Altitude (nomnal) 20 km RR. 1.66A
Horizontal circulation radius’ 5 km Rep. ITUR F.2439

Altitude deviation®

+5 km (201 25 km)

Rep. ITUR 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
-30 dBm/MHz®

Table 2

Single element maximum gain | 8 dBi Table 2 and Rec. IT\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" layer offset + 30°, 9¢%, 15¢° in azimuth
relative to the RAS antenna

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

Al1.7.2.2 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 chiéstictehave 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 AL) like the Karl Jansky Very Large Array (VLA) in New

Mexico, USA.

The charactestics and protection thresholds for radio astronomy are reproduced in Tabig Al.

from the relevant recommendations.

TABLE A1.7.3

RAS operating characteristics and protection threshold

RAS Parameters Value Reference
PFD threshold -251 dB W/ni/Hz Rec.ITU-R RA.769, Table 1
Antenna gain 0 dBi Rec. ITUR RA.769
Site altitude 2.13 km (7000 8| Karl Jansky VLA (USA)

Max data loss from HIBS

2%

Rec. ITUR RA.1513

Allocated Frequency Band

1610.61 613.8 MHz

RR Vol 1 Article 5
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Antenna pattern considered fo
avoidance angle

Rec ITUR 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 RecommendatiorRTRA.769 are calculated for 0 dBi

RAS gain, and, as noted in Rec. FRJRA.1513, ensuring 0 dBi gain requires araffs angle

(avoidance angle) from a persistent interferer like a HIBS thaires 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 61016613.8 MHz resulting in data loss.

FIGURE A17.1

Avoidance angle for an RAS station

\HIBS

For only one HAPS in line of sight, the maximum permitted sky loss is of 2%, representing an

RAS
station
Nadir distance

avoidance angle of 1°5The gain for an RAS antenna as defined in Rec-RTSIA.509,
irrespective of antenna diameter, for thisaffs angle is 5.5 dBi.

Al1.7.3 Geometry: HIBST RAS distance

The geometry of the study is illustrated in FigureA 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 arglnot aligned with any one of them.
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FIGURE A17.2

Geometrical configuration of the study.

(b) 7 cells

Madir distance

RAS station

Al.7.4 Propagation model

TABLE Al.7.4

Propagation characteristics

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

0.006 dB/km * exp+4/6 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
1) Atmosphericattenuation 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

immed ate vicinity of the telescope where the only Aclutter
obstruct each other.

Al1.75 Study results

Al1.7.5.1 Harmonics level at-13 dBm/MHz

Shown in Figure A1.X.3 at left is the pfd received from HIBS transmissiorerdlome platform as

a function of the platformdébs nadir distance to the radio
HIBS and only the nadir pointing one). The threshold level defined in ReeRIRA.769 is

denoted by a dashed horizontal line. Agkrseparation the contribution from the outer layer is

enhanced by the 8@ipward 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 A17.3

Left: Received power fluxdensity vs. HIBS platform nadir distance. 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/nf/Hz in Table 1 of Rec. ITUR 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 O nadir distance arising from thepwanting BS is just that for a
conducted power ofL3 dBm/MHz affected by the maximum element gain andkimic losses at

18 km line of sight distance, resulting-it95.57 dBW/myHz. The effect of the individual antenna
element beam pattern is evident in Figure7A3 because the incident pfd from the central BS drops
much faster than the inverse square 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.

A1.7.5.11 Incident PFD compared with the protection threshold in Recommendation ITLR
RA. 769

The total incident pfd exceeds the Rec. #RURA.7692 threshold at all separations by 52 to 22 dB
(see Figure AZ.4 in the blue line). In this case, added attenuatfahe unwanted emissions of
whatever kind (see AZ.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 dengigd X

Once that is added and the threshofd in RA.769 is met, compatibility becomes a question of sky
blockage, as explained in A12.2.
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FIGURE Al7.4

Additional attenuation X, Needed to reach the RA769 levels for 0 dBi RAS antenna gain and for an 1.5
avoidance cone where pfoc 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 ek is complex because to maintain the 2% data loss, each additional HIBS in

line of sight reduces the requiredesof all cones of avoidance, implying higher RAS gain and
increased Xock 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 23:84 GHz required ¥ock = 30 dB in the direction of radio astronomy stations as
discussed in Rep. IR F.24720. This allowed the cones of avoidanaéhave radig = 3° and to
occupy 2% of the sky in the aggregate.

Al1.7.7.1 Harmonicsi30 dBm/MHz

In the case that the spurious level from BS is the lower option in Tabfe2AB0 dBm/MHz), the
pfd level at the RAS site and the needed Xblock are showigure A17.5.
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FIGURE A17.5

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 threshold251 dB W/nf/Hz in Table 1 of Rec. ITUR RA.769 at 1

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

It should be noted that studies on the effectsegbnd harmonics are not usually performed as part
of sharing and compatibility studies, and are not included in the invites of Res@UTiqVRC

19). Furthermore, when considering the FDD arrangements of RecommendatiGhNIT L036
(A4-A11), most of thepossible 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
groundbased 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 b&i6.61 613.8 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 funtesures.

To achieve compatibility of a single HIBS using a frequency arrangement as A3 or AB2T et
698-806 respectively) and a RAS station operating in the 1 616153.8 MHz band, the following
measures can be considered:

To avoid receiving harmfunterferencean RAS station would have to avoid pointing to a HIBS
with theangular separatiotbependent othe HIBS 2nd harmonics emissions lev@he 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)

b)

As assumed in thistudy, avoid the situation where HIBS BS are oriented in azimuth
directly toward RAS station

Filter or otherwise attenuaté®harmonics emissioria the direction of the RAS
station. According to Figure AZL3, the required additional attenuation for one HIBS
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(in a 2layer 7 cell HIBS system) at 100 km nadir distance from a RAS statiafipig X
=42 dB, (see Section Al4 and A.17.6) including tle additional 5.5 dB attenuation

that limits the fractional sky blockage of the region of avoidance about the HIBS to 2%.

Geographic separatign.
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ANNEX 2

Sharing and compatibility studies of highaltitude platform stations as IMT base
stations (HIBS) in the 1 7101 885 MHz frequency range

A2.1 Sharing studies between land mobile service excluding IMT and HIBS operating in
the 1 7101 885 MHz frequency range

The applications of the land mobile service in the 17885 MHz frequency range includaital
dispatch systems in the 1 78805 MHz and 1 85Q 910 MHz frequency bands. The 1 710

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

A2.2 Sharing studies betweerthe ground component of IMT and HIBS operating in the
17161 885 MHz frequency range

A2.2.1 Study A
A2.2.1.1 Technical characteristics

[Edi t or Bhis sectiontpevides 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 7101 885 MHz

This section prowdes the characteristics of HIBS systems, according to the PDNRIM[HIBS-
CHARACTERI STI CS] (Annex 4.19 to Working Party 5D Chairmar
TableA2.2.1.1 provides the specificatioalated parameters to be used in this analysis foSHIB

TABLE A2.2.1.1

Specificationrelated parameters of HIBS (Base Station)

No. Parameter Band 2
(1 7101 980 MHz

20102 025 MHz
21102 170 MHz)

1 Duplex Method FDD

2 Channel bandwidth (MHz) 20 MHz

3 Signal bandwidth (MHz) 18 MHz

4 Power dynamic rang@B) 0 dB conducted BS output power
5 Spurious emissions 113 dBm/ MHz

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

No. Parameter Band 2
(17101 980 MHz
20102 025 MHz
21102 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 stationcharacteristics/Cell Structure
2.1 HIBS Platform Altitude 20 km
2.2 Number of cells/HIBS 7
2.3 Frequency reuse 1
25 HIBS Platform Antenna pattern Recommendation ITYR M.2101
Element gain 8 dBi
Horizontal/vertical 3B beamwidth | 65° for bothH/V
of single element
Horizontal/vertical fronto-back ratio | 30 dB for both H/V
Antenna polarization Linear/+45 degrees
Antenna array configuration 2 x 2 elements filayer cell),
(Row x Column) 4 x 2 elements per cell®ayer cell)
Horizontal/Vertical radiating elemeni 0.5 of wavelength for both H/V
spacing
Ohmic losses 2dB
2.6 | HIBS Platform Antenna tilt 90° (F'layer cell),
230 (29 layer cell)
2.7 | HIBS Conducted power per antenng 37 dBm (%' layer cell),
element 34 dBm (2% layer cell)
2.8 | HIBS Platform e.i.r.p./cell 55 dBm (£' layer cell),
58 dBm (2 layer cell)
2.9 | HIBS Platform e.i.r.p. Spectral 42 dBm/MHz (£'layer cell),
Density/cell 45 dBm/MHz (29 layer cell)
3 UE characteristics
3.1 UE density for equipmerihat are 3 UEs per cell
transmitting simultaneously
3.2 UE height 15m
3.3 Body loss 4 dB
34 Typical antenna gain for UE 13 dBi
3.5 | Transmit power control model Refer to Recommendation I'FH M.2101
3.6 Maximum UE transmitter output 23 dBm

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 716l 885 MHz

This section provides the characteristics of IMT systems, according t€hhmcteristics of
terrestrial component of IMTof sharing and compatibility studies in preparation for WRE
(Annex 4.4 to Working Party 5D Chairmands Report, 5D/ 716)

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

not considered in IN1 user equipment / mobile stations.

TABLE A2.2.1.3

Deploymentrelated parameters for bands between 1 and 3 GHz

Rural macro Urban/suburban macro
Cell radius / Deployment 5 km urban macro 0.&m
density (for bands between 1 suburban macro 1 km
and 2 GHz)
(Report ITUR M.2292)
Cell radius / Deployment 4km urban macro 0.4 km
density (for bands between 2 suburban macro 0.8 km
and 3 GHz)
(Report ITUR M.2292)
Antenna height 30m 25 m urban / 30 m suburban
(Report ITUR 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.delow and
Rec. ITUR 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
Indoor user terminal usage (Report FR 50% 70%
M.2292)
Indoor user terminal penetration loss Rec. ITUR P.2109 Rec. ITUR P.2109
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User equipment density for terminals th
are transmitting simultaneously

3 UEs per sector

3 UEs per sector

UE height 15m 15m
Average user terminal outppbwer Use transmit power control Use transmit power control
Typical antenna gain for user terminals| 13 dBi 13 dBi
Body loss 4 dB 4 dB

UE TDD activity factor

25%

25%

Transmit power control

Power control model

Refer to Recommendation IFR M.2101 Annexl, section 4.1

(same as fAbalanci
Rec. ITUR M.2101)

Maximum user terminal output power, 23 dBm 23 dBm
PCMAX

Power (dBm) target value per RB, 192.2 192.2
PO_PUSCH

Path loss compensation factar, 0.8 0.8

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 WRE23.

Table A2.2.1.5 provides the protectigriterion 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

Protecton criterion (I/N)

-6 dB

A2.2.1.2 Propagationmodels for sharing and compatibility studies in the frequency band

17101 885 MHz

According to the liaison statement from HRJSG3 (5D/723), Recommendation HRJP.5284 is
used to model the basiansmission 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

report) isentosed to cal cul
the ground component of IMT system is indoors, building entry loss shall be considered according

to Recommendation ITAR P.21091.

Wor king Party 3

A2.2.1.3 Methodology

K Chairmanods

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

Step 1:Determineevaluationarea and the deployment of HIBS and the ground component of IMT

system.

Step 1.1Determine evaluation area.
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According to the PDNR ITER M.[HIBS CHARACTERISTICS], the potential usage scenafts

HIBS are coverage enhancement for rural and remote areas, safety and security, internet of things,
and event services. Teover all kinds of border areas, the deployment scenarios for the ground
componenbdf IMT system are assumed to contain urbanysgadn and rural areas.

The coexistencscenariofor 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 thetatise 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 H#88 the ground component of IMT system.

The HIBS base stations is assumed to be deployed at the altitudekrof 26th 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 grourmbmponent 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 HIBSsB&orto each IMT UE.
In HIBS downlink transmission, the interference pofrem HIBS BS sector to théT UE could
be calculatedby equation (1) as below.

|n:Rx+Gtx_ I:’L-I-er (1)

where

In: Interference power from theth HIBS base statiosectorto the IMT UE,
dBm/20 MHz;

Pw: HIBS base station transmit power in the reference bandwidth , dBwiA20Q

Giw: The antenna gain of théiBS base statiosectorin 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;

Gix: 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:

tolal _10|Og(é. OI /10) (2)

where
lota: Received aggregate interferencetfodIMT UE, dBm/20MHz;
n: Index of theHIBS BS sectors
In: Received interference powieom the nth HIBS BS secto(dBm/20MHz);
N: The total number dfliBS BS sectors
Step 3:  Compare the defirEl/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 ITHR M.2101.In the frequency band I10-1885MHz, HIBS system uses
Advanced Antenna System (AAS).
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FIGURE A2.2.1.2

HIBS antenna pattern for 1% layer cell (2<2 elements)
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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 shownin 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 Al1.2.1.4

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

A2.2.1.5 Summary and analysis of the results of Study A
[Edi tor 6s not e: Hebummarysapdcahalysisrof the resultsioftthes siudy.

A2.3 Sharing studiesbetweenfixed senvice and HIBS operating in the 1 7161 885 MHz
frequency range

See Section A3.3.

A2.4 Sharing studies betweerspace research service (Eartio-space)and space
operation service (Earthto-space)in the 1 7501 850 MHz bandand HIBS
operating in the 1 7161 885 MHz frequency range

The frequency band 1 780850 MHz is allocated to the space operation (Bardpace) and space
research (Eartko-space) services in Region 2 (except in Mexico), in Australia, Guam, India,
Indonesia and Japan on a primary basibject to agreement obtained under RRN®1, having
particular regard to troposcatter systems, as identified under RR 3&&

[As shown in theAppendix, since the interference level from HIBS to space stations is much lower
than that from grountiased IMT base stations, any HIBS specific mitigation measures to protect
the space stations would not be neceskary.

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

A2.5.1 Study A

This studyis for interference from a higaltitude platform station as IMT base station (HIBS) to
aeronautical mobile service stations operating in 217860 MHz frequency range.

A2.5.1.1 Technical and operational characteristics of HIBS operating in the 1 710
1850MHz frequency band

The technical and operational characteristics of a-aitiftude platform station as IMT base station
(HIBS) are based on the working documents towards a preliminary draft new Repdtt ITU

JDOCUMENT IN PANDEY SIRNSG 5FEB 2022 MEETINGZINAL DOCS FOR SUBNSSIONDOS CONTRIBUTION_AI1.4_HIBS VS
MSS BSS RDSS.DOCMABR 0 0 = 21
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M.[HIBS-CHARACTERISTICS] (Annex 4.19 of 5D/716) and summarized in this section. The
following TableA2.5.1.1provides the HIBS frequency arrangements in -850 MHz band.

The interference from HIBS will be calculated for the analysis.

TABLE A2.5.1.1
HIBS Frequency arrangements in 1 714 850 MHz band
Frequency band
No. Mobile station transmitter Base station transmitter Duplex mode
(MHz) (MHz)
B2 17101785 18051880 FDD
B4 17101785 18051880 FDD

The deployment related parametersHi®BS for use in sharing studies are given in following

TableA2.5.12.

TABLE

Deployment related parameters

A25.12
in 1 714 850 MHz frequency band

Parameter

Band 2

(17101 980 MH2)

Network topology and characteristics

BS density or ISD

1 BS/HIBSarea

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 ITYR 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 filayer cell),

4 x 2 elements per cell@ayer cell)
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Band 2
Parameter
(17101 980 MH2)
Horizontal/Vertical radiating element spacing 0.5 of wavelength for both H/V
Ohmic losses 2dB
Channel Bandwidth 20 MHz

90° (F'layer cell),

230 (29 ayer cell)

37 dBm (£ layer cell),

34 dBm (2% layer cell)

55 dBm (£' layer cell),

58 dBm (2% layer cell)

42 dBm/MHz (£'layer cell),
45 dBm/MHz (29 layer cell)

HIBS Platform Antenna tilt

HIBS Conducted power per antenna element

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

HIBS Platform e.i.r.p. Spectral Density/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 -3 dBi

Transmit power control model Refer to Recommendation IFH 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 7801 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 §tatéea.transmissions

could use bidirectional ato-ground links. Table 3 below provides the typical technical

characteristics of representative systems operating in aeronautical mobile service in the frequency

range 1 78€L 850 MHz. WP 5B has finalized tlcbaracteristics for AMS systems in frequency

bandsof1780@ 850 MHz which are provided in Chairmanés report
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 A2.5.13
Typical technical characteristics of representative systems operating in aeronautical mobile service in the frequency rangé80-1 850 MHz

System 1 System 1 System 2 System 2 System 3 System 3
Parameter Units

Airborne Ground Airborne Ground Airborne Ground
Tuning 17801
range MHz 850 178061 850 17801 850 178061 850 17801850 | 178061850
IF
Selectivity MHz 6 6 0.2 0.2 1 1
(3 dB)
Noise figure | dB 35 3 25 25 3 3
Antenna Omni- Omni- I Oomni- I Omni- N Omni- Omni Omni
type directional | directional Directional directional Directional directional Directional directional directional | directional
Antenna g 3 6 19 31 35 16 3 30 3 3 13
gain
1%sidelobe | dBi Not Not 6 1 Not 9 Not 17 Not Not 6

applicable | applicable applicable applicable applicable applicable

Rec ITUR Rec ITUR Rec ITUR Rec ITUR Biconical
Antenna Omni Omni M.;851 M4851 Omni M4851 Omni M.;851 Oomni Omni dipole (Rec.
pattern Uniform Uniform Uniform Uniform ITU-R F.1336)
distribution distribution distribution distribution .
Horizontal
beamwidth Degrees| 360 360 16 3.3 360 33 360 4.4 360 360 360
Vertical Degrees| 90 ) 16 3.3 35 33 40 44 180 180 10
beamwidth
ﬁgitgr:‘t”a Meters | 20 000 10 10 10 20 000 20 000 10 10 15 000 10 10
IIN
protection dB 16 16 16 16 16 16 16 16 16 16 16
criteria
INGFINAL DOCS FOR SUBMSBSIONDOS_CONTRIBUTION_AI1.4_HIBS VS MSS BSS
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A2.5.1.3 Propagation model

Recommendation ITAR P.1409, indicates that Recommendation-RB.528 should be used for
studies of frequency sharing between kadfitudeplatform networks and other aeronautical
stations.

A2.5.1.4 Methodology

The following FiguresA2.5.1.1andA2.5.1.2show the interference scenarios from a katffiude

platform station as IMT base station (HIBS) to AMS stations. Fig2ré.1.1representhe

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 neobdrvices.

FIGUREA2.5.11

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

UE Legend:
—
Desired Link
-———>
Interference Link to Aircraft
. . terminal
Aeronautical Station ermina
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

UE

Aircraft Terminal

Q Legend:

UE UE

—
Desired Link

Interference Link to Aircraft Terminal

[Edi tor 6s Note: Further details for

A2.5.1.5 Scenarios and results of the study
[TBD]

A2.5.1.6 Summary and analysis of the results of Study A
[TBD]

A2.6 Compatibility studies betweenmeteorological satellite servicén the adjacentl
6701 710 MHzfrequency band and HIBS operating in the 1 714 885 MHz

frequency range

As HIBS are intended to be used as a part of, and complement to, terrestrial IMT nettreyrks,
will usethe same frguency bands as groubédsed IMT base stationSinceresolvesl of

Resolution223 (Rev.WRG19) invites administration for implementation of IMT above 1 GHz to
consider "the benefits of harmonized utilization of the spectrum for the terrestrial component o

IMT, taking into account the services to which the frequency band is currently allodatentild
be expected that administrations who deploy HIBS in 217885 MHzare likelyto employ the
same band plans (i.e. Recommendation-R W.1036) athoseused by groundbased IMT
networks. Furthermoregection 5 of Recommendation ITRIM.1036 provides onlthe uplink

directions of frequency arrangements based on FDD duplex mode in the frequency baiid 1 710

785 MHz.

It should also be noted that developmemew frequency arrangements would be outside the
scope of WRE3 agenda item 1.4 basediamites WRE23 of Resolutior247 (WRC-19) so as to

avoidany technical and operational changes to existing IMT identifications.
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Based on the above consideratidi8S would only use the frequency band 1 -11985 MHzin

the uplink directionAs a HIBS base station will not transmit in the band adjacent to meteorological
satellite(MetSat) operations in 1 67D710 MHz band, it could be considered that interferénce
unlikely to befrom HIBS in the uplink direction to MetSat Earth stations operating in adjacent
frequencyband However, it is noted that the limitation of HIBS in the uplink direction is not based
on regulatory conditions but only on Recommendalfidsi-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 570-1 710 MHz band would be ensured if the 1 711885 MHz band in the

future will be proposed for usage byB$ in the downlink direction or for TDD duplex mode.

[Edi tords not e: It would be valuable to provide in this s
protection of Me#at in the 1670-1 710 MHz would be ensured from technical point of \jiew.
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ANNEX 3

Sharing and compatibility studies of highaltitude platform stations as IMT base
stations (HIBS) in 1 8851 980 MHz, 2 0162 025 MHz and 2 112 170 MHz
frequency ranges

A3.1 Sharing studies between land mobilserviceexcluding IMT and HIBS operating in
the 1 8851 980 MHz, 2 01e2 025 MHz and 2 11 170 MHz frequency ranges

The applications of the land mobile service in the 1-B880 MHz, 2 01 025 MHz and 2 110

2 170 MHz frequency ranges include digital dispatch systems in the-1 850/1 9361 990 MHz
and 1 92601 980/2 112 170 MHz frequency bands. Currently, HIBS may use the bands-1 885
1980 MHz, 2 012 025 MHz, and 2 132 170 MHz as per RR N&.388A and in accordance
with Resolutior221 (Rev.WRGCO07), which does not include any additionegulatory 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
18851 980 MHz, 2 0162 025 MHz and 2 112 170 MHz frequency ranges

A3.2.1 Study A

A3.2.1.1 Technical characteristics
[Edi t or Dhis sentiortpeovides 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 8851 980 MHz, 2 0162 025 MHz and2 1102 170 MHz

This section provides the characteristics of HIBS systems, according to the PDNRNIHIBS-
CHARACTERI STI CS] (Annex 4.19 to Working Party 5D Chair mar
A3.2.1.1 provides the specificatioalated parameters be used in this analysis for HIBS.

TABLE A3.2.1.1

Specificationrelated parameters of HIBS (Base Station)

No. Parameter Band 2

(1 7161 980 MHz
20102 025 MHz
21102 170 MHz)

1 Duplex Method FDD

2 Channel bandwidth (MHz) 20 MHz

3 Signal bandwidti{MHz) 18 MHz

4 Power dynamic range (dB) 0 dB conducted BS output power
5 Spurious emissions 113 dBm/ MHz

Table A3.2.1.2 shows deploymemrlated HIBS parameters for this analysis.
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TABLE A3.2.1.2

Deployment related parameters of HIBS and the UERssociated to HIBS

No. Parameter Band 2
(17101 980 MHz
20102 025 MHz
21102 170 MHz)
1 Network topology and characteristics
1.1 BS density or ISD 1 BS/HIBS area
12 HIBS area radius 100 km
1.3 HIBS Network Configuration FDD
(Duplex Mode$?
2 Base station characteristics/Cell Structure
2.1 HIBS Platform Altitude 20 km
2.2 Number of cells/HIBS 7
2.3 Frequency reuse 1
25 HIBS Platform Antenna pattern Recommendation ITU4R M.2101
Element gain 8 dBi
Horizontal/vertical 3B beamwidth | 65° for bothH/V
of single element
Horizontal/vertical fronto-back ratio| 30 dB for both H/V
Antenna polarization Linear/+45 degrees
Antenna array configuration 2 x 2 elements fllayer cell),
(Row x Column) 4 x 2 elements per cell Bayer cell)
Horizontal/Vertical radiating elemen| 0.5 of wavelength for both H/V
spacing
Ohmic losses 2dB
2.6 HIBS Platform Antenna tilt 90° (£ layer cell),
230 (X layer cell)
2.7 HIBS Conducted power per antenng 37 dBm (£' layer cell),
element 34 dBm (2%layer cell)
2.8 HIBS Platform e.i.r.p./cell 55 dBm (£' layer cell),
58 dBm (2 layer cell)
2.9 HIBS Platform e.i.r.p. Spectral 42 dBm/MHz (£'layer cell),
Density/cell 45 dBm/MHz (29 layer cell)
3 UE characteristics
3.1 UE density for equipmerihat are 3 UEs per cell
transmitting simultaneously
3.2 UE height 1.5m
3.3 Body loss 4 dB
34 Typical antenna gain for UE 13 dBi
3.5 Transmit power control model Refer to Recommendation IFH 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 1 888. 980 MHz, 2 0162 025 MHz and
21102170 MHz

This section provides the characteristics of IMT systems, accordirtgetcCharacterists of
terrestrial component of IMT for sharing and compatibility studies in preparation for -28RC
(Annex 4.4 to Working Party 5D Chairmands Report, 5D/ 716)

Tables A3.2.1.3 and A3.2.1.4 provide the deploynteldted 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 ITHR F.1336 are considered for IMT base stations. Impléatien of AAS is

not considered in IMT user equipment / mobile stations.

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

TABLE A3.2.1.3

BS Deploymentrelated parameters for bands between 1 and 3 GHz

Rural macro Urban/suburban macro
Cell radius / Deployment 5 km urban macro 0.5 km
density (for bands between suburban macro 1 km
and 2 GHz)
(Report ITUR M.2292)
Cell radius / Deployment 4km urban macro 0.4 km
density (for bands between suburban macro 0.8 km
and 3 GHz)
(Report ITUR M.2292)
Antenna height 30m 25 m urban / 30 m suburban21GHz)
(Report ITUR M.2292) 20 m urban / 25 m suburban-§2GHz)
Sectorization 3 sectors 3 sectors
Frequency reuse 1 1
Below rooftop base station 0% Urban: 30% (12 GHz), 50% (23 GHz)
antenna deployment (Repor Suburban: 0%
ITU-R M.2292)
Typical channel bandwidth 10 or 20 MHz 10 or 20 MHz
Network loading factotbase 50% 50%
station load probability X%)
(see section 3.4 below and
Rec. ITUR 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 FR 50% 70%
M.2292)
Indoor user terminal penetration loss Rec. ITUR P.2109 Rec. ITUR P.2109
User equipment density for terminals th 3 UEs per sector 3 UEs persector
are transmitting simultaneously
UE height 15m 15m
Average user terminal output power Use transmit power control Use transmit power control
Typical antenna gain for user terminals 13 dBi 13 dBi
Body loss 4 dB 4 dB
UE TDD activity factor 25% 25%
Transmit power control
Power control model Refer to Recommendation ITH M.2101 Annex 1, section 4.1
Maximum user terminal output power, 23 dBm 23 dBm
PCMAX
Power (dBm) target value per RB, 192.2 192.2
PO_PUSCH
Path loss compensation factar, 0.8 0.8
(same as b arergtionediin
Rec. ITUR 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 anypercentage of time related to it.

TABLE A3.2.1.5

Protection criterion for IMT

Protection criterion (I/N) 16dB

A3.2.1.2 Propagation models for sharing and compatibility studies in the frequency band
18851 980 MHz, 2 0162 025 MHz and 2 112 170 MHz

According to the liaison statement from IHRJ SG 3 (Doc. 5D/723, Recommendation ITAR

P.5284 is used to model the basic transmission loss between HIBS BS and UEs in the lground.

urban and subudm scenarios, according to the liaison statement 5D/723, Docushéh?8

(Annex 6 to Working Party 3K Chairmanés report) is used
equipment of the ground commpent of IMT system is indoors, building entry loss shall be

considered according to Recommendation-R®.21091.

A3.2.1.3 Methodology

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

Step 1.1Determine evaluation area.

According to the PDNR ITER M.[HIBS CHARACTERISTICS], the potential usage scenarios for
HIBS are coveragenhancement 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 pantAoint 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

C HIBS
SO

Step 1.2: Determine the deployment of HIBS and the ground cemtpafiMT 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 systre 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 HIBSsB&orto each IMT UE.
In HIBS downlink transmission, the interference pofvem HIBS BS sector tdMT UE could be
calculatedoy equation (1) as below:

|n:Rx+Gtx' PL+er (1)
where

In. interference power from theth HIBS base statiosectorto the IMT UE,
dBm/20MHz;

P : HIBS base station transmit power in the reference bandwidth , dBvitA20 [Formaned_ English (U.S)
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Gw: The antenna gain ¢fIBS base statiosectorin direction of the IMT UE, dBi;

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

Gix: 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.

total —10|09(a OI /10) (2)

where
lota:  received aggregate interference tfoe IMT UE, dBm/20MHz;
n: index of theHIBS BS sectors

In: received interference powfrom the nth HIBS BS sector to thiMT UE
(dBm/20MHz);

N: the total number dfliBS BS sectors
Step 3:  Compare the definedN 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
RecommendatiofifU-R M.2101.In the frequencyand 1 885L 980 MHz, 2 01 025 MHz and
21102 170 MHz, HIBS system uses Advanced Antenna System (AAS).
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FIGURE AA3.2.1.2

HIBS antenna pattern for 1% layer cell (2x 2 elements)

HIBS base station horizontal antenna pattern-1st layer cell HIBS base station vertical antenna pattern-1st layer cell
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HIBS antenna pattern for 2 layer cell (4x 2 elemens)
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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 70@apshots.
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FIGURE A3.2.1.4

The CDF of propagation loss in urban areas

100 The CDF of propagation loss between HIBS BS and HIBS UE
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A3.2.1.4.3HIBS interference

A3.2.1.5 Summary and analysis of the results of Study A
[Edi tor 6s not e: Hebummarysapdcahalysisrof the resultsioftthes siudy.

A3.3 Sharing studies between fixederviceand HIBS operating in the 1 8851 980 MHz,
20102 025 MHz and 2 11 170 MHz frequency ranges

A3.3.1 Study A

A3.3.1.1 Technical and operational characteristics of HIBS operating in the
18851 980MHz, 2 010-2 025MHz, and 2 1162 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 -RUM.[HIBS-CHARACTERISTICS],
including Table 2, Table-A, Table 3, andrable 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-lgmsadd
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)

HIBS Base Station element horizontal antenna pattern

o " HIBS Base Station element vertical antenna pattern

g H
T - = -
H 5
8 &
-1 -30
-40 40
-50 =50
130 100 50 0 0 00 150 D 20w e 80 00 120 180 W0 180
v ldeg] # [deg]
(b) 1st layer (2x 2)
0 HIBS Base Station horizontal antenna pattam . HIBS Base Station vertical antenna pattermn
=T |
o o
-~z -2
[r— g2
i 5
3 &
0 0
a0 a0
-0 | ~100
-150 w0 30 o = 100 150 a 40 60 B0 100 120 140 160 180
v [deq] & [dea]

(c) 2nd layer (4% 2)
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0 HIBS Base Statien horizental antenna pattern 20 HIBS Base Station vertical antenna patterm

N .// \\ e / 2 d /\
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150 100 50 a 50 100 150 o 20 40 &0 80 Ve 120 140 160 180
# [den) # [deq]

Gain [d8i]
-~
Gain [dBi]

A3.3.1.2 Technical and operational characteristics of fixed service operating in the
18851980 MHz and 2 012 170MHz frequency ranges

[Edi tor 6s Not e: The characteristic of the FS antenna
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 RecommendHildfR F.699 for antenna diameter

calculation based on the maximum gain information.

The characteristics for the fixed service (FS) for ptirpoint (PP) systems are based on the
information contained in the Recommendation {RU.758, Table 16, as sumrizzed below.

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

Parameter Value
Band of operation 190062 300 MHz
Referencdor the band of operation Recommendation IT4R F.1098
Modulation format 256:QAM
Bandwidth 14 MHz
Receiver noise figure 3.5dB
Antenna height 30m
Antenna pattern Recommendation ITHR F.1245
Antenna gain 35 dBi
Antenna beamwidth 2.5¢
Diameter of the antenna 4m
Protection criteria (I/N) 16 dB

For FS (PP), in cases of analysis consisting of many interference entiiieis, tie 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 antennattprn in accordance with Recommendation -RUF.1245,
representing average sidelobe levels.

patt
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FIGURE A3.3.1.3
FS (PP) antenna pattern (Recommendation ITLR F.1245)

10 Gy [4B)

101 100 10! 10?
Off-axis angle § [degrees|]

A3.3.1.3 Propagation model

Recommendation ITHR P.1409, item 2.3, indicates tHRécommendation ITHR P.619 should be

used for studies of frequency sharing between-hlgtude platform networks and other terrestrial

stations. Furthermore, Recommendation {RUP.835 is used for reference atmosphere, and a

latitude < 22° (Brasilia, Bmi | i s at i15.80) was considered, whi ch
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 attenuatio 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 Hofesight scenario. Finally, thElIBS 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 adfreght scenario due to heavy
attenuation.

A3.3.1.4 Methodology

The SHARC opensource simulation tool is used, which is a coexistence static siestem
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 Hlocksiam, among
others. The simulator is written in Python and the source code is available at GitHub
https://github.com/SIMULATORNG/SHARC

At each simulation snapshot, the UE are randomly geneaattdocated 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 performancadicators 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 threséations is the aggregate
interference generated by the HIBS into the other system, aneveiisa. In this study the
interferenceto-noise ratio is calculated and compared with the protection criteria for their specific
frequency range.
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A3.3.1.5 Scenarics 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 witl® 000 snapshots.

FIGURE A3.3.1.4

HIBS-FS (PP) simulation scenario

“— HIBS Area Radius

@ F5distance from HIBS nadir
- HIBS Area
A HBS
FS(PPR)
/—————————\ FS Antenna Pointing
/" \f’A‘Bs Azimuth (Uniform distribution)
,
MR EEREE) R
l- Elevation (Normal distribution)
N D E F G H I Rec. ITU-R F.2086 (Table A2-1A)

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

Count

o E) - -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

A® T T15.80942 T47.86673
B 50 km 1T15.35629 1T47.86673
C 100 km 1714.90108 147.86673
D 150 km 1T14.45817 147.86673
E 250 km 113.56010 147.86673
F 350 km 112.66000 147.86673
G 450 km 111.76012 147.86673
H 478 km 111.51001 147.86673
| 500 km 1711.31030 147.86673

@ HIBS nadir.

The simulation for cechannel sharing analysis was done considering both HIBS and FS (PP)
central frequency at 2 017.5 MHz, as shown in Fi\B8.1.5. For HIBS, the maximum available

bandwidth of 15 MHz in this range was used. For FS (PP), the bandwit#hMHz was used. [ Formatted: English(U.S.)
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FIGURE A3.3.1.5
HIBS-FS (PP) cechannel analysis

F5 (PP) Band
—— HIBS Spectral Mask

Spectral Mask [dBc]
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The results of the simulations, as shown in Figure A3.3rd&ates the probability of the achieved
protection criterial(N) for each of the distances described abdteeach snapshot, the FS (PP)
station elevation angle varied following a normal distribution with a media®.@° and standard
deviation of 0.9, according to the Recommendation-R'B.2086 (Table AZA), and the azimuth
varied from1180° to 180° in auniform distribution. Furthermore, a sensitivity analysis was
performed considering HIBS at an altitude of 18 km.

FIGURE A3.3.1.6

HIBS-FS (PP) cechannel simulation results
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In case no additional measures are implemented for the HIBS station, the sheultshat the
achieved/N will not meet the FS (PP) protection criteria-6fdB. It should be noted that, for this
frequency range, Resolutid®?1l (Rev.WRGO7) currently defines values of power fhabensity

(pfd) at the Ear t hdéfthe HIBSrsthtiarns & orfleoto prdteht ¢he ESE¥sterast | 0 n

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:

R 88 Q Q p il T&E a0 dOEE O0XQNE WNVQT Q
prnnmp Tl [ &HE QGAQQO
'O0Y 08 0 Q1 MQRINONGONDT 4 &H& QN Q
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000 ; . pm & Q

000 ; . 000 ; . pT aépmmT
Where'O = 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 Resoluti@21 (Rev.WRGO07) could be reviewed. As such,
considering all the possible cases, it is possible to achievESh@P) protection criterid/l{)
always lower thaim 6 dB when implementing the HIBS pfd mask in blue.

FIGURE A3.6.1.7
HIBS pfd mask for FS (PP) cechannel feasibility

PFD Mask
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100 10! 102
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A3.3.1.6 Summary and analysis of the results of Study A

The results of this study etv that for HIBS operating in the 1 885980 MHz, 2 01 025 MHz,

and 2 112 170 MHz frequency ranges the sharing with F8ftannel is only feasible if additional
measures are implemented for the HIBS stations. In reviewing the existing values uti®e2alL
(Rev.WRC-07), the results indicate that they could be updated. As such, HIBS, in order to protect
fixed stations from c@hannel interference, shall not exceed the following limits of a co channel
powerfluxdensi ty (pfd) at the Earthds surface:

T T 1 ®B(W/(n’ - MHZ)) for angles of arrival ) less than 2° above the horizontal
plane;

T 1157 +qT1 .@88\W/(m- MHz)) for angles of arrival between 2° and 25° above
the horizontal plane; and

T T 1 AB(W/(n? - MHz)) for angles of arrival betwee?s° and 90° above the horizontal
plane.

A3.4 Sharing studies between space researskrvice(deep space) (Eartkito-space)in
the 2 1102 120 MHz bandand HIBS operating in the 2 1162 170MHz frequency
range

Currently, HIBS may use the bands 1 88980 MHz, 2 01& 025 MHz, and 2 132 170 MHz as
per RR N05.388A and in accordance with Resoluti2al (Rev.WRCQ7), which does not
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include any additional regulatory or technical measures in relation to thergsaarch service in
the 2 1162 120 MHz frequency range.

[Furthermore, sishown in theAppendix, since the interference level from HIBS to space stations is
much lower than that from grousithsed IMT base stations, any HIBS specific mitigation measures
to protect the space stations would not be necesary.

A3.5 Compatibility studies between mobile satellite service (spa¢e-Earth) in the
adjacent2 1702 200 MHzfrequency band and HIBSoperating in the 2 110
2 170MHz frequency range

A3.5.1 Study A

This study conducted the calculations of the pfd values for the protection of M $r¢sn HIBS
based on the technical and operational characteristics of MSSasd HIBS and the comparison
between those values and the existing pfd limiesolves3.2 of Resolutior221 (Rev.WRGOQ7).

A3.5.1.1 Technical and operational characteristics of HIBS in the 2 112 160/2 170 MHz
frequency range

This study used technical and operational characteristics of HIBS in Band 2-{19800MHz,

20102 025 MHz and 2 112 170 MHz frequency ranges) contained in section 6.1.3 of the
working document towards a PDN Report FRUM.[HIBS-CHARACTERISTICS]. The single
element antenna pattern of RecommendationRTM.2101 was used for this adjacent

compatibility study. With regarto 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.

A3.5.1.2 Technical and operational characteristics of MSS (&) in the 2 160/2 17 200
MHz frequency range

Tables A3.5.1.1 summarized the technical and operational characteristics of ¥p$o(sthis
study, which are included in Recommendation 4R WA.1184.

TABLE A3.5.1.1
Technical and operational characteristics of MSS (&) 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 GIT dB(K' 123 124 118

It is noted that currently there are no FRJRecommendations for the protection criteria for MSS

(sE) in the 2 160/2 172 200 MHz frequency range.

Furthermore, pfd limit for the protection of mobile earth stations (MES) in the 2 180/2
2 200MHz frequency range from HIBS in the 2 1Q060/2 170 MHz frequency range is
stipulated irresolves3.2 of Resolutior221 (Rev.WRGO07) as follows.
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3.2 for the purpose of protecting mobile earth stations within the satellite
component of IMT fnm interference, a HAPS operating as an IMT base station, shall
notexceedanowfb and pfd of?A 146 5k HEB()W/a(tm t h e
bands 2 16 200 MHz in Region 2 and 2 1-20200 MHz in Regions 1 and 3.

Earthoés surface

A3.5.1.3 Propagation model

Freespace and depolarization loss from RecommendatioARTRJ619 were used as the baseline
propagation model based on section 2.thefdraft revision of Recommendation [FRJP.14091.
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 singdatry interference from HIBS based on the technical and
operational characteristics of MSSH¥in section A3.5.1.4.1. Then, multiple HIBS effects were
calculated and added todofalues for singlentry interference in order to find pfd values for the
aggregated interference to protect MS&)s$n 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 Resdd2o(ReVWRC-07).

A3.5.1.41 pfd calculation for single-entry interference

The pfd calculation for singlentry interference from HIBf protect MSS () is provided in Table

A3.5.12. Since currently there ar® ITU-R Recommendations for the protection critéoiaMSS

(sE) in this frequency ranged/Nais6/siet@/iioh2 AB.&B@ .4ds
MSS protection criteria.

ttthhe s st t

TABLE A3.5.12

Calculation results of pfd values forHIBS to protect MSS (sE)

Parameters Units GSO System E Non-GSO SystenF
Frequency MHz 2170 2170
101 &4( 9 m? 128.2 1728.2
Beam carrier bandwidth kHz 4 4
User GIT dB(K'™) 123 124
Maximum MES antenna
discrimination towards dBi 1 2
the horizon
Thermal noise dBK 24 26
Noise spectrum density dBW/4 kHz 1168.6 1T166. 6
MES protection criteria dB i6 i10l 112 i10 P12
(I/N)
Interferences level to
satisfy the protection dBW/4 kHz 117411781180 172 1176| 1178
criterion
Antenna discrimination dB 0 0
loss
Depolarization loss
(See section 2.2 of
Recommendation ITHR dB 3 3
P.619)
pfd value dBWP/4kHz | 1144714871150 1143 1147[ 11409
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Parameters Units NGSO System R
Frequency MHz 2170
101 i( 9 m? 1T28.2
Beam carrier bandwidth kHz 4
User GIT dB(K'™) 118
Maximum MES antenna
discrimination towards dBi 0
the horizon
Thermal noise dBK 18
Noise spectrum density dBW/4 kHz 1T174.6
MES protection criteria - -
(IIN) dB 6 110 112.
Interferences level to
satisfy the protection dBW/4 kHz 180711841 186
criterion
Antennadiscrimination dB 0
loss
Depolarization loss
(See section 2.2 of dB 3
Recommendation IT{R
P.619)
pfd value dBW/nPiAkHz | 114911531155

Note to the Table

The pfd calculation formula is listed as follows:

pfd (dB(W/m2-MHz)) = Noise spectrughensity (dB(W/4 kHz)) + I/N (dB})
Maximum MES antenna discrimination towards the horizon (dBi) + Anten

discrimination loss (dB) + Depolarization loss (dB) O |

GA( D .

Since the values of neBSO system R are the most stringent as Table A3,3hbse values were
used for the calculations in the following sections.

A3.5.1.42 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 werdatdated, 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 scena

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 disBriselefined as the distance
from the nadir of the nearest HIBS (HIBR]to the interfeed station. When the horizontal

separation distance

exceeds

500

k m, the el

evation

becomes 0° or less, which is out of visible range. In the case of that interfered stations are deployed
outside the visiblarea 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 interfextioinst
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FIGUREA3.5.1.1

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
A3.5.14.22 Calculation method of horizontal separation distance

The separation distanEebetween HIBS and the interfered station for calculating pfd value at the
receiving point is calculated by the horizontal separation distap(see also Figure A3.52).as
follows:

0O Y Y O ¢YVY OAI© (km)
where:

R Earth radiuss 6 378 km;
H  Platform Altitude= 18/20 km.
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FIGUREAS3.5.1.2

Separation distance from HIBS to Interfered station

HIBS

Interfered station

A3.5.1.4.2.3 pfd calculation for aggregate interference
Aggregated pfd value®EDygy from multiple HIBS is computed using the followingugtion:
000 pml B @ O0OYH OO 1“0 (dBW/m2-MHz)
where:
EIRPn s transmit e.i.r.p of Cellin HIBS;, (W/MHZz);
ADLny» angular discrimination of Cglin HIBSy;
Dm: separation distance between H}B&hd the interfered station (m)

The calculation result of aggregated pfd values is shown in Figure A3.5.1.3.
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FIGUREAS3.5.1.3

Calculation results of aggregated pfd values

Pfd value {dBW/m?2/MHz)

134 km 205 km 260 km

300
izontal sepa ration d >Larwce for 1} e nearest H\Es[km)

MSS Pratection Criteriall/N=-12.24

Based on the calculation result, the horizontal separation dislmrnoesatisfy pfd values of

nonGSO System R in Table A3.5.1.1 were 134 kiN£ T 6 dB) ,I/IN210B50 kanB)Y and 260

km(@N=112.2 dB) in the single HIBS deployment scenario wit!H
platform altitude.

At those horizontal separatiofsthnces, the interference power increment relating to the increase of
HIBS number (12 HIBS) were 4.2dBN=1T 6 dB) J/N=5.140 dB)( #Ned 1&..2 dB (
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. Moreavieen 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
sufficiert as the aggregate effect of the multiple HIBS deployment.

The pfd values which consider the aggregate effect on the ®intzlepfd values of naGSO

SystemRinTable A351ar e 1 15 3%4&Hz@/B2W/6m dB) , 71 ¥&k8iz 8 dBW/ m

(IN=T 10 dB)1L8dBWINT/AKHA(/N=T 12. 2 dB). The curr@®nt pfd limits (711
kHz) inresolves3.2 of Resolutior221 (Rev.WRGO07) are more stringent than all of those pfd

values.
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A3.51.5 Summary and analysis of the results of Study A

Basedontheresultsofsjud A, t he pf d v a Pakelzsfor lofizontallsbparatiébn d B W/ m
distance between HIBS and MSS earth station 134w T 6 dB) , 1 ¥&kBizf@ d BW/ m
horizontal separation distance HIBS and MSS earth station 2@Bdm1 10 dB) and 1161. 8
dBW/nm’/4 kHz for horizontal separation distance HIBS and MSS earth station 2¢0NenT 1 2 . 2

dB) were derived for the protection of MSSH}in the 2 160/2 172 200 MHz frequency range

from the interference of HIBS in the 2 220060/2 170 MHz frequency randeshould 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
omnidirectional antennas, the shape of the countrgidroais 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
thisstudyThe current pf dZ4lkiizpinresolvess.2 o Besotldia21 m

(Rev.WRC-07) are more stringent than all of those pfd values.

A3.6 Compatibility studies betweenfixed service in the adjacentl 8851980 MHz and
20102 170 MHzfrequency bands and HIBS operating in the 1 8851 980 MHz,
20102 025 MHz, and2 1162 170 MHz frequency rangs

A3.6.1 Study A
A3.6.1.1 Technical and operational characteristics of HIBS operating in the
18851 980MHz, 2 0102 025 MHz and 2 11€2 170 MHz frequency ranges

The technical and operational characteristics of HIBS are based on the working documents towards
a preliminary draft new Report TR M.[HIBS-CHARACTERISTICS], and summarized in this

section. It should be emphasized that the analysis is needed onlyeniiB8 (BS), as the user
equipment is the same as the IMT grodraded network.

TABLE A3.6.1.1

Specification related parameters of HIBS (Base Station)

HIBS (BS)
No. Parameter Band 2
(17101 980 MHz /2010-2 025 MHz / 21102 170 MH2)
1 Duplex Method FDD/TDD
2 Channel bandwidth (MHz) 20 MHZY
4 Transmitter characteristics
4.4 Spurious emissions -13 dBm / MHz
5 Receiver characteristics
5.1 Noise figure 5dB

@ n the case of the 2 01025 MHz range, the maximum bandwidth of 15 MHz is used.
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TABLE A3.6.1.:A

Spectrum mask- HIBS (BS)

Frequency of
transmi s

fs
i o

Emission limit

Measurement bandwidth

- 7dBm- L &f offset. 0050dB

OMHz ¢ Df <5 MHz 5¢ MHz 100 kHz
5 MHz ¢ Df <
10 MHz -14 dBm 100 kHz
10 MHz ¢ Df -13 dBm 1 MHz

TABLE A3.6.1.2

Deployment related parameters oHIBS and the UE associated to HIBS

Band 2

No. Parameter
(17101 980 MHz /20102 025 MHz / 21102 170 MH2)
1 Network topology and
characteristics
1.1 | BS density or ISD 1 BS/HIBSarea
1.2 | HIBS area radius 100 km
Base station characteristics/Ce
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 | PlatformAntenna pattern Recommendation ITHR M.2101
Element gain 8 dBi

Antenna arrayonfiguration
(Row x Column)

2 x 2 elements (1st layer cell),
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 (2ndayer cell)

3 UE characteristics

31 | are ranamiting amutaneousty > UES PeEe!

3.2 | UE height 15m

3.3 | Body loss 4 dB

3.4 | Typical antenna gain for UE -3 dBi
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FIGURE A3.6.1.1
HIBS antenna pointing and networktopology
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FIGURE A3.6.1.2
HIBS antenna pattern (Recommendation ITUR M.2101)

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

2 HIBS Base Staticn horizontal antenna pattern 20 HIBS Base Staticn vertical antenna pattern

: T 0T
~ N\

Gain [d8i]
Gain [dei]

150 100 30 a 50 100 150 [ ECI R 80 100 120 1% 160 180
# ldeg) 6 [deq]

A3.6.1.2 Technical and operational characteristics of fixed service operating in the 1 885
1980 MHz and 2 01€2 170MHz frequency ranges

The characteristics for the fixed service (FS), for both gokmultipoint (PMP) and poirto-point
(PP) systems are basedtbe information contained in the Recommendation-R'B.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 13502 690 MHz
Reference Recommendation ITWR F.701
Modulation format QPSK
Bandwidth 3.5 MHz
Receiver noise figure 4 dB
Antenna height 30m
Antenna pattern Recommendation ITUR 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 190062 300 MHz
Reference Recommendation ITUR F.1098
Modulation format 256:QAM
Bandwidth 14 MHz
Receiver noise figure 3.5dB
Antenna height 30m
Antenna pattern RecommendatiofiTU-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

FIGURE A3.6.1.3

FS antenna pattern

(a) PMP (Recommendation ITUR F.1336) (b) PP (Recommendation ITUR F.1245)

Gain (dBi)
Gain relative to Gy [dB]

0 10 20 30 an 50 60 ™ 80 @0 10-

——
Elevation angle (degrees)

nn axis angle ¢ [degrees]

For FS (PP), ishould 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 Eneggden 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 ITHR P.1409, item 2.3, indicates that Recagnigiation ITUR P.619 should be
used for studies of frequency sharing between-hlttude platform networks and other terrestrial
stations. Furthermore, Recommendation IRWP.835 is used for reference atmosphere, and a
latitude < 22° (Brasilia, Brazil iat-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, atrdpospheric 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 hofesight scenario. Finally, the HIBSsible horizon when

deployed ail8 km and20 km of altitude is approximatetj78 km anb00 km respectivelyfrom

its nadir, after which it can no longer be considered in adfreéght scenario due to heavy
attenuation.

A3.6.1.4 Methodology

The Braziliam administration continues to use and develop, in cooperation with partners in the
industry and academia, an ogswurce simulation tool, named SHARC, to support Sharing and
Compatibility studies between IMT and other radio communication systems, acdorttieg

framework proposed by Recommendation {RUM.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
systemlevel simulator, such as antenna beamforming, power corgsalyrce blocks allocation,
among others. The simulator is written in Python and the source code is available at GitHub
https://github.com/SIMULATORNG/SHARC

At each simulation snapshot, the UE amedomly 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 indicatoriokthfrom these simulations is the aggregate
interference generated by the HIBS into the other system, anglenisa. In this contribution, a FS
system is considered. The interferetgaoise ratio is calculated and compared with the FS
protection criteia 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 thendi@i§ 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 disttiloms presented in Figure A3.6.1.5. The simulations were
done with 10 000 snapshots.

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

| /
<«4—p HIBS Area Radius \
<= [Sdistance from HIBS nadir / A - x . x x x
HIBS Area ‘{[ > i 2 k) 2 kS 2 & 2
A HiBs \‘-»__ A B ___.:% D E F G H
@ FS(PMP) "\ jf
TY—»
TABLE A3.6.1.5
Geographical coordinates of the FS (PMP) stations in the simulation
Position Distance from point A Latitude Longitude
A® -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 150km -14.458172° -47.866732°
E 250 km -13.560102° -47.866732°
F 350km -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

A® - -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 250km -13.560102° -47.866732°

DOS

CONTRIBUTION_AI1.4_HIBS VS
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Position Distance from point A Latitude Longitude
F 350km -12.660001° -47.866732°
G 450 km -11.760120° -47.866732°
H 478 km -11.510010° -47.866732°
| 500 km -11.310301° -47.866732°
W 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
FigureA3.6.1.6.

FIGUREA3.6.1.6
HIBS-FS (PMP) adjacent channel analysis

F5 (PMP) Band
—  HIBS Spectral Mask

Spectral Mask [dBc]

1980 1950 2000 2010 2020 2030 2040 2050
&f [MHz]

The results of the simulations, as shown in Figure A3.6ridiGates the probability of the achieved
protection criterial(N) for each of the distances described abbavall cases, the achievétl is
always lower than21 dB.

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) centhérecy 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 distrlon with a median 0f0.2° and standard deviation

of 0.99, according to the Recommendation {RW.2086 (Table AZA), and the azimuth varied

from -180° to 180° in a uniform distributioRurthermore, a sensitivity analysis was performed
considering HIBSat an altitude of 18 km.

For all cases at nadir, the achiev&dis lower than-17.5 dB. For the probability of 80% of the
cases, the achievétiN varies from-25.5dB (50 km),-30.5dB (100 km), to-47.5dB (500 km). For
the probability of 90% of theases, the achievafN varies from-20.8dB (50 km),-24.2dB (100
km), t0-40.5dB (500 km). And for the probability of 95% of the cases, the achiéMedaries
from -18.5dB (50 km),-19.7dB (100 km), t0-33.3dB (500 km). Finally, considering all the
possible cases, the achieved I/N is always lower {aii.

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 118880 MHz, 2 01 025 MHz,
and 2 11e2 170 MHz frequency ranges the compatibility with FS in the adjacent channel is
feasible. In the case of FS (PMP), the results indicate a marginrefthaml5dB in comparison

with the FS protection criteria. In the case of FS (PP), for the probability of 95% of the cases or [Formatted_ English(US)
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lower, the results indicate a margin of at lelstiB in comparison with the FS protection criteria,
as well as that in all thgossible cases the protection criteria is rAdtitionally, 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 spaceperation service (Earthto-space)(spaceto-
space), Earth explorationsatellite service (Earthto-space)(space¢o-space), and
space research service (Eartto-space)(spaceto-space) in the adjacenf 025
2 110MHz frequency band and HIBS operating in the2 0162 025 MHz and
21102 170 MHz frequency ranges

Currently, HIBS may use the bands 1 88980 MHz, 2 01& 025 MHz, and 2 112 170 MHz as

per RR N05.388A and in accordance with Resolutid?l (Rev.WRGO07), which does not

include any additionalegulatory or technical measures in relation to the space operation service,
Earth exploratiorsatellite service, and space research service in the adjacent bands.

[Furthermore, sishown in theAppendix, since the interference level from HIBS to spaceostais
much lower than that from grousithsed 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 highaltitude platform stations as IMT base
stations (HIBS) in 2 5002 690 MHz frequency range

A4l
2 5002 690 MHzfrequency range

Ad4.11 Study A

Sharing studies between the ground component of IMT and HIBS operating in the

This studyis for crossborder interference scenario from HIBS to grodmaded IMT base station in
the border of neighbouring administration. Two main factors for dyosser interference
coordination are presentdfithe minimum separation distance between the HIBS nadir and the
border of neighbouring administration to meet 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 690MHz frequencyrange

The technical and operational characteristics of HIBS are based on Do&vighé Chapter 4

Annex4 . 19 AWorking

CHARACTERI STI CS] 0. Thi s

document s

study is conducted

towar-@B.[HBS-pr el i mi nary

t o

operating in the Band 3 (2 5690 MHz). The HIBS user equipment are not considered as a

source of interference.

Under the frequency arrangement presented in Tehle1.2, TDD HIBS operating in the 2 500
2570 MHz (2 5352 570 in Region 3) could interfere with a grotlaksed IMT base station in
neighboring administrations in the FDD uplink band 2-580870 MHz (2 5352 570 in Region 3).

TABLE A4.1.11

Deploymentrelated parameters of HIBS (Base Station)

No. Parameter Band 3
(2 5002 690 MHz)
1 Network topology and characteristics
11 BS density or ISD 1 BS/HIBSarea
1.2 HIBS area radius 90 km
1.3 HIBS network configuration (Duplex TDDW
Mode)
2 Base stationcharacteristics/Cell structure
21 HIBS Platform Altitude 20 km
2.2 Number of cells/HIBS 7
2.3 Frequency reuse 1
2.4 HIBS PlatformAntenna pattern Recommendation ITHR M.2101
Element gain 8 dBi
Horizontal/vertical 31B beamwidth of 65° for bothH/V
single element
Horizontal/vertical frontto-back ratio 30 dB for both H/V
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No. Parameter Band 3
(2 5002 690 MHz)
Antenna polarization Linear/+45 degrees
Antenna array configuration 2 x 2 elements flilayer cell),
(Row x Column) 4 x 2 elements per cell@ayer cell
Horizontal/Vertical radiating element 0.5 of wavelength for both H/V
spacing
Ohmic losses 2dB
25 HIBS platform antenna tilt 90° (F'layer cell),
230 (2 layer cell)
2.6 HIBS conducted power per antenna elem 37 dBm (£'layer cell), 34 dBm (¥ layer cell)
2.7 HIBS platform e.i.r.p./cell 55 dBm (£ layer cell), 58 dBm (¢ layer cell)

3 See Tabled4.1.1.2 for the 2 502 690 MHz band for the specific Duplex mode applicable to the scenario

under study, noting that the 2 520635 MHz range is tbe used for only uplink in Region 3, and that the

2 6552 690 MHz range is not to be used in Region 3.

TABLE A4.1.12

Possible examples of HIBS frequency arrangements in 2 5@0690 MHz
(see also Section 7 in Recommendation I'FH M.1036)

Frequencyband
No. Mobile station transmitter Base station transmitter Duplex mode
(MHz) (MHz)
c1 25002570 26202690 FDD
25702 620 TDD
3 5002570 3 6202690
c2 External 25702 620 FDD
C3 2 50062 690 Flexible FDD/TDD

A4.1.1.12 Technicaland operational characteristics of the ground component of IMT
operating in the 2 5002 690 MHz frequency range

The technical and operational characteristics of the ground component of IMT are based on
ACharacter:i

DocumentD/716Chapter 4 Anned . 4

stics of

sharing and compatibility studies in preparation for WR@G. ®ablesA4.1.1.3 andA4.1.14 list the
deploymentelated and specificatierelated parameters of N@&YAS IMT BS for the frequency

bands including the 2 5e®690 MHz. Table 3 presents the protection criterion for IMT, which is

also found in the aforementioned Document.
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TABLE A4.1.13

IMT -2020 specification related parameters in 47@ 990 MHz

Parameter

Base station
(non-AAS)

Noise figure (dB)

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

TABLE A4.1.14

Deploymentrelated parameters for bands between 1 and 3 GHz

Urban/suburban macro Rural macro
Antenna height 25 m urban / 30 m suburban 30m
(Report ITUR M.2292) (1-2 GHz)
20 m urban / 25 m suburban
(2-3 GHz)
Sectorization 3 sectors 3 sectors

NornAAS BS downtilt
(Report ITUR M.2292)

10 degrees urban / 6 degrees subu

3 degrees

Non-AAS BS antenna patte

ka=0.7
kp=0.7
kh=0.7
kv=10.3

Recommendation ITHR F.1336 (ecommend8.1)

Horizontal 3 dB beamwidth: 65 degrees

Vertical 3 dB beamwidth: determined from the horizontal beamwidth by
equations in Recommendation ITRJF.1336.

Vertical beamwidths of actual antennas may also be used when availablg

Non-AAS BS antenna
polarization

Linear/+45 degrees

Linear/+45 degrees

Indoor base station
deployment

n.a.

n.a.

Typical channel bandwidth 10 or 20 MHz 10 or 20 MHz
Maximum NorAAS BS 16 dBi 18 dBi
antenna gain (Report IR
M.2292) (Note 1)
TABLE A4.1.15
Protection criterion for IMT
Protection criterionI(N) 16dB

A4.1.1.2 Propagation models

The propagation model used is contained in RecommendatioRITUWP .

619

AiPropagati on

required for the evaluation of interference between stations in space and those on the surface of the

Eart ho. The

on

dat a

propagat.i

| o sien lossp demolarizdtian o f
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attenuation, attenuation due to atmospheric gases and beam spreading. According to a liaison
statement from ITER Working PartydJ, 3K and 3Mn DocumentD/723, Recommendation I'TU

R P.1409 has been updated to include guidandetsharing and compatibility studies of HIBS
under WRG23 agenda item 1.4. Recommendation 4RWP.1409 indicates that Recommendation
ITU-R P.619 oiTU-R P.528 should be used for the interference scenario/path between HIBS and
stations on the surface dfgt Earth, as appropriate. Future revision may include Recommendation

ITURP. 528 AA propagation prediction method for
services using the VHF, UHF BU-BP SHFO® amps®diaatdi kmcofmmend

clutterl os s 0.

A4.1.1.3 Methodology

A methodology for assessing the crbssder interference from HIBS to the grodoased IMT
base station are presented. Two interference scenarios, single HIBS and multiple HIBSs are
considered.

A4.1.1.4 Deployment Scenario

Forinference assessment, two HIBS deployment scenarios are considered: a single HIBS and the
HIBS networks consisting of seven HIBSs as shown in Figidek1.1 andA4.1.12. The single

HIBS or HIBS network interferes with a groubdsed IMT base station thie border of a

neighbouring country. The HIBS area radius and the-HIBS distance is 90 km and 155.9 km,
respectively. As noted in Table 4, indoor base station is not considered.

aeronauti

c

a
c
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FIGUREA4.1.11

Single HIBS Interference Scenario
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FIGUREA4.1.12

Multiple HIBS Interference Scenario

ground-based
IMT base station

-

r
1 Separation distance
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O border line

A: HIBS area Radius B: inter-HIBS distance

A4.1.1.5 Assumptions for Interference Calculation

HIBS adopts AAS with a radiation pattern defined in RecommendatiorRT™MJ2101andseven
antennaarrays, each of which conducts beamforming in a direction perpendiz@daay 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 groubdsed IMT base station. In the multiple HIBS scenario, the
main beam of the nearest HIBS for thd @ehzimuthally points the groudaased IMT base station.

Groundbased IMT base station is not equipped with AAS, but typical theetoral antenna with a
radiation pattern defined in Recommendation{RW.1336. The groundased IMT base station
antennazimuthally 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 groubdsed IMT base station is 2 545 MHz. The channel
bandwidth of both systems is 20 MHz.

The grounebased IMT basstation 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 grotrased IMT base station at the border line between tw
different countries. In the multiple HIBS scenario, the separation distance is defined as a distance
between the HIBS nadir and the grotmased IMT base station at the border line between two
difference countries.

A4.1.1.6 Studyresults

For protection ba groundbased IMT base station receiver, Tal#e1.1.6 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 gundbased IMT base station receiver with a separation distance from 50 km
to 200 km, Tablé\4.1.1.7 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 multipleihtEBf&rence
scenario.

TABLE A4.1.16

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 A4.1.17

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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A4.12  Study B

A4.1.2.1 Technical and operational characteristics of HIBS operating 2 50@ 690 MHz
frequency range

The technicabnd operational characteristics of HIBS are those for Band 3 from the working
document towards a preliminary draft new Report-RWI.[HIBS-CHARACTERISTICS],
including Table 2, Table-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-lgasedd
network.

FIGURE A4.12.1
HIBS antenna pointing and network topology

W taes plattorms

75000

HIBS Antenna Structure

50000

25000

° 4> HIBS Area Radius

2% layer Cell 1 25000

-100000 75000 30000 23000 © 25000 %000 75000 100000
1% kayer Cell O [dowrward) xcoordnate (km)

FIGUREA4.1.2.2

HIBS antenna pattern (Recommendation ITUR M.2101)
(a) Single element (for adjaent case)
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(b) 1st layer (2 x 2)

HIBS Base Station vertical antenna pattern
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A4.12.2 Technical and operational characteristics of IMT operating in the 2 502 690

MHz frequency range

The characteristics for IMT are those contained in the document witlchiiacteristics of
terrestrial component of IMT for sharing and compatibility studies in preparation for-28RC

\ / .
\\ 40
\ ;

” 7au—f‘

Gain [di]

v v T v i i T
100 1350 o @ 40 60 80 190 120 140
8 [deq]

VAT

(Annex 4.4 to Document 5D/716), Tabled &and 9, and summarized below. It should be noted that
for IMT base stations, AAS should be consideirethe 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 tHmtess

analysis.

TABLE A4.12.1

IMT deployment characteristics for bands between 2 and 3 GHz

Suburban macro

Cell radius / deployment
density (for bands between
and 3 GHz)

(Report ITUR M.2292)

0.4-2.5 km suburban (typical value to be used in
sharing studies for suburbamacro 0.8 km)

Antenna height
(Report ITUR M.2292)

25 m suburban (3 GHz)

Sectorization

3 sectors

Frequency reuse

1

Below rooftop base station

ITU-R M.2292)

antenna deployment (Repo

Suburban: 0%

Typical channel bandwidth

20 MHz
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Suburban macro

Network loadingfactor (base|20%, 50%
station load probability X%)
(see section 3.4 below and

Rec. ITUR 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 useterminal usage 70%
(Report ITUR M.2292)

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

User equipment density for 3 UEs per sector

terminals that are transmittil
simultaneously [1]

UE height [2] 1.5m
Average user terminal outpt Use transmit power control
power
Typical antenna gain for usgq 13 dBi
terminals
Body loss 4dB
UE TDD activity factor 25%
Transmit power control
Power control model Refer to RecommendatiditU-R M.2101Annex 1,
section 4.1
Maximum user terminal 23 dBm
output power, PCMAX
Power (dBm) target value p 192.2
RB, PO_PUSCH [3]
Path loss compensation 0.8
factor,a

(same as fdbal
mentioned in Rec. ITLR
M.2101)

[1]: UEs share equally the channel bandwidth, i.e. each UE is allocated 1/3 of the channel bandwidth (seefRec. ITU
M.2101, Section 3.4.1, item ¥8. In sharing studies, it is assumed that the AAS BS beamformsdswach 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 Mero BS antenna height (parameter given in the Table). In particular in small citiegbsuband 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 thearing 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

A4.12.3 Propagation model

Recommendation ITAR P.1409, item 2.3, indicates that RecommendatiorRTRI619should be
used for studies of frequency sharing between-hltitude platform networks and other terrestrial
stations. Furthermore, Recommendation R UP.835 is used for reference atmosphere, and a
latitude < 22° (Brasilia, Brazil is at5.8°) was condered, 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 sttitih 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 Hofesight scenario. In addition, for the analysis betwedBSH|

and IMT user equipment, the human shield loss was added in accordance with the revision of
Recommendation ITAR P.14091. The human shield loss includes the contribution of rpaltns,

such as reflections or diffractions caused by the surroundingoenwvints, 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 ofdpacth path, average

building height, azimuth angleetween 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 bdemusin a
line-of-sight scenario due to heavy attenuation.

A4.12.4 Methodology

The SHARC opersource simulation tool is used, which is a coexistence static sistein

simulator using the Monte Carlo method. It has the main features required for arceysterh

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/SIMULATORWG/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 poveentrol, 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, IMTpther services and
applications. The main key performance indicator obtained from these simulations is the aggregate
interference generated by the HIBS into the other system, anderisa.

A4.125 Scenarios and results of the study

The study was impimented in accordance with the scenario described in Figure/&4ih.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 coveragaraneaxt to each

other, representing a worsase 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 werealwith 10 000 snapshots.
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FIGURE A4.12.3

HIBS-IMT simulation scenario
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The simulation for ce&channel sharing analysis was done considering both HIBS and IMT central
frequency at 2 680 MHz, as shown in Figee1.2.4.

FIGURE A4.12.4
HIBS-IMT co-channelanalysis

IMT Band
——  HIBS Spectral Mask

Spectral Mask [d8c]
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[Edi t o r Theresults bf he Study A will be provided Igter.

A4.1.1.6 Summary and analysis of the results of Stud
[Edi t or Bhe summatyeand analysis of Study A will be provided Jater.

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-2 600 MHz frequency
range. Characteristics and operation of the IMT User Equipment 6L 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 conventionaldateinterference in
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the terrestrial IMT networkTherefore, the study considers only interference due to transmissions of
HIBS base stations into the terrestrial IMT network, as this is the relevant case.
A4.1.31 Technical characteristics
This section provides the specific parameters used in thisfetiublyBS and terrestrial IMT, as
provided by ITUR WP 5D.
A4.1.31.1 Technical and operational characteristics of HIBS operating in the 2 502 690

MHz frequency range

Table A4.1.3.1 summarizes the main HIBS parameters and values used in the condizted stu

HIBS parameters not listed in Table A4.1.3.1 are used as described in Document 5D/716 (WP 5D

Chairmands RepdWbobYy ki Agnexc4a4me®dt towards a preliminary dr e
ITU-R M.[HIBS-CHARACTERISTICS]/Working document relatedtoWRGagem da i tem 1. 40.

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
HIBS Network Configuration TDD
(Duplex Mode)
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. ITUR M.2101 Isotropic,-3 dBi gain
Element gain 8 dBi N.A.
Horizontal/vertical 31B beamwidth of 65° for bothH/V NA
single element o
Horizontallvertical frortto-back ratio 30 dB for both H/V N.A.
Antenna polarization Linear/+45 degrees N.A.
Antenna array configuration 2 x 2 elements flayer cell),
(Row x Column) 4 x 2 elements per cell Payer N.A.
cell)
Horizontal/Vertical radiating element 0.5 of wavelength for both H/V| NA
spacing A
Ohmic losses 2dB N.A.
HIBS Platform Antenna tilt 90° (F'layer cell), NA
330 (7%|ayer cell) ol
HIBS Conducted power per antenna 37 dBm ('layer cell), NA
element 34 dBm (2% layer cell) al
HIBS Platform e.i.r.p./cell 55 dBm (£'layer cell), NA
58 dBm (2 layer cell) al
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Parameter Base Station UE
HIBS_PIatform e.i.r.p. Spectral 42 dBm/MHz (f‘dlayer cell), NA.
Density/cell 45 dBmMHz (2" layer cell)

Others

Body loss N.A. 4dB
Transmit power control model N.A. Rec. ITUR M.2101
Maximum UE output power N.A. 23 dBm
ACLR 45 dB 30dB

AAS antenna radiation at adjacentchannel

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 obbamnved in

with the increase of the frequency offset from the operdtamgl.

For the specific compatibility case of HIBS operating in the frequency band-2 6890 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 sawe & correlation between their elements for

such a small frequency offset. This is the assumption adopted in this study.

A4.1.31.2 Technical and operational characteristics of the ground component of IMT
operating in the 2 5002 690 MHz frequency range

TableA4.1.32 summarizes the main parameters and values used in the conducted study to model
the ground component of IMT. Parameters not listed in Tadl&.32 are used as described in
(WP 5D Ch@aCh amaticdd enR&r@lor t )
component of IMT for sharing and compatibility studies in preparation for \RCO .

Document 5D/ 716

TABLE A4.1.32

Main system parameters for the ground component of IMT.

Parameter

Base Station

UE

Network topology, cell structure and characteristics

Centre frequency

2.6 GHz (cechannel with HIBS)
2.62 GHz (first adjacent channel to HIBS)

Channel bandwidth 20 MHz

Network Configuration

(Duplex Mode) DD

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

User equ_m_ent qensny for terminals th 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 4
of Annex3 of Doc 5D/716,

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

Element gair(Note 1) 6.4 dBi N.A.
Horizontal/vertical 3B beamwidth of 90° for H NA
single element 65° for V
Horizontal/vertical fronto-back ratio 30 dB for both H/V N.A.
Antenna polarization Linear/+45 degrees N.A.
fintenna artay configuration 48 elements NA.
Horizontal/Vertical rad!ating 0.5 of wavelength for H, NA.
element/sukarray spacing 2.1 of wavelength for V
Number of element rows in stdrray 3 N.A.
;/rer;t;:al radiatingelement spacing in sub 0.7 of wavelength of V NA.
Preset sukarray downtilt 3 N.A.
Array ohmic losg{Note 1) 2dB N.A.
antonna clementsiray | 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.
ponerisector (e p) 7228 dBm NA
Others
Body loss N.A. 4 dB
Transmit power control model N.A. Rec.ITU-R M.2101
Maximum UE output power N.A. 23 dBm
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 anteraeplng the same level of correlation between their
elements for a small frequency offset is also made for the ground component of IMT.

A4.1.32 Propagation models

The application of propagation models in this study is based on the guidance giverRWPE
3J, 3K, 3M in DocumeriD/723 For interference paths between HIBS base station and the ground
component of IMT, Rec. ITWR P.528 is applied.

The statistical clutter loss model (REEU-R P.2108 Section 3.3) and the building entry loss

model (ReclTU-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.

[ Formatted: English(U.S.)

JDOCUMENT IN PANDEY SIRNSG 5FEB 2022 MEETINGZINAL DOCS FOR SUBM$SIONDOS CONTRIBUTION_AI1.4_HIBS VS
MSS BSS RDSS.DOCMABR 21 11.03.220-01:296:01-22

11.03.221-02:08


https://www.itu.int/rec/R-REC-M.2101/en
https://www.itu.int/md/R19-WP5D-C-0723/en
https://www.itu.int/rec/R-REC-P.2108/en
https://www.itu.int/rec/R-REC-P.2109/en

-78-
5D/886 (Annex 4.21F

For intrasystem propagation between BS and UE in the groumgbgoent of IMT network, the
Urban Macro (UMa) model from Document 3GPP TR 38.901 is used. For HIBSstieem
propagation, frespace path loss and clutter loss model (Réd:R P.2108 Section 3.Bare used.

A4.1.33 Methodology

The HIBS network is modeled as indicated in Section 1.1, witkel hetwork topology. The
methodology to simulate the ground component of IMT follows Réd:R M.2101 A cell grid

with 21 sectors (7 trgectorized cells) with characteristics provided in Section 1.2 is considered in

the study. Figurd4.1.31 illustrates the network topology of both systems. It also shows different
aspects of the simulation scenaricstsas 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 grountiased IMT network and the HIBS network coverage center.

FIGUREA4.1.31
Topology of HIBS and ground-based IMT networks for simulation

Ground-based HIBS network
IMT network

For the evaluation of interference into the grotmaded IMT network due to HIBS base station
transmissions, this study considers the distance between the coverage centers of the two networks,
namelytheInter -Network Distance (IND). Given that the coverage area of the HIBS network has

a radius of 90 km and the groubdsed IMT cell/sector radius is 0.8 km (ins#te distance 1.2 km)

for the assumed suburban environment, one can easily derive ¢henathtioned distances from

the IND.

Studies for cechannel 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 grebaded IMT networlare used to derive the
resulting interference level at the receiver.

The interference scenarios considered in this study refer to interference into thelzaseddMT
network due to HIBS base station transmissions. As illustrated in FAguie32, HIBS base
station can cause interference to the UE connected to the ¢gvasad IMT network, shown as
downlink to downlink (DL) interference, and/or to the grotraed IMT base station, shown as
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downlink to uplink (UL) interference. Both interferenceessare evaluated for the-channel and
the adjacent channel scenarios.

FIGUREA4.1.32

Interference scenarios: HIBS base station interference into the grountdased IMT network

HIBS base station

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

HIBS coverage Ground-based IMT
coverage

Results are presented in this study as cumulative distribution of interdcenoise 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 grounebased IMT networklue to interference from HIBS base station transmissions.

A4.1.34 Study results

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

A4.1.34.1 Co-channel operation of HIBS and the groud component of IMT

A4.1.34.1.1 HIBS base station interference into grounebased IMT base stations

FigureA4.1.33 presents simulation results of interference at the grbasdd IMT base stations
due to HIBS base station transmissions. This is the doestaown in Figured4.1.32 as DL to UL

interference, which is representative of a fully unsynchronized operation of the two networks.

Results are presented as curves of cumulative distributiBN &ir Inter-Network Distance (IND)
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varying from 90 km t®50 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.

FIGUREA4.1.33

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

HIBS DL -> IMT UL, co-channel
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As observed in Figurd4.1.33, the protection level for the ground component of IMT lié.

=-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 theipased IMT base stations
shows limited degradation of the average UL throughput, as described inABablg3. The

average UL throughput degradation due to HIBS base station interference is less than 1% even for

IND =90 km.

TABLE A4.1.33

Degradation of the average UL throughput of the ground component of IMT due to cehannel HIBS base
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 grebaded IMT base stations of interference caused by
HIBS base station transmissions is explained by the fact that the gvasad network is already
interferencdimited. This means that the levels of infigstem interference of the groubdsed
network with the characteristics described in Section 1.2 are elevated, and the additional
interference due to HIBS base station transmissions, even crosslfig phetection level of6 dB,
leads to a limited increase in the interference levels seen at the grased! IMT base stations.

A4.1.34.1.2 HIBS base station interference into IMT UEs

FigureA4.1.34 presents simulation results of interference at the IMT UEs due to HIBS base station
transmissions. This is the scenario shown in Fig4rd.32 as DL to DL interference, which is
representative of a fully synchronized operation of the two networksltRase presented as

curves of cumulative distribution &N for IND varying from 90 km to 250 km, where IND = 90

km means that the centre of the simulated grehamed IMT network is placed at the edge of the
HIBS coverage area.

FIGUREA4.1.34

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 Figurd4.1.34, 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 kain Agglditional
assessment of the impact of HIBS base station interference, this time into the IMT UEs, is
considered. Tabla4.1.34 shows that the degradation of the average DL throughput is negligible

(no more than 0.05%) for all simulated INDs. [ -
Formatted: English(U.S.)

JDOCUMENT IN PANDEY SIRNSG 5FEB 2022 MEETING:INAL DOCS FOR SUBM$SIONDOS CONTRIBUTION_AI1.4_HIBS VS
MSS BSS RDSS.DOCMABR 21 11.03.220-01:296:01-22 11.03.221-02:08




-82-
5D/886 (Annex 4.21F
TABLE A4.1.34

Degradation of the average DL throughput of the ground component of IMT due to cehannel 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 grbasdd network is already interference
limited, and the additional interference due to HIBS base station transmissions, even crossing the
I/N protection level of6 dB, leads to a limited increase in the interference levels seen at the IMT
UEs.

A4.1.34.2 Adjacent channel operation of HIBS and theground component of IMT

A4.134.2.1 HIBS base station interference into grounebased IMT base stations

FigureA4.1.35 presents simulation results of interference at the grbasdd IMT base stations

due to HIBS base station transmissions at the adjabannel. This DL to UL interference scenario
represents a fully unsynchronized operation of the two networks. Results are presented as curves of
cumulative distribution offN for Inter-Network Distance (IND) varying from O km (docated

network coverag centres) to 110 km. The combined effect of the HIBS base station ACLR and the
groundbased IMT base station ACS results in an Adjacent Channel Interference Ratio (ACIR) of
36.9 dB.
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FIGUREA4.1.35

Adjacent channel interference at IMT base stations due télIBS base station transmissions

HIBS DL -> IMT UL, adjacent channel
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As observed in Figurd4.1.35, the protection level for the ground component of IMT liM= -6

dB, is not crossed for any of the INDs considered. The case of IND = 0 km, i.e. superposition of
coverage areas with docated network coverage centres, leads to reduced interference levels in
comparison with other INDs. This is a direct consequefitiee 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 groubdsed IMT base station with an increase in the IND is seen for
IND =10 km and 20 kmThis 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 observedripeghe la
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

FigureA4.1.36 presents simulation results of interference at the IMT difesto 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 InterNetwork DistancgIND) varying from 0 km (cdocated 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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FIGUREA4.1.36

Adjacent channel interference at IMT UEs due to HIBS base statiotransmissions

HIBS DL -> IMT DL, adjacent channel
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As observed in Figurd4.1.36, the protection level for the ground component of IMT i = -6

dB, is not crossed for any of the INDs considered. The variation of interference levels with respect
to different INDs is basically goverddy 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 sam
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).

A4.1.35 Summary and analysisof the results of study

Considering that a maximuhliN = -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
groundbased IMT network are required foo-channel operation in the 2 5@0690 MHz
frequency range. No interference issue is expected for adjacent channel operation.

It is also observed that due to the characteristics of the gimasetl IMT network (interference
limited), the increase in iatference due to echannel HIBS transmissions leads to limited or
negligible performance degradation for a grotmaded IMT network even at around the edge of the
HIBS coverage area.

A4.2 Sharing studies betweeiiixed service and HIBS operating in the 2 80-2 690 MHz
frequency range

A4.2.1 Study A

A4.2.1.1 Technical and operational characteristics of HIBS operating 2 50@ 690 MHz
frequency range

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

document towards @reliminary draft new Report IT\R M.[HIBS-CHARACTERISTICS], [F ted: English (U.S)
ormaitted: nglis .
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including Table 2, Table-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-lyrsadd
network

FIGURE A4.2.1.1
HIBS antenna pointing and network topology
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HIBS Antenna Structure
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FIGURE A4.2.1.2

HIBS antenna pattern (Recommendation ITUR M.2101)
(a) Single element (for adjacent case)
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(c) 2nd layer (4% 2)

HIBS Base Statien horizental antenna pattern HIBS Base Station vertical antenna patterm
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A4.2.1.2 Technical andoperational characteristics of fixed service operating in the 2 562
690 MHz frequency range

The characteristics for the fixed service (FS) for ptirpoint (PP) systems are based on the
information contained in the Recommendation {RU.758, Table 16s summarized below.

TABLE A4.2.1.1
Characteristics of the FS (PP) systems

Parameter Value
Band of operation 22902 670 MHz
Reference Recommendation ITUR F.1243
Modulation MSK
Bandwidth 14 MHz
Receiver noise figure 4 dB
Antenna height 30m
Antenna pattern Recommendation ITHR F.1245
Antenna gain 25 dBi
Antenna beamwidth 8.6¢
Diameter of the antenna 09m
Protection criteria (I/N) 16 dB

For FS (PP), in cases of analysis consisting of many interference entries, as it is the cme with
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 accordaitte Recommendation ITAR F.1245,
representing average sidelobe levels.
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FIGURE A4.2.1.3
FS (PP) antenna pattern (Recommendation ITLR F.1245)
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A4.2.1.3 Propagation model

Recommendation ITHR P.1409, item 2.3, indicates that RecommendationRTR.619 shod be

used for studies of frequency sharing between-hlgtude platform networks and other terrestrial

stations. Furthermore, Recommendation {RUP.835 is used for reference atmosphere, and a

latitude < 22U (Brasil i agd, wBichehasinb significantaseasonal 5. 8 U) was
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 scintifatdss. 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 Hofesight 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 adfreght scenario due to heavy
attenuation.

A4.2.1.4 Methodology

The SHARC opersource simulation tools used, which is a coexistence static syslevel
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 snulator is written in Python and the source code is available at GitHub
https://github.com/SIMULATORNG/SHARC

At each simulation snapshot, the UE are randomly generated and located within a ezl Thest
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, thisdprocedure 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, andveisa. In this study the
interferenceto-noise ratio is calculated and compared with the protection criteria for their specific
frequency range.

cons
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A4.2.1.5 Scenarios and results of the study

Thestudy 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 A4.2.14

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

A® i T15.80942 T47.86673
B 50 km 1T15.35629 1T47.86673
C 100 km 1714.90108 147.86673
D 150 km 1T14.45817 147.86673
E 250 km 113.56010 147.86673
F 350 km 112.66000 147.86673
G 450 km 111.76012 147.86673
H 478 km 111.51001 147.86673
| 500 km 1711.31030 147.86673

@ HIBS nadir.

The simulation for cechannel sharing analysis was done considering HIBS central frequency at
2 660MHz, and the FS (PP) at 2 663 MHz, as shown in Figdr2.1.5.
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FIGURE A4.2.1.5
HIBS-FS (PP) cechannel analysis
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The results of the simulations, as showniguFe A4.2.1.6jndicates the probability of the achieved
protection criterial(N) for each of the distances described abdteeach snapshot, the FS (PP)
station elevation angle varied following a normal distribution with a media@.2% and standard
deviation of 0.9, according to the Recommendation-R'B.2086 (Table AZA), 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) cechannel 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 wildl not meet the FS (PP) protection criter
to verify what tle appropriate pfd values for the HIBS station would be to protect the FS systems, in

calculating pfd levels as the following:
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Where'O = 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 (PPBjotection criteria I(N) al ways |l ower t han 16 dB whei
implementing the HIBS pfd mask in red.

FIGURE A4.2.1.7
HIBS pfd mask for FS (PP) cechannel feasibility
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A4.2.1.6 Summary and analysis of the results of Study A

The results of this study show that HIBS operating in the 2 50 690 MHz frequency range the

sharing with FS ca&hannel is only feasible if additional measures are implemented for the HIBS

stations. As such, HIBS, in order to protect fixed stations frorohemnel interference, shall not

exceed the following limits of a co channel powerfle nsi ty (pfd) at the Earthoés surfa

T T 1 4B(W/(n’ - MHZ)) for angles of arrival ) less than 2° above the horizontal
plane;

T T 148 +qT0 .@BW/(mf - MHz)) for angles of arrival between ahd 47° above
the horizontal plane; and

T T 1 dB(W/(n’ - MHz)) for angles of arrival between 47° and 90° above the horizontal
plane.

A4.3 Sharing studies betweemroadcasing satellite service inthe 2 5262 630MHz
frequency rangeand HIBS operating in the 2 5082 690 MHz frequency range

A4.3.1  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 ominéctional antennas, in case theidy is to be
validated for crosorder scenario. Also, the pfd values pertaining to the protection criteria for
0.6% time and 0.02% time may also be inclupled.

<« ) [ Formatted: Justified
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As per RR No0.5.416 coordination scheme based on RR Rd.9 may be applied for sharing
between BSS and HIBS in the 2 520630 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 WBBA 82).

TABLE A4.3.1.1
BSS downlink parameters in the 2 52 630 MHz frequency range

Parameters Units Carrier 1 Carrier 2 Carrier 3
Frequency range MHz 25502 630 252062 550 25202550
Noise bandwidth MHz 0.0070.1 0.0090.2 0.0090.2
Antennadiameter M 0.042 x 0.042 0.12 x 0.12 0.042 x 0.042
Peak receiver antenna gain dBi 25 10 25
Antenna receive gain pattern - Omni Non-directionalnore) Omni
System receive noise K 450 150 450
temperature
Minimum earth station Degrees 5 10 5

elevation angle

NOTE : ITU standard antenna patt&kREND_099V01(G = Gmax for all angles) is assumed to be used. There
general understanding that using an earth station antenna with the maximum antenna gain of 10 dBi may lee
directivity and antenna discrimination. However, this case refers to the envelibepafak gain of the main beam
which is steerable. It should be noted that using such an antenna, compared to using a directional antenna, «
the system more sensitive to interference.

TABLE A4.3.1.2
Protection criteria of BSSin the 2 5202 630 MHz frequency range

Frequency Ranges Percentage of time for which the/V value I/N Criteria (dB)
could be exceeded (%)

can be exceeded not more than 20% of tir

b ded h % of fi -10.5dB I/N
2520 t0 2 630 MHz can be exceeded not more than 0.6% of ti -6 dB N
can be exceeded not more tfta82% of
time 0dBI/N

A4.3.1.2 Propagation model

Free space and depolarization loss from RecommendatiofRIPLE19 were used as the baseline
propagation model based on section 2.thefdraft revision of Recommendation [IRJP.14091.

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

The pfd calculatiorfor the protection of BSS earth stations in the 223830 MHz frequency range is

provided in Table A4.3.1.3.1. [Formatted: English (U.S.)
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TABLE A4.3.13
Pfd threshold levels for the protectionof BSSin the 2 5202 630 MHz frequency range

Parameter Carrier 1 Carrier 2 Carrier 3

Frequency 2 590 MHz 2 535 MHz 2 535 MHz
101 &4( 9 1T29.27 m 1T29.25 m 1T29.25 m
Noise bandwidth 7 kHz 9 kHz 9 kHz
Systenreceive noise 450 K 150 K 450 K
temperature
Noise spectral densit 1163.6 dBY 1167.3 dBY 1162.5 dB\

P YI = 7142.1 d = 1146.8 d = 1142.1 d
Protection criterion
(I/N), can be exceeded - - -
not more than 20% of 110.5 dEH 1 10dB5 110.5 d#f
time
Interferences level to
satisfy the protection 1152.6 dB 1157.3 dB 1T152.6 dB
criterion
Pe_ak receiver antenna 25 dBi 10 dBi 2 5 4B
gain
Antenna discrimination 0dB 0dB 0dB
loss
Depolarization loss
(See section 2.2 of
Recommendation ITYU 3dB 3dB 3dB
R P.619)
pfd value,can be
exceeded notmorethg 1 122 . 4 -WIHREW 1 134. 8 -MIHEW 1 122. 5 -KHR&W
20% of time

Note to the table:
The pfd calculation formula is listed as follows:

pfd (dB(W/m2MHz)) = Noise spectrum density (dB(W/MHz))/N (dB) - Peak receiver antenna gain (dBi) +
Antenna discrimination loss (dB)Bepolarization los¢dB)-1 0 | & g4( 9 .

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 pdtitrercniomhatbi s neartder st @t ideerscir s
envelope of the peak gain of the main beam which is steetdbwever, 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 ave considerations, it would be appropriate for the protection of BSS in the 2 520
2630 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 thdedkees. 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.

i122.5 dBMAfonpld < 10
- 1 3 dB(V8/m?)in 1 MHz for 10 ¢ d¢ 90~

whered 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 coordinatiengrotect BSS from HIBS in the 2 520630 MHz frequency
range.

1122.5 dBMAZfonD td < 10
- 1 3 dB(V8/m?)in 1 MHz for 10 ¢ d¢ 90
whered is the angle of arrival above the horizontal plane, in degrees.

A4.3.2 Study B

[EBIIGGFBS nete GGHGEFHS mere EEEBFESSEEI reg[Formattednghllght

[ Formatted: Justified

Comment [P1]: Justification for deletior
this Editordés Note

A4.321 Introduction noted of the India

This documenincludes the Sharing studies between Broadcast satellite service (BSS) in frequency
band of 25202630 MHz and HIBS operating in the5P0-2690 MHz frequency range in
pursuance with theesolves to invite ITUR 2 of Resoldion 247 (WRC-19) under WRG23 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:
T Case |: HIBS BS to BS8ser terminals
T Case II: HIBS UE to BSS user terminals.

A4.3.22 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 paramet&S$fused are as provided
by the contributing group WP 4A to WP 5D (Doc. 5D/732).

A4.3.22.1 Technical and operational characteristics of HIBS systems operating in the
25002 690 MHz frequency range

Tables show parameters values used for IMT base stattMT UE in the sharing studie®nly
those parameters that are relevant to this study are included.

TABLE A4.3.21

HIBS Base Station Specification & deployment related parameters

BS density 1 BS/HIBS area

HIBS altitude 20 km

HIBS transmit antenna patn 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 (£' layer cell)
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HIBS element antenna gain 8 dBi
HIBS area radius 90 km
Ohmic losses 2dB
Polarization loss 3dB

TABLE A4.3.22

UE Specification & deployment related parameters

UE density 21 UEs/HIBS area (3 UEs per cell)
UE height 1.5m

HIBS UE transmit antenna gain 13 dBi

Body loss 4 dB

Maximum UE transmitter output power 23 dBm

Polarization loss 3dB

A4.3.22.2 Technical and operational characteristics of BSS systems operating in the
2520-2 630 MHz frequency range

Below tables show parameters values used for BSS in the sharing sudyethose parameters
that are relevartb this study are included.

TABLE A4.3.23

BSS receiver parameters

Noise bandwidth (MHz) 0.0070.1
Peak receive antenna gain (dBi) 2.5
Antenna receive gain pattern (ITR) omni

; mni
Recommendation)
System receive noise temperature (K) 450

A4.3.22.3 Protection criteria

TABLE A4.3.24

Protection criteria for BSS system

Frequency ranges Percentage of time for which the/V value /N criteria
could be exceeded (%) (dB)
can be exceeded not more than 20% of tim¢ 110.5dB I/N
2520 to 2 630 MHz can be exceeded natore than 0.6% of time 16 dB I/N
can be exceeded not more than 0.02% of tim 0dB I/N

In the frequency band 2 520630 MHz, there are primary allocations to the fixed service [Formatted: Highlight

and the mobile service in all regions, apart from broadcasting satellite service. This means that
more services could be operating in gsmefrequency band 2 520 630 MHz that could be
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possiblesource of undesirable emissions to the BSS user terminalapgortionment of 3 dB in

the protection criteria is therefore considered in the analysis.

A4.3.23.1 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/celf(ayer 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 25502570
Path length m 20000.0
Path loss dB 126.6
Aggregate receivenhterference density dBW/MHz 1T119.6
BSS user terminal receive antenna gain dBi 25
Aggregate received interference density to BSS receivg dBW/Hz 1T177.1
Interference noise temp. K 141253.8
BSS receiver noise temperature K 450
Degradation in noiseemp. % 31389.7
I/N dB 25
Protection criteria % 25(/N: 16 dB
Exceedance 31dB
Exceedance after applying apportionment oB3iml protection criteria 34 dB

Sensitivity Analysis, With respect to HIBS BS altitude ahge from20 to 18 Kms, the sensitivity

analysis has been carried out. The maximum interference and corresponding exceedance: ag[Formatted'

[ Formatted:
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[ Formatted:

Font: Not Bold, Highlight

Normal, Justified

protection thresholds increases by 0.9 dB for 18 km altitude compared to 20 kms altitude of HIE[ Formatted:

BS.

A

A4.3.23.2 Case II: HIBS UE to BSS usetterminal

Parameters Unit Values

Maximum HIBS UE output power dBm 23.0 23.0 23.0
HIBS UT antenna gain dBi T 3. 13.0 13.0
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 117 1T17.0 117
Maximum HIBS UE e.i.r.p. density dBW/Hz 190 190.0 190
Transmit frequency of UE MHz 2550.0 2550.0 2550.0
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Propagation loss (ITHR P.1812) dB 125.0 120.6 114.6

Aggregate received interference density dBW/Hz 1215.0 1T210. 1T204.

BSS user terminakceive antenna gain dBi 2.5 2.5 2.5

Aggregate received interference density dBW/Hz 1T212. 5 1208. 1T202.

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

Protectionc r i t &/Mi a (= % (IN: ®1o. (I/N:25T 6 (I/N]:-c())odB)

Ui terminals to maintan protecton orteria | " 5.2 43 37

keepout distance between HIBS UE & BSS . [Formatted: Highlight
user termir_1al$o main_tain protection criteria km 5.9 4.9 3.9 [N [Formatted Table
after applying apportionment of 3 dB

A4.3.24 Summary

A4.3.24.1 HIBS BS to BSS UE

This preliminary sharing studyn assessing the possible interference from HIBS BS into BSS user
terminals in the 320-2 630 MHz frequency bands shows the following trend:

a) I/N protection criteria is exceeded by about 35.5 dB assumiifflanf 1 1 0. 5 dB.
b) I/N protection criteria is exceeded by about 31 dB assumimiNanf 1 6 d B.
c) I/N protection criteria is exceed by about 25 dB assuming l&N of O dB.

Further, I/N is_exceeded by dB in each of theabovecaseswith 3 dB apportionmentn the - Formatted:_Highiight

protection criteria

The maximum interference and corresponding exceedance against protection thresholds incre[ Formatted: Highlight

by 0.9dB 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.

A4.3.24.2 HIBS UE to BSS UE

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

a) 5.2 km of keepout distance required to meet protection criterildo f T 1 0. 5 dB.

b) 4.3 km of keepout distance required to meet protection criteridld f 1T 6 d B.

c) 3.7 km of keepout distance required to meet protection criterilif 0 dB.

Further, keemut distance are increasedin the range of 3.9Km to 5.9 Km with 3 dB [ Formated: Hiighiight

apportionmenin the protection criteria

Considering the ubiquitous nature of HIBS UE and BSS user terminals, it would not be practically
possibleto ensure such large keept distancesHence, the coexistence of HIBS UE and BSS is
not possible in this frequency band.
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A4.3.25 Conclusion
Based a the outcome of the sharing studies, it is concluded that there would be harmful

interference from HIBS BS with tHéN exceedance in the range of 25 dB to 35.42#BdB to 38.5 [Formaned; Highlight

dB with 3 dB apportionmentn the protection criterjato the BSS useterminals if both HIBS and
BSS shares the same frequency baB@®2 630 MHz. Also, keeput distances in the range of 3.7

km to 5.2 km(3.9km t05.9 km with 3 dB apportionmeni protection criteripbetween the HIBS [Formaned: Highlight

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 suchdareepout 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
2535 MHz (spaceto-Earth) and 2 6552 690 MHz (Earth-to-space) bang in
Region 3and HIBS operating in the 2 5062 690MHz frequency range

Resolution247 (WRGC-19) resolves to invite the ITU Radiocommunication SezZiodicates that
for HIBS operating in the 2 560 690 MHz frequency range there are limitations specifically for
Region 3, including that the 2 5@0535 MHz range is to be used for uplink only, and that the

2 6552 690 MHz range should not be usklénce the 2 5002 535 MHz frequency range would
fall in the proposed HIBS uplink arrangement for Regioangino studies are required for HIBS
operating in the 2 653 690 MHz frequency range in Region 3

In terms of the analysis diIBS operating in Regions 4nd 2 and its sharing and compatibility
with MSS in Region 3the following should beonsidered

T For MSS(sE) in the 2 502 535 MHz frequency rangsharing studies on the impact
from HIBS operating in Region 2 on the MSS in Regi@ar&not necessagasthe
interference from HIBS tmobile earth station$MES) is negligible due to high
attenuationSimilarly, no adjacent band compatibility studies are needed to assess the
impact of outof-band emissions from HIBS operating in Regions 1 and 2 on ttf& MS
operating in Region.3

T For MSS (Es) in the 2 658 690 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 lolwerto high attenuation.
Similarly, no adjacent band compatibility is necessary between HIBS operating in
25002 655 MHz and MSS operating in the 2 655690 MHz frequency band.

Based on the above considerations, this section is focused on
T For the 2500-2 535 MHz (sE) range, irband sharing studies between HIBS in

Regiors} 1 fand 3 and MSS in Region 3; ( Formatted: Highlight

T For the 2 658 690 MHz (Es) range, the iband sharing studies between HIBS in [Formatted: Highlight

Region 1 and MSS in Region 3; [ Formatted: Highlight

T And in Region 3, adjacent bandmapatibility studies between HIBS in the 2 500
2 690MHz frequency band and MSS in the 2 80635 MHz (sE) frequency range

Ad.4.1 Study A

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

A4.4.1.1 Technical and operational characteristicof HIBS in the 2 5352 690 MHz
frequency range

This study used technical and operational characteristics of HIBS in Band 3-@ 6D MHz
frequency range) contained in section 6.1.3 of the working document towards a PDN Regert ITU
M.[HIBS-CHARACTERISTICS]. The single element antenna pattern of RecommendatiotRITU
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 interfieoem

HIBS operating at altitude below 20 km.

A4.4.1.2 Technical and operational characteristics of MSS (&) in the 2 5002 535 MHz
frequency range

Tables A44.1.1 and A44.1.2 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 (&) in the 2 5002 535 MHz frequency rarge

Parameters Units Values

Beam carrier bandwidth kHz 4

Maximum MES antenna
discrimination towards the horizon

User GIT dB(K™) 123 toi 25

dBi 15

TABLE A4.4.1.2

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

Parameter Values

For Cofrequency sharing and adjacent 6% (/N =112.2dB) or 10% (/N =1 10dB) or 25%
band compHERibilit (IN=16dB)

Note to the Table: Presently no ITLR recommendation exists for tpeotection criteria for MSS in thq
frequency band 2.6 GHz (noting that there are variations on the MSS allocation for each Region)
that this contribution is based on previous studies contained i¥RITéports in the frequency band
25002 690 MHz that have considered the protection criteria for MSS for the purpose of that speci
study.Studies using this protection criteria for MSS could be assessed on the basis that these ran
values were put forward by WP 4C to facilitate the work for WE&genda iteni.4 and these values
may evolve in the future based on inputs to the-Rbut no conclusions on the application of this
protection criteria and its associated assumptions should be extrapolated to other studies.

A4.4.1.3 Propagation model

Free space and depolarization loss from RecommendatiofiRIPLE19 were used as the baseline
propagation model based on section 2.thefdraft revision of Recommendation [FRJP.14091.
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A4.4.1.4 Methodology

This study calculatetiN produced by HIBS a¥IES in the interference scenarios in Table4A4.3
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and considered the horizontal separation distance from area edge of HIBS to comply with the MSS
protection criterial(N =1 6/1 10/ 12.2 dB in Table A44.1.2.2.

TABLE A4.4.13

Interference scenarios

Interfered with Interfering
Frequency range Interfered Station Frequency range Interfering station
HIBS
25002 535 MHz MES 25352 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 distande;, is defined as the distance from the nadir of HIBS to the interfered statign.
is defined as the distance from the area edge of HIBS to the intlestat®n Dy, gan be calculated
asbh&#Dp 90 km ( HI BS

Country A

area radius)o.

FIGURE A44.1.1
Relative relations between HIBS and interfered station

X

'y

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 distané2 between HIBS and the interfered station is calculated by the horizontal
separation distanday, (see also Figure A4.1.4.2.1) as follows:

JDOCUMENT IN PANDEY SIRNSG 5FEB 2022 MEETIN@ZINAL DOCS FOR SUBM$SIONDOS CONTRIBUTION_AI1.4_HIBS VS

MSS BSS RDSS.DOCMABR
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O Y Y O ¢YY OAI & (km)

where:
R: Earth radius = 878 km;
H Platform Altitude= 18/20 km.

FIGUREA4.4.1.2

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 calculdeproduced by HIBS at MES.

Step 1: Calculate Noise spectrum densitys9 of MES as Table A4.14:

TABLE A4.414
Calculation of Noise spectrum density of MES in the 2 502 535 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 lelgh§) produced by HIBS at MES as follows:
0 pi i B ——— OYOODD

where:
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0'0YD ¢ : HIBS maximum e.i.r.p (W/MHz) in celt;
0: number of cells
0 00 ¢ : angular discrimination loss of HIBS in cell

"O"Y.0free space loss (dB) ofhé separation distance between HIBS and the
Interfered station[);

00 D Depolarization loss (dB) (See section 2.2 of RecommendatiorRIPU619).

Step 3: Calculat&N as follows:
T OC zv0
A4.4.1.5 Study results
The calculation results &N produced by HIBS at MES are shown in Figure4A4.3.

FIGURE A44.13

Calculation results of I/N

0.0

-10.0 \

I/N (dB)

-20.0

-25.0
-90-80-70 -60 -50 -40-30-20-10 0 10 20 30 40 50 60 70 80 90 100110120130140150160170180190200210

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

e HIBS Platform altitude = 20km == == HIBS Platform altitude = 18km MSS protection criteria

I/N=-6dB
—— MSS protection criteria ——MSS 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/N=16 dB), 14 km (/N=110 dB) and 42 kmI{N=112.2 dB in the cases

of HIBS operating at the @ide of both 18 km and 20 km.

A4.4.1.6 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 MSS protection criteria in the 2 50635 MHz frequency rage is O km to 42 km.
This means that the compatibility between MS&)$n the 2 502 535 MHz frequency range and
HIBS in the 2 538 690 MHz frequency range could be addressed by maintaining the- above
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mentioned separation distances between the area @dgIBS and adjacent countries and any
HIBS specific mitigation measures to protect MS&)swould not be necessary.

Ad4.4.2 Study B

JEditorbs noter Concerns were expressed reg o Formatted: Highlight
oY | " (THOE! d

neededﬂaﬁh&nexpmeenngmm%euss%&assumpaen&useémws study Comment [P2]: Justification fordeletion

this Editpr's Note is provided in the "cov
A4.4.21 Introduction note" of the Indian's contribution.

This documenincludesthe Sharing and compatibility studies between Mobile satellite service (MSS)
in frequency band of 200-2 535 MHz (spaceo-Earth) and 5552 690 MHz (Eartkto-space) and
HIBS operating in the 256P690 MHz frequency range in pursuance with itbgolves @ invite
ITU-R 2 of Resolution247 (WRGC-19) under WRG23 agenda item 1.4This 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 isarried out considering following cases:
i Case I: Adjacent band compatibility study to assess possible interference from HIBS BS
to MSS UE in2 500-2 535 MHz (spacéo-Earth).
T Case II: Inband sharing study to assess possible interference from HIRS MES
UE in 25002 535 MHz (spacdo-Earth).

T Case llI: Inband sharing study to assess possible interference from HIBS BS to MSS
space station receiver 26552 690 MHz (Earthto-space).
A4.4.22 Technical characteristics
This section provides the agific parameters of HIBS used in the study, as provided in Annex 4.19 of
DocumentD/716 The specific parameters of MSS used in the study are as per Do&D&sit
A4.4.22.1 Technical and operational characteristics of HIBS systems operating in the
25002 690 MHz frequency range

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

TABLE A4.4.21

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 (£'layer cell)

HIBS area radius 90 Kms

Ohmic losses 2dB
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Polarization loss 3dB

TABLE A4.4.22
Spectrum mask- HIBS (BS)

Frequencyo f f set fr o Emission limit Measurement bandwidth
transmibsi o
0 MHz ¢ gf <5 MH 100 kHz
z¢af z - 7dBm- féeoiﬁset 0050dB
5 MHz ¢ gf < 10 MHz 114 dBm 100 kHz
10 MHz ¢ gf Spurious domain limits i

TABLE A4.4.23

UE Specification & deployment related parameters

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

HIBS UE transmit antenna gain 13 dBi

Body loss 4 dB

Maximum UE transmitter output power 23 dBm

Ohmic losses 2dB

Polarization loss 3dB

A4.4.22.2 Technical and operational characteristics of MSS systems operating in the
25002535 MHz and 26552 690 MHz frequency range

Below tables show parameters values used for MSS in the sharing studjethose parameters that
are relevant to this study areluded.

TABLE A4.4.24
MSS receiver parameters (2502535 MHz)

Burst rate (Kbps) 2.7-64

Receive antenna (G/T) 123

User terminal noise temperature 446 K

Peak receive antenna gain (dBi) 3.5 dBi

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

TABLE A4.4.25
MSS space station receiver parameters (2685690 MHz)

| EOC sateliite G/IT (dB/K) +6
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Space station receiver noise temp (K) 1000
Satelliteorbital location 83°E
Beam location North region of Indian Mainland

A4.4.2.2.3 Protection criteria

TABLE A4.4.26

MSS Protection criteria for the purpose of sharing and compatibility study
for allocations within the 2 5002 690 MHz range

Parameter Values

For cofrequency sharing and adjacent 6% (I/IN=1 1 2dB)2or 10% (I/N=T1 1 @B) or 25%
band compatibilit (IN=1 &B)

A4.4.23.1 Case |: Adjacent band compatibility study to assess interference from HIBS BS to
MSS User Terminals in 2500-2 535 MHz (spaceto-Earth)

Considering above technical and deployment related parameters, analysis is carried out to assess the
possible interference power recaivat MSS user terminals due to the OOB emission from HIBS

BS. The worst case 1 MHz OOB emission within MSS ban80(®2 535 MHz) is considered

which falls within the signal bandwidth of defined MSS parameters. The spectrum mask of the
HIBS BS is shown irFigureA4.4.2.1.

FIGUREA4.4.21

HIBS BS emission mask

MSS band

Power (dBm/100KHz)
&

0 10 20 30
Frequency offset (MHz)
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Parameters Unit Values
T B
HIBS BS antenna gain dBi 8.0
HIBS BS ohmidoss dB 2.0
HIBS BS polarization loss dB 3.0
Maximum HIBS BS e.i.r.p. density dBW/MHz 123.9
Transmit frequency of BS MHz 25352555 MHz
Path length (20 km) m 20000
Path loss dB 126.6
Aggregate received interference density dBW/MHz 1T150.5
MSS useterminal receive antenna gain dBi 3.5
Aggregate received interference density to the receivi dBW/Hz 1207
Interference noise temp. K 144.5
MSS receiver noise temperature K 446.0
Degradation in noise temp. % 324
I/N dB 1T4.9
Protection criteria % 6.0(N=T 1 2dB)2
Exceedance 7.3dB

Sensitivity Analysis- With respect to HIBS BS altitude ahge from20 to 18 Kms, the sensitivity

[Formatted: Highlight

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.

A4.4.23.2 Case II: In-band sharing study to assess interference from HIBS UE to MSS user
terminals in 2 500-2 535 MHz (spaceto-Earth)

Parameters Unit Values
Maximum HIBS UE terminal output power dBm 23.0 23.0 23.0
HIBS UT Antenna gain dBi 13.0 13.0 13.0
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 1T17.0 1T17.0 1T17.0
Maximum HIBS UE e.i.r.p. density dBW/Hz 1T90.0 1T90.0 190.0
Transmit Frequency of UE MHz 25002520 25002520 25002520
Propagation losfTU-R P.1812) dB 127.8 125.6 121.6
Aggregate received interference density dBW/Hz 1217. 8 1T215. T211.
MSS user terminal receive antenna gain dBi 35 35 35
Qgsgsrer%?:teeivreercelved interference density td dBW/Hz i214. 3 i2192 1 i208.
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 % 6.0 100 250

° (UIN=T 1 2dBR| (IIN=T 1@B) | (IN=T &B)
Requm_ed kegp)L_Jt distance to maintain Kkm 6 5 4
protection criteria

A4.4.23.3 Case lll: In-band sharing study to assess possible interference from HIBS BS to

MSS space station receiver in B55-2 690 MHz (Earth-to-space)

Methodology: As a case study, aggregate interference from HIBS towards space station receiver
located at 83°E longitude is estimatedb&hd space station receive beam is directed towards the
northern region of Indian mainland for the presented interference anatysiéeence is computed

from the inband emissions from multiple HIBS towards thbad 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 ba®&22 690 MHz is not to be used for HIBS in
Region 3, as paesolves to invite ITLR 2 of Resolution247 (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 laiigS$ating in 2 652 690 MHz

band. Approx. 5623116 knf 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 (90km radius) is considered in assessing the agtgegterference.

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 peiRTRJ2108.

Polaization loss of 3 dB is considered between HIBS anébaard 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 antennaepatof 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 P layer cell for HIBS with 20 km an80 km altitudes are shown in Figure 1.

In the frequency band 2 655690 MHz, there are primary allocations to the fixed [FOfmattedi Highlight

service and the mobile servite Regionl. This means that two services could be
operating in Regiof in the frequency band 2 625690 MHz that could be source of
undesirable offixis emissions from Regieh to the MSS space station.nA
apportionment of 3 dB in the protection criteria is therefore considered in the analysis. | Aligned at: 0.25"+ Indent at: 0.5"
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FIGUREA4.4.22

HIBS BS average antenna pattern oveazimuth
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la. HIBS BS average antenna pattern"8f&er cell with 1b. HIBS BS average antenna patterni&yer cell with 23°
23° mechanical tilt (HIBS Height: 20 km) mechanical tilt and 18° electrical (HIBS Height: 50 km)

Results of interferencanalysis for ilband cases are shown in Tahle4.2.7

HIBS Altitude
Parameters
20 km 50 km
PT/ T (%) 173 75
I/N Exceedance (in dB) fdfN=-12.2 dB criteria 14.6 11.0
I/N Exceedance (in dB) fdfN=-10 dB criteria 12.4 8.8
I/N Exceedance (in dB) fdfN=-6 dB criteria 8.4 4.8
Applying an gportionment of 3 dB in the protection criteria S [Formatted: Highlight
I/N Exceedance (in dB) fdfN=-15.2 dB criteria 17.6 14.0 [Formatted: Left
I/N Exceedance (in dB) fdfN=-13 dB criteria 15.4 11.8 [Formatted: Highlight
1IN Exceedance (in dB) fdfN=-9 dB criteria 11.4 7.8 [Formatted' Highlight
[Formatted: Highlight
A4.4.24 Summary of outcome
A4.4.24.1 HIBS BS to MSS user terminal
This adjacent band compatibility studyn OOBE interference from HIBS BS (operating in
25352555 MHz, the band adjacent to MSS) iftSS user terminals operating in the&@D-
2535MHz frequency band shows thattilspr ot ecti on criteria of T1T12.2 dB i ex
7.3dB.
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 wiiilgi dh@.
The maximum interference and corresponding exceedance against protection thresholds incre[ Formatted: Highlight
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.

A4.4.24.2 HIBS UE to MSS user terminal

In-band sharing studyn interference from HIBS U® MSS user terminal in the5D0-2 535 MHz
frequency bands shows the following results:

a) 4 km of protection distance required to meet protection critefidaf f 1 6 d B.
b) 5 km of protection distance required to meet protection critefitNaf f @dBL 0
c) 6 km of protection distance required to meet protection critefidNaf f 1T 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 distances. Hence, the cog¢aixe of HIBS UE and MSS is
not possible in this frequency band.

A4.4.24.3 HIBS BS to MSS space station receiver

This inband sharing studyn aggregate interference from HIBS BS in Region 1 into MSS satellite
receiver with service area in Region 3 ie #6552 690 MHz frequency band shows that th¢is

exceeded by 8.4 dB to 14.6 dB for the protection critékia ange of 1 Eurthegl/N |sl 2 [Formaned; Highlight

exceeded by 11.4 to 17.8 avith 3 dB apportionment in these protection critedance, the
coexistence of HIBS and MSS is not possible in this frequency band.

[Formatted: Font: Italic, Highlight
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A4.5 Compatibility studies betweenradiodetermination satellite service inthe adjacent
2 483.52 500 MHz (spaceo-Earth) band and HIBS operating in the 2 50€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 edimaictional antennas, in case the study is to be
validated for crossorder scenario. Also, thepdated 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 horigal separation distance from area edge of HIBS to
radiodetermination satellite service (RDSS) receiver based on the calculations of intetference
noise ratio I{N) in order to evaluate whether HIBS specific mitigation measures would be necessary
to proect RDSS (&£).

A45.1.1 Technical and operational characteristics of HIBS in the 2 50Q 690 MHz
frequency range

This study used technical and operational characteristics of HIBS in Band 3-226800MHz
frequency range) contained in section 6.1.3 efwilorking document towards a PDN Report {RU
M.[HIBS-CHARACTERISTICS]. The single element antenna pattern of RecommendatieR ITU
M.2101 was used for this adjacent compatibility study. The value of spurious emissions were

s e |l e c t1 £3diBni/ BH2D fic dening Note to the Table 2 of the working document towards a
PDN Report ITUR 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 opeating at altitude below 20 km.
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A45.1.2 Technical and operational characteristics of RDSS in th2 483.52 500 MHz

frequency range

Tables A45.1.1 and A4.1.2 summarized the technical and operational characteristics of RDSS (s
E) for this study, whichare included in Attachment 1 of the liaison statement from WP 4C

(5D/731).

TABLE A4.5.1.1

Technical and operational characteristics of RDSS {E) receiver

Receiver use cases Land mobile, aeronobile & maritime mobile

Types of Receiver Typel Type2 | Type3 Type4
Receive Antenna Gain Pattern Mentioned in Table A4.6.1.2-A

Maximum receive antenna gain 2.3 dBi 2.3 dBi 2.3 dBi 7 dBi
Minimum receive antenna gain 17 dB 17 dB 17 dB 13 dB
RFfilter 3 dB bandwidth 16.5/24/60/90 MHz

Precorrelation filter 3 dB bandwidth 16.5 MHz

Receiver noise figure 2dB 3dB 3dB 2dB
Receiver system noise temperature 270 K 389 K 589 K 270 K
Receiver input compression level 1135 dBW

Receiver survivalevel 120 dBW

Note to the table: The defined receiver input compression level is applicable over corresponding REBIIBANS

TABLE A4.5.1.1-A
RDSS Receiver Antenna Gain

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

0 17.0 13.0

15.5 12.0

10 1T1. 4 10.5
15 0.0 0.0
20 0.8 15
25 11 2.0
30 1.2 3.0
35 1.2 3.5
40 1.2 4.0
45 1.3 4.5
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#RDSS 1150. 1148. 1146. 1T150.
interferences) at the passive antenna output, dBW/MHz dBW/MHz dBW/MHz dBW/MHz

I/N =16 dB criteria

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

1144, 1142, 1140. T184.
dBW/MHz dBW/MHz dBW/MHz dBW/MHz

Acquisition mode threshold power level of aggregat
narrowband interference (incl. all n®®DSS 1T160.3/1158.7|1156.9|1160. 3
interferences) at the passive antenna output

Tracking mode threshold power level of aggregate
narrowband interference (incl. all n®DSS 1T154.3/1152.7|1150.9|1154. 3
interferences) at the passive antenna output

Note 1to the Table Thresholds for acquisition and tracking modes sthaaicount for all the aggregate
wideband/narrowband interference other than-R®8S signals.

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

Note 3tothe TableBandwi dt h of wideband and narrowband int
respectively.

Note 4 to the Table: Presatly no ITU-R recommendation exists for the protection criteria for RDSS in the freque
band 2483.52 500 MHz. Studies using this protection criteria for RDSS could be assessed on the basis that the
values were put forward by WP 4C to initiate the kvior WRG-23 agenda iterth.4 and these values may evolve in t
future based on inputs to the ITR} but no conclusions on the application of this protection criteria and its associg
assumptions should be extrapolated to other studies

A4.5.1.3 Propagation model

Free space and depolarization loss from RecommendatiofiRIPL619 were used as the baseline
propagation model based on section 2.thefdraft revision of Recommendation IIRJP.14091.

A4.5.1.4 Methodology

This study calculatetiN produced by HIBS at RDSS receiver in the interference scenarios of Table
A4.5.1.3and considered the horizontal separation distance from area edge of HIBS to comply with
the RDSS protection criterid/ll = 16 dB) in Table A45.1.2. Sinceinvite ITU-R 2 of Resolution

247 (WRC-19) limits the studies of the frequency band in 2 20835 MHz for HIBS in uplink

only for Region 3, Scenario-A for Region 3 did not include 2 50535 MHz for the frequency
range of HIBS operation.
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TABLE A4.5.13

Interference scenarios

Interfered service Interfering services
Scenario No. ;
Frequency range | Interfered Station | Frequency range Intsetg‘g(r)lgg
. HIBS
R Al Land2) | 2483:52500 MHz RTDSS ;/ez‘jgzer 2500 2 690 MHz | (Platform altitude:
(in Regions 1 and 2) (Type ) 18/20km)
. HIBS
A2 248352500 MHz | D5 ECEIVET | 5ae 5 690 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 A45.1.1 shows the relative relation between HIBS and RDSS receiver. The horizontal
separation distande, is defined as the distance from the nadir of HIBS to the interfered statign.

is defined as the distance from the area edge of HIBS to the interfered. fatan be calculated
asbp#Dhb 90 km (HI BS area radius)o.

FIGURE A45.1.1

Relative relations between HIBS and interfered station

X

o St

Country A

Country B
Dh)

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 distané® between HIBS and the interfered station is calculated by the horizontal
separation distande, (see also Figure AB.1.2) as follows:

O Y Y O <cYY OAi & (km)
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Earth radius = 878 km;

Platform Altitude= 18/20 km.

FIGUREA4.5.1.2

Separation distance from HIBS to Interfered station

Interfered station

A4.5.1.4.3 Calculation method of I/N
The following steps were performed to calculdieproduced by HIBS at RDSS receiver.
Stepl: Calculate Noise spectrum dendiysg of RDSS receiver as TeEbA45.1.4

HIBS

TABLE A4.5.1.4
Calculation of Noise spectrum density of RDSS receiver in the 2 4832500 MHz frequency range
Type-1 Type-2 Type-3 Type-4

Parameterg ; ; ; ;

Wide Narrowband Wide Narrowband Wide Narrowband Wide Narrowband

band band band band
Frequency 2 500 MHz
Bandwidth | 1 MHz 700 Hz 1 MHz 700 Hz 1 MHz 700 Hz 1 MHz 700 Hz
Receiver
system 270 K 389 K 589 K 270 K
noise
temperaturg
Receiver 2dB 3dB 3dB 2dB
noise figure
goe'ifrum i142 1152. 1139 71149. 1137 1147.]71142 1152.
dZnsity dBW/MHz|dBW/700Hz*|dBW/MHz|dBW/700Hz*|dBW/MHZz|dBW/700HZz* |dBW/MHz|dBW/700HZz*
* Noise spectrum density of Narrowband RDSS system was subtracted by 10 dB from that of Wideband RDSS
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 valued/biffor Wideband RDSS system are smaller than that for
Narrowband RDSS system. Therefore, the values of Noise spectmsitydfor Wideband RDSS
system were used in Step 3.

Step 2: Calculate received interference lelghd) of RDSS receiver by HIBS as follows:

0 pi i B ——— 800 "O"YD 00 O

where:

0'0YD ¢ : HIBS maximum e.i.r.p (W/MHz) in celt;
0: number of cells;
0 00 ¢ : angular discrimination loss of HIBS in cell
0 O0 : angular discrimination loss of RDSS;

"O"Y.0free space loss (dB) ofhé¢ separationdistance between HIBS and the
Interfered station);

00 D Depolarization loss (dB) (See section 2.2 of RecommendatiorRIPU619).
Step3: CalculatéN as follows:

- "0 z§0

A45.1.5 Study results

The calculation results dfN produced by HIBS at RDSS receiver in Scenarit Are shown in
Figure A45.13.
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FIGUREA4.5.13

Calculation results of /N in scenario A1
(Compatibility between HIBS in the 2 5002 690 MHz frequency range in Regions 1 and 2 and RDSS in the
2 483.5-2 500 MHz frequency range)

I/N (dB)

90 -80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210

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

RDSS Type-2 * HIBS Platform altitude = 20km

m— RDSS Type-1 + HIBS Platform altitude = 20km === RDSS Type-1 - HIBS Platform altitude = 18km

15km m—RD 2-3 + HIBS Platform altitude = 20km = == RDSS Type-3 * HIBS Platform aktitude = 18km

= = RDS55 Type-2 * HIBS Platform al

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

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

The calculation results dfN produced by HIBS at RDSS receiver in Scenari@ Are shown in
Figure A45.1.4
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FIGUREA45.14

Calculation results of /V in scenario A-2
(Compatibility between HIBS in the 2 5352 690 MHz frequeng 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 (/N=T 6 dB) is not required in the cases of HIBS operating at the altitude of both 18 km and
20 km in Scenarios A and A2.

A45.1.6 Summary and analysis of the results of Study A

The results of this study show that the horizontal separation distance froedgeeaf HIBS to
comply with RDSS protection criteria in the 2 482.500 MHz frequency range is not required.
This means that any HIBS specific mitigation measures to protect REE§Sn(she 2 483.5

2 500MHz frequency range from HIBS in the 2 5a@G90MHz would not be necessary.

A4.5.2 Study B

[Ed|teres nete Genee:ns me:e e;;p=esseel reg[Formatted:HighIight
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A452.1 Introduction note" of the Indian's contribution.

This documentincludes the compatibility studies between radiodetermination satellite service
(RDSS) in frequency band of 2 4825500 MHz and HIBS operating in the520-2 690 MHz
frequency range in pursuance to tkeeolves tdnvite ITU-R 2 of Resolution247 (WRGC-19) under
WRC-23 agenda item 1.4This 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 considettirggfollowing cases: [ y o (U.S)
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T Case I: HIBS BS to RDSS USER TERMINAL
T Case II: HIBS UE to RDSS USER TERMINAL.

A4522

Technical characteristics

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

as given in Document 5D/731.

A4.5.22.1 Technical and operational characteristics of HIBS systems operating in
25002 690MHz frequency range

Below tables show parameters values feedMT base station and IMT UE in the sharing studies.

Only those parameters that are relevant to this study are included.

TABLE A45.21

HIBS Base Station Specification & deployment related parameters

BS density

1 BS/HIBS area

HIBS altitude

20 km

Channel bandwidth

20 MHz (25002 520 MHz)

HIBS transmit antenna pattern

i As per ITUR M.2101 (Single element pattern for Adjacent|

band studies)

T Asper ITUR M.2101 (Composite antenna Pattern)

HIBS network configuration

TDD

HIBS area radius

90 km

TABLE A45.22
Spectrum mask- HIBS (BS)

Frequency offset Emission limit Measurement
transmifsiong bandwidth
0MHz ¢ gf <5 MHz 100 kHz
o - 7dBm- L &l =offset. 0050dB
5¢ MHz
5 MHz ¢ of < 10 MHz -14 dBm 100 kHz
10 MHz ¢ gf Spurious domain limits -

TABLE A4.5.23

UE Specification & deployment related parameters

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

UE height 15m

Channel BW 20 MHz (25002 520 MHz)

HIBS UE transmit antenna gain 13 dBi

Body loss 4 dB

Maximum UE transmitter output power 23 dBm

HIBS UE location 50000 Random cmrdinates within the analysis region
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| (Area with 90 km radius from HIBS Nadir)

TABLE A4.5.24
Spectrum maski UE served by HIBS

Frequency offs Emission limit Measurement bandwidth
transmi si o
0¢gf<1MHz 7113 dBm 0.2 MHz
1 MHz ¢ gf < 5 MHz 7110 dBm 1 MHz
5 MHz ¢ of < 15 MHz 7113 dBm 1 MHz
15 MHz ¢ gf < 25 MHz 125 dBm 1 MHz

of > 25 MHz

Spurious domain limits

A4.5.22.2 Technical and operational characteristics of RDSS systems operating in the
2 483.52 500MHz frequency range

Below tables show parameters values used for RDSS in the sharing shundjethose parameters

that are relevant to this study are included.

TABLE A4.5.25

RDSS receiver parameters

RDSS USER TERMINAL antenna gain Typei1l,2,3: 15.5 dBi and

RDSS USER TERMINAL antenna pattern | As per Table 5a

Receiver input compression level 1135 dBW

RF filter 3 dB bandwidth 16.5/24/60/90 MHz

RDSS USER TERMINAL location 50000 Random coT1or di asradgior s
(Area with 90 km radius from HIBS Nadir)

TABLE A4.5.25-A

RDSS receiver antenna gain pattern

Antenna gain
Elevation angle (dBic)
(deg) ) .
Type-1, 2, 3 Receivers Type-4 Receiver
0 1T7.0 13.0
1T5.5 1T2.0
10 T1. 4 1T0.5
15 0.0 0.0
20 0.8 15
25 11 2.0
30 12 3.0
35 12 35
40 12 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 19 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 A4.5.26

Protection criteria for RDSS system

Typesof receiver Type-1 Type-2 Type-3 Type-4
Acquisition mode threshold power density level of
aggregate wideband interference (incl. all #RDSS 1T150. 1148. 1146. 1T150.
interferences) at the passive antenna output, dBW/MHz dBW/MHz dBW/MHz dBW/MHz

I/N =16 dB criteria

In the frequency bands 2 5@0520 MHz and 2 45@ 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 rhej Formatted: Normal, No bullets or

that two services could be operating in in #oacent bands to RDSS that could be source of | numbering

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

A4.5.23 Casel HIBS BS to RDSS user terminal

A4.5.23.1 Propagation model

Recommendation ITHWR 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:

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

The total propagatiorioss 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-@kmhdesimulations were
carried outo 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

[ Formatted: English(U.S.)
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considered which falls within the signal bandwidth of defined RDSS parameterspétteum
mask of the HIBS BS is shown in Figukd.5.2.1.

FIGUREA4.5.21
HIBS BS Emission mask

RDSS Band

S

For the adjacent band analysis, the single element antenna pattern of HIBS BS has to be used in

pursuance witlRecommendationTU-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 canposite HIBS BS antenna pattern also. The single element and composite antenna patterns of
HIBS BS are shown in Figurdst.5.2 2-A andA4.5.2 2-B.
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FIUGREA4.5.22-A
HIBS BS Single Element Antenna Pattern

FIGUREA4.5.22-B
HIBS BS composite antenna paern (1* Layer)

A4.5.23.3 Casel: 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 distributioRDES USER TERMINALS is shown in
Figure 3a and 3b respectively. The CDFs were obtained for RDSS USER TERMINAL Type 1/2/3
and Type4 as shown in Figure$4.5.2 4-A andA4.5.2 4-B respectively.
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FIGUREA4.5.23-A
HIBS BS and study area

—~

Studly Area

FIGUREA4.5.23-B
Distribution of RDSS USER TERMINALs

Talilude @eg]

FIGUREA4.5.24-A
CDF of HIBS Interference power at RDSS USER TERMINAL Type 1/2/3
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FIGUREA4.5.24-B

CDF of HIBS Interference power at RDSS USER TERMINAL Type 4
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The HIBS BS interference exceeding the RDSS acquisition mode protection threshold (for
wideband interference) defined is included in Ta#{eb.2.7.

TABLE A4.5.27

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

A4.5.23.4 Casel: 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 Figd4es.25. The HIBS area structure is shown in

FigureA4.6.26.
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RDSS USER Acquisition mode threshold Max Exceedance with respect to
TERMINAL (wideband interference) interference protection criteria
Type (dBW/MHz) (dBW/MHz) (dB)
Type-1 1150.3 3.3
Type-2 1148.7 1147.0 1.7
Type-3 1146.9 10.1
Type- 4 1150.3 1142.3 8
HIBS BS interference exceeding the RDSS protection threshold (Single element antenna pattesith 3 dB [Formatted: Highlight
apportionment in the protection criteria
RDSS USER Acquisition mode threshold Max Exceedance with respect to
TERMINAL (wideband interference) interference protection criteria
Type (dBW/MHz) (dBW/MHZz) (dB)
Type- 1 1153.3 6.3 ( Formatted: Highiight
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FIGUREA4.525
Example of HIBS deployment (7cells)

2nd layer cell 1 2rd layer cell 3

2 layer cell 2

1t layer cell
(downward)

The HIBS area structure is shown in FigA#e5.2 6.

FIGUREA4.5.26

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 egl¢hhence 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 8ID0 snapshots was carried out as show in FigdtB.2.7.

The CDFs were obtained for RDSS USER TERMINAL Type 1/2/3 and Type 4 as shown in Figures
A4.5.28a andA4.5.2.8b respectively.
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FIGUREA4.527
Distribution of 50 000 RDSS USER TERMINAL over a cell area
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FIGUREA4.5.28A

CDF of HIBS Interference power at RDSS USERTERMINAL Type 1/2/3

Received HIBS Interference Power at RDSS Receiver Type 1/2/3
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FIGUREA4.5.28-B
CDF of HIBS interference power at RDSS USER'ERMINAL 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 Taxeb.2.8.

TABLE A4.5.28

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 1150.3 9.3
Type-2 1148.7 1141.0 7.7
Type-3 1146.9 5.9
Type- 4 1150.3 1136.3 14
HIBS BS interference exceeding the RDSS gr_otection thre_shold _(Cc_:mgosite antenna pattemijh 3dB — [Formaned: Highlight
apportionment in the protection criteria
RDSS USER Acquisition mode Threshold Max Exceedance with respect to
TERMINAL (wideband Interference) Interference protection criteria
MRS (dBW/MHz) (dBW/MHz) (dB)
Type-1 1153.3 123 [Formatted: Highlight
Jype-2 1151.7 1141.0 10.7 [Formatted: Highlight
Type-3 1149.9 8.9 { Formatied: Highiight
Type-4 1153.9 1136.3 17 [Formatted: Highlight
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A4.5.23.5 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 compressiohs d e f i n &45.25 the réceiler irput compression level threshold

is 1135dBW. 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 RDS USER TERMINAL input compression thresholds. This has been done for all

the receiver Rffilters. Transmit power of HIBS within the receiver BW is estimated as under: [Formatted;

Highlight

HIBS BS emission mask (with channel Center frequency at 2510 MHz and measurementthandwid
of 0.1 MHz) can be represented as below:

0.6 i Mbi

14 dBm - |odf|< 1 Hz
\ Formatted: Highlight
—7dBm - [f offset 0.05}1‘3 1 10 MHZ ¢ |od|< 15 —
5 MHz n MHz [Formatted: Highlight
-14 dBm - 15 MH'\Z‘(!:J_C'ﬁI <20 [Formatted: Highlight
Wiz
-23 dBm | lof|> 2 MHzZ [Formatted: Highlight
The HIBS BS transmit power is the integrated power over the RDSS receiver RBdfildgvidth. [ Formatted: Highlight
5 Lo , | Formatted: Highlight
0 B: 0.4 Moi [ El
- aa N A N\ : — N [Formatted: Highlight
Here,f lowandf highare lower and upper ends of RDSS receive RF filter centered at 2491.‘75}_ [Formatted: Highlight
MHz.
. . ‘ [Formatted: Highlight
-The results are provided in Tal#d.5.29. [ —
Formatted: Highlight
{Formatted: Highlight
TABLE A4.5.29 [Formatted: Highlight
HIBS BS interferenceexceeding 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 1135 1134.9 1130.2 0.1 4.8
24 MHz 29.9 1135 1113.5 1108.8 21.5 26.2
60 MHz 37.0 1135 1106.4 1101.7 27.6 33.3
90 MHz 39.4 1135 1103.9 199.2 31.1 35.8
HIBS BS interference exceeding the RDSS compression threshalith 3 dB apportionment [Formaﬂed: 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 Type 4 Type 1/2/3 Type 4
16.5 MHz 8.6 1138 1134.9 1130.2 3.1 7.8 ( Formatted: Highlight
24 MHz 29.9 1138 1113.5 1108.8 24.5 29.2 [Formatted: Highlight
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60 MHz 37.0 1138 1106.4 1101.7 30.6 36.3 [Formatted: Highlight
90 MHz 39.4 1138 1103.9 199.2 34.1 388 [Formaned; Highlight
| Formatted: Highlight

e [ e oeUu 0T T T

W—i—t—h—i—n—t—h—e—{ receiver BWOo . | Comment [P4]: The information on tran

power of HIBS wihin the receiver BW is
Sensitivity Analysis: with respect to HIBS BS altitudehange from20 to 18 Kms, the sensitivity sucndeizdl

analysis has been carried out. The maximum interference and corresponding exceedance ag[Formatted: Highlight

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

ﬁ; Formatted: Font: Bold, Complex Script
Font: 12 pt, Bold, English (U.S.)

A4.524 Case ll: HIBS UE to RDSS USERTERMINAL

A4.5.24.1 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 t&6DNP
(Doc.5D/723), following Recommendatis are used:

T Interference scenario/path between HIBS UE and stations on the surface of the Earth,
Recommendation ITAR P.1812

T Interference scenario/path between HIBS UE and stations in the atmosphere of the
Earth, Recommendation I'FH P.528

T Interference scenario/path between HIBS UE and stations in the space,
Recommendation ITAR P.619.

Accordingly, for the study of interference from HIBS BS and RDSS USER TERMINAL the
documentRecommendatioiTU-R P.1812 has been followed. Additionally, the studysidered 3
dB of polarization loss.

A4.5.24.2 Methodology

Considering above technical and deployment related parameters-@kmhdesimulations were
carried out to find the probabilities of Interference power received at RDSS USER TERMINAL due
to the O@ 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 Figa#e5.29.
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FIGUREA4.5.29

HIBS UE emissbn mask

RDSS Band

To generate the CDF of received interference power, Monte Carlo simulation vaif® Shapshots

was carried out. The typical single simulation snapshot is shown in Aguse£.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 Figdre.11a
andA4.5.211b.
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FIGUREA4.5.2.10

Typical snapshot of the simulation scenario

ﬁ/:\‘ﬂ‘HIBS BS

Study Area HIBS UEs

FIGUREA4.5.211-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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FIGUREA4.5.211-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 Tah#e5.2.10.

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 1 1150.3 460 37.9
Type 2 1148.7 420 1112.4 36.3
Type 3 1146.9 370 345
Type 4 1150.3 580 1108.9 41.4
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Formatted: Highlight

HIBS UE interference exceeding the RDSS protection thresholdith 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/MHZz) protection criteria
(dBW/MHz) (dB)
Type 1 1153.3 540 40.9 N [Formatted: Highlight
Type 2 11517 490 1112.4 39.3 [ Formatted Table
Jype 3 1149.9 440 375 [Formatted: Highlight
Type 4 1153.3 660 1108.9 444 [ Formatted: Highlight

Noteto aboveTable10: The maximum interference has occurred at 10 meters distance between HIBS UE and R
UE. However, as both HIBS and RDSS USER TERMINALs are mobile, the maximum interference power can kt
higher than the shown value depending on the distance between HIBRD&®RIuser terminals.

Formatted: Highlight

A4.5.25 Summary of outcome:

A4.525.1 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
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 tle worstcaseHIBS OOB emissions in any 1 MHz within the RDSS band by

at leasft4-17 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 ablgas. [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 p§-te-36 29 t039 dB. [Formatted: Highlight
e) The maximum interference and corresponding exceedance against protection th‘resht{ Formatted: Highlight

increases by 0.9 dB for 18 km alties compared to 20 kms altitude of HIBS BS. { Formatted: Indent: Left: 0", Hanging:

Considering the amount of exceedance in all cases, coexistence of HIBS and RDSS in the adjac¢ ©-69". Numbered + Level:1 + Numberir

band may not be possible Style:a, b, ¢, & + Startat: 5 + Alignment
) Left + Aligned at: 0.25" + Indent at: 0.f

A4.5.25.2 HIBS UE to RDSS USER TERMINAL

a) The interference due to OOB emission of HIBE to RDSS USER TERMINAL is
exceeding the protection threshold in the range of 34.5 to 41.4 dB requiring theukeep
distances in the range of 3B@80 meter to meet the protection critefixotection [Formaned; Highlight
threshold is further increases in the range of 8Y44.4 & and requiring the keeput
distances in the range @f40-660 meter to meet the protection critenéth 3 dB
apportionment.

b) The maximum interference from HIBS UE to RDSS USER TERMINAL will depend on
distance among the UEs, and candimnificantly higher than the RDSS protection
thresholds.

[Formatted: Highlight
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Considering the ubiquitous nature of HIBS UE and RDSS user terminals, it is not practically
possible to ensure the required keej distances to meet the protection criteria. Hence, the
coexistencef HIBS and RDSS may not be possible in these adjacent frequency bands.

A4.6 Compatibility studies between aeronautical radionavigation service in the adjacent
2 7002 900 MHzband and HIBS operating in the 2 502 690 MHz frequency
range

[ Edi t o dnéosler to atililate 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 m@de % used)useof polarization lossuse of

CDF, pfd,and protection criteriaCommon agreement on each of these elements would facilitate
compaison of studie$.

A4.6.1 Study A

This studyis revisedto consider the discussions that occurred duringdine 202WP 5D
meeting

This studyevaluates possibiaterferencdrom a Highaltitude 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 Navigatn 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/IV Horizontal/vertical

HIBS High-altitude platform station as IMT Ba&tations
I/N Interferenceto-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 operatingn the
25002 690MHz frequency range

HIBS stands for a Higlaltitude platform station as IMT Base Stations. A kadfitude platform

station is defined in RRNd.66Aas a AA station | ocated on an object at an
and at a specifiech o mi nal , fi xed poi nt 428limigstransmessionotoadr he Ear t ho. RR N
from high altitude platform stations to bands specifically identified in Aricle
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In this document analysis is conducted to determine the effect of the HIBS base station
transmissions on selected radionavigation radar found iFRIR&écommendation ITAR
M.1464.The HIBS user equipment are not considered as a source of interference in this case.

HI BS parameters are found in Annexitled. 19 to Working Party
i WORKI NG DOCUMENT TOWARDS A PRELI MI NARY DRAFT NEW REPORT
M.[HIBS-CHARACTERISTICS])/WORKING DOCUMENT RELATED TO WRQ3 AGENDA

ITEM 1.4. (Spectrum needs, USA 9/16/21ge and deployment scenarios, and technical and

operational characteristics for thee of highaltitude platform stations as IMT base stations (HIBS)

in the mobile service in certain frequency bands below 2.
HIBS parameters are not repeated in this document.

The calculatedHIBS emission maskwith Spurious domain limits ofL3 dBm/MHz, isused to
calculate the radar frequency dependent rejection (FDR) is provided in the figure below.

FIGURE A46.1.1

HIBS BS Emission Mask
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A4.6.1.2 Technical and operational characteristics of aeronautical radionavigation radars
used forair traffic control at airports

The frequency band 2 70900 MHz is allocated on a primary basis to the aeronautical
radionavigation service (ARNS) in ITU R for lath@sed fixed radars and is extensively used by

critical radars such as Air Traffic Cootr(ATC). The radar operating frequencies can be assumed

to be uniformly distributed throughout this band. Most radars use more than one frequency to
achieve the benefits of frequency diversity to improve target detection. It is important to note that
thes radars use a cosecant squared antenna pattern defined by the required operation as shown in
the figure below.
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FIGURE A46.1.2
ATC Radar Cosecant Squared Pattern Requirement
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These radars operate using two beams, a low beam, and a high beam, wiftoaffeach other in
elevation as portrayed below. In this studylthe andhigh bears susceptibility to possible
interference froma HIBS platform located at a maximum height of 20 km was evaluated. The
analysis is not valid for other HIBS altituddgpical antenna patterns for both high and low beams
are shown in the figure below.

FIGURE A46.13
ATC Radar Cosecant Squared Patterns (M.1464)
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The table below, an extract from Recommendation-RTM.1464, contains technical

characteristics of representaigeronautical radionavigation ATC radars B and C that are deployed

in the frequency band Z200-2 900 MHz in the United States of America. It should be noted that
radars with similar characteristics are used on a global scale and similar radars aedaiso us
operators of airports located governmenbwned facilitiesfor the purpose of air navigation.

TABLE 4.6.1.1

Characteristics of ground-based aeronautical radionavigation radarsn the frequency band 2700-2 900 MHz
(ITU-R M.1464)

Characteristics Units Radar B Radar C
Transmitter power into antenna kw 1320 25
Pulse width s 1.03 1.0, 89
Duty cycle % 0.14 maximum 9.34 maximum
RF emission bandwidtfi:20 dB MHz 5 2.6 (short pulse)
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Characteristics Units Radar B Radar C

5.6 (long pulse)
RF emission bandwidtfi:3 dB MHz 0.6 1.9
Antenna pattern type degrees | Cosecansquared +30 Cosecar:s;(;J ared 6 10
Antenna type Parabolic reflector Parabolic reflector
Antenna polarization \éﬁréllflzlr c;)rorliagrfilzt;;r:]d Circular or linear
Antenna main beam gain dBi 335 34
Antenna elevation beamwidth degrees 4.8 4.8
Antenna azimuthal beamwidth degrees 1.3 1.45
Antenna horizontal scan rate degrees/s 75 75
grljtsnna side lobe (SL) levels (1Sts and remote dBi +73 +3?55
Antenna height m 8 8
Receiver IF 3 dBandwidth MHz 0.7 11
Receiver noise figure dB 4 3.3
Minimum discernible signal dBm 1108 -110
Receiver frontend 1 dB gain compression point dBm 6 14
Receiver ortune saturation level dBm 145
Receiver RF 3 dB bandwidth MHz 12 345

The ATC radarseceiver Intermediate Frequency (IF) selectivity is shown in the figure below.

FIGURE A46.14

Radars IF Receiver Selectivity
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A4.6.12.1 CosecantSquared (CSCG) Radar Antenna Pattern Description

The following section describes the method used to calculate theRe®@r antenna pattern for
this analysis. A cosecastiuared beam is a fan beam in which the elevation pattern above the main
lobe follows the gain relationship for both radars B and C given byRTREcommendation

M.1851 as:
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is given by

squar ed @ndtt;ern

t 8t

¢ —¢ —

bet ween

t 8t

: elevation of the halpower beamwidth—, point on the main lobe where C&@ttern
starts. Thisvalueiss ¢q ;

: One hall—— antenna pattern Nutb-Null beamwidth given bys— in degrees. Using the

- in degrees. This defines the lowest

angl es

of

value of the—— pattern. Beyond this value, the antenna gain is 55 dB less than the antenna peak
gain (frontto-backratio is 55 dB);

d:

angle to

eval

uat

e the

—: half powerantenna beamwidth (degrees);

q

The cosecant pattern is applied as shown in the table below:

Cosecantsquared antenna pattern equations

TABLE 4.6.1.2

antenna

pattern

: Antenna beam tilt elevation angle or beam pointing angle (degrees).

Cosecantsquared equation

Condition

Comment

Cosecant floor

Peak antenna gain)

tiBetv e

At angles less than-
use-55dB front to back
ratio (-55 dB+Peak
antenna gain)

“tu @pti Q& ¢q

Use—— from the

lower one half the null
to-null beamwidth to
the start of the CSC
pattern at— ¢ i—
whichever is provided

Start the CSEpattern
up to the maximum
CcsCangle

Cosecant floor

Peak antenna gain)

tiBetv e

At angles greater than
— use-55dB front
to back ratio {55
dB+Peak antenna gain
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: maximum angle where cosecauofuared pattern stops. Beyond this value, the antenna gain is
55 dB less than the antenna peak gain (ftositack ratio is 55 dB);

(degrees)
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“tu Apti 0

Cosecantsquared equation Condition Comment
The gain at—  is the
;uns to Bpti Q& gain of the——pattern
Qe — Ant in where th
O— ntenna gain where the | 3t The pattern

CSC patterns starts

gain is lower than the
peak antenna gain by 3
dB at—

A graphicalrepresentation of the radar coverage using the’@atBrns is shown in the Figures

below.

FIGUREA4.6.15

Cosecant squared beam coverage for search radar
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An example using the above procedure provides an antenna pattern for radar B and shown below.
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FIGURE A46.1.6
Radar-B Cosecant Squared (CS€ Beam Pattern centred at 5
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A4.6.1.3 Propagation Models

The propagation model used is contained in RecommendatioRITWP . 528 AA propagati on
prediction method for aeronautical mobile and radionavigation semwéieg the VHF, UHF and
SHF bandsao.

This Recommendation can be used to calculate the expected protection ratio otevanteanted

signal ratio exceeded at the receiver for at least 95% of the time, R (0.95). This calculation requires
the following addibnal data for both the wanted and unwanted signals: the transmitted power, the
gain of transmitting antenna, and the gain of receiving antenna.

The use of the band700-2 900 MHz by the aeronautical radionavigation service is restricted to
groundbasedadars and to associated airborne transponders when actuated byGexlard.

based radars including ATC radar operating in the aeronautical radionavigation service provide and
are used for the safeguarding of human life and property, S8dRR 10applies to these radars.

For this HIBS interferer analysis, a time availability value of 0.05 is,us#thg that other

representative or sensitivity analysis values could be considered.

In addition, taking into account both these radars and the HIBS opedititter free surroundings,

to account for clutter when HIBS is near the horizon, an additional 30 dB loss (approximated from
Rec. ITUR P.2108) is included at the radio horizon to eliminate HIBS interference from such
distances at or beyond the radiaikhon due to clutter.

A4.6.1.4 Analysis Scenario and Assumptions

In the United States of America, for example, ATC radars are used in many large civilian airports as
shown in the figure below. The blue squares represent the radar locations. The siflldi®n w
different for other countries and the density for ATC radars might be more or might be less.
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FIGURE A46.1.7
Map of ATC radars operating in the 2 7002 900 MHz frequency band in the USA

The analysis scenario is set such that a single HIBS wigleritéce links is placed éiked points in
latitude and longitudélrhe ATC radais randomly placed in a circle with a 550 km radius from the
HIBS center For each latitude and longitude point, the aggregate I/Ns of all seven HIBS beams are
collected at ach distancdnterference to noise values that exceed the ATC radar protection criteria
of I/N =-6 dB, or-10 dBare then plotted.

Note that for the victim radars, the HIBS vertical axis orientation of the 2nd layer in azimuth is
unknown. Note that frorBocument 50716 Annex 4.19 paragraph 6.1.2 System architethene

is text as follows fAiMoreover, HI BS are |Iikely to move up/
on the type of carriers, and certain measures to maintain the footprints (e.g., beagyformi
mechanical tilt) would be implemented to ensure stabl e mc

orientation of the HIBS beams towards the ATC radar is not known ahead of time as the HIBS turns
during the day.

FIGURE A46.1.8
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The following assumptions are used in the analysis:

1 ATC radar location isandom within a 550 km radius from HIBS
2 ATC radar antenna bearotates at 75 degrees per second starting at zero azimuth.
3 ATC radar uppebeam antenna pattern elevation angle is set t@na® the lower beam

is set at Z The 3D antenna patteimgeneratedsinglTU-R Recommendation M.1851
as shown in the cosecasduared (CS® radar antenna pattern descriptibheazimuth
patterns is geerated using Recommendation FRUM.1851with average envelope
cosine pattern. The frotd-back 3D antenna pattern is 55.dB

4 ATC radar receiver center frequency is set to 2 705 MHz to ensure that the ATC radar
necessary bandwidth is inside the alloddtequency band.
5 Only one HIBS is included in the analysis. If more HIBS are present in or near the radar

azimuth beamwidth, the interference levels may increase.
HIBS Frequency reussf one is used.

HIBS location is fixed

HIBS center frequencyi2 680 MHz.

FDR is considered for the selected frequency separation.

10 Propagation model used is RecommendationR'B.528 with a time availability value
of 0.05 (5%).

11 Additional lossof 30 dBis applied to HIBS interference values at smaqherical
Earth horizon.

© 00 N O

12 Antenna polarization discrimination 3sdB.

A4.6.1.4.1 Advanced Antenna System (AAS) with modified d/0 parameter in the adjacent
band

This section employs procedures found in annex 2.4 of document 5D/716 annex 4.6 titled

fi A d fmenss to Advanced Antenna System (AAS) Antenna Pattern for adjacent frequency band

Source: Document 5D/ 93606. The procedure is described
previous WRC work.

AAS needs its antenna elements correlated to generate risraoms towards specific directions.
Antenna elements correlation outside the designed frequency band of operation is not well defined,
but the antenna elements are expected to gradually lose the correlation observed in the operational
band as the frequenoffset increases outside that band. For the HIBS compatibility analysis where
HIBS operate at a centre frequency of 2.68 GHz and the Radars operate at 2.705 GHz, it is
reasonable to consider that HIBS antennas designed to operate in a wide frequendly band w
generally keep a level of correlation between their elements along the frequency offset that includes
the Radar frequency.

In this study it is assumed that the HIBS antenna pattern may remain beamformed especially for
small frequency offset between H8Bperating frequency band and the radar operating frequency.
To generate the HIBS AAS beam pattern at the radar frequency, an adjustment to the element
spacing d/ is required. From the electromagnetic wave equation:

bel c

© QO _
where
c : speed of lightm/s);
f : frequency (Hertz); [Formatted: English (U.S.)
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& : wavelength (meter).
With HIBS centre frequendy = 2.68 GHz, and the radar centre frequefacy2.705 GHz and with
HIBS AAS design— 1@, the equation can be written as:

o Q Q

- - ™,
resulting in adjacent band of:

— M TNT QT

The AAS model from Recommendation ITRJIM.2101 is used with a modified- to generate a

new antenna pattern and calculate the interference results. A comparison between twol sets of d/
element spacings is shown in the Figure below.

FIGURE A46.19
HIBS 4x2 antenna pattern with different dA
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A4.6.1.5 Preliminary summary of results

The plots below show the interference results for ATC Radar B and Radar C with respect to HIBS.

Theplotsrepresent théixed locationHIBS with randomdistances for radars B and C
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The resuling ground separation distanbetweerHIBS and ATC radarare provided in the table

below One day worth of data collected at one second step size is refsratees with different
Monte-Carlo random seed numbers in the simulation. Results show that the median separation
distance required varies from 289 to 487 km depending on radar type, radar beam elevation angle
and I/N protection criteria

TABLE 46.13
Preliminary Results for 10 Simulations of One Day Each Sampled Every Second
Rec. ITU-R M.1464 Raéiar Raéjar Ragar Racdar Raéiar Raéiar Racc:iar Ragar

Beam Elevation Type Low High Low High Low High Low High

Protectio?dg;iteria I/N 5 5 5 6 10 10 10 10
Simulationr1 406 282 406 305 488 342 488 363
Simulationr2 396 296 396 296 477 342 477 342
Simulation3 390 288 416 303 485 351 487 363
Simulation4 375 282 416 293 479 347 494 355
Simulation5 387 298 387 298 476 301 476 365
Simulation6 404 290 410 300 471 339 497 339
Simulation7 404 269 404 305 462 352 483 364
Simulation8 395 279 416 279 474 350 498 350
Simulation9 373 294 396 303 483 346 483 346
Simulatior10 402 294 402 306 470 330 493 358
Median Distance (km) 395.5 289 405 301.5 476.5 344 487.5 356.5

The resultshowthat adjacent frequency compatibility is expected to be diffittidhould be noted
that because HIBS is in one azimuth location relative to the radar, if interference occurs it will be
observed for evergadar antennazimuth scan ithe HIBSazimuth direction. Persistent

interference in one or more azimuthal directiwould be an unacceptable problem for the ATC
radar operators.

The figures below show graphical representation for the results of one simulation. Note that only
samples that are equal to or above the threshold are shown.

[ Formatted: English(U.S.)

JDOCUMENT IN PANDEY SIRNSG 5FEB 2022 MEETING:INAL DOCS FOR SUBM$SIONDOS CONTRIBUTION_AI1.4_HIBS VS
MSS BSS RDSS.DOCMABR 21 11.03.220-01:296:01-22 11.03.221-02:08




-143-
5D/886 (Annex 4.21F

FIGURE A46.1.10

Radar B: I/N=-6 dB. Random Locations. Antenna Rotates at 75/s
HIBS Beams are at-90, 0, °60,°120 and 180"

Radar B Aggregate I/N >= -6 dB
HIBS AAS Qut-of-Band d/A=0.504664
Radar Distance (km): Low Beam(x)=402 ; High Beam(o)=294
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FIGURE A46.111

Radar C: I/N=-6 dB. Random Locations. Antenna Rotates at 75(/s
HIBS Beams are at-90, O(, (60(, (120( and 180

Radar C Aggregate /N >= -6 dB
HIBS AAS Out-of-Band d/A=0.504664
Radar Distance (km): Low Beam(x)=402 ; High Beam({o)=306
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FIGURE A46.112

Radar B: I/N=-10 dB. Random Locations. Antenna Rotates at 75(/s
HIBS Beams are at-90, O(, (60(, (120( and 180(

Radar B Aggregate I/N >=-10 dB
HIBS AAS Out-of-Band d/A=0.504664
Radar Distance (km): Low Beam(x)=470 ; High Beam({o)=330
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FIGURE A46.113

Radar C: I/N=-10 dB. Random Locations. Antenna Rotates at 75(/s
HIBS Beams are at-90, O(, (60(, (120( and 180(

Radar C Aggregate /N >=-10 dB
HIBS AAS Out-of-Band d/A=0.504664
Radar Distance (km): Low Beam(x)=493 ; High Beam({o)=358
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A4.6.1.6 PowerFlux Density (PFD) Analysis to Protect ATC Radars in Adjacent Band

This section provides a method for calculating the out of band power flux density (PFD) mask
received at an ATC radar antenna from a single HIBS platform that contains 7 base stations
operding in the adjacent frequency band.

The measure of interference used in this method igXhgrotection threshold of the ATC
radionavigation radar system. The parameters defining the level of interference are the radar noise
power and antenna gain. Tteglar noise power density, N, in 1 MHz bandwidth is given by:

0 QY6
where:
k: Boltzmannés @enstant (W (K
T: receiving system noise temperature (300 K)
B: reference bandwidth (1 MHz).
Thel/N protection threshold can be used to determine the maximum interference power
dB(W/MHz))
where
O 0 @
The single HIBS base station power fidgnsityd "OG— o in dB(W/(mf EMHz)) that

produces interference at the ATC radar is:

b'0e- = 00— pwli G,
SubstitutingO 0 @0, /
- with speed of lightds o3?p Ttm/s, and radar frequené® ¢ X TMHz in the

0 "0G- ~ equation we get
bo06- 0 - 00— oBHLW
where:

"0 —: effective antenna gain in dBi of the ATC radar receiver antenna in the
direction of the interfering HIBS platform,

—is the elevation angle direction towards HIBS
I/N: the radar protection criteria,

The totald "OG— from all seven HIBS base stationgsd\Ntransmissions at the ATC radar can
be approximated by

0 "00- 0 "0G— o o I QO
Where0 is the number of HIBS base stations that is seven base stations in this case.

To derive the level of unwanted emission received by the ATC radars based chahe in
(Veless the outof-band (OoB) emission miagn the spurious domain of the HIBS base

stations is required. The unwanted emissicDG— is then given by:

0 06— 0 "06- 0¢p

where:

0 "0G— : power fluxdensity level at the ATC radagceiver [Formaned; English (U.S.)
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0 "OG— :in band PFD levels of HIBS.

0 ¢ Boutof-band HIBS spurious emission rejection value. For example, for HIBS one value for the

spurious emission ist aBW/MHz.

A4.6.2 Study B

A4.6.2.1 Technical and operational characteritics of HIBS operating in the 2 500

2 690MHz frequency range

The technical and operational characteristics of HIBS are those for Band 3 in the working
documents towards a preliminary draft new Report-RWM.[HIBS-CHARACTERISTICS],
including Tables 22-A, 3, 3-A, and 5. The platform altitude is considered at 20 km, with additional

sensitivity analysis with an altitude of 18 km.

FIGURE A46.2.1

HIBS antenna pointing and network topology

= HIBS Area Radius

80000 {

60000 {

2000

HIBS Antenna Structure

20000

o4

y-coardinate [m]

~20000 {
2" layer Cell 1
~40000 4

~60000 {

-80000 4

s plattorms
v

75000

™ layer Cell 0 [downvward)

FIGURE A46.2.2

x-coordinate [m]

HIBS antenna pattern (Recommendation ITUR M.2101)

(a) Single element (for adjacent case)

HIBS Base Station eisment horizontal antenna pattern "

ain Ta8i1
L
I

HIBS Base Station element vertical anterna patterm

|

™

-50000  -25000 0 25000 50000 75000

11.03.220.032; 2&9—91—2@6@1—22

[ Formatted: English(U.S.)

11.03.221-02:08



A4.6.2.2 Technical and operational characteristics of aeronautical radionavigation service
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(b) 1st layer (2 x 2)

HIgS Base Station harizontal antenna pattern

-1

N

Gain [oB)

=

HIZS Base Station vertical antenna pattem

ya

i

w A

Y
8 laeq)

T

operating in the 2 7002 900 MHz frequency range

B e uo

W e 180
& [teq)

Thecharacteristics for aeronautical radionavigation service are based on the information contained

in the Recommendation IR M.1464, as well as the antenna patterns in RecommendatieR ITU
M.1851, as summarized below.

TABLE A4.6.2.1

Characteristics ofground air traffic control (ATC) radars

Parameter Unit Rafar Raé:i ar Radar C Radar D Radar E Radar F
Platform type Ground/ATC
Transmitter | .y 1400 |1320 |25 450 22 70
power
. 0.4,20
Pulse width €S 0.6 1.03 1.0, 89 1.0 1.0,55.0 0.5, 27
Pulse S 973 1059 722935 1050 8 sets, 031 | 1100
repetition pp 1040 | 1172 | 7881050 to 1080 840
Output device Klystron Magnetron | Magnetron Solld_state TWT
transistors
Cosecant
Antenna Cosecansquared + squared
pattern degrees 30 Cosecansquared 6 to +30 Enhaced to
+40
Antenna type Parabolic reflector
34.3 low
Antenna main . beam,
beam gain dBi 335 34 32.8 33 high 335
beam
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Antenna
elevation degrees | 4.8 4 4.8 5
beamwidth
Antenna
azimutal degrees | 1.35 13 1.45 1.6 1.4 15
beamwidth
Antenna side .
lobe (SL) dBi 7.3 9.5 7.5
Receiver IF 3
dB bandwidth MHz 13 0.7 1.1 1.2 4
Receiver noise | g 4dB maximum | 3.3 2.7 2.1 2
figure
Antenna
horizontal 360
scan
Antenna degrees | - +2.5t0-25 |- - -
vertical scan
Antenna
height m 8 824
Receiver RF
3dB MHz 13 12 345 400
bandwidth
Geographical .
distribution Worldwide
Pr_ote_ctlon dB 10
criteria
Parameter Unit Radar F1 Radar F2
Platform type Ground/ATC
Transmitter power kw 40 160
. 1(SP) 1.0 (SP)
Pulse width €S 60.0 (LP) O 250.0 (LP)
Pulse repetition pps 9731040 10591172
Qutput device Solid state
Antenna pattern degrees Pencil beam (coverage Pencil beam
P 9 70000 feet) (coverage 10000 feet)
Phased array, 4 faces Phased array, 4 faces
Antenna type (4 meter diameter phased | (8 meterdiameter phased array
array per face) per face)
An_tenna main beam dBi a1 46
gain
Antenna elevation
beamwidth degrees 1.62.7 0.915
Antenna azimutal
beamwidth degrees 1.62.7 0914
Antenna side lobe (SL) | dBi 17 17
Antenna horizontal Irregular to cover 3600
scan
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Antenna vertical scan Irregular to cover required volume
Receiver RF 3dB
bandwidth MHz 200 300
Receiver noise figure dB <6
Antenna height Variable
Receiver IF 3 dB MHz 1.2 at-6 dB (SP) 1.2 at-6 dB (SP)
bandwidth 1.8 at-6 dB (LP) 1.8 at-6 dB (LP)
Geographical .
distribution Worldwide
Protection criteria dB -10

FIGURE A46.2.3

Ground ATC radars antenna patterns

Radar A antenna gain = 33.5 dBi, beamwidthi
___________________ ~-=- Cosine Antenna Pattern C5C7 antenna Pattem
» - ]
20 "‘ 20
) \ g
€ b T 1w
. 5 i
Z o N, H
\\\‘ -10
-10 \‘
“‘ __________ =20
1wt 10" 10! -10 o 10 20 40 50
Azimuth angle [deg] Elevation angle [deg]
(a) Azimuth antenna pattern (b) Elevation antenna pattern
33
22 »
n 2
2
—_ o 5
i -1 ,;
2 -6
[ -22 23
E =30
z =33 -7
» -
£
—66
-80 -60 —40 -20 o 20 40 60 80
azimuth [degrees]
(c) 3D antenna pattern (d) 3D antenna pattern
Radar B: antenna gain = 33.5 dBi, beamwidthi
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________________ _— —-- Cosine Antenna Pattern

30 4 "‘\_\
£ 0l
% 0 \"'\

1‘0"1 ”1(‘]“ ‘ lé'
Azimuth angle [deg]
(a) Azimuth antenna pattern (b) Elevation antenna pattern
(c) 3D antenna pattern (d) 3D antenna pattern
Radar C: antenna gain = 34 dBi, beamwi dt hid =

(a) Azimuth antenna pattern

(c) 3D antenna pattern
Radar D: antennagain= 32 . 8

(b) Elevation antenna pattern

(d) 3D antenna pattern

, beamwidthid = 1.60,

bean
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