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RESEARCH GOALS FOR THIS PROJECT

Multiple constellations of NGSO0 satellites will share
spectrum with each other and with G50 satellites

In this project, we will
Cuantify nsk that an NGS0 satellite constellation will cause
harmful interference to other sysiems
Ce=sign novel algonthms that determine how NGS0
constellations access spectrum and manage resources
Fropose new strategies to mitigate the effects of interference
among NG5S0 satellite constellations

Aszess both new and existing strategies to mitigate
interference among NG5S0 satellite constellations

Cerive implications for national spectrum policy, intemational

spectrum policy, and business arrangements between satellite
operators

RESEARCH RESULTS FOR THIS YEAR

This year, we

Developed radio resource management (RREM) algornthms that
determine how MGS0 constellations manage spectrum

resources and access specirum

Simulated constellations that use these ERM algorithms to
determine what data rates can be achieved, and how this

depends on constellation characteristics

Mext, we will show results when multiple satellite

constellations using these algorithms share spectrum,
including
the nsk of harmful infterference to other systems in the absence
of mifigation strategies
how the effects of inter-constellation interference change with
different mitigation strategies

RADIO RESOURCE MANAGEMENT (RRM)

Challenges:

Large constellation with thousands of satellites

Flexible payload with vast configuration possibilities in multiple
dimensions, e.g., beam size, beam location, time, frequency,
power, etc.

User distribution i= highly uneven; faimess is needed

High complexity,; problems are usually NP hard

Goals: An RRM solution that balances efficiency, fairmess,
and complexity

Solutions:
Opfimize the 5™ percentile of subscrnber data rate

Divide the problem into three subproblems: beam placement,
satellite assignment, and frequency-time resource allocation

Lise heunstics to solve each subproblem

OVERVIEW OF ALGORITHMS

step 1 Cell Layout

Divide surface of the earth into cells, each of which can be
served by a separate satellite beam

Cells should be smaller where subscriber density is greater

Step 2; Satellite Assignment
Af each selected instant in ime, assign each cell to a satellite
C-onsidering factors such as
catellite visibility
Distance from each cell to 2ach satellite at that instant
Co-channel interference for beams from same sateliie

Step 3. Resource Allocation
Divide pandwidth into channels, and time into timeslots,
forming resource units

Allocate specific resource units to each satellite-cell beam
Considering factors such as faimess and efficiency
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USE REALISTIC USER DISTRIBUTION

subscriber density based on population density

1.43 million simultaneously active subscribers.
Fural subscription rate = 20 * urban rate. (Like Starlink)

VARIABLE CELL SIZE BETTER THAN FIXED

Variable-size cells yvield 5% higher median data rate
although lower data rates for the top 10%
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NMOVEL HEURISTIC TO ASSIGN SATELLITES

First, sort cells by a metric that reflects number of

satellite options available and demand from that cell
F = lag(no. of satelites) + log{cell's rank by no. of customers)

second, for each cell, going from lowest F to highest P

|dentify satellites that are visible and have sufficient capacity lef
Choose "best” satelite, where "best” means balancing 2 abjectives

Laad balancing, i.e. choose sateline now serang fewest subscribens

fMaximzmng frequency rmuses, e chaose salellite 1o minimize axlent %o
which the new cell assigiment makes ather cells unserviceable due ba
infra-satedite inberferenos

Balance is cap* -~ — -+ O===ee== Tontention Index (R
RCL, = % subs(C) - deg, ()

Cege

The "b=ct” satelite is the one that minimizes combination of RCI and
how much ROl channes with sssinnmant of nesy oz

lex + RCLy, + (1 — &) - ARCL (Copw )]

RCIOUTPERFORMS TRADITIONAL
ASSIGNMENT STRATEGIES

Compare with algorithms that prioritize higher elevation
angle, better load balance, and lower cell count

99% higher at 5" percentile; 50% higher median
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main source of interference

ALLOCATION OF RESOURCE UNITS

Satellites allocate frequency-time resource units to cells

Faimess: Each iteration selects the cell with lowest resource-to-
subscriber ratio, then advances this ratio to the median value

Efficiency: Resource unit allocation minimizes conflicts with
neighboring cells

Baseline Beam hopping: N B - ]r- ....:___

Ferodic serve cells in a Mosd onder Ll Raidns = fad i
Random: sense oofls randomiby :

Cready: serve oels with minmams
Nes BUNDE'S b SoribE T ral o -

Baseline channel assignment "
Rarmdom: seect channel mandom’y 3=

Bisd It seleot charner ot menimuam canllcl wiih
nekighboring cels

C-ompared to baselines

12% higher & percentile
80% higher madian

INTER. VS INTRA SAT INTERFERENCE

Inter-satellite interderence: interference from satellites other than
the serving satellite

Intra-zatellite interference: interference from the beams intended
fior other cells fransmitted by the serving satellite

Tested with 2 Walker constel-lations | ot

of size 3,236 and 10,000 e
Inter-satelite interference is 0| - o B
negligible i | s f
Disz b0 dreciviy of Ry anbenna a e Teud

Intra-satellite inferference is the
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ANTENNA TAPERING HELPS

We used 32x32 MINMO antenna with and without tapering
Tapering reduces sidelobe levels but increases beamwidth

The subscriber data rate distribution benefits from lower sidelobe
levels despite less focused beams

INCREASING NUMBER OF SATELLITES

Increasing the number of satellites improves performance initially,
but then saturates.

5" perceniile saturates earlier than the meadian.

Decreasing cell size by adding elements in MIMC array mitigates
saturation. ,
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RESILIENT SPECTRUM SHARING AMONG NON-GEOSYNCHRONOUS SATELLITES

DATA RATE: SPATIAL DISTRIBUTION

Higher data rate in the western interior regions

Significantly lower data rate in the eastemn half and parts of the west
coast
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DATA POP/SUB DENSITY

Data rates are bounded by subscriber density

Uroan users tend to get worse service than rural users, despite a
lower subscripfion rate

High rate: Above S0'" percentile

Med rate: 3" — 50'" percentile

Lowr rate: Under 3" percantls
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SUMMARY

We developed a set of RRM algorithms that an NS0

constellation can use to manage spectrum resources and
access spectrum

Fealistic, achieve high data rates, computationally efiicient

We used these algorithms to understand performance

Intra-satellite interference worse than inter-satellite interference
within a constellation

Tapering to reduce sidelobes improves data rates despite
Increase in beamwidth

Lirban users tend to receive lower data rates.

assiurning rural subscripbon rate is 20 * urbdan subscriphon rae

We can now use these algonthms when evaluating NGS0-
NG5S0 interference in a more realistic setting.

Our next results will guantify MGS0-NGS0 interference, and
assess vanous strategies to mitigate it
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