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Context

» LEO satellite constellations deploy a large number of satellites to ensure
global coverage.

* LEO multibeam satellites illuminate many ground cells at the same time.

— Simultaneous beams create intra- and inter-satellite interference.
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Context

« Beam hopping : a satellite activates only a subset of beams during a given
time slot and then switches ("hops") to another subset in the next time slot.

» Conventional Beam Hopping strategies :

1) often based on fixed geometrical patterns => not well suited to NTN
environments : interference is more complex due to 3D geometry,
satellite motion, and antenna radiation patterns, resulting in
heterogeneous and asymmetric interference relationships.

2) Beam Hopping improves SINR, but time-sharing can reduce capacity.

00
— How can we improve on conventional methods ? ,D? |:|.|:| i ,D'
[
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0
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System model satA sat B

Multi-beam satellites with onboard base stations.

UEs are distributed across a service area, which is partitioned into
aset C= {1, ..., C} of fixed cells of equal size.

Each beam is dynamically steered toward one cell.
No frequency reuse: all beams use the same frequency resources.
All satellites operate on the same bandwidth

The bandwidth is time-shared among all cells, requiring
scheduling.
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Notations:

ci:cell i

b;: beam serving cell ¢;

Sk: satellite k

pJTx: Beam j transmission power (assumed to be equal for every beam)
gi7F: Antenna gain of beam j towards cell i

gf" : the received antenna gain (assumed identical for all users)

In 3GPP, the antenna gain for a reflector with circular aperture is
given by :

1, 0 = 0°,

Jl(kg - @ - sin 9) ?

ko-a-sin@

ge =
0° < |6] < 90°

Where :
J1(.) denotes the Bessel function of the first kind and first order

a is the radius of antenna circular aperture

ko = % is the wave number (f carrier frequency
and c is the speed of light)

Formula : Power received at cell i from beam j

2 2
pir = pf"-a?,,’-‘-af"-( )
an ||s; - o]

Angle 0
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Matrix PR* :
Power
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Interference Di-graph D (P**, a)

Vertices : set of cells C

Edges: A S (Cx Cisconstructed by selecting the top a fractions of all cell pairs that cause the most
significant interference (those with the lowest pair-wise SIR)

Therefore, D(PR*, @) represents a mapping of the most significant pair-wise interference among cells.

We can also represent the interference graph by the adjacency matrix w(a) such that :

Rx - ..
Wi,j(a) = {pi,j if (l,])'EA
0 otherwise

NTN Days 2026 - 13/10/2026

11



Graph coloring optimization problem

C

minimize Z? Variables
X,y 2 — Sk Xik € {0,1} cell i gets color k
El vk € {0,1} color k is used

subject to Z rir=1Viel (1)

k=1 Parameters
. ) y 2
Tik S Yk, Vi €C, k< C ) D(PR*, ) Interference Di-graph
c

Z Z wi (@) - Tig -z < B;,VjeC (3) {i,j} € A = beam j is aggressor to cell i
,,;ic_ 1 wij = pfjx if (i,j) € A and 0 otherwise
1#]
x € {0 l}f:*m. y € {0 1}(:* (4) B; = 0 common conflict budget permitted at cell j

Why minimizing the number of colors ?
— By minimizing the number of colors, we make sure that we avoid the excessive bandwidth time splitting +
We have a constraint on the interference limit
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* Choice of a:

* How does a impact the performance of the algorithm ?

» a controls the density of the di-graph :
« a=1 - D(P**, a) is complete
« a=0 - D(P**, a)is empty

* Scenario: 17 cells placed in a hexagonal pattern and we sweep a from 0 to 1. For each value, we construct
D(PR*, &) and apply the graph coloring optimization.
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Fig 1 : Mean SIR and graph density as a function of a.
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Experimental setup

« 600 LEO satellites at an altitude of 440 km
* Each satellite generates beams with HPBW 4.33°

* The service link operates in L-band at a carrier frequency of 1 GHz
with a bandwidth of 30 MHz

» The region of interest covers 17 cells, arranged in a hexagonal grid
with an inter-site distance of 22.2 km.

» Each cell serves @ to 50 randomly dispersed UEs.
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Baseline Algorithms

« ILP-based graph-coloring solution (&« = 0.25,a¢ = 0.35,a = 0.70)
Provided by Branch and Bound Algorithm

* Regular beam hopping based on geometrical separation (BH =1, BH = 3 and BH = 4)

» Greedy search : 2-Pass Heuristic, which, given a fixed number of colors, starts from a random coloring
and iteratively improves it by testing all possible color reassignments for each cell and selecting the one
that minimizes the total number of constraint violations.

Algorithm 1 Greedy Coloring Algorithm
1: Input: Graph D = (C, A), colors K
2: Initialize ¢ randomly, V < VIOLATIONS(c)
3: repeat
4 Voida <=V
5: for : € C do
6
7
8
9

C; < argmingeyy gy VIOLATIONS(C; 1)
end for
: V' < VIOLATIONS(c¢)
cuntil V = Vg
10: return (¢, V)
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Metrics

* Cell capacity : computed analytically using the Shannon formula. For a given coloring with K colors, the
capacity of cell i is defined as: ¢;(C") = % Jlog,(1 + SINR;(C")), where w is the total bandwidth, K is
the number of colors. )

SINR is computed as: SINR; = —

SIRi+SNRi

» Interference budget violations rate : the number of nodes exceeding the interference budget.

» User throughput satisfaction : each UE is assigned a traffic demand drawn from a lognormal
distribution depending on the geographical environment type (e.g., rural, urban) of its serving cell. This
traffic is injected into the simulator as the requested traffic for each UE.
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Numerical results
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Constraint Violations (%)

Numerical results
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Fig 4. Constraint violations for all methods
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Numerical results
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TABLE 1
USER CAPACITY (MBPS)

Algorithm Mean  Median P5 P95 JFI

BH=1 0.48 0.41 0.04 1.03 05772
BH=3 0.51 0.42 0.04 125 05443
BH=4 0.52 0.43 0.04 131 05473
Optim (« = 0.35, K =4) 0.52 0.44 0.04 1.18 0.5623
Greedy search 0.51 0.43 0.04 1.19 0.5545

 Among the regular BH techniques, BH=1 has the
lowest capacity per cell values. However, it is not
the lowest :
Optim a = 0.7 the lowest => because K=7 => each
beam is only scheduled 1/7 slots => cell capacity is
penalized.

 Optim a = 0.35 presents comparable performance
to BH = 4 with more fairness
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Numerical results

TABLE 11
USER TRAFFIC SATISFACTION (SERVED/OFFERED)

Algorithm Mean  Median

BH=4 0.452 0.485
Optim K=4  0.460 0.530
BH=3 0.443 0.455

* Optim a = 0.35 presents the best mean and median number for UE satisfaction rate.
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Conclusion

* We proposed an interference-aware Beam Hopping scheduling framework for LEO satellite
networks based on soft-conflict graph coloring that provides a good balance between
limiting interference and avoiding excessive time-slot fragmentation.

» Unlike conventional Beam Hopping schemes that rely on predefined geometric patterns, the
proposed algorithm rely on physical interference to take scheduling decisions.

« Adaptable approach to heterogeneous and irregular NTN deployments where interference
relationships may be highly irregular and difficult to capture through fixed reuse patterns.

Future work

* Cell planning for NTN cells
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Thank you
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What is the budget for each cell B(c;) ?

P(bci - Ci)
Z] iiP(ij Y

) = SIRthreshold_linear

P(b,.. — c; : ]
beze) ZP (b, - i) (6) Z Z WijZijie < B(D)
SIRthreshold_linear IS g i:{i,j}EE

P(bci - Ci) . P(bci — Ci) —SIRthreshold_dB

B(c)) = = P(b., - ¢;)10 10

SIRthreshold dB
10

SIRthreshold_linear 10

VieV
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