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The Cross-Border Coordination Problem

FM transmitters in Country A may generate co-channel and adjacent-channel
interference towards protected FM services in Country B

Objective

Mitigate harmful cross-border interference while preserving national FM service
availability through transmit-power optimisation in Country A.
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Optimisation goal
Find the appropriate power reduction for each Country A transmitter

X = [ml,mg,...,mNT]Tj L j SO

while balancing:
Foreign-service protection <> National-service availability <> Limited power reductions
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Cross-Border Protection and National Service Evaluation

Foreign Service Protection Model
Protect foreign services in Country B

Adjacent-channel ) Country B
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National FM Service Evaluation Model
Preserve domestic service via dynamic best-server assignment
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Sparse Interference Representation

Eachrow representsa protected transmitter t pixel pair. Eachcolumn representsa controllable transmitter .

From radio-planning database
to sparse matrices

Sparse matrix A (example)

(©
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Radio-planning 1 m m - m
database n =
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transmitter-pixel pair ]
— one matrix column

(m, p) = one matrix row

o Compact aggregate interference model

9 Three sparse interference matrices
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e GPU-efficient sparse computation

Enables efficient sparse matrix-vector
computation on GPUs.

o Linear power-scaling vector

Ny
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e yj 2 0 is the linear power-scaling
Il factor for controllable transmitter j
- in Country A.

0 Bipartite graph induced by non-zero coefficients
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(Country A) pixel pairs [ Edge=non-zero
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This graph provides the foundation for
interference-driven clustering.
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Optimisation Problem

Cross borderinterferencemitigation is formulated as a constrainedoptimisation problemthat minimisesresidualprotection violationsKand

unnecessarytransmitter power reductions while preservingnational FM serviceavailability.

. . Optimisation objective
Linear scaling

Power reductions
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Optimisation Challenges

Simultaneous full FM networks optimisation is computationally intensive

@ ﬁ VWWWW  Protecting foreign services while preserving national service availability leads to a
A ”\/IV\” high-dimensional optimisation problem, characterized by:
Th d Milli '\/\/\é—'V\MI\, - high computational cost

ofoc!’rlxtrsogt!! s of tranlsmi!tgtlc:!pisxel Channel evaétions per - llmlted SUItablllty fOf' rapid operational deployment

transmitters. relationships. relationship (Co-channel,

+100kHz, +200kHZ).

Cross-border protection violations are typically dominated by a limited subset of interfering transmitters.

DENSE REALITY s FILTERED TRUTH Interference SparCity
() ((A)) (2 (K) A

() (SA))
A %

Principle

((;Ai))

Optimisation should target only the
sources of harmful interference.

((;A;))
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R
@) > Not all transmitters contribute equally.
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From Sparse Interference to Graph

Cross border interference is dominated by a limited subset ofcontrollable transmitters

1. FromViolationsto Dominantinterferers

Identify violated protected SEIVICE points
1 F] T[
Z

2. Foreachprotectedserviced :
Rankinterfering transmitters by their
contribution

Z
! {QQ8,0}

Keeponly the Top Kdominantinterferers

3. ConstructinterferenceGraph
« NodesY country Atransmitters

« EdgesY transmitters “Gand Care connectedif

they both abpbearamona interferers of at least

onefore ¢ ~J <= dm:i,je€ Lok
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The Matrix

(Protection Assessment) Graph Construction

Top-K Extraction

Evaluate 7 million links. Red dots
indicate ITU-R protection violations.

Edges connect transmitters that
jointly appear in a Top-K list.

Retain only the Top-K dominant
interferers for each protected service.
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Interference Graph to Independent Optimisation Subproblems

By consideringthe Top-U interferers of eachforeign service, the global Clusters arerankedby interferenceimpact“Yto prioritise those with

the highestmitigation potential in optimisation process

Cluster Ranking
Skl

Interferencegraphis decomposednto independentconnectedsubgraphs

eachdefining alocal optimisation problem.

Scoring Logic Optimisstion Order
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& Clustering po=s $ 2 o = with SA
19
1 e
N y N protected foreign service
~‘\\\§‘\\ CN , \ @ Cluster C; —e
A e 2
\\%:Qg\ @ Top-K Italian interferers ¢ e M
\,\{&N for service m € & @ 3 Cluster C; _..e
"“’&‘}/ 3 &f? 1ifi € ITPK -
A X X %’\' 0 otherwise ‘ <§
'/’gig: e Cluster C3 —e
//;’ y
l/" -
27 “gé Sk = E Ri e ‘:i Cluster C4 —°
V 4 \‘ C 1€Ck
N G transmitter interference e ‘:E Cluster Cs —e
. TorK . TooK impact score
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'Y :number of protected foreign services forwhich transmitter "Q
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Clustered Simulating Annealing

The largescale,coupledand nonconvexnature of the powercontrol problemmakesexactoptimisation computationally

prohibitive at operationalscale motivating the use ofheuristicmethods.

Simulated Annealingis adoptedbecauseit canexplore (€ e ILL I E BT T

sl Objective function
>

Clusters optimised one-by-one.

complex nonconvexsearchspacesand escapepoor e :
PR P P e e J(x) = Ap®p(x)+ Aa@a (%) + ApPp (x)
localminima. o0—0 — )
o X O foreign national unnecessary
Q™ it @ protection service power

‘“@f e violations degradation reductions

Clustered SA: solves the complex power- é 2
e d Active ;
. wm o v

control problem through smaller sequential @ Global context

v Q R Power changes are'loc.alised,
cluster-level subproblems, while evaluating O « P -+ 2D > mul B @ G il il

h I h I i g Q Anneal'ng scenario.
each solution over the complete o a
o
coordination scenario. S ol y
("
(@YD) . o . ((‘ )))
A Only transmitters within the active cluster change power,
- H but the objective function is evaluated over all protected services
Brotacted somticas and national coverage constraints to capture global impact. National FM coverage
& in Country B constraints in Country A
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Validation in an Operational Cross-Border Scenario

Q Cross-Border Coordination Region

B} I Totat =% Joo+ £ Logn + £ L2 1
[ 1.39M Co-channel links (0 kHz) | ‘ 2.86M First-adjacent links (+100 kHz) | ‘ 2.84M Second-adjacent links (£200 kHz)

> 620
Transmitters Protected Services
(Country A) .A. (Country B)

((A) 3,247

15,766 km? coordination area

~2 km? spatial resolution grid

‘ - 94 y 000 Candidate Service Points

The Bottleneck: >7,000,000 Interference Relationships

+100 kHz +200 kHz

BB

" Af=+100 kHz

The massive dimensionality is managed using
GPU acceleration (Dual NVIDIA A100 40GB)
and sparse matrix representations

(Ag, A100, A200) to isolate co-channel and
adjacent-channel contributions.
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Experimental Results

Baseline: the original FM planning configuration, with no optimisation or transmitter power reductions applied, used as the reference for

evaluating the improvement achieved by the proposed method.

V FOfGlgﬂ-SQfVlce prOteCtlon 1000 P Y U O SN [ U (Y (S,
70.7%Y 99.68% 99 9 -
of the maximumrecoverableservice area 0o s

99.7 A =
99.6 -

K=30: 99.68%

V National FM availability
10,315Y 17,418 coveredpixel frequencypairs

Protected-service recovery (%)

+68.9% 99.5 -
99.4 -
: . 99.3 1 —&— C(Clustered SA
V Computational efficiency ——- Full Scale-SA (99.71%)
324svs5,517s 99.2 4 e Upper bound (100%)
0 . - I I 1 I I I 1 I
94%runtime reduction 5 10 15 20 >5 30 35 40

Top-K
V Near-monolithic performance

22,691 vs 22,698 pixels _ —
only 7 pixels below Full Scale SA Clustered SA recovers virtually the same coordination

performance as Full-Scale SA while solving much smaller
optimisation problems.
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Optimisation Framework

4 A 4 D
INPUT OUTPUT
: FM COORDINATION & OPTIMISATION ENGINE o
FM Radio- Optimised Tx power
Planning Data configuration
Combroh, | 1. Protection 2. Top-K 3. Interference 4. Graph 5. Clustered 6. Global 4 N
ltr}; Assessment Dominant Graph Decomposition SA Refinement Country A
Conhvliayie it Interferers Construction Optimisation Transmitter
" ! i ' o Q
( w () o—
Country B =G
Pr%tect.ed M Evaluate baseline For each Build an Decompose the | [Optimise the powers| | Refine the overall J
SANID configuration with protected service, interference graph || graph into clusters of transmitters solution to G
((( ))) ITU-R protection select the K where vertices are of connected within each cluster capture residual Outcomes
thresholds. strongest Country A components. using Simulated inter-cluster
interfering controllable Annealing. interactions and 4 Foreign-service
Identify protection transmitters and transmitters. Rank clusters by Clusters are further reduce protection satisfied
: < violations of rank them by interference processed violations. NG T——
g : Country B services. impact. impact. sequentially (in aximum domestic
Ra%ztla,:)a::elmg 9 JL Ji JL J{ order of ranking). ) { y v coverage preserved
.l ' 9 Supporting Infrastructure &/ Reduced violations
— mJ.] e hood
E GPUE [T T o Interpretable
Field-strength o (11 interference
T : rankin
pricei;g;lé)‘?cs;at si(;rtvslce Sparse Matrix Representation GPU Acceleration High-Performance Hardware Scalable Storage & Processing .
|3 po b)) (Ao, Ar00, A200) (cuDF, CuPy) (Dual NVIDIA A100 40GB)  For million-scale links and services QY )
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Conclusions

V Crossborder interference is dominated by a limited set of transmitters , enablingan effective graph
baseddecompositionof the coordinationproblem.

V Clustered SArecovers99.68% of the maximunrecoverableforeign-service area while preserving
national FM servicavailability.

V Near-identical performance to Full-Scale SAat only ~6% of theruntime.

Exploiting interference structure transforms large-scale coordination from a computationally prohibitive

problem into a tractable sequence of cluster-level optimisations.
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Thank you for
- your attention

Questions? //
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