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AFF3CT vs Sionna: Comparison

AFF3CT (2016)
Language: C++11
Focus: Forward Error Correction (FEC)

Performance: CPU optimizations
▶ SIMD vectorization (SSE, AVX, NEON)
▶ Multi-threading support

Use Cases:
▶ Digital communication simulation
▶ SDR systems

NVIDIA Sionna (2022)
Language: Python (TensorFlow)

Focus: Link-level & system-level
simulation
Performance: GPU-accelerated

▶ GPU Kernel optimization
▶ Ray tracing support

Use Cases:
▶ 5G/6G research (Simulation)
▶ SDR systems (Sionna Research Kit)
▶ Neural network integration
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5G NR LDPC Simulation chain
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K : Information bits

KLDPC : Information bits of 5G LDPC base
graph

NLDPC : Codeword bits of the 5G LDPC
base graph

N : Codeword bits after puncturing
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Testing protocol on Dalek1 platform

AFF3CT 4.0.0
Decoder algorithms:

▶ BPHL+OMS 0.5 BP Horizontal Layered
Offset Min-Sum

▶ BPF+OMS 0.5 BP Flooding Offset
Min-Sum

Hardware (CPU only):
▶ AMD Ryzen 9 7945HX (16 Zen 4 cores)
▶ Frequency: 5.4GHz
▶ RAM: 96 GB DDR5
▶ TDP: 75W

Optimisations: SIMD-AVX2

Sionna 1.2.1
Decoder algorithms:

▶ BPF+BPP BP Flooding Box-Plus-Phi

▶ BPF+OMS 0.5 BP Flooding Offset
Min-Sum

Hardware (GPU only):
▶ NVIDIA RTX 4090 (128 SMX cores)
▶ Frequency: 2.52GHz
▶ VRAM: 24 GB GDDR6
▶ TDP: 450W

Optimisations: TensorFlow graph + XLA

The nodes az4-n4090 of Dalek were used for all the experiments.

1Adrien Cassagne, Noé Amiot, and Manuel Bouyer (2025). “Dalek: An Unconventional and Energy-Aware Heterogeneous Cluster”. In: arXiv preprint arXiv:2508.10481.
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Bit Error Rate comparison (big codeword length)
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Bit Error Rate comparison (medium and small codeword length)
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Information throughput of the simulation: AFF3CT vs Sionna
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Simulation of information throughput: AFF3CT vs Sionna
BPF+BPP 20i (Sionna)
BPF+OMS 0.5 20i (Sionna)
BPF+OMS 0.5 20i (AFF3CT)
BPHL+OMS 0.5 10i (AFF3CT)

Sionna runs fully on GPU (100% usage)

AFF3CT runs fully on CPU

BPF+BPP is the fastest algorithm, and
have better code quality.

For BPF+OMS 0.5, Sionna is 1.45x faster
than AFF3CT.
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Energy efficiency for BPF-OMS: AFF3CT vs Sionna
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Energy Efficiency: AFF3CT vs Sionna
BPF+BPP 0.5 20i (Sionna)
BPF+OMS 0.5 20i (Sionna)
BPF+OMS 0.5 20i (AFF3CT)

EnergyEfficiency = Thr
TDP

The CPU TDP (75W ) doesn’t take
RAM consumption into account, the
GPU TDP (450W ) does for VRAM.

AFF3CT is 4.1x more efficient than
Sionna for BPF+OMS 0.5

For BPF+BPP, AFF3CT is 2.4x more
efficient
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Fine grain AFF3CT execution profile
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More than 95% of the time is
spent in Encoder + Decoder.

Theoretically the Decoder is
more compute intensive.

The early stopping criterion was
not used for the Decoders.
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Conclusion and perspectives

Conclusion
AFF3CT and Sionna have similar BER performance for 5G NR LDPC codes.

Sionna is faster but AFF3CT is more energy efficient.

Perspectives
Optimize the 5G LDPC Encoder in AFF3CT.

Implement an hybrid CPU-GPU version for AFF3CT.

Deep exploration of Sionna library.

Better energy measurement.

Yacine Idouar 5G NR Sionna and AFF3CT 24th November 2025 10 / 11



Detailed AFF3CT vs Sionna results table

K Toolbox Decoder Prec Ite CPU Threads Batch Size Avg Info Throughput Avg Frame Latency
20 AFF3CT BPF+OMS 32 20 32 8×32=256 27.983 Mbps 0.18 ms
20 AFF3CT BPHL+OMS 32 10 32 8×32=256 36.011 Mbps 0.14 ms
20 Sionna BPF+BPP 32 20 – 40960 75.050 Mbps 10.91 ms
20 Sionna BPF+OMS 32 20 – 40960 40.920 Mbps 19.98 ms
512 AFF3CT BPF+OMS 32 20 16 8×16=128 35.815 Mbps 1.83 ms
512 AFF3CT BPHL+OMS 32 10 16 8×16=128 44.457 Mbps 1.47 ms
512 Sionna BPF+BPP 32 20 – 1600 88.53 Mbps 9.25 ms
512 Sionna BPF+OMS 32 20 – 1600 47.390 Mbps 17.28 ms
6144 AFF3CT BPF+OMS 32 20 14 8×14=112 39.628 Mbps 17.35 ms
6144 AFF3CT BPHL+OMS 32 10 16 8×16=128 68.491 Mbps 11.48 ms
6144 Sionna BPF+BPP 32 20 – 133 100.0 Mbps 8.19 ms
6144 Sionna BPF+OMS 32 20 – 133 62.35 Mbps 13.13 ms
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