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Motivation: Introduction of RedCap for 3GPP 5G IoT
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3GPP Release 17 for 5G IoT
(NB-IoT, Cat-M, RedCap)

Requirements 
and Workloads?

Algorithmic 
Approaches?

Suitable HW 
Platforms?

• NR Reduced Capability (RedCap/REDCAP/NR-Lite/NR-Light) to cover applications 
in the mid-

https://bit.ly/2UetkZy
https://bit.ly/3hYo1qV
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Workload, Platforms, Algorithms
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Algorithmic Optimisation and 32-bit RISC Implementation
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Further Algorithmic Optimisations:
• SMA – i) mpy instead of div ii) discussion on less 

cycles of mac vs more cycles of add

• EMA – i) β instead of (1-α)

Operations [1/ms]:
• See TABLE IV (352x more than prior art Cat-M)

Pseudo Code of Optimised Equations: 

• Cycles [1/ms] -> Frequency [kHz]

SMA EMA

32-bit reference Implementation:
• i) 25 MHz for just FR2 RedCap 

denoising is unacceptable, a SIMD 
solution is needed. ii) NB-IoT OK.

• Ops/cycles go up with higher 
workloads due to relatively smaller 
loop overhead and pipeline depth 
impact 



https://www.synopsys.com/asip
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Results: Key Contributions
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 Algorithm:
• Moving Average filter variations offer good MSE performance and 

low computational cost – good for IoT

• MSE performance near optimal (MMSE) with SW alg. switching 

• SW Switching is easy on a flexible, programmable platforms

Algorithm Moving Average based Channel Estimation
Architecture 32-bit scalar vDSP128 vDSP512

Metric
Req. Clock Arithmetic 

Ops/Cycles Req. Clock SIMD 
Efficiency Req. Clock SIMD 

Efficiency

[MHz] [%] [MHz] [%] [MHz] [%]

NB-IoT 0.25 89 0.08 67 0.04 33

Cat-M 1.28 97.8 0.34 92 0.11 74

FR1 RedCap 25.9 99.89 6.5 99.48 1.65 97.9

FR2 RedCap 128.9 99.98 32.4 99.89 8.09 99.58

Standard NB-IoT Cat-M FR1 RedCap FR2 RedCap

Suitable 
Architecture 32-bit 32-bit to 

128-bit
128-bit to 

512-bit 512-bit


