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ABSTRACT

In this paper, the base station transmitter physical layer of the NB-IoT downlink was designed and
implemented based on the Simulink model on the FPGA. The physical layer specification adopted is 3GPP
TS36 V.15 and is designed with standalone and FDD modes assumed. The transmitter could generate subframe
grids and time-domain waveforms of NPBCH, NPSS, NSSS, NPDCCH, and NPDSCH using channel
parameters written in L1 interface registers by the L1 controller. In this paper, all the functions of the base
station transmitter are designed by MATLAB Simulink models supporting HDL generation. The model
developed using Simulink performed logic simulation, Verilog HDL generation, and FPGA In the Loop (FIL)
simulation in the same Simulink environment. Then the FPGA was implemented on the Xilinx Zynq Ultrascale
Development Board, and the design was validated. The implemented downlink transmitter was finally verified

by receiving using Amarisoft’s NB-IoT UE emulator.
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Table 1. NB-IoT downlink design specifications.

Standard 3GPP TS36 v15
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Duplex FDD (Frequency Division Duplex)

Diversity | 2 Tx. antenna diversity
NPBCH(NB Physical Broadcasting CH)
NPDCCH(NB Physical Downlink Control

CH)
. NPDSCH (NB Physical Downlink Shared
Physical CH)
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NPSS(NB Primary Synchronization
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NSSS(NB Secondary Synchronization
Signal)
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Fig. 1. NB-IoT downlink transmitter block diagram
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Fig. 15. Simulink HDL generation model of channel modulation block
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Table 6. The summary of resource utilization

Resources in the CLB LUT DSP BRAM
FPGA 552,720 1,968 984
Utilization
(HDL coding) 16,692 27 18.5
Utilization
(HDL compiler) 13,410 82 19.5
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