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Abstract 
 
 
 
The Corecell gateway reference design is a plateform which implement the baseband processor SX1302 and the 
radio transceiver SX1250. This document presents a list of performance measurements required for a LoRa gateway. 
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1 Introduction 

1.1 Presentation 
The Corecell gateway is a new reference design based on the SX1302 baseband processor and the new radio 
transceiver SX1250. It prepares for the next wave of gateways infrastructure deployments in both indoor and 
outdoor scenarios. 
It addresses market needs for cost optimized, low power, low touch development and accelerates gateway design 
by providing a new reference design. 

1.2 Scope 
This document presents the measurement performed on the USB version of Corecell gateway reference design for 
China. 

1.3 References documents 
The following documents are cited in the present one: 

1. Technical requirements for micro power short distance radio transmitting equipment (微功率短距离无线

电发射设备技术要求） 

 

1.4 Document convention 
Excepted if it is explicitly mention, all measurements are perform at ambient temperature i.e +25˚C. 

 
 
 

 
 
 

  

→Any text inside a framed box means a conclusion of the current section. 
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2 Test bench 

2.1 General description 
 
The general test bench used along this document to measure and validate the Corecell performances and its 
compliance to the regulation limits shown in figure 1. 

 

figure 1 Overall test bench setup - Default configuration 

According to the specificities of each measurement, the various switches commuted to select or not some filters. 
The switch C is used in case of a gateway with two separated RF chains. It is not used in the measurements of this 
report. 

2.2 Tx measurements 
 
The setup presented in the figure 2 is used for the Tx measurements. 

 

figure 2 Configuration of the test bench for Tx measurements 

The 10 dB attenuator after the switch A allows mitigating effect of impedance mismatch as well as protecting the 
output power amplifier from reflected power due to the notch or the HPF. Except for full duplex measurements, the 
circulator is never used. The notch and the HPF only enabled for spurious and LTE bands emission measurements to 
decrease the carrier level. Finally, loss of attenuator, switch and cables have been previously measured and 
compensated in the spectrum analyzer (Ref. Level Offset). Other instrument settings defined for each individual test. 

2.3 Rx measurements 
All the Rx measurements performed using the setup of the figure 3. 
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figure 3 Test bench configuration for the Rx measurements 

 
The circulator allows simultaneously injecting a signal into the DUT and measuring the emission from it. The 10 dB 
attenuator between the circulator and the switch B mitigates effect of impedance mismatch in order to provided 
stable and quasi-constant loss over the circulator operating frequency range. 
 
For simple Rx measurements (Sensitivity level, RSSI and SNR, Frequency error tolerance), only one signal generator 
is used, the output of the second one is OFF. The other generator used for the blocking measurement to inject an 
interferer at various frequencies. The attenuators of 20 and 10 dB at the right of the power splitter allow mitigating 
the effect of impedance mismatch on its characteristics as well as protecting each signal generator output from the 
power from the other one or the DUT.  
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3 Device under test (DUT) 

3.1 Description 
The board used along this document is a Corecell reference design batch #1, populated for Chinese Band (See figure 
4). Excepted if it is explicitly mentioned, the board referenced ”CN” is used in the design validation. 
 

 

figure 4 The Corecell Ref. design mounted on the interface board with the RPI3 

The Corecell ref. design is plugged in the USB interface of RPI3 hosting the HAL and the packet forwarder. 
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4 Transmitter 

4.1 Sweep power 

4.1.1 Description 
Check the maximum output power from 500MHz-510MHz. 

4.1.2 Setup 
The setup used to measure the maximum power is show in figure 2. Only the direct path is used for this measurement. 

4.1.3 Sweep power(max) 

 

figure 5  Power sweep from 500MHz-510MHz,LoRa,125 kHz,SF7 

4.2 Spurious emission 

4.2.1 Description 
Spurious emissions are unwanted emissions in the spurious domain at frequencies other than those of the Operating 
Channel and its Out Of Band Domain. Requirement for unwanted emissions list in the documents from chapter 1.3. 
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4.2.2 Setup 
The setup used to measure the out of band emission is show in figure 2. Only the direct path is used for this 
measurement, the SWA,SWB,SWD,SWE,SWF,SWG,SWH,notch filter and HFP filter are bypassed. 

4.2.3 Spurious emission below 1GHz 
The China regulation request the emission between 30MHz-1GHz should be smaller than  
-36dBm@RBW=100kHz,RMS detector when transmit at maximum power.  

 

figure 6  Spurious emission, scan from 30MHz-1GHz,Tx at 505.5MHz,Bw125KHz,RMS detector 

4.2.4 Spurious emission above 1GHz 
The China regulation request the emission between 1GHz-40GHz should be smaller than  
-30dBm@RBW=1MHz,RMS detector when transmit at maximum power. Depend on the limitation of test 
equipment; we test the emission between 1GHz-20GHz.  
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figure 7  Spurious emission, scan from 1G-20GHz,Tx at 505.5MHz,Bw125KHz, RMS detector 
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5 Receiver 

5.1 Sensitivity level and PER 

5.1.1 Description 
This test determines the sensitivity level i.e. the minimum RF input power needed to demodulate the received packet. 
It is determined for a PER of 10%. It also verifies the PER remains null for input power above the sensitivity level i.e. 
no saturation occurs. 

5.1.2 Setup 
The sensitivity measurement setup shown in figure 3. Only one signal generator used here, the output of the second 
one is OFF. It generates LoRa packets toward the DUT for several output powers and frequencies. The effect of 
impedance mismatch mitigated by the use of attenuators at the power splitter inputs and along the switch matrix. 
 
The packet forwarder software running on the RPI3 pulls data from the Corecell reference design by SPI bus and 
send them to the computer through UDP protocol.  

5.1.3 MultiSF modem versus Spreading Factor 
 

 

(a) Sensitivity level 
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  (b) High level 

figure 8  Sensitivity level and PER, MultiSF 125 kHz modem versus SF (5 to 8), 475.5 MHz 

 
(a) Sensitivity level                                                                 
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(b) High level 

figure 9  Sensitivity level and PER, MultiSF 125 kHz modem versus SF (9 to 12), 475.5 MHz 
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5.1.4 MultiSF/SingleSF modem versus channels 

 
(a) Sensitivity level 

 



  

 
 
 

 
Corecell reference design for LBT Spectral Scan gateway                                                                                               15 of 49 
USB / CN490 Performances report     Rev. 1.0                                                                                                             Semtech 
Dec. 2020 

www.semtech.com 

 

 

 (b) High level 

figure 10  Sensitivity level and PER, MultiSF / SingleSF modems versus channels, SF7, Bw 125 kHz 
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5.1.5 SingleSF modem versus Spreading Factor 

 

(b) Sensitivity level 

 

(b) High level 

figure 11  Sensitivity level and PER, SingleSF modem versus SF, 485 MHz, Bw 125 kHz 
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5.1.6 SingleSF modem versus Bandwidth 

 
(a) Sensitivity level 

 

(b) High level 

figure 12  Sensitivity level and PER, SingleSF modem versus bandwidth, 485 MHz,SF9 
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5.1.7 FSK modem 

 
 (a) Sensitivity level 

 

(b) High level 

figure 13  Sensitivity level and PER, FSK modem, RF1, 477.8 MHz 



  

 
 
 

 
Corecell reference design for LBT Spectral Scan gateway                                                                                               19 of 49 
USB / CN490 Performances report     Rev. 1.0                                                                                                             Semtech 
Dec. 2020 

www.semtech.com 

 

5.2 RSSI 

5.2.1 Description 
 
The LoRa modems returns two indicators of the received signal level: RSSI Channel and RSSI Signal. 

 RSSI Channel: This indicator represents the power in the channel bandwidth, taken care the power of 
signal and the thermal noise. It concerns LoRa and FSK modulation. 

 RSSI Signal: This indicator represents the LoRa signal only, without taken care the thermal noise power. It 
only concerns the LoRa modulation; this indicator is not available for FSK modulation. 

 

5.2.2 Setup 
The sensitivity measurement setup shown in figure 3. Only one signal generator used here, the output of the second 
one is OFF. It generates LoRa packets toward the DUT for several output powers and frequencies. The effect of 
impedance mismatch mitigated by the use of attenuators at the power splitter inputs and along the switch matrix. 
The packet forwarder software running on the RPI3 pulls data from the Corecell reference design by SPI bus and 
send them to the computer through UDP protocol. 

5.2.3 MultiSF modem versus Spreading Factor 

5.2.3.1 RSSI channel 

 
 (a) RSSI Channel mean 
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(b) RSSI Channel error 
figure 14 RSSI Channel, MultiSF modems versus Spreading factors (5 to 8), 475.5 MHz 

 

 
(a) RSSI Channel mean 
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(b) RSSI Channel error 

figure 15 RSSI Channel, MultiSF modems versus Spreading factors (9 to 12), 475.5 MHz 

5.2.3.2 RSSI signal 

 
(a) RSSI signal mean 
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                                          (b) RSSI signal error 

figure 16 RSSI signal, MultiSF modems versus Spreading factors (5 to 8), 475.5 MHz 

 
(a) RSSI signal mean 
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                                          (b) RSSI signal error 

figure 17 RSSI signal, MultiSF modems versus Spreading factors (9 to 12), 475.5 MHz 
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5.2.4 MultiSF/SingleSF modem versus channels 

 
 (a) RSSI channel mean 
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                                          (b) RSSI channel error 

figure 18 RSSI channel, MultiSF and SingleSF  versus channels,SF7 

 
 (a) RSSI signal mean 
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                                          (b) RSSI signal error 

figure 19 RSSI signal, MultiSF and SingleSF  versus channels,SF7 
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5.2.5 SingleSF modem versus Spreading Factor 
 

 
(a) RSSI Channel mean 

 
(b) RSSI Channel error 

figure 20 RSSI Channel, SingleSF modem versus Spreading factors, 485 MHz, Bw 125 kHz 
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(a) RSSI Signal mean 

 
(b) RSSI Signal error 

figure 21 RSSI Signal, SingleSF modem versus Spreading factors, 485 MHz, Bw 125 kHz 
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5.2.6 SingleSF modem versus Bandwidth 

 
(a) RSSI Channel mean 
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(b) RSSI Channel error 

figure 22 RSSI Channel, SingleSF modem versus bandwidth, 485.0 MHz,SF9 

 
(a) RSSI Signal mean 
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(b) RSSI Signal error 

figure 23 RSSI Signal, SingleSF modem versus bandwidth, 485.0 MHz, SF9 



  

 
 
 

 
Corecell reference design for LBT Spectral Scan gateway                                                                                               32 of 49 
USB / CN490 Performances report     Rev. 1.0                                                                                                             Semtech 
Dec. 2020 

www.semtech.com 

 

5.2.7 FSK modem 

  
(a) RSSI Channel mean 
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(b) RSSI Channel error 

figure 24 RSSI Channel, FSK modem, RF1, 485.5 MHz 
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5.3 SNR 

5.3.1 Description 
In conjunction with the RSSI value, the LoRa modem determines the Signal-To-Noise Ratio while receiving packets. 
This test verifies the accuracy of this indicators according the packet parameters (Spreading Factor, bandwidth, 
modem kind, payload length, ...). 

5.3.2 Setup 
The SNR measured using the setup presented in the figure 3(Sensitivity, RSSI). The DUT connected to the SPDT A 
"common path". 
 
The SNR measurement presents the mean value computed with the linear values of measured samples then 
expressed in a logarithm way. For each measurement step, the top and bottom horizontal bars represent the 
maximum and the minimum SNR value. They should be close to the mean value. 

5.3.3 MultiSF modem versus Spreading Factor 

 
 (a) Sensitivity level 
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(b) High level 

figure 25 SNR, MultiSF modems versus Spreading Factor (5 to 8), 475.5 MHz 
 

 

 
(a) Sensitivity level 
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(b) High level 

figure 26 SNR, MultiSF modems versus Spreading Factor (9 to 12), 475.5 MHz 



  

 
 
 

 
Corecell reference design for LBT Spectral Scan gateway                                                                                               37 of 49 
USB / CN490 Performances report     Rev. 1.0                                                                                                             Semtech 
Dec. 2020 

www.semtech.com 

 

5.3.4 MultiSF/SingleSF modem versus channels 

 
(a) Sensitivity level 
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                                                                         (b) High level 

figure 27 SNR, MultiSF and SingleSF modems versus channels, SF7 
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5.3.5 SingleSF modem versus Spreading Factor 

 
(a) Sensitivity level 
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(b) High level 

figure 28 SNR, SingleSF modems versus spreading factor, 485 MHz,BW125kHz 
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5.3.6 SingleSF modem versus Bandwidth 

 
(a) Sensitivity level 
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 (b) High level 

figure 29 SNR, SingleSF modem versus bandwidth, 485 MHz,SF9 

5.4 Blocking and Immunity to interface 

5.4.1 Description 
A blocking measurement is performed to evaluate the robustness of the system to interferer in the vicinity of the 
gateway. 

5.4.2 Setup 
The test bench allowing to assess the coexistence robustness is shown in figure 3. Useful signal and interferer are 
combined in the power splitter/combiner. The attenuators allow to reduce the mutual interference between both 
signal generators. 
The interferer is a continuous carrier wave swept from -16 to +16 MHz in comparison with the carrier frequency, 
with a variable step in order to find sensitive frequencies. 
For each interferer step, the output power of the useful signal is set to the sensitivity level + 3 dB. The PER 
measurement is done on 25 packets. The interferer level is adjusted automatically to cause a PER of 10%. 
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5.4.3 MultiSF modem versus Spreading Factor 
 

 
(a) Interferer level(dBm) 
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                                                                    (b) Rejection(dB) 
              figure 30 Blocking profile, MultiSF modem versus Spreading Factor (5 to 8), 475.5 MHz 

 
(a) Interferer level(dBm) 
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                                                                    (b) Rejection(dB) 

figure 31 Blocking profile, MultiSF modem versus Spreading Factor (9 to 12), 475.5 MHz 
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5.4.4 MultiSF modem versus channels 

 
 (a) Interferer level(dB) 
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(b) Rejection(dB) 

figure 32 Blocking profile, MultiSF modem versus channels, SF7, Sensitivity level + 3dB  
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