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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In R17, OFDM signal waveform has been specified in NTN downlink, but OFDM signal has the characteristics of high PAPR and high EVM. This proposal attempts to discuss the applicability of using DFT-s-OFDM signal waveform in NTN downlink.
Recently, we have tested the DFT-s-OFDM signal both in lab and on orbit.
In lab, we tested multi-carrier performance of DFT-s-OFDM signal using the mature satellite TWTA. By testing the EVM and PAPR of single carrier, two carriers and four carriers, the adaptability of multi-carrier in satellite TWTA is studied.
Meantime, in a real satellite-to-ground environment, the low-orbit satellite and its related gateway and UE were used to verify the DFT-S-OFDM signa. It mainly verifies the transmission rate and transmission quality of the signal in the satellite-to-ground docking scenario.
Lab test
Test configuration    
Table.1：Test parameter configuration
	Signal format
	Methods of signal generation
	modulation mode
	Coding rate
	[bookmark: _Hlk53146747]Single carrier bandwidth configuration
	Multicarrier bandwidth configuration
	Demodulat-ion

	
	
	
	
	
	
	

	DFT-s-OFDM
	Matlab generates baseband signal, imported into the signal source to generate RF signal.
	8PSK
	3/4
	200MHz
400MHz
	2*400MHz
4*200MHz
	Matlab



Table.2：Test instruments
	
	Type
	Firmware version

	Vector signal generator
	R&S SMW200A
	04.30.090.19

	Vector spectrum analyzer
	R&S FSW
	4.50_SP1

	Power meter
	Keysight N1912A
	/



PAPR, EVM Test    
[bookmark: _Toc532492659][bookmark: _Toc22164087]2.2.1 Test scenario：
Scenario 1: Direct connection, test the PAPR and EVM of DFT-s-OFDM signal with typical parameters, such as bandwidth, number of multi-carriers, modulation mode;
Scenario 2: Pass TWTA, test the PAPR and EVM of DFT-s-OFDM signal with different OBO value;
[image: ]
Fig.1  PAPR, EVM Test Scenario

2.2.2 Test Method：
As shown in Figure 2, the test method of DFT-s-OFDM signal is divided into instrument direct link (as shown in A) and RF loop link (as shown in B).


Fig.2  PAPR, EVM Test Connection Diagram

Table.3 Parameter configuration
	Modulation
	8PSK

	Subcarrier
	120kHz

	Coding method
	LDPC

	Bandwidth
	200MHz、400MHz

	Multi carrier mode
	2*400MHz、4*200MHz

	coding rate
	3/4



2.2.3 Test Result：
Case 1: Single carrier test (200MHz, 400MHz)，3/4 8PSK
Case 2:Multi carrier test (2*400M, 4*200M), 3/4 8PSK

Case 1:

Fig.3  PAPR test result of 8PSK single carrier


Fig.4  EVM test result of 8PSK single carrier
Test Result of case 1：
a)	In the direct connection test, the PAPR of 200MHz and 400MHz are about 7dB, while the PAPR of 400MHz is slightly higher;
b)	After TWTA, the PAPR of 200MHz and 400MHz are lower than direct connection. With the increase of OBO from 0.5 to 4, the PAPR value increases. Under the same OBO condition, the PAPR of 400MHz bandwidth is slightly higher.
c)	In direct connection, EVM of 200MHz bandwidth and 400MHz bandwidth signal is close, EVM test result is 1.15% at 200MHz bandwidth, EVM test result is 1.37% at 400MHz bandwidth；
d)	After TWTA, the EVM of 200MHz and 400MHz bandwidth signals in the saturated region is close to each other. When the OBO is 0.5, the EVM is about 13%. With the increase of OBO from 0.5 to 4, the EVM of 200MHz and 400MHz bandwidth signals decreased. When OBO is 4, the EVM of 200MHz bandwidth signal is 4.46%, and that of 400MHz bandwidth signal is 5%。
Case 2：

Fig.5  PAPR test result of 8PSK Multi carrier


Fig.6  EVM test result of 8PSK Multi carrier
Test Result of case 2：
a)	In the direct connection test, the PAPR of 2*400MHz signal is lower, which is 8.94dB. While that of 4*200MHz signal is 11.28dB;
b)	After TWTA, the PAPR saturated region is lower than directly connected test. With the increase of OBO, PAPR increases gradually. The change trend of PAPR is consistent under the bandwidth of 2*400MHz and 4*200MHz, and the RAPR of 2*400MHz is slightly lower than 4*200MHz;
c)	In the direct connected test, the EVM of 2*400MHz and 4*200MHz bandwidth are similar, which is about 2%;
d)	After TWTA, the EVM of 2*400MHz and 4*200MHz signals is higher than direct connection test. The EVM decreases with the increase of OBO. For example, when OBO is 3dB, the EVM of two carrier signal is 7.82%, the EVM of four carrier (center carrier) is 11.09%, and the EVM of edge carrier is 12.33%.

Orbit test
Satellite information
[bookmark: _Hlk53219411]This test uses the GalaxySpace’s satellite.
• The satellite height is about 600km
• Service link is on Ka band, and feeder link is on QV band
• Satellite payload channel bandwidth is 600MHz
[image: ]
Fig.7  GalaxySpace’s Gateway
Test Method
The test use instruments combined with GalaxySpace’s Gateway and User’s equipment.
· Signal Generator sends the optimized 5G NR PDSCH (DFT-S-OFDM) channel signal, which is directly connected to the gateway through cable on C-band.
· The gateway station up converts the signal to the QV frequency band and sends it to the satellite via its antenna.
· After the signal is forwarded by the satellite, it is received by the user equipment’s antenna.
· The analyzer receives the signal from the user equipment’s intermediate frequency through the radio frequency cable, and imports the collected data to the key technology verification platform for analysis.
· The terminal receives the signal, down-converted to the C-band and received by the spectrum analyzer. The signal is finally analyzed by the analysis platform.


Fig.8 Test Scenario
Test Configuration
Table.4：Test instruments
	Test instruments
	Manufacturer
	Type

	Signal Generator
	Keysight
	M9384B

	Signal Analyzer
	Keysight
	M9040B

	FieldFox Microware Analyzer
	Keysight
	N9952A

	Test analysis platform
	CAICT/ HwaCreate
	/



Test Process
The test was carried out in different weather conditions and covered a variety of waveform configurations:
· Weather: sunny, cloudy, sandy, raining, etc.
· Carrier bandwidth: 100MHz, 400MHz
· Modulation method: QPSK, 8PSK
· Code rate: 1/2, 3/4, 4/5, 9/10, etc.
Test Result
On the sunny day, using the optimized 5G DFT-S-OFDM signal system, under the 400MHz carrier bandwidth, using 8PSK modulation, 3/4 code rate configuration, removing system overhead, the user rate exceeding 700Mbps.
Conclusion
1） With the increase of the number of carriers, the PAPR and EVM of 400MHz, 2*400MHz and 4*200MHz bandwidth signals are both increase;
2） For 4 carrier signal, the EVM of center carrier is worse than edge carrier;
3） It is necessary to adopt EVM optimization technology to reduce EVM in multi carrier scenario, but it is suggested to consider the system complexity and cost caused by the optimization technology;
4） The performance of DFT-S-OFDM signals in the satellite channel scenario meets the design and simulation expectations.
5） Later, we will use real stations and terminals to carry out end-to-end verification.
6） We expect to discuss the possibility of using DFT-s-OFDM as an optional signal at the next meeting.
8PSK Single carrier

200M
 direct connection	-0.5	-1	-1.5	-2	-3	-4	6.8	6.8	6.8	6.8	6.8	6.8	400M
 direct connection	-0.5	-1	-1.5	-2	-3	-4	7.02	7.02	7.02	7.02	7.02	7.02	200MHz
After TWTA	-0.5	-1	-1.5	-2	-3	-4	2.71	3.24	3.73	4.18	5.01	5.69	400MHz
After TWTA	-0.5	-1	-1.5	-2	-3	-4	2.86	3.36	3.84	4.29	5.13	5.81	OBO(dB)


PAPR（CCDF=0.01%）




8PSK Single carrier

200M
 direct connection	-0.5	-1	-1.5	-2	-3	-4	1.1499999999999999	1.1499999999999999	1.1499999999999999	1.1499999999999999	1.1499999999999999	1.1499999999999999	400M
 direct connection	-0.5	-1	-1.5	-2	-3	-4	1.1299999999999999	1.1299999999999999	1.1299999999999999	1.1299999999999999	1.1299999999999999	1.1299999999999999	200MHz
After TWTA	-0.5	-1	-1.5	-2	-3	-4	13.72	10.88	8.92	7.42	5.42	4.46	400MHz
After TWTA	-0.5	-1	-1.5	-2	-3	-4	13.06	10.6	8.8000000000000007	7.48	5.79	5	OBO（dB）


EVM




8PSK Multi carrier 

2*400MHz
 direct connection	-0.5	-1	-1.5	-2	-3	-4	8.94	8.94	8.94	8.94	8.94	8.94	4*200MHz
 direct connection	-0.5	-1	-1.5	-2	-3	-4	11.28	11.28	11.28	11.28	11.28	11.28	2*400MHz
After TWTA	-0.5	-1	-1.5	-2	-3	-4	5	5.18	5.4	5.68	6.3	6.96	4*200MHz
After TWTA	-0.5	-1	-1.5	-2	-3	-4	5.6	5.84	6.18	6.48	7.2	7.96	400M
 direct connection	-0.5	-1	-1.5	-2	-3	-4	7.02	7.02	7.02	7.02	7.02	7.02	400MHz
After TWTA	-0.5	-1	-1.5	-2	-3	-4	2.86	3.36	3.84	4.29	5.13	5.81	OBO（dB）


PAPR（CCDF=0.01%）




8PSK Multi carrier  

2*400MHz
 direct connection	-0.5	-1	-1.5	-2	-3	-4	2.0099999999999998	2.0099999999999998	2.0099999999999998	2.0099999999999998	2.0099999999999998	2.0099999999999998	4*200MHz
 direct connection，center carrier	-0.5	-1	-1.5	-2	-3	-4	1.9	1.9	1.9	1.9	1.9	1.9	4*200MHz
 direct connection，edge carrier	-0.5	-1	-1.5	-2	-3	-4	2.1800000000000002	2.1800000000000002	2.1800000000000002	2.1800000000000002	2.1800000000000002	2.1800000000000002	2*400MHz
After TWTA	-0.5	-1	-1.5	-2	-3	-4	18.05	14.36	11.97	10.19	7.82	6.65	4*200MHz
After TWTA，center carrier	-0.5	-1	-1.5	-2	-3	-4	27.85	23.06	19.5	16.68	12.33	9.6	4*200MHz
After TWTA，edge carrier	-0.5	-1	-1.5	-2	-3	-4	23.93	20.04	17.13	14.69	11.09	8.93	400M
 direct connection	-0.5	-1	-1.5	-2	-3	-4	1.1299999999999999	1.1299999999999999	1.1299999999999999	1.1299999999999999	1.1299999999999999	1.1299999999999999	400MHz
After TWTA	-0.5	-1	-1.5	-2	-3	-4	13.06	10.6	8.8000000000000007	7.48	5.79	5	OBO（dB）


EVM




Microsoft_Visio___.vsdx
Vector signal generator
Vector spectrum analyzer
Generate IQ signal
IQ signal analysis
Synchronization
10MHz
TWTA
Payload
Coupler
Power meter
A
B



image3.jpg




image4.emf
Signal Generator

Signal analyzer

Test analysis platform

User equipment

Gateway

Satellite


Microsoft_Visio___1.vsdx
Signal Generator
Signal analyzer
Test analysis platform
User equipment
Gateway
Satellite



image1.jpeg




image2.emf
Vector 

signal 

generator

Vector 

spectrum 

analyzer

Generate IQ signal

IQ signal analysis

Synchronization 10MHz

TWTA Payload

Coupler

Power 

meter

A

B


