Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk487029736]3GPP TSG-RAN WG4 Meeting #106bis-e	R4-2305177
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Electronic meeting, 17 April – 26 April 2023

Agenda Item:	6.8.7.2
Source:	Ericsson
Title:	Simulation results of SAN demodulation requirements for IoT-NTN
Document for:	Information
1	Introduction
RAN4#106 agreed with the way forward on SAN demodulation requirements for IoT over NTN [1], and agreed with the initial simulation assumption. This contribution provides our initial simulation results according to the simulation assumption in the way forward.
2	Doppler shift drift
In our simulation we assumed the fixed Doppler shift drift assuming the largest accumulated offset considering the worst case scenario as shown in Table 1, Table 2, and Table 3, where we assumed 0.27 ppm/ms (Table 4.2-2 LTO-600 in [2]) with the carrier frequency of 2.0GHz (=0.54Hz/ms).
[bookmark: _Ref131165284]Table 1	Doppler shift offset for eMTC. 
	Physical channel
	Tx duration (ms) per repetition
	Number of repetitions
	Applied Doppler shift offset (Hz)

	PUSCH CE Mode A
	1
	1
	0.54

	PUSCH CE Mode A
	1
	8
	4.32

	PUSCH CE Mode B
	1
	256
	138.24

	PUCCH format 1a
	1
	8
	4.32

	PRACH BF0/BF1
	1
	8
	4.32

	PRACH BF2
	2
	16
	17.28

	PRACH BF3
	3
	16
	25.92



[bookmark: _Ref131166055]Table 2	Doppler shift offset for NPUSCH formats 1 and 2.
	Physical channel
	Tx duration (ms) per RU
	Number of RUs
	Number of repetitions
	Applied Doppler shift offset (Hz)

	NPUSCH format 1, 3.75kHz
	32
	2
	16
	552.96

	NPUSCH format 1, 15kHz
	1
	1
	16
	8.64

	NPUSCH format 2, 3.75kHz
	8
	1
	16
	69.12

	NPUSCH format 2, 15kHz
	2
	1
	16
	17.28



[bookmark: _Ref131166057]Table 3	Doppler shift offset for NPRACH.
	Physical channel
	Tx duration per symbol group (ms)
	Number of symbol groups (P)
	Number of repetitions
	Applied Doppler shift offset (Hz)

	NPRACH PF0
	1.4
	4
	8
	24.192

	NPRACH PF0
	1.4
	4
	32
	96.768

	NPRACH PF1
	1.6
	4
	8
	27.648

	NPRACH PF1
	1.6
	4
	32
	110.592



3	SAN demodulation requirements for eMTC
3.1	PUSCH demodulation requirements
[bookmark: _Ref114170006]Table 4	Simulation parameters for PUSCH.
	Parameters
	CE Mode A
	CE Mode B

	Max number of HARQ transmissions
	4
	2

	RV sequences
	0, 2, 3, 1, 0, 2, 3, 1
	0, 0, 0, 0, 2, 2, 2, 2, 3, 3, 3, 3, 1, 1, 1, 1

	Number of PUSCH repetitions
	8
	256

	
	FFS: 1
	

	Frequency hopping
	OFF
	OFF

	Duplex mode
	FDD only
	FDD only

	Number of Tx antennas
	1
	1

	Number of Rx antennas
	1 and 2
	1 and 2

	Propagation channel
	Option 1: NTN-TDLA100-X, X = [5, 200] Hz
Option 2: NTN-TDLC5-Y, Y = [5, 30] Hz
	NTN-TDLA100-X, X = [5, 200] Hz

		FRC
	TS36.104 A3-2
	TS36.104 A3-1

	System BW
	1.4MHz only
	1.4MHz only

	Doppler shift offset
	FFS
	FFS

	Transmit timing offset
	FFS
	FFS

	Fraction of maximum throughput
	70%
	70%



Table 5	Simulation results for PUSCH CE Mode A.
	Rx antenna
	Repetitions
	Propagation condition
	SNR: without frequency offset
	SNR: with frequency offset drift

	1
	1
	NTN-TDLA100-5
	1.8
	1.8

	1
	1
	NTN-TDLA100-200
	2.6
	2.6

	1
	1
	NTN-TDLC5-5
	-0.5
	-0.5

	1
	1
	NTN-TDLC5-30
	-0.4
	-0.4

	1
	8
	NTN-TDLA100-5
	-6.1
	-6.1

	1
	8
	NTN-TDLA100-200
	-7.7
	-7.7

	1
	8
	NTN-TDLC5-5
	-6.1
	-6.2

	1
	8
	NTN-TDLC5-30
	-5.8
	-5.8

	2
	1
	NTN-TDLA100-5
	-2.7
	-2.7

	2
	1
	NTN-TDLA100-200
	-1.9
	-1.9

	2
	1
	NTN-TDLC5-5
	-4.0
	-4.0

	2
	1
	NTN-TDLC5-30
	-4.1
	-4.1

	2
	8
	NTN-TDLA100-5
	-10.5
	-10.5

	2
	8
	NTN-TDLA100-200
	-10.9
	-11.0

	2
	8
	NTN-TDLC5-5
	-9.2
	-9.2

	2
	8
	NTN-TDLC5-30
	-9.1
	-9.1



Table 6	Simulation results for PUSCH CE Mode B.
	Rx antenna
	Repetitions
	Propagation condition
	SNR: without frequency offset
	SNR: with frequency offset drift

	1
	256
	NTN-TDLA100-5
	-15.1
	-15.1

	1
	256
	NTN-TDLA100-200
	-16.2
	-16.1

	2
	256
	NTN-TDLA100-5
	-17.4
	-17.4

	2
	256
	NTN-TDLA100-200
	-17.9
	-17.9



3.2	PUCCH demodulation requirements
3.2.1	ACK missed detection requirements for single user PUCCH format 1a 
Test metric: 
· The ACK missed detection probability shall not exceed 1%.
[bookmark: _Ref114171197]Table 7	Simulation parameters for PUCCH format 1a.
	Parameters
	Values

	Number of PUCCH repetitions
	8

	Frequency hopping
	OFF

	Duplex mode
	FDD only

	Number of Tx antennas
	1

	Number of Rx antennas
	1 and 2

	Propagation channel 
	Option 1: NTN-TDLA100-X, X = [5, 200] Hz
Option 2: NTN-TDLC5-Y, Y = [5, 30] Hz

	System BW
	1.4MHz



Table 8	Simulation results for PUCCH format 1a.
	Rx antenna
	Repetitions
	Propagation condition
	SNR: without frequency offset
	SNR: with frequency offset drift

	1
	8
	NTN-TDLA100-5
	-5.4
	-5.4

	1
	8
	NTN-TDLA100-200
	-12.2
	-12.2

	1
	8
	NTN-TDLC5-5
	-10.2
	-10.1

	1
	8
	NTN-TDLC5-30
	-12.2
	-12.1

	2
	8
	NTN-TDLA100-5
	-11.1
	-11.2

	2
	8
	NTN-TDLA100-200
	-15.5
	-15.5

	2
	8
	NTN-TDLC5-5
	-15.3
	-15.3

	2
	8
	NTN-TDLC5-30
	-16.0
	-16.0



3.3	PRACH demodulation requirements
3.3.1	PRACH detection requirements
Test metric: 
· The false alarm probability shall be less than or equal to 0.1%.
· The probability of detection shall be equal to or exceed 99%.
[bookmark: _Ref125487833]Table 9	Simulation parameters for PRACH preamble detection requirements. 
	Number of Tx antennas
	Number of Rx antennas
	Propagation channel
	Frequency offset
	Number of repetitions
	Burst format 0
	Burst format 1
	Burst format 2
	Burst format 3

	1
	1 and 2
	Option 1: NTN-TDLA100-X, X = [5, 200] Hz
Option 2: NTN-TDLC5-Y, Y = [5, 30] Hz
	270Hz + X (X: See Sub-topic 2-2 Additional Doppler shift offset)
	8
	YES
	YES
	
	

	
	
	
	
	16
	
	
	YES
	YES



Table 10	Simulation results for PRACH preamble detection requirements.
	Rx antenna
	Repetitions
	Propagation condition
	Burst format
	SNR: with fix frequency offset: 270 Hz
	SNR: with frequency offset drift: 270+X Hz

	1
	8
	NTN-TDLA100-5
	BF0
	-13.3
	

	1
	8
	NTN-TDLA100-5
	BF1
	-13.3
	

	1
	8
	NTN-TDLA100-200
	BF0
	-19.1
	

	1
	8
	NTN-TDLA100-200
	BF1
	-19.2
	

	1
	8
	NTN-TDLC5-5
	BF0
	-18.8
	

	1
	8
	NTN-TDLC5-5
	BF1
	-18.7
	

	1
	8
	NTN-TDLC5-30
	BF0
	-20.7
	

	1
	8
	NTN-TDLC5-30
	BF1
	-20.7
	

	1
	16
	NTN-TDLA100-5
	BF2
	-19.6
	

	1
	16
	NTN-TDLA100-5
	BF3
	-19.6
	

	1
	16
	NTN-TDLA100-200
	BF2
	-24.7
	

	1
	16
	NTN-TDLA100-200
	BF3
	-24.7
	

	1
	16
	NTN-TDLC5-5
	BF2
	-23.6
	

	1
	16
	NTN-TDLC5-5
	BF3
	-23.7
	

	1
	16
	NTN-TDLC5-30
	BF2
	-25.1
	

	1
	16
	NTN-TDLC5-30
	BF3
	-25.2
	

	2
	8
	NTN-TDLA100-5
	BF0
	-18.8
	

	2
	8
	NTN-TDLA100-5
	BF1
	-18.9
	

	2
	8
	NTN-TDLA100-200
	BF0
	-22.3
	

	2
	8
	NTN-TDLA100-200
	BF1
	-22.4
	

	2
	8
	NTN-TDLC5-5
	BF0
	-22.6
	

	2
	8
	NTN-TDLC5-5
	BF1
	-22.5
	

	2
	8
	NTN-TDLC5-30
	BF0
	-23.5
	

	2
	8
	NTN-TDLC5-30
	BF1
	-23.6
	

	2
	16
	NTN-TDLA100-5
	BF2
	-24.0
	

	2
	16
	NTN-TDLA100-5
	BF3
	-24.0
	

	2
	16
	NTN-TDLA100-200
	BF2
	-27.1
	

	2
	16
	NTN-TDLA100-200
	BF3
	-27.0
	

	2
	16
	NTN-TDLC5-5
	BF2
	-26.9
	

	2
	16
	NTN-TDLC5-5
	BF3
	-26.9
	

	2
	16
	NTN-TDLC5-30
	BF2
	-27.5
	

	2
	16
	NTN-TDLC5-30
	BF3
	-27.6
	



4	SAN demodulation requirements for NB-IoT
4.1	NPUSCH format 1 demodulation requirements
Table 11	Simulation parameters for NPUSCH format 1. 
	Number of TX antennas
	Number of RX antennas
	Subcarrier spacing
	Number of allocated subcarriers
	Propagation conditions 
	FRC
	Repetition number
	Fraction of maximum throughput

	1
	1 and 2
	3.75KHz
	1
	Option 1: NTN- TDLA100-X, X = [1, 200] Hz
Option 2: NTN-TDLC5-Y,	Y = [1, 30] Hz
	TS36.104 A16-1
	16
	70%

	1
	1 and 2
	15KHz
	12
	Option 1: NTN- TDLA100-X, X = [1, 200] Hz
Option 2: NTN-TDLC5-Y,	Y = [1, 30] Hz
	TS36.104 A16-5
	16
	70%



Table 12	Simulation results for NPUSCH format 1. 
	Rx antenna
	Subcarrier spacing
	Number of tones
	Repetitions
	Propagation condition
	SNR: without frequency offset
	SNR: with frequency offset drift

	1
	3.75kHz
	1
	16
	NTN-TDLA100-1
	-7.6
	-7.3

	1
	3.75kHz
	1
	16
	NTN-TDLA100-200
	-5.4
	-5.5

	1
	3.75kHz
	1
	16
	NTN-TDLC5-1
	-9.5
	-9.5

	1
	3.75kHz
	1
	16
	NTN-TDLC5-30
	-10.1
	-10.1

	1
	15kHz
	12
	16
	NTN-TDLA100-1
	-7.5
	-7.5

	1
	15kHz
	12
	16
	NTN-TDLA100-200
	-2.3
	-2.3

	1
	15kHz
	12
	16
	NTN-TDLC5-1
	-10.0
	-10.0

	1
	15kHz
	12
	16
	NTN-TDLC5-30
	-9.9
	-9.9

	2
	3.75kHz
	1
	16
	NTN-TDLA100-1
	-10.4
	-10.4

	2
	3.75kHz
	1
	16
	NTN-TDLA100-200
	-7.6
	-7.6

	2
	3.75kHz
	1
	16
	NTN-TDLC5-1
	-11.8
	-11.8

	2
	3.75kHz
	1
	16
	NTN-TDLC5-30
	-12.1
	-12.0

	2
	15kHz
	12
	16
	NTN-TDLA100-1
	-11.7
	-11.7

	2
	15kHz
	12
	16
	NTN-TDLA100-200
	-6.3
	-6.3

	2
	15kHz
	12
	16
	NTN-TDLC5-1
	-13.1
	-13.1

	2
	15kHz
	12
	16
	NTN-TDLC5-30
	-12.9
	-12.9



4.2	NPUSCH format 2 demodulation requirements
4.2.1	ACK missed detection requirements
Test metric:
· The DTX to ACK probability, i.e., the probability that ACK is detected when nothing is sent per NPUSCH format 2 transmission, shall not exceed 1% per NPUSCH format 2 transmission.
· The ACK missed detection probability shall not exceed 1%.
Table 13	Simulation parameters for NPUCCH format 2.
	Number of TX antennas
	Number of RX antennas
	Propagation conditions
	Number of allocated subcarriers
	Subcarrier spacing
	Repetition number

	1
	1 and 2
	Option 1: NTN- TDLA100-X, X = [1, 200] Hz
Option 2: NTN-TDLC5-Y, Y = [1, 30] Hz
	1
	3.75KHz
	16

	1
	1 and 2
	Option 1: NTN- TDLA100-X, X = [1, 200] Hz
Option 2: NTN-TDLC5-Y, Y = [1, 30] Hz
	1
	15KHz
	16



Table 14	Simulation results for NPUSCH format 2.
	Rx antenna
	Subcarrier spacing
	Repetitions
	Propagation condition
	SNR: without frequency offset
	SNR: with frequency offset drift

	1
	3.75kHz
	16
	NTN-TDLA100-1
	
	

	1
	3.75kHz
	16
	NTN-TDLA100-200
	
	

	1
	3.75kHz
	16
	NTN-TDLC5-1
	
	

	1
	3.75kHz
	16
	NTN-TDLC5-30
	
	

	1
	15kHz
	16
	NTN-TDLA100-1
	3.8
	3.8

	1
	15kHz
	16
	NTN-TDLA100-200
	-3.8
	-3.8

	1
	15kHz
	16
	NTN-TDLC5-1
	-5.9
	-5.5

	1
	15kHz
	16
	NTN-TDLC5-30
	-8.9
	-9.2

	2
	3.75kHz
	16
	NTN-TDLA100-1
	
	

	2
	3.75kHz
	16
	NTN-TDLA100-200
	
	

	2
	3.75kHz
	16
	NTN-TDLC5-1
	
	

	2
	3.75kHz
	16
	NTN-TDLC5-30
	
	

	2
	15kHz
	16
	NTN-TDLA100-1
	-5.1
	-5.4

	2
	15kHz
	16
	NTN-TDLA100-200
	-7.0
	-7.0

	2
	15kHz
	16
	NTN-TDLC5-1
	-10.9
	-10.7

	2
	15kHz
	16
	NTN-TDLC5-30
	-11.9
	-12.0



4.3	NPRACH demodulation requirements
4.3.1	NPRACH detection requirements 
Test metric:
· The false alarm probability shall be less than or equal to 0.1%.
· The probability of detection shall be equal to or exceed 99%.
[bookmark: _Ref125572528]Table 15	Simulation parameters for NPRACH missed detection. 
	Number of Tx
	Number of Rx
	Repetition number
	Propagation channel and correlation
	Frequency offset
	PF0
	PF1

	1
	1 and 2
	8
	Option 1: NTN- TDLA100-X, X = [1, 200] Hz
Option 2: NTN-TDLC5-Y, Y = [1, 30] Hz
	200Hz + X (X: See sub-topic 2-2 Additional Doppler shift offset)
	YES
	YES

	1
	1 and 2
	32
	Option 1: NTN- TDLA100-X, X = [1, 200] Hz
Option 2: NTN-TDLC5-Y, Y = [1, 30] Hz
	200Hz + X (X: See sub-topic 2-2 Additional Doppler shift offset)
	YES
	YES



Table 16	Simulation results for NPRACH missed detection.
	Rx antenna
	Repetitions
	Propagation condition
	Preamble format
	SNR: with fix frequency offset: 200Hz
	SNR: with frequency offset drift: 200+X

	1
	8
	NTN-TDLA100-1
	PF0
	10.5
	

	1
	8
	NTN-TDLA100-1
	PF1
	10.5
	

	1
	8
	NTN-TDLA100-200
	PF0
	does not achieve 99%
	

	1
	8
	NTN-TDLA100-200
	PF1
	does not achieve 99%
	

	1
	8
	NTN-TDLC5-1
	PF0
	0.1
	

	1
	8
	NTN-TDLC5-1
	PF1
	0.3
	

	1
	8
	NTN-TDLC5-30
	PF0
	-3.0
	

	1
	8
	NTN-TDLC5-30
	PF1
	-2.6
	

	1
	32
	NTN-TDLA100-1
	PF0
	1.8
	

	1
	32
	NTN-TDLA100-1
	PF1
	1.5
	

	1
	32
	NTN-TDLA100-200
	PF0
	does not achieve 99%
	

	1
	32
	NTN-TDLA100-200
	PF1
	does not achieve 99%
	

	1
	32
	NTN-TDLC5-1
	PF0
	-5.1
	

	1
	32
	NTN-TDLC5-1
	PF1
	-5.2
	

	1
	32
	NTN-TDLC5-30
	PF0
	-9.0
	

	1
	32
	NTN-TDLC5-30
	PF1
	-8.7
	

	2
	8
	NTN-TDLA100-1
	PF0
	0.7
	

	2
	8
	NTN-TDLA100-1
	PF1
	1.1
	

	2
	8
	NTN-TDLA100-200
	PF0
	does not achieve 99%
	

	2
	8
	NTN-TDLA100-200
	PF1
	does not achieve 99%
	

	2
	8
	NTN-TDLC5-1
	PF0
	-4.9
	

	2
	8
	NTN-TDLC5-1
	PF1
	-4.5
	

	2
	8
	NTN-TDLC5-30
	PF0
	-6.8
	

	2
	8
	NTN-TDLC5-30
	PF1
	-6.7
	

	2
	32
	NTN-TDLA100-1
	PF0
	-4.6
	

	2
	32
	NTN-TDLA100-1
	PF1
	-4.7
	

	2
	32
	NTN-TDLA100-200
	PF0
	does not achieve 99%
	

	2
	32
	NTN-TDLA100-200
	PF1
	does not achieve 99%
	

	2
	32
	NTN-TDLC5-1
	PF0
	-9.6
	

	2
	32
	NTN-TDLC5-1
	PF1
	-9.6
	

	2
	32
	NTN-TDLC5-30
	PF0
	-11.7
	

	2
	32
	NTN-TDLC5-30
	PF1
	-11.6
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