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1. Introduction
In the previous RAN4 meeting, the remaining issue for the test setup for SAN demodulation requirement on eMTC and NB-IoT over NTN was under discussion. The related agreement for the test setup for SAN demodulation was captured into the WF [1].
In this contribution, the view on the remaining issue for SAN demodulation requirement on IoT over NTN is provided. Meanwhile, based on the agreed simulation assumption, the simulation results are provided for alignment and performance requirement derivation.
2	Discussion
2.1	Test setup of eMTC and NB-IoT for NTN
Additional Doppler Shift and timing offset modeling for channel model 
Regarding the additional Doppler shift modeling, as agreed in the last meeting, fixed (the largest) frequency offset value for the SAN demodulation requirement was applied for the simulation assumption with following values based on different channels
	Channel
	Repetition
	Tx duration in one segment
	Largest frequency offset value (Hz)

	eMTC PUSCH CE mode A
	8
	8ms
	4

	eMTC PUSCH CE mode B
	256
	256ms
	128

	eMTC PUCCH format 1a
	8
	8ms
	4

	NPUSCH format 1, 3.75KHz, 1 tone
	4
	256ms
	160

	NPUSCH format 1, 15KHz, 12 tones
	16
	16ms
	8

	NPUSCH format 2, 3.75KHz, 1 tone
	16
	128ms
	64

	NPUSCH format 2, 15KHz, 1 tone
	16
	32ms
	16



As indicated in TP 38.821, the maximum Doppler shift variation for a UE with fixed position on Earth is 0.27ppm/s for a LEO satellite with orbit altitude of 600km and 0.13 ppm/s for a LEO satellite as 1200km. Considering 0.27ppm/s as the maximum doppler shift variation, the related additional doppler shift can be calculated based on the duration of segments. With the assuming of 2GHz carrier frequency, the related the additional doppler shift can be calculated. Considering the largest doppler value is agreed for requirement, and CE mode B and NPUSCH 1 with3.75KHz has the same transmission duration, we suggest to update the value as 128 for NPUSCH 1 with 3.75KHz in stead of 160. 
Meanwhile, based on initial results, minor different for largest doppler offset between 160 and 128. 
Observation 1: The same duration for CE mode B and NPUSCH format 1 with 3.75KHz as 256ms
Observation 2: Minor performance different between the largest doppler offset between 160 and 128. 
Proposal 1: Update the value of largest doppler offset as 128 for NPUSCH format 1 with 3.75KHz to align with CE mode B with same transmission duration 

PRACH preamble test parameters 
For PRACH preamble test parameters, such as Ncs, logical sequence index, and v, can be reused from legacy LTE eMTC PRACH
Proposal 2: apply the same PRACH preamble test parameters for eMTC PRACH requirement in NTN scenario as following
	Burst format
	Ncs
	Logical sequence index
	v

	0
	13
	22
	32

	1
	167
	22
	2

	2
	167
	22
	0

	3
	0
	22
	0



PRACH configuration  
For BL/CE UEs, for each PRACH coverage enhancement level, there is a PRACH configuration configured by higher layers with a PRACH configuration index (prach-ConfigurationIndex),
For eMTC PRACH requirements, the PRACH detection performance can be different with different PRACH configuration index. For simulation results alignment and performance requirement derivation, a note was added into spec as 
	Note 1: Under fading channels, the PRACH detection performance may be significantly different with different PRACH Configuration Indexes. The requirements in this table are defined based on the simulation results with PRACH Configuration Indexes (3, 19, 35, 51) for Format 0, Format 1, Format 2, and Format 3 respectively following LTE



Based on the simulation results provided by companies, if the results can not be aligned well with large gap existed, the same PRACH configuration indexes for each format can be considered for alignment
Proposal 3: Apply the same PRACH Configuration indexes (3,9,35, 51) for Format 0, Format 1, Format 2 and Format 3 requirements for IoT over NTN

NPRACH test configuration 
For NPRACH, the hopping pattern with different preamble groups within one NPRACH transmission is related with the initial subcarrier index, also the hopping pattern across different NPRACH repetition transmission is related with the NB-IoT cell id.  In LTE, the test parameters with following value are applied for requirement definition. Since the legacy NB-IoT is reused for NTN, the same parameters can be applied for simulation assumption
Proposal 4: apply the same NPRACH preamble test parameters for NPRACH requirement in NTN scenario as following
	Parameters
	Value

	Narrowband physical layer cell identity 
	0

	Initial subcarrier index
	0



Channel Model
In the last meeting, Considering the typical use cases of IoT, low doppler frequency shall be considered. Meanwhile, based on companies’ simulation results, large performance degradation for high doppler scenario can be observed. Therefore, only low doppler is applied similar as LTE. 
Regarding different channel models to cover both LOS and NLOS channel condition. In Rel-17 NR NTN, RAN4 introduce two channel models for SAN PUSCH requirement as
	· NTN-TDL-A with delay spread 100ns
· NTN TDL-C with delay spread 5ns



In our view, for Cat-M1/NB1/NB2 UE, it will connect to the same type of satellites discussed in NR NTN WI. Therefore, we think the same channel model can be applied for IoT UE.  Then, the SAN requirement with both channels can be considered similar as NR NTN scenario. But we are also open to only consider one channel for requirement to reduce the effort if the simulation results can be aligned well among companies.
As for channel model for SAN PUCCH and PRACH requirement, as agreed, only channel is considered with NTN-TDLA 100 to reduce the test efforts.
Proposal 5: The following channel model for requirement definition of SAN demodulation requirement can be considered
	· NTN-TDLA100-5Hz and NTN-TDLC5-5Hz for eMTC CE mode A/B
· NTN-TDLA100-5Hz for eMTC PUCCH and PRACH
· NTN_TDLA100-1Hz and NTN-TDLC5-1Hz for NB1/NB2 UE for NPUSCH1
· NTN_TDLC5-1Hz for NB1/NB2 UE for NPUSCH1
· NTN-TDLA100-5Hz for NPRACH





3	Simulation results for IoT over NTN
Based on agreed simulation assumption, the simulation results are provided for IoT over NTN for alignment and performance requirement derivation
3.1	eMTC over NTN
In this section, the initial results for eMTC PUSCH CE mode A, CE mode B, PUCCH and PRACH. The detail simulation assumptions for them are indicated in the following tables
Table 1:  simulation assumption for eMTC PUSCH CE mode A
	Parameters
	CE Mode A

	Max number of HARQ transmissions
	4

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

	Number of PUSCH 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-TDLA100-5
Option 2: NTN-TDLC5-5

		FRC
	TS36.104 A3-2

	System BW
	1.4MHz only

	Doppler shift offset
	4Hz

	Transmit timing offset
	[0.01] us per subframe

	Fraction of maximum throughput
	70%



Table 2:  simulation assumption for eMTC PUSCH CE mode B
	Parameters
	CE Mode B

	Max number of HARQ transmissions
	2

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

	Number of PUSCH repetitions
	256

	Frequency hopping
	OFF

	Duplex mode
	FDD only

	Number of Tx antennas
	1

	Number of Rx antennas
	1 and 2

	Propagation channel
	Option 1: NTN-TDLA100-5
Option 2: NTN-TDLC5-5

		FRC
	TS36.104 A3-1

	System BW
	1.4MHz only

	Doppler shift offset
	128

	Transmit timing offset
	[0.01] us per subframe

	Fraction of maximum throughput
	70%



Table 3:  simulation assumption for eMTC PUCCH
	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 
	NTN-TDLA100-5

	System BW
	1.4MHz

	ACK missed detection probability 
	1%



Table 4:  simulation assumption for eMTC PRACH 
	Parameters
	Values

	Formats
	Format 0/1/2/3

	Number of PRACH repetitions
	Format 0
	8

	
	Format 1
	8

	
	Format 2
	16

	
	Format 3
	16

	Frequency hopping
	OFF

	Duplex mode
	FDD only

	Number of Tx antennas
	1

	Number of Rx antennas
	1 and 2

	Propagation channel 
	NTN-TDLA100-5

	System BW
	1.4MHz

	Missed detection probability
	1%

	False alarm
	0.1%




eMTC CE mode A and CE mode B

Table 5:  Ideal and impairment results for eMTC CE mode A and B
	Case 
	Antenna configuration
	Rep
	Channel 
	CE mode 
	Additional
Doppler  
	Additional Timing offset 
	FRC
	SNR@70%
Ideal
	SNR@70%
Impair

	1
	1T1R
	8
	NTN TDLAC5-5
	A
	4Hz
	[0.01:0.01:0.08]us
	36.104
A3-2
	-7.1
	-5.1

	2
	1T1R
	8
	NTN TDLA100-5
	A
	4Hz
	[0.01:0.01:0.08]us
	36.104
A3-2
	-4.5
	-2.5

	3
	1T2R
	8
	NTN TDLAC5-5
	A
	4Hz
	[0.01:0.01:0.08]us
	36.104
A3-2
	-10.2
	-8.2

	4
	1T2R
	8
	NTN TDLA100-5
	A
	4Hz
	[0.01:0.01:0.08]us
	36.104
A3-2
	-8.7
	-6.7

	5
	1T1R
	256
	NTN TDLAC5-5
	B
	128Hz
	[0.01:0.01:2.56]us
	36.104
A3-1
	-13.9
	-11.9

	6
	1T1R
	256
	NTN TDLA100-5
	B
	128Hz
	[0.01:0.01:2.56]us
	36.104
A3-1
	-12.1
	-10.1

	7
	1T2R
	256
	NTN TDLAC5-5
	B
	128Hz
	[0.01:0.01:2.56]us
	36.104
A3-1
	-15.9
	-13.9

	8
	1T2R
	256
	NTN TDLA100-5
	B
	128Hz
	[0.01:0.01:2.56]us
	36.104
A3-1
	-14.9
	-12.9



eMTC PUCCH format 1

Table 6:  Ideal and impairment results for eMTC PUCCH format 1
	Case 
	Format 
	Frequency 
hopping
	Antenna configuration 
	BW 
	Repetition  
	Channel
	Additional Doppler 
	Additional 
Timing offsets
	SNR@1% ACK missed 
	SNR@70%
Impair

	1
	Format 1a
	Off
	1T1R
	1.4MHz
	8
	NTN-TDLA100-5
	4Hz
	[0.01:0.01:0.08]us
	-3.6
	-1.6

	2
	Format 
1a
	off
	1T2R
	1.4MHz
	8
	NTN-TDLA100-5
	4Hz
	[0.01:0.01:0.08]us
	-9.8
	-7.8



eMTC PRACH
Table 7:  Ideal and impairment results for eMTC PRACH
	Case 
	Format 
	Antenna configuration 
	Repetition 
	Channel
	Frequency offset
	Timing estimation error
	1% MD
ideal
	1% MD
impair

	1
	Format 0
	1T1R
	8
	NTN-TDLA100-5
	270Hz
	2.08us
	-12.0
	-10.0

	2
	Format 
0
	1T2R
	8
	NTN-TDLA100-5
	270Hz
	2.08us
	-17.8
	-15.8

	3
	Format
1
	1T1R
	8
	NTN-TDLA100-5
	270Hz
	2.08us
	-11.4
	-9.4

	4
	Format 
1
	1T2R
	8
	NTN-TDLA100-5
	270Hz
	2.08us
	-17.2
	-15.2

	5
	Format 
2
	1T1R
	16
	NTN-TDLA100-5
	270Hz
	2.08us
	-17.8
	-15.8

	6
	Format 
2
	1T2R
	16
	NTN-TDLA100-5
	270Hz
	2.08us
	-22.7
	-20.7

	7
	Format
3
	1T1R
	16
	NTN-TDLA100-5
	270Hz
	2.08us
	-17.4
	-15.4

	8
	Format
3
	1T2R
	16
	NTN-TDLA100-5
	270Hz
	2.08us
	-22.3
	-20.3



3.2	NB-IoT over NTN
In this section, similar as eMTC over NTN, the simulation results for NPUSCH1/2 and NPRACH are provided. 
NPUSCH format 1
Table 8:  Ideal and impairment results for NPUSCH1
	Case 
	Antenna configuration
	Repetition 
	Channel 
	Tone
	SCS
	Additional 
Doppler 
	Additional 
Timing offset
	FRC
	SNR@70%
ideal
	SNR@70%
Impair

	1
	1T1R
	4
	NTN TDLC5-1
	1
	3.75KHz
	[160]
	[0.32:0.32:2.56]
	A16-1
	-3.3
	-1.3

	2
	1T1R
	4
	NTN TDLA-1
	1
	3.75KHz
	[160]
	[0.32:0.32:2.56]
	A16-1
	-3.3
	-1.3

	3
	1T2R
	4
	NTN TDLC5-1
	1
	3.75KHz
	[160]
	[0.32:0.32:2.56]
	A16-1
	-6.7
	-4.7

	4
	1T2R
	4
	NTN TDLA-1
	1
	3.75KHz
	[160]
	[0.32:0.32:2.56]
	A16-1
	-6.7
	-4.7

	5
	1T1R
	4
	NTN TDLC5-1
	1
	3.75KHz
	128
	[0.32:0.32:2.56]
	A16-1
	-3.3
	-1.3

	6
	1T1R
	4
	NTN TDLA-1
	1
	3.75KHz
	128
	[0.32:0.32:2.56]
	A16-1
	-3.3
	-1.3

	7
	1T2R
	4
	NTN TDLC5-1
	1
	3.75KHz
	128
	[0.32:0.32:2.56]
	A16-1
	-6.6
	-4.6

	8
	1T2R
	4
	NTN TDLA-1
	1
	3.75KHz
	128
	[0.32:0.32:2.56]
	A16-1
	-6.6
	-4.6

	9
	1T1R
	16
	NTN TDLC5-1
	12
	15KHz
	8
	[0.01:0.01:0.16]
	A16-5
	-6.0
	-4.0

	10
	1T1R
	16
	NTN TDLA-1
	12
	15KHz
	8
	[0.01:0.01:0.16]
	A16-5
	-6.0
	-4.0

	11
	1T2R
	16
	NTN TDLC5-1
	12
	15KHz
	8
	[0.01:0.01:0.16]
	A16-5
	-10.3
	-8.3

	12
	1T2R
	16
	NTN TDLA-1
	12
	15KHz
	8
	[0.01:0.01:0.16]
	A16-5
	-10.3
	-8.3



 NPUSCH format 2
Table 9:  Ideal and impairment results for NPUSCH2
	Case 
	Antenna configuration
	Repetition 
	Channel 
	Tone
	SCS
	Additional 
Doppler 
	Additional 
Timing offset
	SNR@70%
ideal
	SNR@70%
Impair

	1
	1T1R
	16
	NTN TDLA100-1
	1
	3.75KHz
	64Hz
	[0.08:0.08:1.28]
	0.84
	2.84

	2
	1T2R
	16
	NTN TDLA100-1
	1
	3.75KHz
	64Hz
	[0.08:0.08:1.28]
	-4.91
	-2.91

	3
	1T1R
	16
	NTN TDLA100-1
	1
	15KHz
	16Hz
	[0.02:0.02:0.32]
	3.74
	5.74

	4
	1T2R
	16
	NTN TDLA100-1
	1
	15KHz
	16Hz
	[0.02:0.02:0.32]
	-4.8
	-2.8



NPRACH
Table 10:  Ideal and impairment results for NPRACH
	Case 
	Format 
	Antenna configuration 
	Repetition 
	Channel
	Frequency offset
	Timing estimation error
	1% MD
ideal
	1% MD
impair

	1
	Format 0
	1T1R
	8
	NTN-TDLA100-1
	200Hz
	3.646us
	12.79
	14.79

	2
	Format 
0
	1T2R
	8
	NTN-TDLA100-1
	200Hz
	3.646us
	3.65
	5.65

	3
	Format
1
	1T1R
	8
	NTN-TDLA100-1
	200Hz
	3.646us
	12.65
	14.65

	4
	Format 
1
	1T2R
	8
	NTN-TDLA100-1
	200Hz
	3.646us
	3.56
	5.56

	5
	Format 
0
	1T1R
	16
	NTN-TDLA100-1
	200Hz
	3.646us
	8.84
	10.84

	6
	Format 
0
	1T2R
	16
	NTN-TDLA100-1
	200Hz
	3.646us
	1.06
	3.06

	7
	Format
1
	1T1R
	16
	NTN-TDLA100-1
	200Hz
	3.646us
	8.77
	10.77

	8
	Format
1
	1T2R
	16
	NTN-TDLA100-1
	200Hz
	3.646us
	1.06
	3.06




4	Conclusion
In this contribution, the view on remaining issue of test setup for SAN requirement for IoT over NTN was provided. Meanwhile, the ideal and impairment simulation results are provided for alignment and performance requirement derivation.
 Observation 1: The same duration for CE mode B and NPUSCH format 1 with 3.75KHz as 256ms
Observation 2: Minor performance different between the largest doppler offset between 160 and 128. 
Proposal 1: Update the value of largest doppler offset as 128 for NPUSCH format 1 with 3.75KHz to align with CE mode B with same transmission duration 
Proposal 2: apply the same PRACH preamble test parameters for eMTC PRACH requirement in NTN scenario as following
	Burst format
	Ncs
	Logical sequence index
	v

	0
	13
	22
	32

	1
	167
	22
	2

	2
	167
	22
	0

	3
	0
	22
	0



Proposal 3: Apply the same PRACH Configuration indexes (3,9,35, 51) for Format 0, Format 1, Format 2 and Format 3 requirements for IoT over NTN
Proposal 4: apply the same NPRACH preamble test parameters for NPRACH requirement in NTN scenario as following
	Parameters
	Value

	Narrowband physical layer cell identity 
	0

	Initial subcarrier index
	0



Proposal 5: The following channel model for requirement definition of SAN demodulation requirement can be considered
	· NTN-TDLA100-5Hz and NTN-TDLC5-5Hz for eMTC CE mode A/B
· NTN-TDLA100-5Hz for eMTC PUCCH and PRACH
· NTN_TDLA100-1Hz and NTN-TDLC5-1Hz for NB1/NB2 UE for NPUSCH1
· NTN_TDLC5-1Hz for NB1/NB2 UE for NPUSCH1
· NTN-TDLA100-1Hz for NPRACH
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