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1. Introduction
In the previous RAN4 meeting, the performance part of eMTC and NB-IoT for NTN was discussed based on revised WID[1]. The related agreement for test scope and test setup for SAN demodulation was captured into the WF [2]. 
In this contribution, the view on remaining issue of test setup for SAN demodulation requirement on eMTC and NB-IoT for NTN is provided. Meanwhile, based on the agreed simulation assumption, the initial simulation results are provided for checking the feasibility of test parameters.
2	Discussion
2.1	Test setup of eMTC and NB-IoT for NTN
Additional Doppler Shift and timing offset modeling for channel model 
For IoT over NTN, time and frequency pre-compensation is adjusted per uplink segment with a transmission duration of  time units, where the quantity  is provided by higher layers, where the same value pre-compensation will be applied at the UE side within one segment. Due to the moving of satellite, the additional frequency doppler shift offset will be introduced, which may make the dropper shift at the end of segment different with the 1st repetition. In the last meeting, regarding how to model the frequency shift, the following is agreed as 
	· When using segments size () greater than 1, for NPRACH, NPUSCH and NPUCCH, create additional frequency doppler shift offset for every subsequent repetition after the first in a segment.
· Evaluate if an offset in transmit timing needs to be applied to the subsequent repetitions in a segment as well
· For additional Doppler shift offset modeling
· Option 1: gradual offset accumulation is considered for all Tx duration period in one segment.
· Option 2: Only consider the largest accumulated offset for all Tx duration period in one segment
· For additional Doppler offset applied physical channel 
· Option 1: only for NPUSCH format 1 and PUSCH
· Option 2: for NPUSCH, PUSCH, PUCCH, NPRACH and PRACH
· For additional transmit timing offset modeling
· Option 1: gradual offset accumulation is considered for all Tx duration period in one segment.
· Option 2: Only consider the largest accumulated offset for all Tx duration period in one segment
· For additional transmit timing offset applied physical channel
· Option 1: only for NPRACH and PRACH.
· Option 2: Only consider the largest accumulated offset for all Tx duration period in one segment



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 0.2ppm/s as the maximum doppler shift variation, the related additional doppler shift can be calculated based on the duration of segments. Therefore, the related additional doppler shift can be calculated based on the duration of segments and carrier frequency.  In table 1-x, we provide the calculated doppler shift offset for both two additional doppler shift modeling methods based on agreed repetition value for each channel with 2GHz carrier frequency assumption.
	Channel 
	Repetition
	Tx Duration
(ms)
	 if using the approx.0.27ppm/s
(Hz)
	Offset for each repletion 
(Hz)
	Proposed Value for simulation
(Hz) 
	Largest accumulated offset
(Hz)
	Proposed Largest accumulated offset 
(Hz)

	eMTC PUSCH CE mode A
	8
	8
	4.32
	0.54
	0.5
	4.32
	4

	eMTC
PUSCH 
CE mode B
	256
	256
	138.23
	0.54
	0.5
	138.24
	128

	eMTC PUCCH format 1a
	8
	8
	4.32
	0.54
	0.5
	4.32
	4

	eMTC PRACH Format 0
	8
	1 (0.903+GT)*8=8
	4.32
	1.08
	0.5
	4.32
	4

	eMTC PRACH Format 1
	8
	2 (1.484+GT)*8=16
	8.64
	1.08
	1
	8.64
	8

	eMTC PRACH Format 2
	16
	2(1.803+GT)*16=32
	17.28
	1.08
	1
	17.28
	16

	eMTC PRACH 
Format 3
	16
	3(2.284+GT)*16=48
	25.92
	1.62
	2
	25.92
	32

	NPUSCH format 1, 3.75KHz, 1 tone
	16
	32*2*16=1024
	552.96
	34.56
	40
	552.96
	640

	NPUSCH format 1, 15KHz, 12 tones
	16
	1*16=16
	8.64
	0.54
	1
	8.64
	16

	NPUSCH format 2 3.75KHz, 1 tone
	16
	8*16=128
	58.32
	3.645
	4
	58.32
	64

	NPUSCH format 2, 15KHz, 1 tone
	16
	2*16=32
	17.28
	1.08
	1
	17.28
	16

	NPRACH format 0
	8
	1.4*4*8=44.8
	24.192
	3.024
	3
	24.192
	24

	NPRACH 
Format 0
	8
	1.6*4*8=51.2
	27.648
	3.456
	4
	27.648
	32

	NPRACH
Format 1
	32
	1.4*4*32=179.2
	96.768
	3.024
	3
	96.768
	96

	NPRACH
Format 1
	32
	1.6*4*32=204.8
	110.592
	3.456
	4
	110.592
	128



Observation 1: The length of Tx duration and offset granularity for each repetition will be different pend on different channel.
Regarding the applied channel for additional doppler frequency shift modeling, the time and frequency pre-compensation is adjusted per uplink segmented with a transmission duration of . Therefore, the additional doppler shift can be applied for all the uplink channels.
Proposal 1: The additional doppler frequency shift can be applied for eMTC PUSCH/PUCCH, PRACH and NB-IoT NPUSCH format 1/2, NPRACH.
According to RAN1 agreement about definition of Tx-duration for IoT over NTN. The value of Tx Duration for IoT over NTN can be configured as 
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where the Tx duration definition is defined as
	· eMTC
· PUSCH-Tx Duration 
· Duration of PUSCH segment transmission in NTN transmission. Value in number of resource units, Value n2 corresponds to 2 source units, value n4 corresponds to 4 resource units and so on
· The signaled value corresponds to full-PRB allocation (unit: subframe)
· PUCCH-Tx Duration
· Duration of PUCCH segment transmission in NTN transmission. Unit in subframe
· PRACH-Tx Duration
· Duration of PRACH segment transmission in NTN transmission. Unit in duration of one preamble transmission including guard period (TCP+TESQ+TGP)
· NB-IoT
· NPUSCH-Tx Duration 
· Duration of NPUSCH segment transmission in NTN transmission, Unit in ms, value ms2 corresponds to 2ms, value ms4 corresponds to 4ms and so on
· NPRACH-Tx Duration 
· Duration of PRACH segment transmission for PRACH resource format 0 and format 1 in NTN transmission, Unit in duration of four preamble transmission, e.g., 4*(TCP+TSEQ)



For additional doppler shift offset, using the gradual offset accumulation can reflect the variation of doppler shift due to the mobility of satellite.  From baseband processing, perspective, if the largest offset can be tracked, there should be no issue for tracking the small value of doppler shift offset. As shown in our initial results, the performance with two kinds of additional doppler shift offset modeling is very similar. 
In LTE for NPRACH test, a fixed value of timing offset is used. As for the additional doppler shift, due to the granularity of gradual offset accumulation, it will be changed per unit or subframe, pending on the selected channel. During the BS conformance test, the signal with additional doppler shift will be generated at the TE side.  We are not sure whether the signal with additional doppler shift changed per subframe can be supported in the TE side. We would like to hear more input from the TE side.
Observation 2: Due to granularity of gradual offset accumulation, the additional doppler shift will be changed per unit or subframe. FFS on limitation for TE to adjust the additional Doppler Shift per subframe or per unit for BS conformance test 
To simply the test procedure, considering the similar performance between two kinds of additional doppler shift modeling, we propose to use the largest accumulated offset for all the Tx duration period.   
Proposal 2: Only consider the largest accumulated offset for all Tx duration period. The following value for additional frequency offset can be considered for requirement definition
	Channel 
	Repetition
	Proposed Largest accumulated offset 
(Hz)

	eMTC PUSCH CE mode A
	8
	4

	eMTC
PUSCH 
CE mode B
	256
	128

	eMTC PUCCH format 1a
	8
	4

	eMTC PRACH Format 0
	8
	4

	eMTC PRACH Format 1
	8
	8

	eMTC PRACH Format 2
	16
	16

	eMTC PRACH 
Format 3
	16
	32

	NPUSCH format 1, 3.75KHz, 1 tone
	[4]
	[160]

	NPUSCH format 1, 15KHz, 12 tones
	16
	16

	NPUSCH format 2 3.75KHz, 1 tone
	16
	64

	NPUSCH format 2, 15KHz, 1 tone
	16
	16

	NPRACH format 0
	8
	24

	NPRACH 
Format 0
	8
	32

	NPRACH
Format 1
	[16]
	[48]

	NPRACH
Format 1
	[16]
	[64]



Regarding the timing offset., the value is pending on the elevating angle between the satellite and UE location on the ground, there is no clear modeling about the timing offset in the worst scenario in the TR. Given the tight schedule for this WI, we propose to postpone the related timing offset modeling for subsequent repetition within a segment for requirement definition in Rel-18.
Proposal 3: No need to model timing offset for subsequent repetition in a segment for requirement definition in Rel-18.

Channel Model
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



For Cat-M1/NB1/NB2 UE, it will connect to same type of satellites discussed in NR NTN WI. Then, the same channel model can be applied for IoT UE. 
In the last meeting, serval channel models are considered for initial simulation for SAN demodulation for IoT over NTN with considering different doppler value 
	· eMTC SAN demodulation requirement 
· NTN-TDLA100-X,    X= [5,200]Hz
· NTN-TDLC5-Y,        Y = [5, 30]Hz, Rice factor =8.05dB
· NB-IoT SAN demodulation requirement  
· NTN-TDLA100-X,     X= [1,200]Hz
· NTN-TDLC5-Y,          Y = [1, 30]Hz, Rice factor =8.05dB



Considering the typical use cases of IoT, low doppler frequency shall be considered, although up to 120km can be supported for IoT UE motion on the earth specified in RAN1. Therefore, we prefer to apply the low doppler frequency value for SAN demodulation requirement definition, instead of high Doppler value.  As indicated in our initial simulation, with larger Doppler value, the 70% of through put cannot be achieved, such as 1T1R with 1 repetition for eMTC. Therefore, we prefer to apply low doppler channel model 
As for channel model for SAN PUCCH and PRACH requirement, to reduce the test efforts, only one channel is considered as NTN-TDLA100.  
Proposal 4: RAN4 applies the following channel model for requirement definition of SAN demodulation requirement 
	· NTN-TDLA100-5Hz for eMTC CE mode A/B,
· NTN-TDLC5-5Hz for eMTC CE mode A/B,
· NTN-TDLA100-5Hz for eMTC PUCCH and PRACH
· NTN_TDLA100-1Hz for NB1/NB2 UE for NPUSCH1/2 
· NTN_TDLC5-1Hz for NB1/NB2 UE for NPUSCH1/2
· NTN-TDLA100-5Hz for NPRACH




Configured duration of UL transmission segment for UE pre-compensation and Number of Repetition 
As agreed in the last meeting, the following number of Repetitions will be used for requirement definition as 
	· eMTC
· PUSCH CE mode A:  8, FFS on 1
· PUSCH CE mode B: 256
· PUCCH format 1a: 8
· PRACH format 0/1: 8
· PRACH format 2/3: 16
· NB-IoT
· NPUSCH format 1 with 15KHz, 12 tones:   16
· NPUSCH format 1 with 3.75Kz, 1 tone:  16
· NPUSCH format 2 with 15KHz, 1 tone: 16
· NPUSCH format 2 with 3.75KHz, 1 tone: 16
· NPRACH format 0/1:   8/32



As agreed in RAN1, the duration of UL transmission for UE pre-compensation is defined as
	Duration of UL transmission segment for UE pre-compensation for PRACH transmission is a number of RACH repetition units configured by the network
· For NB-IoT, repetition unit is P symbol groups.
· For eMTC, repetition unit is one preamble including guard period. 
Duration of UL transmission segment for UE pre-compensation for PUSCH transmission is a number of PUSCH repetition units configured by the network
· For NB-IoT, repetition unit is  
· For eMTC, repetition unit is   for sub-PRB allocation, where Tslot = 0.5 ms. For full-PRB allocation, repetition unit is one subframe.




As observed, for NB-IoT, the repetition unit is defined as the slot length per resource unit. The value of repetition unit value is pending on the selected subcarrier spacing, number of subcarrier and configured repetition number. Based on the agreed initial simulation assumption, the length of repetition unit, including the duration of total transmission, in terms of ms can be calculated as    
	Channel 
	Repetition
	Duration of repetition unit 
(ms)
	Duration of total transmission 
(ms)

	eMTC PUSCH CE mode A
	8
	1
	8

	eMTC
PUSCH 
CE mode B
	256
	1
	256

	eMTC PUCCH format 1a
	8
	1
	8

	eMTC PRACH Format 0
	8
	1
	8

	eMTC PRACH Format 1
	8
	2
	2 *8=16

	eMTC PRACH Format 2
	16
	2
	2*16=32

	eMTC PRACH 
Format 3
	16
	3
	3*16=48

	NPUSCH format 1 3.75KHz, 1 tone
	16
	1*16*2=32
	32*2*16=1024 (2RU is considered)

	NPUSCH format 1 15KHz, 12 tones
	16
	4*1=4
	1*16=16 (1RU is considered)

	NPUSCH format 2 3.75KHz, 1 tone
	16
	4*2=8
	8*16=128

	NPUSCH format 2 15KHz, 1 tone
	16
	2
	2*16=32

	NPRACH format 0
	8
	1.4*4 =5.6
	1.4*4*8=44.8

	NPRACH 
Format 1
	8
	1.6*4=6.4
	1.6*4*8=51.2

	NPRACH
Format 0
	32
	1.4*4 =5.6
	1.4*4*32=179.2

	NPRACH
Format 1
	32
	1.6*4=6.4
	1.6*4*32=204.8



Observation 3: The total duration for NPUSCH format 1 with 3.75KHz, 2RU configured as 1024ms exceeds the supported maximum Tx-Duration for each uplink segmented transmission as 256ms, which 4 segmented transmissions are required
Observation 4: The configured number of repetitions exceeds the supported maximum Tx-duration for each uplink segmented transmission as 16, which 2 segmented transmissions are required
Considering RAN4 group has agreed that there is no PUSCH/NPUSCH/PUCCH/PRACH/NPRACH requirement for uplink segmented transmission with multiple segments, only define requirements with one segment. We propose to modify the number of repetitions for NPUSCH format 1 with 3.75Hz, 4 can be considered, instead of 16. And to modify the number of repetitions for NPRACH format 0 and NPRACH format 1 as 16, instead of 32.
Proposal 5: Use the number of repetitions with 4 for NPUSCH format 1 with 3.75KHz, 2 RU configured for requirement definition if only defining requirement with one segmented transmission considered.
Proposal 6: Use the number of repetitions with 16 for NPRACH format 0 and NPRACH format 1 for requirement definition if only defining requirement with one segmented transmission considered.
Proposal 7: The following configured Tx-duration for uplink segmented transmission can be considered as
· eMTC PUSCH CE mode A: 8
· eMTC PUSCH CE mode B: 256
· eMTC PRACH with format 0/1: 8
· eMTC PRACH with format 2/3: 16
· NPUSCH format 1 with 15KHz: 16
· NPUSCH format 1 with 3.75KHz: 256
· NPUSCH format 2 with 15KHz: 32
· NPUSCH format 2 with 3.75KHz: 128
· NPRACH format 0/1: 8 and 16

Regarding the value of repetition for CE mode A, excepting for 8 is considered for requirement, whether 1 repetition will be also considered for requirement definition. Different with TN network, the IoT equipment is far away from satellite. With small number of repetitions, large transmission power is required for IoT equipment to guarantee the signal can be detected  
Proposal 8: Not consider repetition 1 for requirement definition for eMTC PUSCH CE mode A
Time error for PRACH detection  
For PRACH detection, the probability of detection is the conditional probability of correct detection of the preamble when the signal is present. There are several error cases – detecting different preamble than the one that was sent, not detecting a preamble at all or correct preamble detection but with the wrong timing estimation. For AWGN, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than 1.04us. For ETU70 and EPA1, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than 2.08us. The strongest path for the timing estimation error refers to the strongest path (i.e. average of the delay of all paths having the same highest gain = 310ns for ETU) in the power delay profile.
For NPRACH detection, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than 3.646us, where 3.646 is calculated as 7Ts for NB-IoT, regarding the selected channel model used
For NR and NR NTN, RAN4 group agreed to use the same method to calculate time error tolerance of multi-path channel as Rel-15
	· Use the same method to calculate time error tolerance of multi-path channel as Rel-15:  where  is corresponding to the tap delay of the propagation channel
· Take the largest tap delay of NTN-TDL-A for time error tolerance calculation.



Considering IoT feature for NTN is based on the legacy LTE feature, we propose to apply the same value for time error for PRACH detection, regardless the channel model used
Proposal 9: Apply the same value for time error for PRACH/NPRACH detection as
· eMTC PRACH: 2.08us
· NB-IoT NPRACH: 3.646us

3	Initial simulation for IoT over NTN
Based on agreed simulation assumption, the initial results are provided for IoT over NTN
3.1	eMTC over NTN
In this section, the initial results for eMTC PUSCH CE mode A and PUCCH are provided to check the impact of doppler, UE puncture behaviour within pre-compensation gap and the different Doppler shift offset modelling method. The detail simulation assumptions for them are indicated in table 1 to table 2
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

	
	FFS: 1

	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

		FRC
	TS36.104 A3-2

	System BW
	1.4MHz only

	Doppler shift offset
	FFS

	Transmit timing offset
	FFS

	Fraction of maximum throughput
	70%



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

	System BW
	1.4MHz

	ACK missed detection probability 
	1%



Channel Model with different Doppler 
In the following part, we provide the initial results to check the feasibility of the proposed channel model with different doppler condition for eMTC PUSCH and PUCCH
Table 3:  Initial simulation result for eMTC PUSCH CE mode A
	Case 
	Antenna configuration
	Rep
	Channel 
	SNR@70%TP

	1
	1T2R
	8
	NTN TDLA100-5
	-6.25

	2
	1T2R
	8
	NTN TDLA100-200
	-6.71

	3
	1T2R
	8
	NTN TDLC5-5
	-7.52

	4
	1T2R
	8
	NTN TDLC5-30
	-7.47

	5
	1T2R
	1
	NTN TDLA100-5
	9.55

	6
	1T2R
	1
	NTN TDLA100-200
	11.38

	7
	1T2R
	1
	NTN TDLC5-5
	9.43

	8
	1T2R
	1
	NTN TDLC5-30
	9.39

	9
	1T1R
	8
	NTN TDLA100-5
	-1.16

	10
	1T1R
	8
	NTN TDLA100-200
	-2.89

	11
	1T1R
	8
	NTN TDLC5-5
	-4.32

	12
	1T1R
	8
	NTN TDLC5-30
	-4.22

	13
	1T1R
	1
	NTN TDLA100-5
	13.32

	14
	1T1R
	1
	NTN TDLA100-200
	N/A

	15
	1T1R
	1
	NTN TDLC5-5
	12.69

	16
	1T1R
	1
	NTN TDLC5-30
	12.71



Table 4:  Initial simulation result for eMTC PUCCH (To be updated)
	Case 
	Antenna configuration
	Rep
	Channel 
	ACK missed detection with 1%

	1
	1T1R
	8
	NTN TDLA100-5
	8.1

	2
	1T1R
	8
	NTN TDLA100-200
	-6.1

	3
	1T1R
	8
	NTN TDLC5-5
	8.5

	4
	1T1R
	8
	NTN TDLC5-30
	2.4

	5
	1T2R
	8
	NTN TDLA100-5
	0.1

	6
	1T2R
	8
	NTN TDLA100-200
	-7.1

	7
	1T2R
	8
	NTN TDLC5-5
	0

	8
	1T2R
	8
	NTN TDLC5-30
	-2.4



Based on initial result, there is some performance degradation for large value of doppler channel, especially for 1 repetition configuration for eMTC PUSCH.  Moreover, the 70% of throughput can be achieved with 1 repetition for 1T1R antenna configuration. Therefore, we still prefer to use the low Doppler channel for eMTC over NTN simulation assumption, considering the low mobility for IoT equipment in the practical scenario.
Observation 5: 70% of throughput can be not achieved for 1T1R with 1 repetition under NTN TDLA100-200 channel for eMTC PUSCH
Observation 6: about 2dB performance degradation for 1T2R with 1 repetition under NTN TDLA100-200 compared with NTN TDLA100-5 channel for eMTC PUSCH.

Additional Doppler Shift modeling 
In the following part, we provide the initial results to investigate the impact of two kinds of method for Doppler shift offset modelling. The value of Doppler shift offset used for evaluation is calculated in table 5
Table 5:  Initial simulation result for eMTC PUSCH with additional Doppler shift modeling
	Case 
	Antenna configuration
	Doppler shift 
Offset
	Rep
	Channel 
	SNR@70%TP

	1
	1T2R
	0.5*[1:8]
	8
	NTN TDLA100-5
	-6.234

	2
	1T2R
	0.5*[1:8]
	8
	NTN TDLA100-200
	-6.719

	3
	1T2R
	0.5*[1:8]
	8
	NTN TDLC5-5
	-7.52

	4
	1T2R
	0.5*[1:8]
	8
	NTN TDLC5-30
	-7.47

	5
	1T2R
	4
	8
	NTN TDLA100-5
	-6.264

	6
	1T2R
	4
	8
	NTN TDLA100-200
	-6.709

	7
	1T2R
	4
	8
	NTN TDLC5-5
	-7.52

	8
	1T2R
	4
	8
	NTN TDLC5-30
	-7.452



Table 6:  Initial simulation result for eMTC PUSCH with additional Doppler shift modeling
	Case 
	Antenna configuration
	Doppler shift 
Offset
	Rep
	Channel 
	SNR@70%TP

	1
	1T1R
	0.5*[1:8]
	8
	NTN TDLA100-5
	-1.15

	2
	1T1R
	0.5*[1:8]
	8
	NTN TDLA100-200
	-2.89

	3
	1T1R
	0.5*[1:8]
	8
	NTN TDLC5-5
	-4.31

	4
	1T1R
	0.5*[1:8]
	8
	NTN TDLC5-30
	-4.17

	5
	1T1R
	4
	8
	NTN TDLA100-5
	-1.21

	6
	1T1R
	4
	8
	NTN TDLA100-200
	-2.93

	7
	1T1R
	4
	8
	NTN TDLC5-5
	-4.32

	8
	1T1R
	4
	8
	NTN TDLC5-30
	-4.25



As observed in above table, the performance different between two kinds of Doppler shift modelling is minor for 1T2R and 1T1R scenario,
Observation 7: Minor performance different between different Doppler shift modeling methods

Multi-segmented transmission 
Based on agreement in the last meeting as following 
	· UL segmented transmission with multiple segments
· No PUSCH/NPUSCH/PRACH/NPRACH requirement for Uplink segmented transmission with multiple segments, only define requirements with one segment
· Assumption of pre-compensation gap for UL segmented transmission 
· Interested companies can bring simulation results for pre-compensation gap enabled case. 



In the following part, we provide the initial results to investigate the impact of pre-compensation gap for UL segmented transmission with different UE puncture behaviour as 1 symbol, 1 slot and 1 subframe.
Table 7:  Initial results for eMTC PUSCH CE mode A with pre-compensation gap, 2 segmented transmission (4 repetition for each segmented transmission)
	Case 
	Antenna configuration
	Doppler shift 
Offset
	Rep
	Channel 

	SNR@70%TP
Without pre-compensation gap
	SNR@70%TP
1 symbol 

	SNR@70%TP
1 slot
	SNR@70%TP
1subframe

	1
	1T2R
	0
	8
	NTN TDLA100-5
	-6.247
	-5.836
	-5.317
	-5.087

	2
	1T2R
	0
	8
	NTN TDLC5-5
	-7.523
	-7.113
	-6.571
	-6.388

	3
	1T1R
	0
	8
	NTN TDLA100-5
	-1.164
	-0.763
	-0.258
	-0.032

	4
	1T1R
	0
	8
	NTN TDLC5-5
	-4.315
	-3.851
	-3.316
	-3.109



As observation from the initial results, with UE puncture behaviour, there is some performance degradation within 1dB.
Observation 8:  Minor performance degradation within 1dB for eMTC PUSCH CE mode A with segmented transmission with different UE puncture behaviors as 1 symbol, 1 slot and 1 subframe.  

3.2	NB-IoT over NTN

In this section, similar as eMTC over NTN, the initial results for NPUSCH1/2 and NPRACH are provided to check the impact of doppler, UE puncture behaviour within pre-compensation gap and the different Doppler shift offset modelling method.  
Channel Model with different Doppler 
In the following part, we provide the initial results to check the feasibility of the proposed channel model with different doppler condition for NPSUCH1/2 and NPRACH
Table 8:  Initial results for NPUSCH Format1 with different channel model, 15KHz 12 tones
	Case 
	Antenna configuration
	Rep
	Channel 
	SNR@70%TP

	1
	1T2R
	16
	NTN TDLA100-1
	-10.014

	2
	1T2R
	16
	NTN TDLA100-200
	-9.624

	3
	1T2R
	16
	NTN TDLC5-1
	-10.301

	4
	1T2R
	16
	NTN TDLC5-30
	-10.285

	5
	1T1R
	16
	NTN TDLA100-1
	-5.499

	6
	1T1R
	16
	NTN TDLA100-200
	-4.915

	7
	1T1R
	16
	NTN TDLC5-1
	-5.701

	8
	1T1R
	16
	NTN TDLC5-30
	-5.638



Table 9:  Initial results for NPUSCH Format1 with different channel model, 3.75KHz 1 tones
	Case 
	Antenna configuration
	Rep
	Channel 
	SNR@70%TP

	1
	1T2R
	16
	NTN TDLA100-1
	-8.904

	2
	1T2R
	16
	NTN TDLA100-200
	-5.669

	3
	1T2R
	16
	NTN TDLC5-1
	-9.095

	4
	1T2R
	16
	NTN TDLC5-30
	-9.303

	5
	1T1R
	16
	NTN TDLA100-1
	-5.529

	6
	1T1R
	16
	NTN TDLA100-200
	-3.457

	7
	1T1R
	16
	NTN TDLC5-1
	-6.023

	8
	1T1R
	16
	NTN TDLC5-30
	-6.893




Table 10:  Initial results for NPUSCH Format2 with different channel model, 15KHz 12 tones
	Case 
	Antenna configuration
	Rep
	Channel 
	SNR@1% BLER

	1
	1T2R
	16
	NTN TDLA100-1
	-6.81

	2
	1T2R
	16
	NTN TDLA100-200
	-5.65

	3
	1T2R
	16
	NTN TDLC5-1
	-7.19

	4
	1T2R
	16
	NTN TDLC5-30
	-6.94

	5
	1T1R
	16
	NTN TDLA100-1
	3

	6
	1T1R
	16
	NTN TDLA100-200
	5.39

	7
	1T1R
	16
	NTN TDLC5-1
	2.39

	8
	1T1R
	16
	NTN TDLC5-30
	2.55



Table 11:  Initial results for NPUSCH Format2 with different channel model, 3.75KHz 1 tones
	Case 
	Antenna configuration
	Rep
	Channel 
	SNR@1% BLER

	1
	1T2R
	16
	NTN TDLA100-1
	-3.5

	2
	1T2R
	16
	NTN TDLA100-200
	N/A

	3
	1T2R
	16
	NTN TDLC5-1
	-3.93

	4
	1T2R
	16
	NTN TDLC5-30
	-3.15

	5
	1T1R
	16
	NTN TDLA100-1
	4.47

	6
	1T1R
	16
	NTN TDLA100-200
	NA

	7
	1T1R
	16
	NTN TDLC5-1
	3.93

	8
	1T1R
	16
	NTN TDLC5-30
	1



Table 12:  Initial simulation results for NPRACH with different channel model, repetition 8, gradual offset accumulation
	Case 
	Antenna configuration
	Format
	Frequency offset
	Rep
	Channel 
	SNR@70%TP

	1
	1T2R
	0
	200Hz+3*[1:8]Hz
	8
	NTN TDLA100-1
	2.829

	2
	1T2R
	0
	200Hz+3*[1:8]Hz
	8
	NTN TDLA100-200
	N/A

	3
	1T2R
	0
	200Hz+3*[1:8]Hz
	8
	NTN TDLC5-1
	-3.102

	4
	1T2R
	0
	200Hz+3*[1:8]Hz
	8
	NTN TDLC5-30
	-5.172

	5
	1T2R
	1
	200Hz+4*[1:8]Hz
	8
	NTN TDLA100-1
	3.156

	6
	1T2R
	1
	200Hz+4*[1:8]Hz
	8
	NTN TDLA100-200
	N/A

	7
	1T2R
	1
	200Hz+4*[1:8]Hz
	8
	NTN TDLC5-1
	-2.843

	8
	1T2R
	1
	200Hz+4*[1:8]Hz
	8
	NTN TDLC5-30
	-4.964



Table 13:  Initial simulation results for NPRACH with different channel model, repetition 8, the largest offset accumulation
	Case 
	Antenna configuration
	Format
	Frequency offset
	Rep
	Channel 
	SNR@70%TP

	1
	1T2R
	0
	200Hz+24Hz
	8
	NTN TDLA100-1
	3.044

	2
	1T2R
	0
	200Hz+24Hz
	8
	NTN TDLA100-200
	N/A

	3
	1T2R
	0
	200Hz+24Hz
	8
	NTN TDLC5-1
	-2.953

	4
	1T2R
	0
	200Hz+24Hz
	8
	NTN TDLC5-30
	-5.187

	5
	1T2R
	1
	200Hz+24Hz
	8
	NTN TDLA100-1
	3.14

	6
	1T2R
	1
	200Hz+24Hz
	8
	NTN TDLA100-200
	N/A

	7
	1T2R
	1
	200Hz+24Hz
	8
	NTN TDLC5-1
	-2.734

	8
	1T2R
	1
	200Hz+24Hz
	8
	NTN TDLC5-30
	-5.084



As observed in above tables, for NPUSCH and NPRACH, under TDLA100 channel with large Doppler shift, the 70% of throughout and 1% missing detection probability cannot be achieved.  While with TDLC5 channel with large Doppler shift, the performance can be improved.
Observation 9:  With TDLA100-200Hz channel, the 70% of throughout and 1% missing detection probability cannot be achieved for NPUSCH and NPRACH. With TDLC5-30Hz channel, performance can be improved compared with TDLC5-1Hz.
Multi-segmented transmission 
In the following part, similar as eMTC, we provide the initial results for NPUSCH1 to investigate the impact of pre-compensation gap for UL segmented transmission with different UE puncture behaviour as 1 symbol, 1 slot and 1 subframe 
Table 1:  Initial results for NB-IoT NPUSCH1 with pre-compensation gap, 2 segmented transmission (8 repetition for each segmented transmission), 15KHz, 12 tones
	Case 
	Antenna configuration
	Doppler shift 
Offset
	Rep
	Channel 
	SNR@70%TP
Without pre-compensation gap
	SNR@70%TP
1 symbol 
	SNR@70%TP
1 slot
	SNR@70%TP
1subframe

	1
	1T2R
	0
	16
	NTN TDLA100-1
	-10.014
	-9.985
	-9.71
	-9.473

	2
	1T2R
	0
	16
	NTN TDLA100-200
	-9.624
	-9.579
	-9.371
	-9.118

	3
	1T2R
	0
	16
	NTN TDLC5-1
	-10.301
	-10.261
	-10.055
	-9.807

	4
	1T2R
	0
	16
	NTN TDLC5-30
	-10.285
	-10.256
	-10.065
	-9.809



As observation from the initial results, with UE puncture behaviour, there is some performance degradation within 0.5dB.
Observation 10:  Minor performance degradation within 0.5dB for NPUSCH1 with segmented transmission with different UE puncture behaviors as 1 symbol, 1 slot and 2 slots.  

4	Conclusion
In this contribution, the view on remaining issue of test setup on SAN requirement for IoT over NTN for requirement definition is provided. Meanwhile, the initial simulation results are provided to check the feasibility of test parameters.
 Observation 1: The length of Tx duration and offset granularity for each repetition will be different pend on different channel.
Proposal 1: The additional doppler frequency shift can be applied for eMTC PUSCH/PUCCH, PRACH and NB-IoT NPUSCH format 1/2, NPRACH.
Observation 2: Due to granularity of gradual offset accumulation, the additional doppler shift will be changed per unit or subframe. FFS on limitation for TE to adjust the additional Doppler Shift per subframe or per unit for BS conformance test 
Proposal 2: Only consider the largest accumulated offset for all Tx duration period. The following value for additional frequency offset can be considered for requirement definition
	Channel 
	Repetition
	Proposed Largest accumulated offset 
(Hz)

	eMTC PUSCH CE mode A
	8
	4

	eMTC
PUSCH 
CE mode B
	256
	128

	eMTC PUCCH format 1a
	8
	4

	eMTC PRACH Format 0
	8
	4

	eMTC PRACH Format 1
	8
	8

	eMTC PRACH Format 2
	16
	16

	eMTC PRACH 
Format 3
	16
	32

	NPUSCH format 1, 3.75KHz, 1 tone
	[4]
	[160]

	NPUSCH format 1, 15KHz, 12 tones
	16
	16

	NPUSCH format 2 3.75KHz, 1 tone
	16
	64

	NPUSCH format 2, 15KHz, 1 tone
	16
	16

	NPRACH format 0
	8
	24

	NPRACH 
Format 0
	8
	32

	NPRACH
Format 1
	[16]
	[48]

	NPRACH
Format 1
	[16]
	[64]



Proposal 3: No need to model timing offset for subsequent repetition in a segment for requirement definition in Rel-18.
Proposal 4: RAN4 applies the following channel model for requirement definition of SAN demodulation requirement 
	· NTN-TDLA100-5Hz for eMTC CE mode A/B,
· NTN-TDLC5-5Hz for eMTC CE mode A/B,
· NTN-TDLA100-5Hz for eMTC PUCCH and PRACH
· NTN_TDLA100-1Hz for NB1/NB2 UE for NPUSCH1/2 
· NTN_TDLC5-1Hz for NB1/NB2 UE for NPUSCH1/2
· NTN-TDLA100-5Hz for NPRACH



Observation 3: The total duration for NPUSCH format 1 with 3.75KHz, 2RU configured as 1024ms exceeds the supported maximum Tx-Duration for each uplink segmented transmission as 256ms, which 4 segmented transmissions are required
Observation 4: The configured number of repetitions exceeds the supported maximum Tx-duration for each uplink segmented transmission as 16, which 2 segmented transmissions are required
Proposal 5: Use the number of repetitions with 4 for NPUSCH format 1 with 3.75KHz, 2 RU configured for requirement definition if only defining requirement with one segmented transmission considered.
Proposal 6: Use the number of repetitions with 16 for NPRACH format 0 and NPRACH format 1 for requirement definition if only defining requirement with one segmented transmission considered.
Proposal 7: The following configured Tx-duration for uplink segmented transmission can be considered as
· eMTC PUSCH CE mode A: 8
· eMTC PUSCH CE mode B: 256
· eMTC PRACH with format 0/1: 8
· eMTC PRACH with format 2/3: 16
· NPUSCH format 1 with 15KHz: 16
· NPUSCH format 1 with 3.75KHz: 256
· NPUSCH format 2 with 15KHz: 32
· NPUSCH format 2 with 3.75KHz: 128
· NPRACH format 0/1: 8 and 16

Proposal 8: Not consider repetition 1 for requirement definition for eMTC PUSCH CE mode A
Proposal 9: Apply the same value for time error for PRACH/NPRACH detection as
· eMTC PRACH: 2.08us
· NB-IoT NPRACH: 3.646us

Observation 5: 70% of throughput can be not achieved for 1T1R with 1 repetition under NTN TDLA100-200 channel for eMTC PUSCH
Observation 6: about 2dB performance degradation for 1T2R with 1 repetition under NTN TDLA100-200 compared with NTN TDLA100-5 channel for eMTC PUSCH.
Observation 7: Minor performance different between different Doppler shift modeling methods
Observation 8:  Minor performance degradation within 1dB for eMTC PUSCH CE mode A with segmented transmission with different UE puncture behaviors as 1 symbol, 1 slot and 1 subframe.  
Observation 9:  With TDLA100-200Hz channel, the 70% of throughout and 1% missing detection probability cannot be achieved for NPUSCH and NPRACH. With TDLC5-30Hz channel, performance can be improved compared with TDLC5-1Hz.
Observation 10:  Minor performance degradation within 0.5dB for NPUSCH1 with segmented transmission with different UE puncture behaviors as 1 symbol, 1 slot and 2 slots.  
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PRACH - TxDuration - r17::=       SEQUENCE {     prach - TxDuration - r17         ENUMERATED {n 1, n2, n4, n8, n16, n32, n64, n128}   }  
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NPUSCH - TxDuration - NB - r17 ::=   SEQUENCE {     npusch - TxDuration - r17       ENUME RATED {ms2, ms4, ms8, ms16, ms32, ms64, ms128, ms256}   }  
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NPRACH - TxDurationFmt01 - NB - r17 ::=   SEQUENCE {     nprach - TxDurationFmt01 - r17     ENUMERATED { n2, n4, n8, n16, n32, n64 }   }     NPRACH - TxDurationFmt2 - NB - r17 ::=   SEQUENCE {     nprach - TxDurationFmt2 - r17     ENUMERATED { n1, n2, n4, n8, n16 }   }  


image1.emf
PUSCH - TxDuration - r17   ::=     SEQUENCE {       pusch - TxDuration - r17     ENUMERATED {n2, n4, n8, n16, n32, n64, n1 28, n256}  
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CE - PUCCH - TxDurationConfig - r17 ::=   SEQUENCE {     ce - PUCCH - TxDuration - r17         ENUMERATED {sf2, sf4, sf8, sf16, sf32, sf64, sf128}  


