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1	Introduction
In RAN2-112e meeting, the proposed table including NTN IoT device densities and UE experienced data rate was agreed. Furthermore, for HARQ, it was agreed to further study if there is any need on HARQ enhancements (e.g. whether there is any need to disable HARQ feedback in IoT NTN).
	 [034] For 2.4.1-3, the proposed way forward is to include the table including NTN IoT Device Densities for the use case of fixed devices in a TP for TR36.763 is agreed, where the values in the table are directly from TR 38.821 as agreed for IoT connectivity in Rel-16 NR NTN SI, Including the three Notes. 
[035] 6: It is FFS whether there is any need to disable HARQ feedback in eMTC/NB-IoT NTN.



In this contribution, we want to clarify the understanding of agreed UE experienced data rate and discuss the long RTD impact to UE data rate, as well as possible way forward for IoT NTN HARQ enhancements.
2	Discussions
2.1	Clarification on UE experienced data rate target
The table below (including the three notes) in[1] was agreed in RAN2-112e meeting for IoT NTN study. The data rate column is taken from TS22.261 Table 7.4.2-1, where the UE experienced data rate for DL is 2kbps and UL is 10Kbps. The table also indicates that the environment to achieve the target data rate is extreme coverage. However, the definition of  extreme coverage is not fully discussed in the meeting thus it is not clear. For example, what is the range of MCL (Maximum Coupling Loss) should be supported to achieve given data rate.
Table1: UE experienced data rate target
	Usage scenarios
	Experience data rate (note 1)
	Overall UE density per km2
(note 3)
	Activity factor (note 2)
	Max UE speed
	Environment
	UE categories
	Sources

	
	DL
	UL
	
	
	
	
	
	

	IoT connectivity (low power wide area service capability)
	2 kbps
	10 kbps
	400
	1,00%
	0 km/h
	Extreme coverage
	IoT
	TR 38.821 



NOTE 1: As defined in TS 22.261 "Service requirements for the 5G system; Stage 1"
NOTE 2: As defined in TS 22.261"Service requirements for the 5G system; Stage 1" 
NOTE 3: The Overall UE density per km2 represents a peak value over a 40 km cell diameter. The actual value that can be achieved with a satellite will depend on the beam diameter. 
Observation 1: For IoT NTN, the agreed UE experienced data rate for DL is 2kbps and UL is 10Kbps which should be achieved in extreme coverage. However, the definition of  extreme coverage (e.g. supported MCL range) is not clear.
Proposal 1: RAN2 to clarify the definition of extreme coverage in scenarios agreed in RAN2-112e.
For IoT NTN the scenarios, in RAN1-103e meeting, RAN1 agreed GEO and LEO (altitude 1200 km and 600km) with transparent payload should be supported [2]. The Max Round Trip Delay (RTD) is 541.46ms, 41.77ms and 25.77ms individually. Due to long RTD and limited number of HARQ in NB-IoT and eMTC, HARQ stalling may happen in the case HARQ number exhausted when UE waits long RTD to reuse the HARQ process ID, especially for UE in good coverage with small repetition. This will in turn reduce UE’s data rate. 
Table2: Scenarios agreed in IoT NTN
	Scenarios
	GEO based non-terrestrial access network - scenario A 
	LEO based non-terrestrial access network -Scenario B & C

	Altitude
	35,786 km
	600 km 
1,200 km 

	Payload
	Transparent type
	Transparent Type

	Max Round Trip Delay (propagation delay only) 
	 541.46ms (service and feeder links)
	25.77 ms (600km) (service and feeder links)
41.77 ms (1200km) (service and feeder links)



In Table1, Scenario A, B&C (in Table2) is not explicitly mentioned. It is not clear whether the UE’s target experienced data rate should be achieved in both GEO and LEO (altitude 1200 km and 600km). Since the communication distances in GEO and LEO are quite different, we think it is reasonable to achieve the target data rate at least for LEO, but the requirement for GEO may need further discussion.      
Proposal 2: For IoT NTN, the agreed UE experienced data rate should be achieved at least in LEO (altitude 1200 km and 600km) while RAN2 need to confirm the requirement for GEO.
In SID [3], it seems that FDD is not explicitly listed as an assumption. Also, it was not concluded in RAN2-112e agreements. However, almost all the companies agreed “FDD is assumed for this study” in NTN scenario email discussion [1] thus it is reasonable to assume FDD is the one to be applied in this study. Furthermore, for UE’s duplex mode (half or full duplex), it was not listed in SID and not discussed in last RAN1/RAN2 meeting. As NB-IoT only support half-duplex UE and half-duplex is widely used in eMTC deployment, RAN2 need to clarify half-duplex (HD) FDD is applicable to IoT NTN or not.
Proposal 3: RAN2 to confirm FDD is assumed for IoT NTN study and Half-Duplex FDD UE is appliable to IoT NTN to achieve target data rate.

2.2	IoT NTN UE data rate calculation
As no conclusion on target MCL as well as repetition number requirement on NTN channel model from RAN1 till now, to benchmark the NTN RTD impact to IoT data rate, we first calculate UE’s data rate with legacy IoT HARQ mechanism considering NTN RTD and below assumptions:
· Half-Duplex FDD mode
· Required channel repetitions number at 144,154,164 dB MCL in TN (Terrestrial Network) from [4], [5] (with excerpt in Annex A for reference)
· NTN GEO, LEO (altitude 1200 km and 600km) scenarios
· R13 eMTC UE (support 8 HARQ processes) and R14 NB-IoT UE (support 2 HARQ processes)
· UE with full buffer to calculate the sustained peak rate 
· No invalid subframes
We take DL data rate calculation with R13 eMTC UE for example. 
To avoid HARQ stalling in LEO and GEO with high RTD, the required DL HARQ number can be calculated with formula:  
                     Num_required_HARQ = floor ((RTD + HARQ duty cycle) / (HARQ scheduling interval) )
Where: the HARQ duty cycle is defined as time interval between two subsequent MPDCCH for the same HARQ process, and HARQ scheduling interval is defined as time interval between two subsequent MPDCCH for different HARQ processes of the same UE as illustrated in below figure1.
[image: ]
Figure1: eMTC DL HARQ time relationship
In GEO/LEO with different RTD (Table2), with the assumption of required channel repetitions number and supported TBS at 144,154,164 dB MCL in TN (Terrestrial Network) (Table 8 for eMTC, Table 10 for NB-IoT in Annex A), the required DL HARQ number to support different MCL can be illustrated as Table3. (Please note below table should be updated if RAN1 provide the channel repetition number requirement (with certain TBS) to support target MCL in IoT NTN.)
Table3: Required DL HARQ numbers to avoid HARQ stalling with TN repetition assumption
	Scenarios
	MCL=144 dB
	MCL=154 dB
	MCL=164 dB

	GEO
	50
	7
	1

	LEO (1200km)
	4
	1
	1

	LEO (600km)
	3
	1
	1



In eMTC R13, the maximum supported HARQ number is 8. This means in GEO with MCL target 144 dB (require 50 HARQ number) will suffer from HARQ stalling which will determine the usable HARQ number. With usable HARQ number, the sustained DL data peak rate (i.e. UE with full buffer) can be calculated with below formulas:
· Case1: if Num_required_HARQ =1, DL data rate = TBS/(HARQ scheduling interval)
· Case2: if Num_required_HARQ > 1, DL data rate = TBS* usable HARQ number/ (RTD+HARQ duty cycle)
Where: the usable HARQ number is the minimum value of 8 and the Num_required_HARQ in Table3.
The achievable eMTC R13 DL UE’s DL data rate is illustrated as Table 4 below, in which the red numbers indicate values which do not meet the agreed data rate requirement.
Table4: Achievable eMTC R13 UE’s DL data rate (Kbps) with TN repetition number assumption
	Scenarios
	MCL=144 dB
	MCL=154 dB
	MCL=164 dB

	GEO
	13.45
	10.38
	0.83

	LEO (1200km)
	68.07
	10.96
	0.83

	LEO (600km)
	72.12
	10.96
	0.83



With the similar approach, below Table5/Table6/Table7 illustrate eMTC R13 UE’s UL data rate, NB-IoT R14 UE’s DL data rate and NB-IoT R14 UE’s UL data rate individually.
Table5: Achievable eMTC R13 UE’s UL data rate (Kbps) with TN repetition number assumption
	Scenarios
	MCL=144 dB
	MCL=154 dB
	MCL=164 dB (TBS=512 bits)

	GEO
	13.21
	3.45
	0.47

	LEO (1200km)
	43.17
	3.45
	0.47

	LEO (600km)
	38.22
	3.45
	0.47



Table6: Achievable NB-IoT R14 UE’s DL data rate (Kbps) with TN repetition number assumption
	Scenarios
	MCL=144 dB
	MCL=154 dB
	MCL=164 dB

	GEO
	2.39
	2.28
	1.44

	LEO (1200km)
	19.78
	12.83
	1.70

	LEO (600km)
	25.77
	12.83
	1.70



Table7: Achievable NB-IoT R14 UE’s UL data rate (Kbps) with TN repetition number assumption
	Scenarios
	MCL=144 dB
	MCL=154 dB
	MCL=164 dB

	GEO
	3.41
	2.27
	0.37

	LEO (1200km)
	23.05
	2.97
	0.37

	LEO (600km)
	23.26
	2.97
	0.37



As the agreed UE experienced data rate for DL is 2kbps, according to calculation result from Table4 and Table6, the DL target data rate cannot be achieved with MCL=164 dB in IoT NTN.
Observation 2: With the assumption of channel repetition number requirements from TN, the target DL data rate (2k bps) cannot be achieved with target MCL=164 dB in IoT NTN.
For UL, the agreed UE experienced data rate is 10Kbps. According to calculation result from Table5 and Table7, the target data rate cannot be achieved in MCL= 154 and MCL=164 dB for both eMTC and NB-IoT, as well as MCL=144 dB for NB-IoT in GEO.
Observation 3: With the assumption of channel repetition number requirements from TN, the target UL data rate (10k bps) cannot be achieved with target MCL=154 and 164 dB in IoT NTN, as well as MCL=144 dB for NB-IoT in GEO.
We understand the target MCL and channel repetition number requirement in NTN may quite different from TN network thus the conclusion of Observation#2/Observation#3 should be updated accordingly. However, we can have some conclusion based on calculation results above. E.g. For high MCL target with high channel repetition number requirement, the HARQ stalling is not the main issue because 1 HARQ with high repetition number transmission will last more than 1 RTD thus it is not helpful to have more HARQ process or disable HARQ feedback to improve UE’s data rate. This means the NR NTN solution (e.g. disabling HARQ or increase HARQ number) cannot be adopted in IoT NTN in this scenario. Instead, we need to further study enhancements to reduce channel’s repetition number (e.g. multiple TB scheduling, SPS, or adaptive repetition number decision) to improve UE’s data rate. On the contrary, for GEO with low MCL (e.g. MCL=144 dB) with low channel repetition number requirement, the HARQ stalling is same as NR NTN thus the NR NTN solution (e.g. disabling HARQ or increase HARQ number) can be adopted in IoT NTN in this case.
Observation 4: In IoT NTN with high MCL target and high channel repetition number requirements, the NR NTN HARQ enhancements (e.g. disabling HARQ or increase HARQ number) is not helpful to improve UE’s data rate.
Proposal 4: RAN2 to study HARQ enhancements to reduce channel’s repetition number requirements in IoT NTN in the scenario of high target MCL.
In our view, the supported range of MCL or required SINR values consistent with the link budget parameters as well as the channel repetition number requirement to support target MCL should be discussed in RAN1. Furthermore, the channel repetition number will determine the data transmission duration for scheduled TBS, thus impact the achieved data rate by the UE. If RAN2 want to conclude what kind of HARQ enhancements should be adopted in IoT NTN to achieve the target UE experienced data rate, RAN1’s input on channels repetition number requirement to support target MCL should be provided.
Proposal 5: RAN1’s input on target MCL in IoT NTN, as well as the channel repetition number requirements to support target MCL, should be provided to help RAN2 conclude the exact HARQ enhancements.
Proposal 6: RAN2 to send LS to RAN1 on the supported MCL and the channel repetition number requirements to support target MCL in IoT NTN.
3	Conclusion
In section 2 we made the following observations:
Observation 1: For IoT NTN, the agreed UE experienced data rate for DL is 2kbps and UL is 10Kbps which should be achieved in extreme coverage. However, the definition of  extreme coverage (e.g. supported MCL range) is not clear.
Observation 2: With the assumption of channel repetition number requirements from TN, the target DL data rate (2k bps) cannot be achieved with target MCL=164 dB in IoT NTN.
Observation 3: With the assumption of channel repetition number requirements from TN, the target UL data rate (10k bps) cannot be achieved with target MCL=154 and 164 dB in IoT NTN, as well as MCL=144 dB for NB-IoT in GEO.
Observation 4: In IoT NTN with high MCL target and high channel repetition number requirements, the NR NTN HARQ enhancements (e.g. disabling HARQ or increase HARQ number) is not helpful to improve UE’s data rate.

Based on the discussion in section 2 we propose the following:
Proposal 1: RAN2 to clarify the definition of extreme coverage in scenarios agreed in RAN2-112e.
Proposal 2: For IoT NTN, the agreed UE experienced data rate should be achieved at least in LEO (altitude 1200 km and 600km) while RAN2 need to confirm the requirement for GEO.
Proposal 3: RAN2 to confirm FDD is assumed for IoT NTN study and Half-Duplex FDD UE is appliable to IoT NTN to achieve target data rate.
Proposal 4: RAN2 to study HARQ enhancements to reduce channel’s repetition number requirements in IoT NTN in the scenario of high target MCL.
Proposal 5: RAN1’s input on target MCL in IoT NTN, as well as the channel repetition number requirements to support target MCL, should be provided to help RAN2 conclude the exact HARQ enhancements.
[bookmark: _GoBack]Proposal 6: RAN2 to send LS to RAN1 on the supported MCL and the channel repetition number requirements to support target MCL in IoT NTN.
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Annex A: General assumptions for data rate calculation
· [bookmark: _Ref477776533]Assumed transmission times in eMTC in TN (Terrestrial Network) [4]
[bookmark: _Ref477776581]Table 8: Assumed transmission times in ms at 144, 154 and 164 dB coupling losses
	Coupling loss
	PDSCH
10% BLER
932 bit TBS
	PUSCH
10% or 40% BLER
932, 512 or 392 bit TBS
	MPDCCH
10% BLER
	PUCCH F1A
10% BLER
	PRACH F0
10% BLER
	PSS/SSS
90th percentile
	MIB
90th percentile
	SIB1-BR
90th percentile

	144
	4
	16
10% BLER
932 bit TBS
	1
	1
	2
	40
	40
	80

	154
	64
	256
10% BLER
932 bit TBS
	8
	8
	16
	40
	40
	80

	164
	1024
	2048 
10% BLER, 392 bit TBS
1024
42% BLER, 512 bit TBS
	64
	32
	128
	460
	640
	640



Table 9: Radio related assumptions.
	Parameter
	Assumption

	Propagation condition
	ETU, EPA

	Fading 
	Rayleigh, 1 Hz 

	Mobile NF
	5 dB 

	Base station NF
	3 dB 

	Device power class
	23 dBm

	LTE system BW
	10 MHz

	Base station power class
	46 dBm 

	Power boosting
	3 dB on PSS/SSS, MIB

	Coupling loss
	144, 154, 164 dB 

	Targeted link level performance
	PSS/SSS, PBCH, SIB1-BR: 90th percentile acquisition time
PDSCH, PUSCH: 10% BLER
MPDCCH, PUCCH, PRACH: 10% BLER

	Link level scenario
	Sensitivity limited 

	SIB1-BR repetitions
	16


EPA1 corresponds to EPA channel model with 1Hz Doppler frequency (carrier frequency 1080 MHz and UE velocity is 1km/h)









· Assumed transmission times in NB-IoT Standalone in TN (Terrestrial Network) [5]
Table 10: Assumed transmission times in ms at 144, 154 and 164 dB coupling losses.
	Standalone

	Coupling loss
	NPDSCH 
10% BLER
680 bit TBS
	NPUSCH  
10% BLER
1000 bit TBS
	NPDCCH 
1% BLER
	NPUSCH F2
1% BLER
	NPRACH
1% BLER
	NPSS/NSSS
90th percentile
	NB-MIB  
90th percentile

	144
	4
	32
	2
	2
	14
	84
	10

	154
	24
	320
	8
	4
	52
	104
	20

	164
	192
	2560
	128
	64
	205
	264
	170



Table 11: Radio related assumptions.
	Parameter
	Assumption

	Propagation condition
	ETU

	Fading 
	Rayleigh, 1 Hz 

	Mobile NF
	5 dB 

	Base station NF
	3 dB 

	Device power class
	23 dBm

	LTE system BW (inband case)
	10 MHz

	Base station power class 
	Inband, guardband: 46 dBm,
Standalone: 43 dBm

	Power boosting (inband case)
	6 dB on anchor

	Coupling loss
	144, 154, 164 dB 

	Targeted link level performance
	PSS/SSS, PBCH: 90th percentile acquisition time
PDSCH, PUSCH F1: 10% BLER
NPDCCH, PUSCH F2, PRACH: 1% BLER

	Link level scenario
	Sensitivity limited 
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