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Introduction
At the RAN#86 meeting, a new Study Item was approved for IoT Non Terrestrial Network (NTN) and revised in RAN#91 [1]. There was an email discussion on [91E][42][NTN_IoT_Roadmap] In RAN#91 with moderator summary and final proposal for GTW input in [2]. 
In RAN#91-e GTW session, the Chairman endorsed a Way Forward Proposal in [3] on email discussion on [50][New_proposals_approval]. This included guidance from RAN Chairman for NTN NR and NTN IoT as follows
· RAN#92E (June) to finalize the scope and project plan to deliver the essential minimum functionality of both NTN NR and NTN IoT (both NB-IoT and eMTC) within the existing TU allocations
· Detailed scoping exercise (NTN NR WID revision, NTN IoT WID approval) to be undertaken at RAN#92E (June)
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GNSS Position fix:
In Typical IoT applications with intermittent delay-tolerant small packets, the UE position may be fixed (e.g. IoT sensor on a gas pipeline) or the UE position needs to be reported by application layer (e.g. asset tracking, vehicle tracking). 
Observation 1:  A UE may only need a new GNSS position solely for UE pre-compensation for UL synchronization in corner case scenarios where (i) it is not fixed; (ii) reporting of the GNSS position is not needed by application layer.
NTN IoT Coverage:
It is necessary to operate at a reasonable C/N DL and UL to ensure a reasonable spectral efficiency and some operation C/N margin to avoid coverage issue.
Observation 2: The satellite system design should fix key parameters such as EIRP and G/T in the satellite to ensure the link budget can be closed on DL and UL.
 
Link Budget 
Set-3 parameters and Set-4 parameters for link budget analysis were agreed in RAN1#104-e. For the link budget, we use the Central beam edge elevation assumptions shown in Table 1 based on Table 6.2-2, 6.2-3, 6.2-4, 6.2-5 in [5]. We assume the other losses as shown in Table 3 in ANNEX based on Table 6.2-1 in [5].
The link budget analysis aim to identify whether assumption for IoT NTN satellite with low EIRP and low G/T can be compatible with a reasonable working C/N on the DL and UL to allow typical IoT NTN operations. We show the list of cases for link budget in Table 1. The corresponding C/N values for DL and UL for NB-IoT are shown in Table 2. The assumptions for the free space path loss, atmospheric loss, shadow fading margin, scintillation loss, and polarisation loss are shown in Table 3 in ANNEX. 
Proposal 1: Link Budget results for Set 1, Set 2, Set 3, and Set 4 in Table 1 and Table 2 are included in TR 36.763

	Case
	Satellite orbit
	Parameter Set
	Central beam edge elevation
	Terminal
	Frequency band

	1
	GEO
	Set 1
	2.3 deg
	CIoT
	S-band

	2
	LEO-1200 km
	Set 1
	26.3 deg
	CIoT
	S-band

	3
	LEO-600 km
	Set 1
	27 deg
	CIoT
	S-band

	4
	GEO
	Set 2
	11 deg
	CIoT
	S-band

	5
	LEO-1200 km
	Set 2
	22.2 deg
	CIoT
	S-band

	6
	LEO-600 km
	Set 2
	23.8 deg
	CIoT
	S-band

	7
	GEO
	Set 3
	12.5 deg
	CIoT
	S-band

	8
	LEO-1200 km
	Set 3
	30 deg
	CIoT
	S-band

	9
	LEO-600 km
	Set 3
	30 deg
	CIoT
	S-band

	10
	LEO-600 km
	Set 4
	30 deg
	CIoT
	S-band


Table 1: List of Cases for Link Budget for NB-IoT / eMTC

	Cases
	   EIRP Density 
	EIRP per spot
	DL C/N 
	      G/T
	                              UL C/N
3.75 kHz / 15 kHz / 3*15 kHz / 6*15 kHz / 180 kHz

	1
	59 dBW/MHz
	81.6 dBm
	-3.0 dB
	19 dB/K
	2.9 dB / -3.1 dB / -7.9 dB / -10.9 dB / -13.9 dB

	2
	40 dBW/MHz
	62.6 dBm
	4.2 dB
	1.1 dB/K
	11.2 dB / 5.2 dB / 0.4 dB / -2.6 dB / -5.6 dB

	3
	34 dBW/MHz
	56.6 dBm
	3.6 dB
	1.1 dB/K
	16.6 dB / 10.5 dB / 5.8 dB / 2.8 dB / -0.2 dB

	4
	53.5 dBW/MHz
	76.1 dBm
	-8.5 dB
	14 dB/K
	-2.1 dB / -8.1 dB / -12.9 dB / -15.9 dB / -18.9 dB

	5
	34 dBW/MHz
	56.6 dBm
	-1.8 dB
	-4.9 dB/K
	5.2 dB / -0.8 dB / -5.6 dB / -8.6 dB / -11.6 dB

	6
	28 dBW/MHz
	50.6 dBm
	-2.4 dB
	-4.9 dB/K
	10.6 dB / 4.5 dB / -0.2 dB / -3.2 dB / -6.2 dB

	7
	59.8 dBW/MHz 
	84.4 dBm
	-2.2 dB
	16.7 dB/K
	0.6 dB / -5.4 dB / -10.2 dB / -13.2 dB / -16.2 dB 

	8
	33.7 dBW/MHz
	56.3 dBm
	-2.1 dB
	-12.8 dB/K
	-2.7 dB / -8.7 dB / -13.5 dB / -16.5 dB / -19.5 dB

	9
	28.3 dBW/MHz 
	50.9 dBm
	-2.1 dB
	-12.8 dB/K
	2.7 dB / -3.4 dB / -8.1 dB / -11.1 dB / -14.1 dB

	10
	21.45 dBW/MHz
	44 dBm
	-12.0 dB
	-20.9 dB/K
	-2.4 dB / -8.5 dB / -13.2 dB / -16.2 dB / -19.2 dB


Table 2: Link Budget results 

NB-IOT analysis:
Cellular NB-IoT can support minimum performance requirement as follows:
· NPDSCH and NPDCCH with SNR = -10.2 dB and SNR=-11.4 dB with 256 and 1024 repetitions respectively on non-anchor carrier (TS 36.101 Table 8.12.1.1.2-2 and Table 8.12.2.1.1-1).  
· NPBCH can be supported with minimum performance requirement with SNR=-11.5 dB (TS 36.101 Table 8.12.3.1.2.1-1). 
· NPUSCH Format 1 and NPUSCH Format 2 with SNR = -12.2 dB and SNR=-10.9 dB with 64 repetitions respectively on non-anchor carrier (TS 36.104 Table 8.5.1.1.1-1 and Table 8.5.2.2.1-1).  
· NPRACH can be supported with minimum performance requirement with SNR=-6.8 dB (TS 36.104 Table 8.5.3.2.1-1). 
NPBCH uses a fixed schedule with a periodicity of 640 ms and repetitions made within 640 ms. The first transmission of the MIB-NB is scheduled in subframe #0 of radio frames for which the SFN mod 64 = 0. Repetitions are scheduled in subframe #0 of all other radio frames. The transmissions are arranged in 8 independently decodable blocks of 80 ms duration. In standalone deployment, NPBCH performance could be improved by 1.84 dB by including the first three symbols in the Release-8 control region and the REs corresponding to the 4 CRS ports. However, this solution does not seem necessary as would potentially be beneficial for case 3, but may already be achievable by most UE implementations which typically have some margin to meet the test requirements.
A UE can work at lower SNR than that shown above as NPDSCH can be scheduled with up to 2048 repetitions, NPDCCH with up to 1024, NPUSH with up to 128, NPRACH with up to 1024. Hence, the DL SNRs and UL SNRs required for the cases as shown in Table 2 should be well achievable. 
Observation 3: NB-IoT can support minimum performance requirement for NB-IoT NTN Set 1, Set 2, Set 3 and Set 4 by using specified range of repetitions
· NPDSCH, NPDCCH, NPUSCH format 1 and 2
· NPRACH
Observation 4: NB-IoT can support minimum performance requirement for NPBCH.
Observation 5: It is up to the eNB UL scheduler to select the sub-carrier spacing and UL channel bandwidth with the required number of repetitions to transmit a TBS on NPUSCH or to transmit HARQ feedback on NPUSCH format 2.    

Conclusion
In this contribution, we summarize observations for the link budget analysis and user density analysis for IoT NTN for LEO and GEO. 
Proposal 1: Link Budget results for Set 1, Set 2, Set 3, and Set 4 in Table 1 and Table 2 are included in TR 36.763
Observation 1:  A UE may only need a new GNSS position solely for UE pre-compensation for UL synchronization in corner case scenarios where (i) it is not fixed; (ii) reporting of the GNSS position is not needed by application layer.
Observation 2: The satellite system design should fix key parameters such as EIRP and G/T in the satellite to ensure the link budget can be closed on DL and UL.
Observation 2: NB-IoT can support minimum performance requirement for NB-IoT NTN Set 1, Set 2, Set 3 and Set 4 by using specified range of repetitions
· NPDSCH, NPDCCH, NPUSCH format 1 and 2
· NPRACH
Observation 3: NB-IoT can support minimum performance requirement for NPBCH.
Observation 4: It is up to the eNB UL scheduler to select the sub-carrier spacing and UL channel bandwidth with the required number of repetitions to transmit a TBS on NPUSCH or to transmit HARQ feedback on NPUSCH format 2.    
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ANNEX
Path loss modelling is according to TR 38.821 in Table 6.1.3.3-1. As there were different views from companies on Free Space Loss, Atmospheric loss, Shadow margin, Polarisation loss, Additional losses, we used mainly worst case assumptions summarized in table below:
	
	      GEO 35786 km
	      LEO 1200 km
	        LEO 600 km
	

	FSPL 
	              190.6
	164.5
	         159.1
	dB

	Scintillation losses
	         2.2
	     2.2
	              2.2
	dB

	atmospheric losses
	          0.2
	     0.1
	               0.1
	dB

	polarization loss
	       3
	  3
	            3
	dB

	shadow margin 
	       3
	  3
	            3
	dB

	sum of all losses 
	       198.9
	  172.8
	           167.4
	dB


Table 3: Losses in IoT NTN scenarios
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