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Introduction
At the RAN#86 meeting, a new Study Item was approved for IoT Non Terrestrial Network (NTN) [1]. In this contribution, we provide link budget analysis for C/N for DL and UL using two satellite system parameter sets. We considered NB-IoT and eMTC in the analysis. We also provide supported UEs per day metric and user density per kilometre square metric for capacity analysis.   
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IoT NTN Scenarios 
IoT NTN scenarios are discussed in a separate agenda item. The main focus for RAN1 is the link budget analysis based on FDD, transparent payload, and frequency band below 6 GHz. The bands of interest on access link are the L band and S band. A set of parameters for link budget calculations will be proposed in [3], where Reference scenarios and Reference sets of parameters suitable for IoT NTN (NB-IoT) are considered. 
One outcome of this first objective is to identify low EIRP and low G/T figures which still allow a reasonable working C/N on the DL and UL for normal IoT NTN operations. Some C/N margin was reserved to avoid working on the edge of normal operations with potentially unacceptable overhead, very low data rates due to high number of repetitions, and low user density per km2. The latter aspect is also discussed in RAN2 in [4].
Using system parameters described in [4] and losses described in ANNEX, we show the C/N values for DL and UL for NB-IoT and eMTC in for GEO Table 1 and for LEO in Table 2. We assume the following
NB-IoT
· DL NB-IoT with 180 kHz
· UL NB-IoT with SCS=15 kHz / SCS=3.75 kHz
eMTC
· DL with 6*180 kHz=1080 kHz
· UL with 3*15 kHz=45 kHz 

Observation 1: Using EIRP per spot on DL and G/T on UL for NB-IoT Set 1 and Set 2 parameters, there is good agreement with C/N DL and C/N UL in [4].
Observation 2: Due to larger bandwidth, eMTC can achieve same C/N DL and UL as NB-IoT with higher EIRP per spot on DL and higher G/T on UL.




	GEO 35786 km
	EIRP Density / Per spot
	DL C/N 
	G/T
	UL C/N
ST 15 kHz / 3.75 kHz

	NB-IoT  (SET 1)
	61.8 dBW/MHz / 54.4 dBW
	0 dB
	22 dB/K
	0.0 dB / 6.0 dB 

	NB-IoT  (SET 2)
	60.1 dBW/MHz / 52.4 dBW
	-2.1 dB
	16.7 dB/K
	-5.3 dB / 0.7 dB

	eMTC (SET 1)
	61.8 dBW/MHz / 62.1 dBW
	0 dB
	28 dB/K
	1.2 dB


Table 1: GEO DL C/N and UL C/N

	LEO 35786 km
	EIRP Density / Per spot
	DL C/N 
	G/T
	UL C/N
ST 15 kHz / 3.75 kHz

	NB-IoT  (SET 1)
	30.3 dBW/MHz / 22.9 dBW
	0 dB
	-4.8 dB/K
	4.5 dB / 10.6 dB 

	NB-IoT  (SET 2)
	28.3 dBW/MHz / 20.9 dBW
	-2.1 dB
	1.1 dB/K
	-3.4 dB / 2.7 dB

	eMTC (SET 1)
	30.3 dBW/MHz / 30.6 dBW
	0 dB
	-12.8 dB/K
	5.8 dB


Table 2: LEO DL C/N and UL C/N

User density for IoT NTN was recommended in NR NTN TR 38.821 using recommendations in Release 16 TS 22.261 "Service requirements for the 5G system; Stage 1

	Usage scenarios
	Experience data rate (note 2)
	Overall UE density per km2
	Activity factor (note 3)
	Max UE speed
	Environment
	UE categories
	Sources

	
	DL
	UL
	
	
	
	
	
	

	IoT connectivity (note 4)
	2 kbps
	10 kbps
	400
	1,00%
	0 km/h
	Extreme coverage
	IoT
	Device density => [15] ;
Data rate and activity factor => derived from [14] annex E.2 "Traffic models for Cellular IoT"


NOTE 4:	This refers to low power wide area service capability
It was shown in [5] that 400 device density per square kilometre of rural area can be expected with a satellite footprint with a ground foot print of approximately 40km diameter and a sparsely populated areas with a maximum of ~ 500,000 IoT connected devices with a satellite coverage. The User Density per square kilometre of 400 assumes the Mobile Autonomous Reporting (MAR) periodic reports with Periodic inter-arrival time with split of inter-arrival time periodicity for MAR periodic: 1 day (40%), 2 hours (40%), 1 hour (15%), and 30 minutes (5%). Extreme coverage was assumption. An activity factor of 1% and to our understanding a system bandwidth of 10 MHz was assumed. Further, experienced data rate of 2 kbps (DL) and 10 kbps (UL) were assumed.
In table 3 and 4 we show User Density per kilometre square assuming 40 km cell size and 459 km cell size. We used a similar distribution with payload size 30 bytes and about 12 MAR periodic reports for comparison. The User density per kilometre square with 40 km cell size is higher than that shown in [5] due to improved assumption for the C/N on DL and UL as determined in Tables 1 and 2. An activity factor of 1% and a system bandwidth of 10 MHz were assumed. Further, experienced data rate of 2 kbps (DL) and 10 kbps (UL) were assumed. We also show the supported UEs per day (ST 3.75 kHz) in 180 kHz. Note that there is an equivalence between the two metrics which can be shown in straightforward way by comparing the total number of packets transmitted per day which match exactly by (i) scaling up supported UEs per day to 10 MHz and determining the total number of packets transmitted per day; (ii) determining the total number of packets transmitted per day from the user density per kilometre square based on the UL and DL experience data rates, activity factor, achieved cell data rates. The analysis took into account signalling overhead for DL and UL. 
	
	SET 1
	SET 2

	
	GEO
	LEO
	GEO
	LEO

	Supported UEs per day (ST 3.75 kHz) in 180 kHz
	2.2 106  
	4.3 106  
	1.4 106   
	2.2 106  

	User density / km^2 (40 km)
	1326.3
	2652.6
	884.2
	1326.3

	User density / km^2 (495 km)
	10.1
	20.1
	8.5
	10.1


Table 3: Supported UEs per day and User density for UL 


	
	SET 1
	SET 2

	
	GEO
	LEO
	GEO
	LEO

	Supported UEs per day in 180 kHz
	0.9 106  
	0.9 106  
	0.6 106  
	0.6 106  

	User density / km^2 (40 km)
	574.7
	574.7
	383.2
	383.2

	User density / km^2 (495 km)
	4.4
	4.4
	2.9
	2.9


Table 4: Supported UEs per day and User density for DL 
Observation 3: The user density per km2 of 400 can be achieved with Set 1 and Set 2 parameters in in R2-2008883.

Conclusion
In this contribution, we summarize observations for the link budget analysis and user density analysis for IoT NTN for LEO and GEO. 
Observation 1: Using EIRP per spot on DL and G/T on UL for NB-IoT Set 1 and Set 2 parameters, there is good agreement with C/N DL and C/N UL in [4].
Observation 2: Due to larger bandwidth, eMTC can achieve same C/N DL and UL as NB-IoT with higher EIRP per spot on DL and higher G/T on UL.
Observation 3: The user density per km2 of 400 can be achieved with Set 1 and Set 2 parameters in R2-200888.3 
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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
	          0.1
	     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
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