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1. Introduction
Referring to IoT NTN SI work [1], the main motivation of this document is to include MEO in the adaptation/enhancement of an NTN-IoT protocol that is also suitable for deployment in GEO and NGSO scenarios. 
The purpose of this contribution is to ensure study results that apply to GEO and NGSO with circular orbit at altitude greater than 600 km also apply to MEO. MEO scenarios feature characteristics that are less challenging than GEO scenarios in terms of latency, and less than LEO scenarios for the doppler effects. Therefore, if the normative work considers GEO and LEO scenarios, the NTN-IoT systems will also be able to support MEO scenarios.
There is a wide range of delay tolerant IoT/M2M applications which require global coverage and continuous service. Such services are ideally suited for support by a satellite network offering larger and adequate performance such as MEO. Examples are maritime use cases for non-critical asset tracking where a data logger is currently used, livestock monitoring across dispersed rural areas, and other critical and non-critical asset tracking in landline, environmental monitoring, wildlife monitoring, environmental monitoring, climate change and so on. 
[bookmark: _heading=h.30j0zll]2. MEO Characteristics
The following observations and proposal on MEO characteristics in R2-1914721 [2] were approved:
Observation 1: Propagation round trip delay (RTD) for bent pipe GEO satellite at 35786 km is about 545 ms, while a typical LEO system at 600 km has RTD of 28.4 ms. The RTD for MEO or any NGSO satellite with altitude above 600 km falls in the range from 28.4 ms to 545 ms. 
Observation 2: The Differential One-Way Delay between nadir and EOC paths for GEO satellite at 35786 km is 16 ms and for LEO satellite at 600 km is 4.44ms. For MEO or any NGSO satellite with altitude between LEO and GEO, the Differential One-Way Delay between nadir and EOC is in the range from 4.44ms to 16ms, therefore it is within the range of LEO and GEO.
Observation 3: The Doppler shift and variation of MEO constellation or any NGSO satellite with altitude between LEO and GEO is smaller than that of for LEO constellation.
Observation 4: The RTT for MEO is less than for GEO but greater than for LEO and hence it is FFS if HARQ can be used

Proposal 1: Add a sentence in the TR 38.821:
“The study results apply to GEO scenarios as well as all NGSO scenarios with circular orbit at altitude greater than or equal to 600 km”. 

Studies in TR 38.811 and solutions developed for GEO and LEO scenarios in TR 38.821 demonstrate that the doppler effect and latency for NGSO constellation (with altitude greater than 600 km) are less challenging than GEO scenarios in terms of latency and less challenging than LEO at 600 km scenarios for the doppler effects.
In TR 38.821 it was noted “The study results apply to GEO scenarios as well as all NGSO scenarios with circular orbit at altitude greater than or equal to 600 km”.
[bookmark: _heading=h.1fob9te]3. MEO Characteristics and Link Budget Analysis
This section introduces the MEO characteristics for the IoT NTN reference scenarios. Based on conclusion in section 2, proposal is to add reference scenario D: MEO based non-terrestrial access network generating fixed beams whose footprints move with the satellite (altitude 10000 km). 
Proposal 1: To add MEO scenario D in Table 4.2-1 in TR 36.763.
[bookmark: _heading=h.17dp8vu]
	NTN Configurations 
	Transparent satellite

	GEO based non-terrestrial access network 
	Scenario A

	LEO based non-terrestrial access network generating steerable beams (altitude 1200 km and 600km)
	Scenario B

	LEO based non-terrestrial access network generating fixed beams whose footprints move with the satellite (altitude 1200 km and 600km)
	Scenario C

	MEO based non-terrestrial access network generating fixed beams whose footprints move with the satellite (altitude 10000 km)
	Scenario D



Table 4.2-1: IoT NTN reference scenarios

	Scenarios
	GEO based non-terrestrial access network - scenario A 
	LEO based non-terrestrial access network -Scenario B & C
	MEO based non-terrestrial access network -Scenario D

	Orbit type
	station keeping a nominally fixed position in terms of elevation/azimuth with respect to a given earth point 
	circular orbiting at low altitude around the earth
	circular orbiting at low altitude around the earth

	Altitude
	35,786 km
	600 km 
1,200 km 
	
 10,000 km

	Frequency Range 
	< 6 GHz (e.g. 2 GHz in S band) 

	Device channel Bandwidth (service link) (NOTE 7)
	-	NB-IoT 180 kHz (DL), Up to 180 kHz with all permissible smaller resource allocations 12*15 kHz, 6*15 kHz, 3*15 kHz, 1*15 kHz, 1*3.75 kHz (UL)
-	eMTC: 1080 kHz (DL), Up to 1080 kHz with all permissible smaller resource allocations, including 2*180 kHz, 180 kHz, 2*15 kHz or 3*15 kHz or 6*15 kHz (UL)

	Payload
	Transparent type
	Transparent Type
	Transparent type

	Earth-fixed beams
	Yes
	Scenario B:  Yes (steerable beams), see NOTE 1
Scenario C: No (the beams move with the satellite)
	Scenario D: The beams move with the satellite

	Max beam footprint size (edge to edge) regardless of the elevation angle
	3500 km (NOTE 3)
	1000 km (NOTE 2)
	
  4018 km

	Min Elevation angle for both sat-gateway and C-IoT device
	10° for service link and 10° for feeder link
	10° for service link and 10° for feeder link
	
10° for service link and 5° for feeder link

	Max distance between satellite and C-IoT device at min elevation angle 
	 40,581 km 
	 1,932 km (600 km altitude) 
 3,131 km (1,200 km altitude) 
	14018 km

	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)
	95.19 ms  (service and feeder links)

	Max differential delay within a cell 
	10.3 ms
	3.12 ms and 3.18 ms for respectively 600km and 1200km
	13.4 ms

	Max Doppler shift (earth fixed user equipment) (NOTE 6)
	0.93 ppm
	24 ppm (600km) 
 21ppm(1200km) 
 
	7.5 ppm

	Max Doppler shift variation (earth fixed user equipment) (NOTE 6)
	0.000 045 ppm/s 
	  0.27 ppm/s (600km) 
  0.13 ppm/s (1200km) 
	0.003 ppm/s

	C-IoT device motion on the earth
	Min 0 km/s (stationary device), max 120 km/h 
	Min 0 km/s (stationary device), max 120 km/h
	Min 0 km/s (stationary device), max 120 km/h

	C-IoT device antenna types
	Omnidirectional antenna with 0 dBi TX antenna gain and 0 dBi RX antenna gain (NOTE 4) 

	C-IoT device max Tx power
	UE power class 3 with up to 200 mW (23dBm), UE power class 5 with up to 100 mW (20 dBm) 

	C-IoT device Noise Figure
	Omnidirectional antenna: 7 dB or 9 dB (NOTE 5)

	Service link
	3GPP defined Narrow Band IoT and eMTC

	NOTE 1:	Each satellite has the capability to steer beams towards fixed points on earth using beamforming techniques. This is applicable for a period of time corresponding to the visibility time of the satellite.
NOTE 2:	This beam size refers to the Nadir pointing of the satellite.
NOTE 3:	The Maximum beam footprint size for GEO is based on current state of the art GEO High Throughput systems, assuming either spot beams at the edge of coverage (low elevation) or a single wide-beam.
NOTE 4:	The use of a Circular polarized antenna is optional.
NOTE 5:	Same Noise Figure of 7 dB as in Release 16 TR 38.821 or 9 dB as in Release 12 TR 36.888 for device can be assumed for link budget. The noise figure is device vendor implementation specific.
NOTE 6:	Max Doppler shift and Max Doppler shift variation in the absence of any device pre-compensation of satellite Doppler shift on the service link.
NOTE 7:	System bandwidth is FFS


[bookmark: _heading=h.3rdcrjn]Table 6.1-1: IoT NTN reference scenario parameters
Proposal 2: To add MEO IoT NTN reference scenario parameters in Table 6.1-1 in TR 36.763.
4. Scenario parameters for MEO
Table 1 below shows the two sets of parameters that were defined for NR NTN studies (i.e., “set 1” and “set 2” specified in TR 38.821) and “set 3” and “set 4” that were presented in RAN1#103-e meeting. Proposal is to add Set 5 for MEO characteristics. 

	
	“Set-1” in TR 38.821
	“Set-2” in TR 38.821
	 “Set 3” in R1-2008868
	“Set-4” in R1-2008868 
	Proposed MEO Scenarios (Set 5)

	Satellite orbit
	LEO-600
	LEO-600
	LEO-600
	LEO-600
	MEO

	Satellite altitude
	600 km
	600 km
	600 km
	600 km
	10,000 km

	Payload characteristics for DL transmission
	

	Frequency band
	S-band (i.e. 2 GHz)
	S-band (i.e. 2 GHz)
	S-band (i.e. 2 GHz)
	S-band (i.e. 2 GHz)
	S-band (i.e. 2 GHz)

	Equivalent satellite antenna aperture (NOTE1)
	2 m
	1 m
	0.5 m
	NOTE 2
	1.5 m

	Satellite EIRP density
	34 dBW / MHz
	28 dBW / MHz
	28.3 dBW / MHz
	21.45 dBW/MHz
	45.4 dBW/MHz

	Satellite Tx max Gain
	30 dBi
	24 dBi
	16.2 dBi
	11 dBi
	28.1 dBi

	3dB beamwidth
	4.4127 deg
	8.8320 deg
	22.1 deg
	60 deg
	6.5 degrees

	Satellite beam diameter (at nadir pointing)
	20 km
	90 km
	234 km
	700 km
	1140 km

	Payload characteristics for UL reception
	

	Frequency band
	S-band (i.e. 2 GHz)
	S-band (i.e. 2 GHz)
	S-band (i.e. 2 GHz)
	S-band (i.e. 2 GHz)
	S-band (i.e. 2 GHz)

	Equivalent satellite antenna aperture (NOTE1)
	2 m
	1 m
	0.5 m
	NOTE 2
	1.5 m

	G/T
	1.1 dB·K-1
	-4.9 dB·K-1
	-12.8 dB·K-1
	- 17.9 dB·K-1
	3.8 dB/K

	Satellite Rx max Gain
	30 dBi
	24 dBi
	16.2 dBi
	11 dBi
	28.1 dBi

	NOTE 1: This value is equivalent to the antenna diameter for the parabolic reflector modelled in Sec. 6.4.1 of TR 38.811.
NOTE 2: Antenna models different from the parabolic reflector described in TR 38.811 should be used.
	


Table 1: Sets of satellite parameters for link budget and system level evaluations

For link budget analysis the following parameter could be utilized:
	Set 5
	MEO

	3 dB Beam width (HPBW)
	6.5 degrees

	Central beam center elevation
	90 degrees

	Central beam edge elevation
	86.1 degrees

	Central beam edge satellite-UE distance
	10042 km


Table 6.2-2: Set-5 parameters for link budget analysis

Proposal # 3: To include MEO Set-5 parameters for link budget analysis in a new Table 6.2-8 in TR 36.763, as a representative characterization of NTN-IoT scenarios with MEO altitude and characteristics. 
Proposal 4: To add MEO Set-5 satellite parameters for system level simulator calibration in a new Table 6.2-9 in TR 36.763.

4.0 Link budgets
The link budget calculation results are as follows:
Using “Set 5” NTN-IoT scenarios with MEO altitude and characteristics. 
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5. Summary and conclusions
This document presents information of relevance for 3GPP to consider the adaptation of NTN-IoT to also allow for deployment of MEO. The document describes the main characteristics of MEO and its related parameters. 
Proposal 1: To add MEO scenario D in Table 4.2-1 in TR 36.763.
Proposal 2: To add MEO IoT NTN reference scenario parameters in Table 6.1-1 in TR 36.763.
Proposal 3: To include MEO Set-5 parameters for link budget analysis in a new Table 6.2-8 in TR 36.763, as a representative characterization of NTN-IoT scenarios with MEO altitude and characteristics. 
Proposal 4: To add MEO Set-5 satellite parameters for system level simulator calibration in a new Table 6.2-9 in TR 36.763.
Observation: The doppler shift/variation and the delay variation for MEO are smaller than for LEO. The maximum delay for MEO is smaller than for GEO. The IoT-NTN enhancements for LEO and GEO should be sufficient to support MEO.


References
[1] RP-193235, “Study on NB-Io/eMTC support for Non-Terrestrial Network”, MediaTek Inc, 3GPP TSG RAN Meeting #86 Sitges, Spain, December 9-31, 2019
[2] R2-1914721 “Inputs to TR 38.821 on NGSO constellation greater than 600 km 
image1.emf
Company

Transmission Mode DL UL

Frequency GHz 2 2

TX: EIRP [dBW/MHz] 45.4 n/a

Bandwidth [KHz] 180.0 15.0

Free Space Loss [dB] 178.5 178.5

Scintillation losses [dB] 2.2 2.2

atmospheric losses [dB] 0.2 0.2

polarization loss [dB] 3 3

shadow loss [dB] 3 3

sum of all losses [dB] -118.9 -118.9

(C/N)dl [dB] (1080 kHz)  -4.5 n/a

(C/N)dl  [dB] (180 kHz)  -4.5 n/a

(C/N)ul Egde [dB] (45 kHz)  n/a -11.0

(C/N)ul Egde [dB] (15 kHz)  n/a -6.3

(C/N)ul Egde [dB] (3.75 kHz)  n/a -0.2
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