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Introduction
This document contains a summary of the contributions under AI 8.15.1 at RAN1#103e. During RAN Plenary session #89e it was decided to start email discussions for RAN1 Study on Narrow-Band Internet of Things (NB-IoT) / enhanced Machine Type Communication (eMTC) support for Non-Terrestrial Networks (NTN) activities in November 2020 to proceed with the Study Item. The main assumptions are as follows:
· FDD is assumed for this study
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· Devices with GNSS capabilities are assumed.
· Transparent payload is assumed
· Frequency band below 6 GHz
The main objective for AI 8.15.1 IoT NTN scenarios is to define a reference scenarios and set of parameters for link budget. It is desirable to re-use the approach used in NR NTN TR 38.821 to maximum synergies between IoT NTN and NR NTN. In particular with the following:
· Definition of  Reference scenarios 
· [bookmark: _Ref481671177]Reference sets of parameters for link budget suitable for IoT NTN.
In this document, companies’ views are summarized with corresponding observations/proposals on following aspects with detailed proposals from each company listed in appendix.
IoT NTN Scenarios, Parameters, Link Budget
Background
IoT NTN Scenarios
Rapporteur’s summary on IoT NTN Scenarios:
Reminder on the main assumption approved in the SID [18]:
- FDD is assumed for this study

-Earth fixed Tracking area is assumed with Earth fixed and moving cells

-Devices with GNSS capabilities are assumed.

-Transparent payload is assumed

-Frequency band below 6 GHz




A Satellite access network based on satellite with transparent payload is shown in Figure 1. It typically includes the following elements:
- A Ground (or ‘Earth’) Station consisting of a Sat-gateway and a Telemetry, Tracking, Command and Monitoring unit (TTC). TTC link is out of the scope of the Study Item and of the 3GPP realm. 
- One or several Sat-gateways attached to a Base Station Base Band Unit (BBU) that connects the Non-Terrestrial Network to a Core Network/ Application Server. Node BBUs are close to Sat-gateways either co-located or at a few kilometers, antenna diversity may be required depending on geographical location and feeder-link frequency band.
- The satellite may be GEO or Non-GEO, and the satellite may be part of a Satellite Constellation to ensure service continuity and is served successively by one or several Sat-gateways. A Satellite Constellation Controller provides each base station with satellite system data (ephemeris, satellite position and velocity,..). This controller could be linked to the TTC unit at least to retrieve the relevant satellite information, but the link (in green) to the TTC unit is implementation dependent and out of scope of 3GPP. 
- A Feeder link, which is a radio link conveying information for a satellite mobile service between a sat-gateway and the satellite. 
	- A service link or radio link between the C-IOT device and the satellite.
- A satellite, which implements a transparent payload. A transparent payload performs: Radio Frequency filtering, Frequency conversion and amplification; Hence, the waveform signal repeated by the payload is un-changed except for Frequency translation and Transmit Power, which is set-up according to the reference scenario (GEO, LEO satellite) and associated  link budget.
The satellite typically generates several Spot-beams over a given service area bounded by its Field of View (FoV) or Footprint. The footprints of the Spot-beams are typically of elliptic shape. The Field of view of a satellite depends on the on-board antenna design /configuration and the minimum elevation angle. The beamforming may be performed on board the satellite or on the ground.
- C-IoT devices are served by the satellite within the targeted service area and are GNSS reception capable.           
[image: ]
[bookmark: _Ref52965440]                                                  Figure 1: A Satellite access network based on satellite with transparent payload
Connected mobility is not supported in the legacy specification for NB-IoT. NB-IoT supports idle mobility where the device reselects a satellite cell (a Spot-beam in the satellite jargon) after a Radio Link Failure. 
From all the contributions submitted at RAN1#103e RAN on IoT NTN Scenarios:
· A majority of companies propose to focus on LEO and GEO orbital scenarios as approved in the SID [18]. 
· Supporting companies based on contributions submitted in RAN1#103-e:
Huawei, Ericsson, Samsung, Mediatek, Eutelsat, Inmarsat, Intelsat, Ligado, Hughes/Echostar, ESA, OQ TECHNOLOGY, CATT, Thales, ZTE, Intel, Xiaomi, Qualcomm, Nokia, Sony
· One company propose to prioritize GEO orbital scenario (OPPO)
· A majority of companies propose to further divided LEO reference scenarios to earth-fixed beams or earth-moving beams :
· Supporting companies based on contributions submitted in RAN1#103-e:
ZTE, Eutelsat, Inmarsat, Ligado, Hughes/Echostar, Thales, Intelsat, Ligado, OQ TECHNOLOGY, Mediatek, CATT, Samsung, ZTE, Xiaomi, Qualcomm, Nokia
· One company propose to focus on earth fixed beam (Ericsson)
· A majority of companies propose to use as reference spectrum FR1 used as a reference in NR NTN TR 38.821:
· Supporting companies based on contributions submitted in RAN1#103-e:		
Huawei, Mediatek, Eutelsat, Intelsat, Ligado, Hughes/Echostar, Inmarsat, Ericssson, CATT, Samsung, OQ TECHNOLOGY, Sateliot, ZTE, Intel, Xiaomi, Qualcomm, Nokia, Sony
· Satelliot, Gatehouse proposed to include microsatellite platforms typically denoted by cube satellite  with the size and power limitations of microsatellites along and low-density constellations:
1. Restricted link budget, due to maximum transmission power, antenna gains and number of beams.
2. Discontinued service link coverage where UE devices can remain long periods of time without being able to detect a satellite cell.
· CMCC, ZTE, Nokia mentioned building penetration loss and poor GNSS reception of indoor UEs.  In Rel-17 IoT NTN SID, a NOTE 3 was added to clarify that “GNSS capability in the UE is taken as a working assumption in this study for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed”. The working assumption implies that UEs are outdoors, as GNSS coverage indoors cannot be guaranteed. 
· ZTE proposed only standalone mode is considered in IoT NTN. Qualcomm proposed both standalone and in-band are considered in IoT NTN.
· Ericsson, Nokia, ZTE, CATT want to prioritize FDD. Only half-Duplex FDD in device is supported in legacy cellular NB-IoT and eMTC. A majotity of companies see LEO and GEO as important, no prioritization of earth-fixed beam over earth-moving beams in IoT NTN.

Companies’ proposals related to IoT NTN scenarios in RAN1#103e
	Company
	Related Proposals & Observations

	Eutelsat, Inmarsat, Mediatek, Ligado, Hughes/EchoStar, ESA, Intelsat, OQ TECHNOLOGY, THALES [1]

	Proposal 1: we propose to reflect on the study item IoT NTN the following scenarios proposed in this contribution.
	    NTN Configurations 
	Transparent satellite (NOTE 1)

	    GEO based non-terrestrial access network 
	Scenario A

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

	    LEO based non-terrestrial access network generating fixed beams which footprint move with the satellite (altitude at Nadir 1200 km and 600km)
	Scenario C


Table 1: IOT NTN reference scenarios

	Gatehouse, Sateliot [2]
	Proposal #1 - It is proposed to include the consideration of an NB-IoT scenario for microsatellites in low density LEO constellations during the study item FS-LTE-NBIOT-eMTC-NTN work.
, OQ TECHNOLOGY supports this proposal

	CMCC [4]
	Observation 1: NB-IoT/eMTC over NTN is valuable in the following scenarios
· Remote areas with sparsely distributed terminals
· Transportation & logistics to guarantee anywhere connectivity to 5G network

	Ericsson [5]
	Observation 1	eMTC and NB-IoT are complementary technologies that can address different types of IoT use cases based on their unique capabilities.
Observation 2	NB-IoT supports ultra-low complexity devices with very narrow bandwidth, while eMTC can achieve higher data rates, more accurate device positioning, and supports voice calls and connected mode mobility.
Observation 3	The approved Rel-17 IoT NTN SID is dedicated to LEO and GEO satellite communication, while HAPS/HIBS and A2G are not in the scope.
Observation 4	Rel-17 IoT NTN study should equally treat eMTC and NB-IoT. The study item cannot be said to be complete, if one of them is not properly studied for its feasibility for NTN.
Observation 5	Identifying specific bands of interest in sub 6 GHz can be a topic for RAN4 to discuss when a potential normative phase comes.
Observation 6	The approved Rel-17 IoT NTN SID is dedicated to transparent payload.
Observation 7	To study the feasibility of NTN for eMTC and NB-IoT, it is important to properly evaluate the various design targets originally envisioned for eMTC and NB-IoT in the new context of NTN, taking into account factors such as the additional complexity, cost, and power consumption associated with GNSS operation.

Proposal 1	IoT NTN study should focus on essential adaptations for NTN, while generic enhancements motivated by non-NTN are outside the scope.
Proposal 2	Rel-17 IoT NTN should support connectivity to EPC as the baseline.
Proposal 3	In Rel-17 IOT NTN SI, consider nominal S band (2 GHz) for evaluation purposes.
Proposal 4	In Rel-17 IOT NTN SI, limit the focus to FDD only.
Proposal 5	In Rel-17 IOT NTN SI, limit the focus to earth fixed beam.


	Huawei [6]
	Proposal 1: The deployment scenarios, evaluation methodology and simulation assumptions should be should be identified for IoT-NTN including at least the following aspects
· Bands of interest in sub 6 GHz
· UE RF characteristics
· Satellite RF characteristics
· Satellite constellation orbit LEO and GEO 
· Satellite beam
· Transparent payload
· Traffic model
· Operation mode

	ZTE [7]
	Proposal 1: Both GEO/LEO with fixed and moving beam should be considered.
Proposal 7: Only the stand-alone mode is supported for NB-IoT with further investigation on eMTC. 

	Nokia [8]
	Observation 3: HAPS is not included in the SI description, but extension to include it may be feasible.
Observation 4: LEO and GEO satellite characteristics from TR 38.821 can be used as baseline for link budget analysis.
Observation 5: NB-IoT and eMTC supports different deployment options, but not all may be applicable to NTN.
Observation 6: A coexistence analysis (RAN4) may be needed. 
Proposal 1: RAN1 to agree S-band usage for service link as a working assumption. Feeder link frequency band is FFS.
Proposal 2: RAN1 to agree FDD usage as a working assumption.
Proposal 3: The study item should target new bands for non-terrestrial networks. 
Proposal 11: RAN1 to discuss NB-IoT and eMTC deployment options, potentially in connection with NR over NTN.
Proposal 12: RAN1 to discuss whether the study includes terrestrial network interaction.

	
Qualcomm [10]
	Proposal 1: Confirm support of both L-band and S-band in FDD mode of operation for eMTC and NB-IoT over NTN.
Proposal 2: Confirm support of both LEO and GEO satellites for serving eMTC and NB-IoT over NTN.
Proposal 7: Support satellites with steerable as well as fixed (non-steerable) satellite beams
Proposal 8: For LEO satellites with fixed (non-steerable) satellite beams, study techniques to configure a cell (Ncell for NB-IoT) that spans resources across multiple satellite beams of a satellite.
Proposal 9: For NB-IoT over NTN, support only the following deployment modes
· Standalone
· In-band with / guard band of NR

	
Samsung [11]
	Proposal 1: Support a reference scenario for NTN IoT including a transparent payload.
Proposal 2: Support both LEO and GEO satellite platforms for NTN IoT.
Proposal 3: Support scenario A for GEO satellite networks, and scenarios C1 and C2 for LEO satellite networks. 
Proposal 4: Support 2GHz band for NTN IoT operations in Rel-17.

	OPPO [14]
	Proposal 1: GEO satellite may be prioritized.
Proposal 2: scenario of coexistence with NT system is not considered.
Proposal 3: GNSS-incapable device should be considered.  

	Xiaomi [15]
	Proposal 1: At least scenario 1 should be considered in this SI.




IoT NTN Parameters 
Rapporteur’s summary on IoT NTN Parameters:
From all the contributions submitted at RAN1#103e RAN on IoT NTN Parameters:
· A majority of companies propose to re-use NR NTN satellite parameters with minimum changes :
The key reference scenario parameters can be found in table 4.2-2 of TR 38.821. It corresponds to the table 4.2-2 of TR 38.821 in which:
· Transparent payload is assumed as in the SID
· Channel bandwidth for DL transmission: 180 kHz per NB-IoT carrier (1 PRB) and 1.080 MHz for eMTC (6 PRBs)
· Channel bandwidth for UL transmission: 3.75 kHz or 15 kHz for NB-IoT (single tone) and 360 kHz for eMTC (2 PRBs) 
· Power class 3 UE equipped with single Tx/Rx antenna with linear polarization
· Device motion on the earth  for GEO and LEO at 120km/h
The elevation degree is used for service link and feeder link to have max values for delay and Doppler and the target elevations used separately for link budget (same approach as NR NTN in TR 38.821)
	Scenarios
	GEO based non-terrestrial access network - scenario A 
	LEO based non-terrestrial access network -Scenario B & C

	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

	Altitude
	35,786 km
	600 km 
1,200 km 

	Frequency Range  (service link)
	< 6 GHz (e.g. 2 GHz) 

	Channel bandwidth  (service link)
	NB-IOT: 180 kHz min (anchor carrier) or 2*180 kHz (anchor carrier, non-anchor carrier) 
eMTC: 1080 kHz min or 6*180 kHz

	Payload
	Transparent type
	Transparent Type

	Inter-Satellite link
	No
	No

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

	Max beam foot print size (edge to edge) regardless of the elevation angle
	3500 km (Note 5)
	1000 km (Note 2)

	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

	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) 

	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)

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

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

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

	C-IoT device motion on the earth
	120 km/h 
	120km/h 

	C-IoT device antenna types
	Omnidirectional antenna (linear polarisation), assuming 0 dBi, -3 dB polarization loss
“Circular polarized antenna” (Note 7) 

	C-IoT device max Tx power
	Omnidirectional antenna: UE power class 3 with up to 200 mW (23dBm) 

	C-IoT device Noise Figure
	Omnidirectional antenna: 7 Db

	Service link
	3GPP defined Narrow Band IoT 


Extracted table from tdoc [1]
· Sateliot proposed single beam and multiple beam Cube sat IoT NTN scenarios. In multiple-beam configuration the beams can overlap or be non-overlapping. Proposals on discontinuous coverage are in scope of RAN2 objectives in Rel-17 IoT NTN SI. The discontinuous feeder link is only an issue for regenerative payloads which are not in scope of Rel-17 IoT NTN SI. 
[image: ]
Fig. 1. - Geometry for the single-beam configuration case. Link budget values are provided at the locations L1 and L2. [2]
[image: ]
Fig. 2. - Geometry for the multi-beam configuration case. Link budget values are provided at the locations L1 and L2. [2]
Sateliote, Gatehouse proposed to re-use NR NTN satellite parameters with minimum changes:
The key reference scenario parameters can be found in table 4.2-2 of [TR 38.821]. It corresponds to the table 4.2-2 of [TR 38.821] in which:
· Transparent payload is assumed as in the SID
· Channel bandwidth for DL transmission: 180 kHz per NB-IoT carrier (1 PRB) 
· Channel bandwidth for UL transmission: 3.75 kHz for NB-IoT (single tone) 
· Power class 3 UE equipped with single Tx/Rx antenna with linear polarization
· Device motion on the earth  for GEO and LEO at 120km/h

	
	REFERENCE CONFIGURATION:
“Set-2 -TR 38.821”
	PROPOSED CONFIGURATION: “Set-3 - Microsatellite/low density LEO scenario”

	Satellite orbit
	LEO-600
	LEO-600

	Satellite altitude
	600 km
	600 km

	Payload characteristics for DL transmission

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

	Satellite EIRP density
	28 dBW / MHz
	21.45 dBW/MHz

	Satellite Tx max Gain
	24 dBi
	11 dBi

	3dB beamwidth 
	8.83º
	60º

	Satellite beam diameter (at nadir pointing)
	90 km
	700 km

	Payload characteristics for UL transmission

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

	G/T
	-4.9 dB·K-1
	- 17.9 dB·K-1

	Satellite Rx max Gain
	24 dBi
	11 dBi



Companies’ proposals related to IoT NTN parameters in RAN1#103e
	Company
	Related Proposals & Observations

	Eutelsat, Inmarsat, Mediatek, Ligado, Hughes/EchoStar, ESA, Intelsat, OQ TECHNOLOGY, THALES[1]
 
	Proposal 1: we propose to reflect on the study item IoT NTN the following scenarios proposed in this contribution.
The scenarios are depicted in Table 2
	Scenarios
	GEO based non-terrestrial access network - scenario A 
	LEO based non-terrestrial access network -Scenario B & C

	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

	Altitude
	35,786 km
	600 km 
1,200 km 

	Frequency Range  (service link)
	< 6 GHz (e.g. 2 GHz) 

	Channel bandwidth  (service link)
	NB-IOT: 200kHz min (anchor carrier) or 2*200 kHz (anchor carrier, non-anchor carrier) 
eMTC: 1080 kHz min or 6*180 kHz

	Payload
	Transparent type
	Transparent Type

	Inter-Satellite link
	No
	No

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

	Max beam foot print size (edge to edge) regardless of the elevation angle
	3500 km (Note 5)
	1000 km (Note 2)

	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

	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) 

	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)

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

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

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

	C-IoT device motion on the earth
	120 km/h 
	120km/h 

	C-IoT device antenna types
	Omnidirectional antenna (linear polarisation), assuming 0 dBi, -3 dB polarization loss
“Circular polarized antenna” (Note 7) 

	C-IoT device max Tx power
	Omnidirectional antenna: UE power class 3 with up to 200 mW (23dBm) 

	C-IoT device Noise Figure
	Omnidirectional antenna: 7 dB

	Service link
	3GPP defined Narrow Band IoT 


                                                    
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:   void

NOTE 4:   void


NOTE 5: The Maximum beam foot print 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 6: void

NOTE 7: The use of a Circular polarized antenna is considered as a vendor dependent in the context of this study.


	Gatehouse, Sateliot [2]
	Proposal #1 - It is proposed to include the consideration of an NB-IoT scenario for microsatellites in low density LEO constellations during the study item FS-LTE-NBIOT-eMTC-NTN work.
Proposal #3 - It is proposed to study the implications of discontinuous service coverage into the NB-IoT protocol and determine whether potential solutions at protocol level are needed or not to cope with it.
Proposal #4 - It is proposed to study the implications of discontinuous feeder coverage into the NB-IoT protocol and determine whether potential solutions at protocol level are needed or not to cope with it.
OQ TECHNOLOGY supports this proposal

	CMCC [4]
	Proposal 1: Study and clarify the following issues applicable to NB-IoT/eMTC application over NTN
· The global frequency policy for satellite communication in sub 6 GHz
· Link budget for worse conditions to guarantee anywhere connectivity to 5G network, including
· Rain and cloud attenuation
· Building entry loss, if indoor deployment is considered
· Carriage and container penetration loss for logistics application
· Vegetation loss for outdoor application
· Maximum transmission power assumption of a satellite, which impact the maximum supported IoT terminal number
· GNSS capability and accuracy assumption on position and/or a reference time and frequency determination

	Ericsson [5]
	Observation 1	eMTC and NB-IoT are complementary technologies that can address different types of IoT use cases based on their unique capabilities.
Observation 2	NB-IoT supports ultra-low complexity devices with very narrow bandwidth, while eMTC can achieve higher data rates, more accurate device positioning, and supports voice calls and connected mode mobility.
Observation 3	The approved Rel-17 IoT NTN SID is dedicated to LEO and GEO satellite communication, while HAPS/HIBS and A2G are not in the scope.
Observation 4	Rel-17 IoT NTN study should equally treat eMTC and NB-IoT. The study item cannot be said to be complete, if one of them is not properly studied for its feasibility for NTN.
Observation 5	Identifying specific bands of interest in sub 6 GHz can be a topic for RAN4 to discuss when a potential normative phase comes.
Observation 6	The approved Rel-17 IoT NTN SID is dedicated to transparent payload.
Observation 7	To study the feasibility of NTN for eMTC and NB-IoT, it is important to properly evaluate the various design targets originally envisioned for eMTC and NB-IoT in the new context of NTN, taking into account factors such as the additional complexity, cost, and power consumption associated with GNSS operation.

Proposal 1	IoT NTN study should focus on essential adaptations for NTN, while generic enhancements motivated by non-NTN are outside the scope.
Proposal 2	Rel-17 IoT NTN should support connectivity to EPC as the baseline.
Proposal 3	In Rel-17 IOT NTN SI, consider nominal S band (2 GHz) for evaluation purposes.
Proposal 4	In Rel-17 IOT NTN SI, limit the focus to FDD only.
Proposal 5	In Rel-17 IOT NTN SI, limit the focus to earth fixed beam.


	Huawei [6]
	Proposal 2: The performance metrics for IoT over NR-NTN includes at least the following 
· DL/UL peak data rate
· Latency
· User density 
· Power consumption


	ZTE [7]
	Proposal 2: Proper satellite RF parameters should be defined with consideration on the satellite’s cost/efficiency to support the IoT application.
Proposal 3: Target scenarios for the application should be clarified with proper assumption on the channel condition.
Proposal 4: The ITU requirements on UE density can be considered as the baseline for evaluation unless NTN-specific UE density for target commercial usage is defined.
Proposal 5: The single antenna (linear polarization) and half-duplex for UE should be taken as baseline assumption.
Proposal 6: Investigation on the impacts and requirements along with the enabling of GNSS for IoT device is needed.
Proposal 8: IoT-NTN with FDD can be prioritized in this SI.

	Nokia [8]
	Observation 1: The S-band with related channel model parameters and evaluation assumptions from NTN SI [2][3] can be used for (service link) IoT over NTN SI.
Observation 2: The assumptions on satellite constellation in TR 38.821 can be reused for the SI.
Proposal 4: RAN1 to discuss which device power class(es) to study.
Proposal 5: RAN1 to discuss which release of NB-IoT and eMTC is assumed as baseline and which optional features are supported.
Proposal 6: RAN1 to discuss which device categories to include in the study.
Proposal 7: Link budget assumptions incl. target channels, data rate, UE and satellite characteristics, are needed to facilitate link budget analysis.
Proposal 8: RAN1 to discuss and define use case(s) for the IoT over NTN SI.
Proposal 9: RAN1 to discuss technology objectives in terms of 
· number of supported devices
· user equipment battery lifetime
· maximum user data uplink latency 
· maximum coupling loss
Proposal 10: RAN1 to discuss whether indoor UEs are in scope and how to handle poor GNSS performance.

	CATT [9]
	Proposal 1: Take into account the table 1 on satellite parameters configuration for NB-IoT/eMTC over NTN.
Proposal 2: Take into account the table 2 on UE parameters configuration for NB-IoT/eMTC over NTN.
Proposal 3: Take into account the table 3 on scenario configuration for NB-IoT/eMTC over NTN.
Table 1 Satellite parameters configuration for IoT NTN
	
	GEO
	LEO

	Satellite altitude
	35786km
	1200/600 km

	Beam diameter
	>300km
	>100km

	Beam type
	Earth fixed beam
	Steerable beam and moving beam

	Frequency reuse mode for adjacent beam/cells
	FDM 
	FDM

	Antenna port
	1
	1



Table 2 UE parameters configuration for IoT NTN
	
	eMTC
	NB-IoT

	Transission power
	23/20 dBm 
	23/20 dBm

	Duplex mode
	FD-FDD
HD-FDD
	HD-FDD

	TX/RX Antenna port
	1
	1

	Anetnna type
	Linear polarization
Omnidirectional antenna
	Linear polarization
Omnidirectional antenna

	Bandwidth 
	1.4Mhz 
	200Khz
Only one anchor carrier is considered.




	
Qualcomm [10]
	Proposal 3: Support both PC3 and PC5 for NB-IoT over NTN.
Proposal 4: RAN1 to study the downlink frequency accuracy of initial cell acquisition for eMTC and NB-IoT over NTN. This includes studying:
· Accuracy of crystal oscillator at the UE (in ppm)
· Maximum doppler frequency offset during initial acquisition
Proposal 5: RAN1 to study how accurately an eMTC/NB-IoT UE can track the location of a satellite—specifically for the case of LEO satellites. 
· RAN1 to also study how frequently the UEs need to read system information from the satellite in order to maintain the above accuracy of satellite location.
Proposal 6: RAN1 to agree on the length of connections that are supported for eMTC/NB-IoT over NTN. 
· RAN1 to also discuss UE impact of SIB reads during a connection, if such is required to maintain a given satellite location accuracy at the UE, as described in the above proposal. 

	
Samsung [11]
	Proposal 5: Discuss simulation assumptions for link/system level evaluation and link budget calculation using the evaluation done in TR 38.821 as starting point.  

	Intel [12]
	Proposal: 
· Scenarios for S-band with LEO and GEO satellite orbits from TR 38.821 are used for NB-IoT/eMTC NTN SI considering at least the following changes
· Power class 3 and power class 5 UE equipped with single Tx/Rx antenna with linear polarization
· Channel bandwidth for DL transmission: 180 kHz for NB-IoT (1 PRB) and 1.080 MHz for eMTC (6 PRBs)
· Channel bandwidth for UL transmission: 15 kHz for NB-IoT (single tone) and 360 kHz for eMTC (2 PRBs)
· Set 2 of satellite antenna parameters specified for NR in TR 38.821 can be used

	Xiaomi [15]
	Proposal 1: At least scenario 1 should be considered in this SI.
	Scenarios
	GEO based non-terrestrial access network Scenario A 
	LEO based non-terrestrial access network (Scenario C1 & C2)

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

	Altitude
	35,786 km
	600 km
1,200 km

	Spectrum (service link)
	<6 GHz (e.g. 2 GHz) such as the S, L and C bands

	Max channel bandwidth capability (service link)
	200KHz for NB-IOT;
1.4MHz for eMTC, FFS for 5MHz

	Payload
	Transparent 

	Inter-Satellite link
	No

	Earth-fixed beams
	Yes
	Scenario B: Yes (steerable beams), 
Scenario C: No (the beams move with the satellite)

	Max beam foot print size (edge to edge) regardless of the elevation angle
	3500 km (Note 5)
	1000 km

	Min Elevation angle for both sat-gateway and user equipment
	10° for service link and 10° for feeder link
	10° for service link and 10° for feeder link

	Max distance between satellite and user equipment at min elevation angle
	40,581 km
	1,932 km (600 km altitude)
3,131 km (1,200 km altitude)

	Max Round Trip Delay (propagation delay only)
	541.46 ms (service and feeder links)

	Scenario C1&C2: (transparent payload: service and feeder links)
25.77 ms (600km)
41.77 ms (1200km)



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

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

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

	User equipment motion on the earth
	500 km/h 
	500 km/h


	User equipment antenna types
	Omnidirectional antenna (linear polarisation), assuming 0 dBi

	User equipment Tx power
	Omnidirectional antenna: UE power class 3 with up to 200 mW

	User equipment Noise figure
	Omnidirectional antenna: 9 dB (refer to TR36.802)

	Service link
	3GPP defined NB-IoT and eMTC

	Feeder link
	3GPP Radio interface




Proposal 2: The above reference scenario and parameters should be considered in the evaluation of this SI.

	
Sony [16]
	Observation 1:
· A semi spherical coverage circular polarization (CP) antenna performs better for IoT NTN UE when the UE is in a stable platform and the antenna can be orientated. A Linear polarization (LP) omni antenna  has a 3dB polarization loss. However, an omni antenna allows the UE to have an arbitrary orientation.
· In a multi scattering environment, the scattering wave may change polarization, and the LP antenna will have similar performance as a CP antenna. 
Proposal 2. RAN1 agrees values for the following link budget parameters: TX EIRP, RX G/T, Polarization loss and Additional losses.
Proposal 3: The traffic models from TR45.820 are considered in the IoT NTN study.
Proposal 4: The IoT NTN study considers both mobile originated and mobile terminated traffic models.



IoT NTN Link budget 
Rapporteur’s summary on IoT NTN Parameters:
From all the contributions submitted at RAN1#103e RAN on IoT NTN link budget:
· A majority of satellite companies (Eutelsat, Inmarsat, Intelsat, Ligado, Hughes/Echostar, ESA, Thales, OQ TECHNOLOGY) made proposals on Set 1 and Set 2 and propose to go with parameters set 2 as baseline for NB-IoT and eMTC [1]:
[image: ]
· Sateliot, Gatehouse made proposals for special case of cube-sat (LEO -600km) with parameter set 3 which can be seen as most challenging set of parameter for the link budget [2]: They showed for single beam, the C/N can be 1.2 dB (UL with ST 3.75 kHz, and -8.3 dB DL); for multiple beam, the C/N can be -2.5 dB (UL with ST 3.75 kHz, and -12 dB DL). The difference of 3.7 dB between single-beam and multiple-beam is due to the longer beam edge path delay.

· MediaTek provided link budget analysis for set 1 discussed in section 2.1.1 for NB-IoT and eMTC. Sony, Qualcomm provided link budget analysis for set 2 for NB-IoT and eMTC. Ericsson provided a link budget based on NR NTN parameter Set 1 in Table 6.1.1.1-1 TR 38.821 with main modifications for bandwidth assumptions for NB-IoT (180 kHz) and eMTC (1080 kHz). Huawei provided link budget analysis for Set 1 and Set 2 in Table 6.1.1.1-1and Table 6.1.1.1-2 in TR 38.821 and proposed companies aligned on link budget analysis. Ericsson and Huawei link budgets show better C/N on DL and UL can be achieved due to higher EIRP and G/T figures assumed in TR 38.821 for Set 1 and Set 2 as can be expected compare Eutelsat and Satelliot, MediaTek.  




Companies’ proposals related to IoT NTN link budget in RAN1#103e
	Company
	Related Proposals & Observations

	Eutelsat, Inmarsat, Mediatek, Ligado, Hughes/EchoStar, ESA, Intelsat, OQ TECHNOLOGY, THALES 
[1]

	Proposal 1: we propose to reflect on the study item IoT NTN the following scenarios proposed in this contribution.
Among the two sets of parameters introduced in this paper, it has been proposed to use Parameter Set 2 as the baseline for the NTN NB-IoT link budget along with 6 calculation scenarios based on CIR values previously calculated for eMBB. It is shown that by using Parameter Set 2 the link budget closes.
Proposal 2: The final proposal is to adopt parameter Set 2 for the NB-IoT part of the Study Item FS-LTE-NBIoT-eMTC-NTN
[image: ]
[bookmark: _Ref52964651]                                                  Table 4: Satellite Parameters Set 2

	Gatehouse, Sateliot [2]
	Proposal #2 - It is proposed to include a minimum case link budget configuration into the set of link budget reference configurations covered under the SI.

OQ TECHNOLOGY supports this proposal

	Ericsson [17]
	[bookmark: _Ref54247304]A1.	Link budgets
We provide the link budgets for the parameters in Table 2. 
[bookmark: _Ref53481384]Table 2 Parameters for link budget calculation.
	Simulation scenario
	Set 1

	Frequency band
	S-band

	Carrier frequency
	2 GHz

	Frequency reuse
	1



Table 3 Link budget for 600 km LEO satellite for a 30° elevation angle.
	System
	NB-IoT
	eMTC

	
	DL
	UL
	DL
	UL

	TX: EIRP/spot [dBm]
	56.6
	23.0
	64.3
	23.0

	RX: G/T [dB/T]
	-31.6
	1.1
	-31.6
	1.1

	Bandwidth [Hz]
	1.80E+05
	1.80E+05
	1.08E+06
	1.80E+05

	Free space path loss (PL) [dB]
	159.1
	159.1
	159.1
	159.1

	Atmospheric loss (LA)
	0.1
	0.1
	0.1
	0.1

	Shadow fading margin (SF) [dB]
	3
	3
	3
	3

	Scintillation loss (SL) [dB]
	2.2
	2.2
	2.2
	2.2

	Polarization loss [dB]
	0
	0
	0
	0

	Additional losses (AD) [dB]
	0
	0
	0
	0

	Target SNR [dB]
	6.6
	5.8
	6.6
	5.8



Table 4 Link budget for 1200 km LEO satellite for a 30° elevation angle.
	System
	NB-IoT
	eMTC

	
	DL
	UL
	DL
	UL

	TX: EIRP/spot [dBm]
	62.6
	23.0
	70.3
	23.0

	RX: G/T [dB/T]
	-31.6
	1.1
	-31.6
	1.1

	Bandwidth [Hz]
	1.80E+05
	1.80E+05
	1.08E+06
	1.80E+05

	Free space path loss (PL) [dB]
	164.5
	164.5
	164.5
	164.5

	Atmospheric loss (LA)
	0.1
	0.1
	0.1
	0.1

	Shadow fading margin (SF) [dB]
	3
	3
	3
	3

	Scintillation loss (SL) [dB]
	2.2
	2.2
	2.2
	2.2

	Polarization loss [dB]
	0
	0
	0
	0

	Additional losses (AD) [dB]
	0
	0
	0
	0

	Target SNR [dB]
	7.2
	0.4
	7.2
	0.4



Table 5 Link budget for GEO satellite for an elevation angle of 10°.
	System
	NB-IoT
	eMTC

	
	DL
	UL
	DL
	UL

	TX: EIRP/spot [dBm]
	81.6
	23.0
	89.3
	23.0

	RX: G/T [dB/T]
	-31.6
	19.0
	-31.6
	19.0

	Bandwidth [Hz]
	180000.0
	180000.0
	1080000.0
	180000.0

	Free space path loss (PL) [dB]
	190.63
	190.63
	190.63
	190.63

	Atmospheric loss (LA)
	0.190
	0.190
	0.190
	0.190

	Shadow fading margin (SF) [dB]
	3
	3
	3
	3

	Scintillation loss (SL) [dB]
	2.2
	2.2
	2.2
	2.2

	Polarization loss [dB]
	0
	0
	0
	0

	Additional losses (AD) [dB]
	0
	0
	0
	0

	Target SNR [dB]
	-0.04
	-7.97
	-0.04
	-7.97





	Ericsson [5]
	
Proposal 6	In Rel-17 IOT NTN SI, evaluate eMTC and NB-IoT in the context of NTN at least for the following targets: (1) coverage performance through link budget analysis; (2) supported device density; (3) complexity and cost of equipping eMTC/NB-IoT devices with NTN capability; (4) power consumption performance of eMTC/NB-IoT devices with NTN connectivity; and (5) latency performance of eMTC/NB-IoT devices in NTN systems.


	
Huawei [6]
	Proposal 3: Link budget parameters for IoT-NTN should be aligned.
Table 1 Link budget results
[image: ]


	CATT [9]
	Proposal 3: Take into account the table 3 on scenario configuration for NB-IoT/eMTC over NTN.
Table 3 Some scenario related parameters configuration for IoT NTN
	
	GEO
	LEO

	UE speed
	Up to 300km/h
	Up to 120km/h

	Link budget target
	Can be less than -10dB
	Not less than -5dB

	Frequency band
	S or L band
	C or S band




	MediaTek [13]
	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 [1].
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 

	Sony [16]
	
Table 2 - Link budget evaluation for Rel-15 eMTC (sub-PRB PUSCH)
	
	GEO
	LEO-1200
	LEO-600

	Transmission mode
	DL
	UL
	DL
	UL
	DL
	UL

	Frequency [GHz]
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	TX: EIRP [dBm]
	90.13

	23.00
	64.03

	23.00
	58.63

	23.00

	RX: G/T [dB/T]
	-31.62
	16.70
	-31.62
	-12.80
	-31.62
	-12.80

	Bandwidth [MHz]
	1.08
	0.015
	1.08
	0.015
	1.08
	0.015

	Free space path loss [dB]
	190.58
	190.58
	164.49
	164.49
	159.10
	159.10

	Atmospheric loss [dB]
	0.12
	0.12
	0.11
	0.11
	0.10
	0.10

	Shadow fading margin [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Scintillation Loss [dB]
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20

	Polarization loss [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Additional losses [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	CNR [dB]
	-5.124
	-5.361
	-5.120
	-8.757
	-5.123
	-3.360



Table 3 - Link budget evaluation for Rel-13 eMTC (full-PRB PUSCH)
	
	GEO
	LEO-1200
	LEO-600

	Transmission mode
	DL
	UL
	DL
	UL
	DL
	UL

	Frequency [GHz]
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	TX: EIRP [dBm]
	90.13

	23.00
	64.03

	23.00
	58.63

	23.00

	RX: G/T [dB/T]
	-31.62
	16.70
	-31.62
	-12.80
	-31.62
	-12.80

	Bandwidth [MHz]
	1.08
	0.180
	1.08
	0.180
	1.08
	0.180

	Free space path loss [dB]
	190.58
	190.58
	164.49
	164.49
	159.10
	159.10

	Atmospheric loss [dB]
	0.12
	0.12
	0.11
	0.11
	0.10
	0.10

	Shadow fading margin [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Scintillation Loss [dB]
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20

	Polarization loss [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Additional losses [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	CNR [dB]
	-5.124
	-16.153

	-5.120
	-19.549

	-5.123
	-14.152




Table 4 - Link budget evaluation for NB-IoT
	
	GEO
	LEO-1200
	LEO-600

	Transmission mode
	DL
	UL
	DL
	UL
	DL
	UL

	Frequency [GHz]
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	TX: EIRP [dBm]
	82.35

	23.00
	56.25

	23.00
	50.85

	23.00

	RX: G/T [dB/T]
	-31.62
	16.70
	-31.62
	-12.80
	-31.62
	-12.80

	Bandwidth [MHz]
	0.180
	0.015
	0.180
	0.015
	0.180
	0.015

	Free space path loss [dB]
	190.58
	190.58
	164.49
	164.49
	159.10
	159.10

	Atmospheric loss [dB]
	0.12
	0.12
	0.11
	0.11
	0.10
	0.10

	Shadow fading margin [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Scintillation Loss [dB]
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20

	Polarization loss [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Additional losses [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	CNR [dB]
	-5.124
	-5.361
	-5.120
	-8.757
	-5.123
	-3.360






Observation 2: For IoT-NTN, a transport block of approximately 500 bits is transmitted in approximately 340ms for GEO, 170ms for LEO-600 and 840ms for LEO-1200.
Observation 3: The eMTC UL needs to operate in CE Mode B in order to support NTN.
Observation 4: For a single-tone NB-IoT UL transmission, a 10RU transmission with 4 repetitions is required to transmit 500 bits in a GEO constellation. This transmission has a length of 320ms. 
Observation 5: The DL data rate supported by IoT-NTN is significantly higher than the supported UL data rate.
Observation 6: The eMTC DL can operate in the CE Mode A region in order to support NTN. 
Observation 7: With HARQ, IoT-NTN supports sustained data rates in the region of 500bps to 4kbps, depending on constellation type.
Observation 8: The latency for transmission of 1000 bits of data in IoT-NTN is in the region of 250ms to 2000bps, depending on constellation type.
Observation 9: HARQ processes are sufficient for supporting the sustained data rates for LEO constellations.
Observation 10: Increasing the number of HARQ processes supported, or configuring the system to run without HARQ, would increase the data rates supported for GEO constellations. 
Proposal 2. RAN1 agrees values for the following link budget parameters: TX EIRP, RX G/T, Polarization loss and Additional losses.
Proposal 3: The traffic models from TR45.820 are considered in the IoT NTN study.
Proposal 4: The IoT NTN study considers both mobile originated and mobile terminated traffic models.




Company Views (1st round discussions)
IoT NTN Scenarios
According to the above summary, the following proposals are listed as majority views:
Initial Proposal 2.2.1-1: Include IoT NTN scenarios A, B, and C in TR 36.763.
	    NTN Configurations 
	Transparent satellite 

	    GEO based non-terrestrial access network 
	Scenario A

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

	    LEO based non-terrestrial access network generating fixed beams which footprint move with the satellite (altitude at Nadir 1200 km and 600km)
	Scenario C



Initial Proposal 2.2.1-2: Include cube satellite scenarios as a special case of scenario B or C of IoT NTN in TR 36.763. 
Cube satellite has the size and power limitations typically associated with microsatellites and low-density constellations:
1. Restricted link budget consistent with extreme coverage assumption, due to relatively much smaller maximum transmission power, smaller antenna gains and number of beams.
2. Discontinuous service link coverage due to very sparse satellite constellation where UE devices can remain long periods of time without being able to detect a satellite cell.

Initial Proposal 2.2.1-3: Include section 2.1 IoT NTN Overview in [1] in TR 36.763.

	Company
	Comments and Views

	ZTE
	1. Initial Proposal 2.2.1-1：Support. All candidates should be considered;
2. Initial Proposal 2.2.1-2:  We should decouple the satellite parameters and scenarios separately. The logic is clear that:
a) Cube satellite is one type of LEO satellite, and covered by either scenario B or C;
b) Detailed parameters is needed to be discussed in section 2.4.2. And corresponding description w.r.t the link budget, etc should be considered later after the evaluation based on the agreed table.
3. Initial Proposal 2.2.1-3: Does the section 2.1 refers to the content in R1-2008815? If so, rephrasing is needed, e.g., to remove the eMBB part. Also w.r.t the TTC part, if  it’s out of scope of 3GPP, we may not need to touch it in TR. For the BBU issue, it’s only as of example for transparent.W.r.t last sentence for mobility issue, if the intention is to summarize the current spec, it’s better to remove it. If no, whether to enhance it or not for NB-IoT over NTN should be decided later according to WG’s decision.
In general, we can take it later for TR drafting.

	Qualcomm
	Initial Proposal 2.2.1-1: We support
Initial Proposal 2.2.1-2: We support
Initial Proposal 2.2.1-3: In the following text in the referenced document: 
“Connected mobility is not supported in the legacy specification for NB-IoT. NB-IoT supports idle mobility where the device reselects a satellite cell (a Spot-beam in the satellite jargon) after a Radio Link Failure.”
The highlighted part is restrictive, since a cell can comprise more than one beam. The text should not restrict such an arrangement of beams/cells.


	Xiaomi
	Initial Proposal 2.2.1-1: We support
Initial Proposal 2.2.1-2: further discussion is needed. We support that discontinuous service link coverage should be considered, but for the first bullet, further discussion is needed.
Initial Proposal 2.2.1-3: For the sentence “C-IoT devices are served by the satellite within the targeted service area and are GNSS reception capable.  ”. it is better to rephrase the sentence to keep in line with the SID that the GNSS capability is taken as working assumption and simultaneously GNSS and NTN NB-IoT/eMTC operation is not assumed


	SONY
	Proposal 2.2.1-1: OK
Proposal 2.2.1-2. We would like to see a more concrete text proposal. Is the proposal to include bullets 1 and 2 in the table for proposal 2.2.1-1? If we want to study cube-satellite, it should be part of LEO. Alternatively, down-prioritize cube-satellite. 
Proposal 2.2.1-3: We are OK with most of the proposal. Why does the paragraph below figure 1 talk about NB-IoT mobility and not eMTC mobility? We suggest that that paragraph is deleted.

	Nokia, Nokia Shanghai Bell
	1. Scenario A/B/C could be included in Study Item at the beginning stage, with issues/risks and solutions to be studied for each of them. It can be considered whether HAPS and other scenarios should be also studied.
2. [bookmark: OLE_LINK2]For cube satellite, what is the difference comparing with LEO and detail should be firstly discussed.
3. For overview of IoT NTN, we prefer to reuse 38.821 as much as possible. With necessary modification for IoT related, it could be discussed. Additionally, both NB-IoT and eMTC should be included.

	Huawei
	One general comment to Proposal 2.2.1-1/ 2.2.1-2/2.2.1-3, it is a bit early to decide whether or not to capture something into the TR. After some agreement on one or more of the following technical aspects is reached, TP can be prepared and reviewed among the companies before being captured into the TR.
1. Initial Proposal 2.2.1-1: We are fine to study these scenarios and suggest a slight update to the main bullet.
Include Consider IoT NTN scenarios A, B, and C for further study in TR 36.763.
2. Initial Proposal 2.2.1-2: We think the cube satellite is an interesting case and we are open to study it. However, the current description on the characteristics of the satellite is a bit unclear. We would prefer to discuss the detailed satellite parameters in section 2.3.2.  There is no urgent need to capture the TP for the moment.
3. Initial Proposal 2.2.1-3: In addition to our general comment above, we have two specific comments below
a) We are not sure whether there is any need to have any description on TTC given that “TTC link is out of the scope of the Study Item and of the 3GPP realm”.
b) Regarding the following 
“One or several Sat-gateways attached to a Base Station Base Band Unit (BBU) that connects the Non-Terrestrial Network to a Core Network/ Application Server. Node BBUs are close to Sat-gateways either co-located or at a few kilometers, antenna diversity may be required depending on geographical location and feeder-link frequency band.” 
Our view is that how the BBU, RRU and the satellite are connected does not need to be captured in the TR since this is very much implementation related. One can consider simplifying the description of this part when discussing the detailed TP.

	Sateliot
	Initial Proposal 2.2.1-1: OK
Initial Proposal 2.2.1-2: OK
Initial Proposal 2.2.1-3: OK

	ESA
	We support all three proposals.
Concerning the Cubesat scenario, it is important to underline the need for solution in case of “Store&Forward”, where the connectivity UE-eNB-CN cannot be always present neither guaranteed.

	Thales
	Proposal 2.2.1-1 : Agreed
Proposal 2.2.1-2 : Agreed, small satellites (e.g. cubesats) should be taken into account. However only for scenario C because this kind of satellite most likely don’t support scenario B.
Proposal 2.2.1-3 :
· Same view as Huawei about the TTC.
· The definition of the base station as depicted in Figure 1 should be clarified.
· We suggest further discussion on this Figure 1.
· “The satellite typically generates several Spot-beams over a given service area bounded by its Field of View (FoV) or Footprint.” should be rephrased “The satellite typically generates several Spot-beams over a given service area bounded by its Field of View (FoV) or Satellite Footprint.”
· “Hence, the waveform signal repeated by the payload is un-changed except for Frequency translation and Transmit Power” should be rephrased “Hence, the radio protocol repeated by the payload is un-changed”
“NB-IoT supports idle mobility where the device reselects a satellite cell (a Spot-beam in the satellite jargon) after a Radio Link Failure.” should be rephrased “NB-IoT supports idle mobility.”

	Inmarsat
	We support all three intial proposals


	Eutelsat
	Agree with Initial proposals 2.2.1-1, 2 and 3. 

	 Samsung
	Initial Proposal 2.2.1-1: OK. Prefer the updated version from Huawei.
Initial Proposal 2.2.1-2: Suggest to further discuss. 
Initial Proposal 2.2.1-3: Share some of the comments already provided
· Remove parts that are out of scope (e.g. TTC)
· Remove sentence about mobility after Fig.1 or mention only what is supported.

	Ericsson
	· On 2.2.1-1, our preference is to prioritize LEO steerable beam over LEO moving beam, but we can accept to study both in SI phase.
· On 2.2.1-2, cube satellites are limited in many aspects. Their market potential is questionable. It’s unclear whether it’s worthwhile to consider them. 
· On 2.2.1-3, it is not proper to directly agree to this. The proponent should prepare draft TP to be reviewed by companies.

	Intelsat
	We support all three initial proposals.

	Spreadtrum
	Initial Proposal 2.2.1-1: OK. 
Initial Proposal 2.2.1-2: Suggest to further discuss.
Initial Proposal 2.2.1-3: Remove sentence about mobility after Fig.1

	CATT
	Initial Proposal 2.2.1-1: OK 
Initial Proposal 2.2.1-2:  not sure if it is feasible, need more discussion.    
Initial Proposal 2.2.1-3:  In general, we are ok for this section, but as mentioned by many companies, exact wording needs more refinements. For example, TTC is needed in the satellite system, but not in the scope of 3GPP, and BBU is more related to product type, not a typical word in specification. For mobility, it touches technical details, but this section is more relevant to scenario and architecture description. Hence, we propose to refine the wording to be acceptable by the group. 

	Novamint
	We support all 3 initial proposals

	OPPO
	Proposal 2.2.1-1: fine to study scenarios A/B/C
Proposal 2.2.1-2: open to discuss the feasibility and effort estimated for covering the cube satellite scenario
Proposal 2.2.1-3: section 2.1 can be a starting point for further polishing the wording. 



IoT NTN parameters 
In the first round of e-mails, 19 companies contributed views on IoT NTN parameters - Ericsson, ZTE, Panasonic, Qualcomm, MediaTek, Samsung, Apple, Lenovo/MM, CATT, Xiaomi, LG, Huawei, APT, Sony, Nokia / Nokia Shanghai Bell, Spreadtrum, Thales, Vivo, Inmarsat, Intelsat, Intel, Eutelsat, OPPO. 

Initial proposal 2.2.2-1: Include IoT NTN reference scenario parameter in TR 36.763:
	Scenarios
	GEO based non-terrestrial access network - scenario A 
	LEO based non-terrestrial access network -Scenario B & C

	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

	Altitude
	35,786 km
	600 km 
1,200 km 

	Frequency Range  (service link)
	< 6 GHz (e.g. 2 GHz) 

	Channel bandwidth  (service link)
	NB-IOT: 180 kHz min (anchor carrier) or 2*180 kHz (anchor carrier, non-anchor carrier) 
eMTC: 1080 kHz min or 6*180 kHz

	Payload
	Transparent type
	Transparent Type

	Inter-Satellite link
	No
	No

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

	Max beam foot print size (edge to edge) regardless of the elevation angle
	3500 km (Note 5)
	1000 km (Note 2)

	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

	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) 

	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)

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

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

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

	C-IoT device motion on the earth
	120 km/h 
	120km/h 

	C-IoT device antenna types
	Omnidirectional antenna (linear polarisation), assuming 0 dBi, -3 dB polarization loss
“Circular polarized antenna” (Note 7) 

	C-IoT device max Tx power
	Omnidirectional antenna: UE power class 3 with up to 200 mW (23dBm) 

	C-IoT device Noise Figure
	Omnidirectional antenna: 7 dB 

	Service link
	3GPP defined Narrow Band IoT 


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:   void

NOTE 4:   void


NOTE 5: The Maximum beam foot print 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 6: void

NOTE 7: The use of a Circular polarized antenna is considered as a vendor dependent in the context of this study.

Table 2.2.2-2: IoT NTN reference scenario parameter 

	Company
	Comments and Views

	ZTE
	For Initial proposal 2.2.2-1
1. Correction on the TR number is needed for the whole summary, e.g., TR 36.763 or 36.963;
2. W.r.t the detailed parameters, at least followings should be checked:
a) Channel bandwidth: Is it refer to the system bandwidth? If so, does it mean that only signal non-anchor carrier is supported for NB-IoT?
b) Max differential delay within a cell/Maximum Doppler shift: Further check based on the agreed parameter, e.g., for cube satellite is needed;
c) C-IoT device antenna: Since [-5] dBi is proposed for smart phone in the on-going NR-NTN WI. Further check for the IoT device is needed. Meanwhile, what does the (Note 7) refer to?
d) UE power: Both PC3 and PC5 are highlighted in the SI, we need to support both.
e) Noise Figure: 9 dB should be considered as TR36.888.
f) Service link: Does the intention is to preclude the eMTC? At least during the SI, both can be considered.

	Qualcomm
	1. We should include PC5 (20 dBm) as a max Tx power option
2. In terms of the “channel bandwidth”, we are not sure why we are using an “anchor + non-anchor” bandwidth in NB-IoT, as opposed to just one carrier of 180 kHz.
[Also, somewhere in the document, eMTC UL bandwidth was mentioned as 2 PRBs. We wonder why we can’t support lower bandwidths—e.g., 1 PRB?]
3. The last row on the “Service Link” is redundant. It should be implied to be valid for both eMTC and NB-IoT irrespective.
4. We would appreciate some discussion on the GNSS accuracy requirements that are to be assumed, as we have described in our contribution, and have also been pointed out by other companies. Whether it is done separately, or as a part of the parameters list, is up to the moderators to decide.

	Xiaomi
	The parameters assumed depends on the scenario, some parameters might need to be updated such as the antenna gain and supported device motion.

	SONY
	Main proposal: should refer to 36.763, not 36.963
C-IoT device antenna types: the proposal is unclear.
· Is the proposal here to consider two antenna types (omni and circular polarized)?
· Does “0 dBi” refer to the transmitter and receiver antenna gain for omni? Does -3dB polarisation loss refer to omni only?
· What values are assumed for TX/ RX gain for circular polarized antennas? What values of polarization loss?
C-IoT device motion on the earth: the study should include the more common case where the device is stationary. 
C-IoT device max Tx power: the “omnidirectional antenna” text is not necessary. Presumably the TX power applies to any antenna.
C-IoT device Noise Figure: the “omnidirectional antenna” text is not necessary. Presumably the noise figure applies to any antenna.
Service link: This should include both NB-IoT and eMTC
In various places there are numbered notes (“note 2”, “note 7” etc). The text proposal should include these notes.

	Nokia, Nokia Shanghai Bell
	1. Which features for NB-IoT and eMTC to be supported in IoT over NTN should be discussed, including the channel bandwidth. For decision of channel bandwidth, requested data rate for NB-IoT and eMTC should be considered, which need further discussion before adding into TR.
2. Why the 120km/h for IoT is selected in this SI?
3. For service link, both 3GPP defined NB-IoT and eMTC should be supported.

	Huawei
	Frequency Range (service link): We should agree on a concrete carrier frequency at least for the link budget analysis as well as other performance evaluations.  
Channel bandwidth: There is no need to mention the scenario for one anchor with one additional non-anchor carrier for NB-IoT. 180 kHz carrier bandwidth is sufficient.
Satellite parameters: We would prefer to have some discussion on the parameters for the additional cube satellite proposed in section 2.3.1 under this agenda including beam footprint size, antenna gain, transmit power, constellations, etc.
C-IoT device motion on the earth: Not sure whether this is the most typical use case for IoT over NTN. At least UEs with low mobility should be studied as well. 
C-IoT device max Tx power: Fine to study PC3 UE but not sure why it is applied for UEs with Omnidirectional antenna.
Service link: Not clear whether eMTC is included or excluded.

	Sateliot
	Initial proposal 2.2.2-1: OK
We would appreciate some discussion on the “Max beam foot print size (edge to edge) regardless of the elevation angle” parameter. In particular, not clear which is the reason to limit this parameter to 1000 km for LEO based non-terrestrial access network -Scenario B & C. Is there any limitation/constraint to support an adaption of the NB-IoT protocol able to work with beams of up to 1700 km in diameter?

	ESA
	We support the proposed parameters.

	Thales
	Proposal 2.2.2-1 : Agreed, except for scenario C @600 km
· Max beam foot print size (edge to edge) regardless of the elevation angle : 1500 km
· In accordance with a 1500 km max beam foot print :
· The min elevation angle for C-IoT device should be revised to 30 deg
· The min elevation angle for the sat-gateway can remain to 10 deg
· The half beam diameter @3dB should be revised to 51,3 deg
· The max distance between satellite and C-IoT device at min elevation angle should be revised to 1044 km
· The max Round Trip Delay should be revised to 19,86 ms
· The max differential delay within a cell should be revised to 1,2 ms
· The max Doppler shift @min elevation should be revised to 20 ppm
· The max Doppler shift variation @90 elevation should be revised to 0,29 ppm/s
Values for the scenario C @ 1200 km should be double checked, especially the minimum elevation angle.

	Inmarsat
	We support the proposed parameters, but we suggest to include the “NOTES” section in the proposal, since the lack of it can create confusion.

	Eutelsat
	Agree. The elevation angle is used for service link and feeder link to assess max values for delay and Doppler. The target elevations will be stated separately for link budget (same approach as NR NTN in TR 38.821)

	Ligado
	Support Set 1 and Set 2. We think the calculation of max differential delay of 10.3 ms for a GEO satellite, 3500km diameter beam, should be re-checked.

	Samsung
	Both PC3 (23dBm) and PC5 (20dBm) should be supported.
It is only considered 120kmh, which is not the typical case. Is the intention to add other values? Stationary UEs?
It is unclear the information provided by the last row on Service Link.

	Ericsson
	· TR should be 36.763, not 36.963
· Device antenna type: add “antenna gain” after “0 dBi”
· Note 7 is missing
· Service link: should include not only NB-IoT but also eMTC

	Intelsat
	We support the proposed parameters.

	Spreadtrum
	· Satellite parameters: We shared the similar view with HW.
· C-IoT device motion on the earth: UEs with low mobility should be studied as well.

	CATT
	· Circular polarized antenna for UE antenna configuration is not expected to support in this release.
· C-IoT device motion may add 300 km/h option, for example, high speed train case.
· Channel bandwidth can be simplified, like as 180khz for NB-IoT, or 1080khz for eMTC
· Last row missed the eMTC case.

	Novamint
	We support the proposed parameters (TR number to be corrected)
We agree with suggestion from Inmarsat to add the Notes to avoid confusion.
In addition, we agree with the point made by Nokia that features for NB-IoT and eMTC to be supported in IoT over NTN (in particular Power consumption) should be discussed. Nevertheless, this should be a separate and potential additional discussion in the email discussion.

	OPPO
	Basically fine with the parameters, also agree the comments from the companies



IoT NTN link budget 

Initial Proposal 2.2.3-1: Include link budget for IoT NTN parameter  Set 1 in TR 36.763:
[image: ]
Path loss modelling is according to TR 38.821 in Table 6.1.3.3-1 as summarized 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




Initial Proposal 2.2.3-2: Include link budget for IoT NTN parameter Set 2 for Cube Satellites in TR 36.763:
Link budget for single-beam scenario.
	
	Uplink
	Downlink

	
	Location L2
Beam Edge
(α =56.8º)
	Location L1
Beam Center
(α =90º)
	Location L2
Beam Edge
(α =56.8º)
	Location L1
Beam Center
(α =90º)

	Tx power (dBm)
	23 
	33

	Antenna gain TX (dBi)
	0
	8
	11

	Antenna gain RX (dBi)
	8
	11
	0

	Free Space Loss
	-155.4
	-154
	-155.4
	-154

	NF (dB)
	
	
	7

	G/T (dB/K)
	-20.9
	-17.9
	

	Additional losses
(scintillation (2.2 dB), shadowing (3 dB), atmospheric absorption (0.1 dB) and polarisation (3 dB)
	8.3
	8.3
	8.3
	8.3

	SNR (12 sc) (dB)
	-15.6
	-11.2
	-8.3
	-3.9

	SNR (6 sc) (dB) 
	-12.6
	-8.2
	

	SNR (3 sc) (dB)
	-9.6
	-5.2
	

	SNR (1 sc) (dB)
	-4.8
	-0.4
	

	SNR (1 sc 3.75 kHz) (dB)
	1.2
	5.6
	



Geometry for the single-beam configuration case. Link budget values are provided at the locations L1 and L2
[image: ]
Link budget for multi-beam scenario.
	
	Uplink
	Downlink

	
	(Location L2) Beam Edge
(α =30º)
	(Location L1)
Beam Center
(α =65.5º)
	(Location L2)
Beam Edge
(α =30º)
	(Location L1)
Beam Center
(α =65.5º)

	Tx power (dBm)
	23 
	33

	Antenna gain TX (dBi)
	0
	8
	11

	Antenna gain RX (dBi)
	8
	11
	0

	Free Space Loss
	-159.1
	-154.8
	-159.1
	-154.8

	NF (dB)
	
	7

	G/T (dB/K)
	-20.9
	-17.9
	

	Additional losses
(scintillation (2.2 dB), shadowing (3 dB), atmospheric absorption (0.1 dB) and polarisation (3 dB)
	8.3
	8.3
	8.3
	8.3

	SNR (12 sc) (dB)
	-19.3
	-12
	-12
	-4.7

	SNR (6 sc) (dB) 
	-16.3
	-9.0
	

	SNR (3 sc) (dB)
	-13.3
	-6.0
	

	SNR (1 sc) (dB)
	-8.5
	-1.2
	

	SNR (1 sc 3.75 kHz) (dB)
	-2.5
	4.8
	



Geometry for the multi-beam configuration case. Link budget values are provided at the locations L1 and L2.
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	Company
	Comments and Views

	ZTE
	1. Please correct the index of two proposals, it seems that same number is used, e.g., Initial Proposal 2.2.3-1;
2. No supportive to capture the above detailed link budget into TR, we should take care of the detailed assumption firstly. And the detailed link budget can be postponed. Moreover, clarification on the terminal scenarios along with the additional loss should be defined, e.g., vegetation loss for outdoor UE.

	Qualcomm
	1. We need to agree on scenarios first, before agreeing on all link-budget numbers.

We wish to point out that “Scenario 1” listed above is not one of the scenarios listed in the NR TR 38.821. Notable is that the satellite gain for the scenario being proposed by the proponent is much smaller than the two scenarios (“Scenario 1” and “Scenario 2”) in TR 38.821.

We think those scenarios should in 38.821 (with the higher satellite gains) could be the first baseline, with potential discussion on the scenario proposed under this proposal.

Additionally, we would really appreciate it if the proponents can provide some motivation for choosing the above scenario (with a lower gain) as the baseline, rather than the NR scenarios.

2. We can be OK “in principle” with the cubesat “scenario” being supported, but we are not OK to agree on the “numbers” yet, without having time to do some checking. This is the first time we are seeing these numbers in 3GPP.

3. We would appreciate it if Qualcomm’s link budget numbers from our contribution are also added into the summary, just for the record.

	SONY
	There are two proposals numbered “2.2.3-1”
For the first proposal:
· This table is parameter set 2 in [1]. However, this proposal is “parameter set 1”. Does this proposal mean that parameter set 2 in [1] is included in TR36.763 as parameter set 1?
· Satellite antenna pattern: reference “[2]” needs defining
· Notes need including in proposal “note 1”, “note 2” etc.
· C/N downlink: should be for “edge”, not “peak”. Is the C/N at the “edge” 3dB less than at the “peak”, assuming the “edge” is at the 3dB beamwidth.
· “C/N up” needs to include the full PRB case (180kHz). This is applicable to eMTC
· Link budget needs to include the required C/N for the target data rate for the various physical channels, as well as the available C/N (available C/N is listed in the link budget in the proposal)
· Components of path loss modelling should be included in link budget (yellow table below the main table) 
For the second proposal (cube satellite)
· [2] proposed that satellite parameters for cube satellite are termed “parameter set-3”. However, this proposal is “parameter set 2”. Does this proposal mean that parameter set 3 in [2] is included in TR36.763 as parameter set 2?
· Include SNR for more than 12 subcarriers. This is relevant to the eMTC DL.
Link budget needs to include the required C/N for the target data rate for the various physical channels, as well as the available C/N (available C/N is listed in the link budget in the proposal).

We would also appreciate it if Sony’s link budget numbers were included for the record.

We would also appreciate it if Sony’s link budget analysis for parameter set 2 were included in the following paragraph:

· MediaTek provided link budget analysis for set 1 discussed in section 2.1.1 for NB-IoT and eMTC. Sony provided link budget analysis for set 2 for NB-IoT and eMTC. Ericsson provided a link budget based on NR NTN parameter Set 1 in Table 6.1.1.1-1 TR 38.821 with main modifications for bandwidth assumptions for NB-IoT (180 kHz) and eMTC (1080 kHz). Huawei provided link budget analysis for Set 1 and Set 2 in Table 6.1.1.1-1and Table 6.1.1.1-2 in TR 38.821 and proposed companies aligned on link budget analysis. Ericsson and Huawei link budgets show better C/N on DL and UL can be achieved due to higher EIRP and G/T figures assumed in TR 38.821 for Set 1 and Set 2 as can be expected compare Eutelsat and Satelliot, MediaTek.  


	Nokia, Nokia Shanghai Bell
	1. For link budget for IoT NTN parameter, it is better to reuse same value as 38.821. For pathloss modelling, all the parts should be added including outdoor-to-indoor penetration loss.
2. For cube satellite, what is the difference comparing with LEO and detail should be firstly discussed.

	CMCC
	For pathloss modelling, additional loss should be considered, e.g., vegetation loss for outdoor UE, and/or, carriage and container penetration loss for logistics application.

	Huawei
	We share the similar view with some other companies that it is a bit too early to capture link budget results into the TR. It will be good to first align the parameters discussed in section 2.3.2. Otherwise, the results provided are lack of common ground and cannot comparable.

	Sateliot
	OK with “Initial Proposal 2.2.3-1” and “Initial Proposal 2.2.3-2”.

We think it is important to consider both proposed “Set-1” and “Set-2” parameters for link budget estimations, being “Set-2” representative of a worst scenario where the NB-IoT protocol would operate under extreme coverage assumptions.

However, agree also with views expressed by other companies that, before capturing specific values in the TR, it is good to first align on the parameters. 


	ESA
	The presented link budgets follow the same approach of 38.821 in terms of formulas and antenna pattern modelling. The calibration should be easy.
Anyway, if too early to decide for new Set-values (by the way, they could be called Set-3 or Set-4 to avoid confusion among the two TRs), it is important to define (and possibly) agree on a minimum SNR for the satellite scenario. Hopefully, it is already in line with the current eMTC/NB-IoT specifications.

	Thales
	Proposal 2.2.3-1 : We suggest to further discuss this link budget to double check some of the parameters values (C/N and G/T)

	Inmarsat
	We support the proposed link budgets in Initial Proposal 2.2.3-1, but we suggest that the referenced “NOTES” are added to the proposal for better clarity.  
Both Sets should be considered.

We also support Initial Proposal 2.2.3-2.

	Eutelsat
	Agree with Set 1 and Set 2 above

	Samsung
	Largely agree with some of the above comments on first agreeing scenarios and parameters. Capturing link budget results in the TR would be done after discussing results based on agreed parameters. 

	Ericsson
	We don’t think it’s proper to agree to these proposals directly. RAN1 should first align assumptions, based on which there would be more link budget calculations from companies. After that, compiled link budgets can be captured in TR.

	Intelsat
	We agree with Set 1 and 2 above. However the beam shape, should be clearly defined. We also have a similar question as Sony for the C/N at “edge”.

	Spreadtrum
	It is a bit too early to capture link budget results into the TR.

	CATT
	For the first proposal, we noticed this parameter set in LEO owns less EIRP compared to set 1 in 38.821, and owns less Equivalent satellite antenna aperture compared to set 2 in 38.821. Hence, we propose this parameter set is new set, called as IoT parameter set. Regarding the alignment among EIRP, Equivalent satellite antenna aperture, and 3dB beamwidth needs further checking.

For second proposal, we need to firstly discuss the feasibility of Cube satellite, and then determine the parameters.

	Novamint
	We believe it is important to consider both proposed “Set-1” and “Set-2” parameters for link budget estimations and we are OK with the 2 initial proposals.

However, we should first agree on the parameters before to conclude this aspect

	OPPO
	We share the similar view with some other companies that it is a bit too early to capture link budget results into the TR.




Summary 1st round discussions
IoT NTN Scenarios
In the first round of e-mails, 19 companies contributed views on IoT NTN scenarios - ZTE, Qualcomm, Xiaomi, SONY, Nokia/Nokia Shanghai Bell, Huawei, Sateliot, ESA, Thales, Inmarsat, Eutelsat, Ligado, Samsung, Ericsson, Intelsat, Spreadtrum, CATT, Novamint, OPPO.
· ZTE, Qualcomm, Xiaomi, Sony, Nokia, Sateliot, ESA, Thales, Inmarsat, Intelsat, Eutelsat, Spreadtrum, CATT, OPPO, Novamint support Initial proposal 2.2.1-1. Huawei fine with scenarios A/B/C. ZTE, Sony observed Cube satellite is one type of LEO satellite, and covered by either scenario B or C. Nokia suggested HAPS and other scenarios should be studied (this is not in scope of SID and would require RAN Plenary decision). Thales mentioned Cube sat only for Scenario C, as not likely in Scenario C. Ericsson has preference to prioritize earth-fixed beams over earth-moving beams, but can support both types..
· Qualcomm, Sateliot, ESA, Thales, Inmarsat, Intelsat, Eutelsat, Samsung, Novamint support initial proposal 2.2.1-2. ZTE, Xiaomi, Nokia, Huawei, Samsung, Spreadtrum, CATT, OPPO suggest to further discuss Cube satellite parameters. Ericsson questioned whether Cube satelites should be considered. 
· Sateliot, ESA, Inmarsat, Intelsat, Eutelsat, Novamint support initial proposal 2.2.1-3. ZTE, Qualcomm, Xiaomi, Sony, Nokia, Huawei, Thales, Samsung, Spreadtrum, CATT, OPPO suggested revisions of text in section 2.1 in R1-2008815 for inclusion in TR 36.673 (remove eMBB part, TTC, restrictions on arrangement of beams/cells, GNSS capability, eMTC mobility).  Ericsson suggest to draft TP to be reviewed by companies.

IoT NTN Parameters 
In the first round of e-mails, 19 companies contributed views on IoT NTN parameters - ZTE, Qualcomm, Xiaomi, SONY, Nokia/Nokia Shanghai Bell, Huawei, Sateliot, ESA, Thales, Inmarsat, Eutelsat, Ligado, Samsung, Ericsson, Intelsat, Spreadtrum, CATT, Novamint, OPPO.
Several companied mentioned clarifications needed on IoT NTN parameters:
· Carrier frequency for link budget: Huawei
· Channel bandwidth: NB-IoT (180 kHz) ZTE, Qualcomm, Nokia, Huawei, Spreadtrum, CATT  . For eMTC (1080 MHz) 
· Device velocity (maximum delocity and fixed device): Xiaomi, Sony, Huawei, Samsung, Spreadtrum, CATT (300 km for HST) 
· Maximum beam diameter: Sateliot (up to 1700 km), Thales (1500 km, also proposed related min / max parameters), ZTE (max differential delay for scenario C) 
· Device antenna gain may be updated (e.g. -5 dBi as in smart phone, gain for circular): ZTE, Xiaomi, Sony
· Antenna type (omni, circular): Xiaomi, CATT (circular not expected in rel-17)
· PC5 (20 dBm) also  to be included: ZTE Qualcomm, Samsung
· NF 9 of dB should be considered as I TR 36.888: ZTE
· NB-IoT and eMTC both considered: ZTE, Nokia, Sony, Ericsson, CATT
· Qualcomm proposed some discussions on GNSS accuracy requirements


IoT NTN Link Budget 
In the first round of e-mails, 19 companies contributed views on IoT NTN link budget - ZTE, Qualcomm, Xiaomi, SONY, Nokia/Nokia Shanghai Bell, Huawei, Sateliot, ESA, Thales, Inmarsat, Eutelsat, Ligado, Samsung, Ericsson, Intelsat, Spreadtrum, CATT, Novamint, OPPO.
Eutelsat, Inmarsat, Mediatek, Ligado, Hughes/EchoStar, ESA, Intelsat, Sateliot, Gatehouse, Novamint support proposal Initial Proposal 2.2.3-1
Eutelsat, Inmarsat, Mediatek, Sateliot, Gatehouse, Novamint support proposal Initial Proposal 2.2.3-1
Several companied mentioned more discussions and alignment on parameters and link budget values needed on IoT NTN Budget:
· ZTE, Qualcomm, Sony, Nokia, Huawei, Thales, amsung, Ericsson, Spreadtrum, CATT, OPOO  suggest more discussions and clarifications on scenario, parameters, and alignment on link budget needed first
· CMCC mentioned additional loss should be considered, e.g., vegetation loss for outdoor UE, and/or, carriage and container penetration loss for logistics application.
· eMTC link budget also needed: Sony
· ESA, Sony propose to clarify Set numbering – e.g. Set 3 and Set 4 to avoid confusion with NR NTN Set 1 and Set 2


Company Views (2nd round of email discussions)
IoT NTN Scenarios
Based on the company’s views in 1st round of discussions, it is the view of the moderator that there is consensus to support scenarios A/B/C in Initial proposal 2.2.1-1. It was observed that Cube satellite is one type of LEO satellite covered by either scenario B or C. Hence, we make the updated proposal w.r.t. scenarios A, B, C for IoT NTN
Proposal#2.5.1-1 (1st round outcome) Include IoT NTN scenarios A, B, and C in a TP to TR 36.763 
	NTN Configurations 
	Transparent satellite

	GEO based non-terrestrial access network 
	Scenario A

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

	LEO based non-terrestrial access network generating fixed beams which footprint move with the satellite (altitude at Nadir 1200 km and 600km)
	Scenario C



Proposal#2.5.1-2 (1st round outcome): Include NOTE related to IoT NTN scenarios B and C for Cube satellite satellites in a TP to TR 36.763
NOTE: Cube satellite scenarios is a special case of scenario B or C of IoT NTN, where cube satellite has the size and power limitations typically associated with microsatellites and low-density constellations:
1. Restricted link budget consistent with extreme coverage assumption, due to relatively much smaller maximum transmission power, smaller antenna gains and number of beams.
2. Discontinuous service link coverage due to very sparse satellite constellation where UE devices can remain long periods of time without being able to detect a satellite cell.
FL recommendations: Need for Cube satellites and parameters of Cube satellites are for further discussions in RAN1#104e

Proposal#2.5.1-3 (1st round outcome): Include section 4.1 IoT NTN Overview in TR 36.763 (this section is based on section 4.1 in TR 38.821 with revisions to align overview with Rel-17 IoT NTN)
/*-----------------------------  Start of TP  ----------------------------*/
Section 4.1 Non-Terrestrial Networks overview
A non-terrestrial network refers to a network, or segment of networks using RF resources on board a satellite (or UAS platform).
The typical scenario of a non-terrestrial network providing access to user equipment is depicted below:











Figure 4.1-1: Non-terrestrial network typical scenario based on transparent payload

In Text below, editoriall comments from Qualcomm were merged with Sony’s comments and addressed in section 2.6.1. The comment were removed to improve formatting and layout of the summary. 
Non-Terrestrial Network typically features the following elements:
-	One or several sat-gateways that connect the Non-Terrestrial Network to a public data network
-	a GEO satellite is fed by one or several sat-gateways which are deployed across the satellite targeted coverage (e.g. regional or even continental coverage). We assume that UE in a cell are served by only one sat-gateway
-	A Non-GEO satellite served successively by one or several sat-gateways at a time. The system ensures service and feeder link continuity between the successive serving sat-gateways with sufficient time duration to proceed with mobility anchoring and hand-over
-	A Feeder link or radio link between a sat-gateway and the satellite
-	A service link or radio link between the user equipment and the satellite.
-	A satellite which may implement either a transparent payload. The satellite generate beams typically generate several beams over a given service area bounded by its field of view. The footprints of the beams are typically of elliptic shape. The field of view of a satellites depends on the on board antenna diagram and min elevation angle.
-	A transparent payload: Radio Frequency filtering, Frequency conversion and amplification. Hence, the waveform signal repeated by the payload is un-changed;
-	User Equipment are served by the satellite within the targeted service area.

There may be different types of satellites listed here under:
Table 4.1-1: Types of NTN platforms
	Platforms
	Altitude range
	Orbit
	Typical beam footprint size

	Low-Earth Orbit (LEO) satellite
	300 – 1500 km
	Circular around the earth
	100 – 1000 km

	Geostationary Earth Orbit (GEO) satellite
	35 786 km
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point
	200 – 3500 km



Typically
●	GEO satellite are used to provide continental, regional or local service.
●	a constellation of LEO is used to provide services in both Northern and Southern hemispheres. In some case, the constellation can even provide global coverage including polar regions. For the later, this requires appropriate orbit inclination, sufficient beams generated and inter-satellite links.
/*-----------------------------  End of TP  ----------------------------*/

	Company
	Comments 

	SONY
	Proposal#2.5.1-1: OK
Proposal#2.5.1-2: There is no need to include the notes about cube satellites in RAN1#103e if, as per the FL recommendation, the need for cube satellites is for further discussion in RAN1#104e. 
Proposal#2.5.1-3. The following text needs editing. Some suggestions are included.
A satellite which may implements either a transparent payload. The satellite generate beams typically generates several beams over a given service area bounded by its field of view. The beam could be either earth fixed beam or earth moving beam for LEO. The footprints of the beams are typically of elliptic shape. The field of view of a satellites depends on the on board antenna diagram design and min elevation angle.
The last sentence should also say “for the latter”, not “for the later”.
Beam footprint size of LEO in Table 4.1-1 is not consistent with that in Proposal#2.5.2-1 (where the beam footprint size is 1500km, not 1000km).

	Qualcomm
	OK with -1 and -2. For -3, please see suggested text comments/clarifications above (as tracked changes).

	ESA
	Ok with the three proposals along with the text clarifications suggested by QCOM.

	ZTE
	Proposal#2.5.1-1: Fine;
Proposal#2.5.1-2: In our view, if the needs for cube satellite will be further discussed in next meeting, no need to treat this proposal now. Meanwhile, for the proposed wording, it’s fine to provide the general description for the new satellite type, but w.r.t the statement of link budget “Restricted link budget consistent with extreme coverage assumption”, it should be further discussed since all related parameters and assumption are not stable yet, e.g., the definition of extreme coverage and “consistent with..”
Proposal#2.5.1-3: Fine in principle, but can be postponed later to further refine the wording, e.g., “(or UAS platform) should be removed since the UAS platform may not be within the scope”

	Sateliot
	Agree with proposal#2.5.1-1
Agree with proposal#2.5.1-2 but suggest the following re-phrasing of the NOTE to align it with the terminology proposed in R1- 2009098.
“NOTE: A special case of scenario B or C for IoT NTN is a scenario based on the use of microsatellite platforms, such as Cubesats, in low density LEO constellations. Key characteristics of such a scenario are:
1.	Restricted link budget leading to extreme coverage conditions, due to the relatively lower maximum transmission power, lower antenna gains and lower number of beams that are achievable with microsatellite platforms (with indicative weights in the range 10-100 Kg).
2.	Discontinuous service link coverage due to very sparse satellite constellation, leading to C-IoT devices that may remain long periods of time without being able to detect a satellite cell.”
Agree with proposal#2.5.1-3.

	GateHouse
	Agree with 2.5.1-1
Agree with 2.5.1-2 with the re-phasing suggested from Sateliot.
Agree with 2.5.1-3 

	Ericsson
	· #2.5.1-1: fine
· #2.5.1-2: There is no need to be hurry in including the note on cube satellites in TR. The note as is does not provide much value. Is it a TR editor note or an actual note in the TR? Anyhow, as proposed by several companies and recommended by FL, more discussions are needed at RAN1#-e, and thus Proposal #2.5.1-2 is not needed at this moment.
· #2.5.1-3: some suggestions on the TP
· Is a skeleton for TR 36.763 available? O.w., we’re not sure if it’s appropriate to place the text in Section 4.1 without any context.
· Delete “(or UAS platform)” as it’s not in scope

	Thales
	Ok with  proposals 2.5.1-1 and 3 along with the text clarifications suggested by QCOM.

As per 2.5.1-3, one should distinguish between cube satellite and low density constellations. Therefore we suggest to revise the Note as follow:
NOTE 1: Cube satellite scenarios are special cases of scenario B or C of IoT NTN, where satellites features limited size and power hence leading to:
· Restricted link budget consistent with extreme coverage assumption, due to relatively much smaller maximum transmission power, smaller antenna gains and number of beams.
NOTE 2: Low-density or sparse constellation scenarios are special cases of scenario B or C of IoT NTN, leading to
· Discontinuous service link coverage where UE devices can remain long periods of time without being able to detect a satellite cell.
· 

	Huawei
	Proposal#2.5.1-1: As commented earlier, we are fine to study the three scenarios. Even though it may be kind of obvious, it will be good to agree on a TP which will be captured exactly into the TR separately, i.e. some text similar to Proposal#2.5.1-3. 
Proposal#2.5.1-2: Agree with Sony that there is no need to capture the note into the TP given the FL recommendation is to study the need for Cube satellites and parameters of Cube satellites in RAN1 #104-e. 
Proposal#2.5.1-3: Fine with TP in general and agree with the modification from Sony. It will be also good to see the skeleton of 36.763 before agreeing on detailed TP.

	Nokia, Nokia Shanghai Bell
	OK on Proposal#2.5.1-1
For Proposal#2.5.1-2, difference of cube satellite in scenario B and C should be further studied, which should also be mentioned  
For Proposal#2.5.1-3, generally we support the TP except some points as below
1, in the text, there is UAS for some part, while some part not, which is different from 38.821. 
2, As LTE NB-IoT and eMTC UE can not see multiple beams but only cell, we think the beam here is satellite beam while not 3GPP beam. It should be discussed whether LTE IoT UE need to support beam in NTN scenario and how to support. Before that, it could be mentioned it is satellite beam or mentioned it should be further studied whether and how to support. 
3, remove “either” when only support transparent payload.

	Novamint
	Ok with proposals#2.5.1-1 & #2.5.1-3 and agree with the text clarifications proposed by Qualcomm.
For proposal#2.5.1-2, we would agree with the revision of the Note as suggested by Sateliot or Thales.

	Samsung
	Proposal 2.5.1-1 OK
Proposal 2.5.1-2 No need to have the Note. Text related to cube satellite can be introduced in the TR after further discussion.
Proposal 2.5.1-3 Agree with modifications proposed by Sony.

	Intelsat
	Agree with 2.5.1-1
Agree with 2.5.1-2 
Agree with 2.5.1-3

	Sequans
	We agree with proposal 2.5.1-1.
For proposal 2-5.1.3, TP looks fine but we also agree with Qualcomm and Ericsson comments. Also, shall typical beam footprint size be changed to 100-1500 for LEO case to align with max value change in Proposal#2.5.2-1 ?



IoT NTN Parameters 
Based on the company’s views in 1st round of discussions, it is the view of the moderator that there is consensus on need to adopt IoT NTN parameters based on TR 38.821 with some revisions needed – i.e. channel bandwidth, device velocity, max beam diameter (e.g. 1500 km), device antenna type and gain, power class, device noise figure. 
· For the link budget carrier frequency example should be proposed. 
· IoT NTN should include NB-IoT and eMTC for link budget analysis. 
· It is reasonable to increase maximum beam diameter if relevant to IoT NTN as requested by Thales, Sateliot. The maximum maximum Doppler shift variation for LEO scenarios was changed compare to TR 38.821. The maximum Doppler shift was kept as it is higher in TR 38.821. The maximum RTD or max differential delay were kept as in TR 38.821, which were based on the min elevation angle of 10 degrees in NR NTN (this was to determine the worst case for these parameters to avoid solutions which are specific to a given elevation angle). 
· On need to discuss GNSS accuracy requirements in IoT NTN, it is the view of the moderator that this discussion can be postponed until on-going discussion in RAN1 and RAN4 in NR NTN WI have concluded. 
· Device antenna gain of -5 dBi. IoT NTN devices are not handheld or wearable devices. The antenna types can be omni directional with antenna gain for TX or RX of 0 dBi. Other antenna types such as circular polarision needn’t be excluded, but is an implementation of IoT module choice. For the link budget analysis, omni directional antenna type can be used. 
Companies are encouraged to share their views on updated proposal 2.5.2-1 below. 

Proposal#2.5.2-1 (1st round outcome): Include IoT NTN reference scenario parameter in a TP to TR 36.763:
	Scenarios
	GEO based non-terrestrial access network - scenario A 
	LEO based non-terrestrial access network -Scenario B & C

	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

	Altitude
	35,786 km
	600 km 
1,200 km 

	Frequency Range  (service link)
	< 6 GHz (e.g. 2.2 GHz for DL and 2.025 GHz for UL) 

	Channel bandwidth  (service link)
	NB-IOT: 180 kHz (DL), 180 kHz or Single Tone with 15 kHz or 3.75 kHz sub-carrier spacing (UL)
eMTC: 1080 kHz (DL),  080 kHz or 3*15 kHz (UL)

	Payload
	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)

	Max beam foot print size (edge to edge) regardless of the elevation angle
	3500 km (Note 5)
	1000 km 1500 km  (Note 2)

	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

	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) 

	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)

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

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

	Max Doppler shift variation (earth fixed user equipment) 
	 0.000 045 ppm/s 
	 0.27 ppm/s 0.29 ppm/s  (600km) 
 0.13 ppm/s 0.14 ppm/s  (1200km) 

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

	C-IoT device antenna types
	Omnidirectional antenna (linear polarisation), assuming 0 dBi, -3 dB polarization loss
“Circular polarized antenna” (Note 7) 

	C-IoT device max Tx power
	Omnidirectional antenna: 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 9 dB  

	Service link
	3GPP defined Narrow Band IoT 


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:   void

NOTE 4:   void


NOTE 5: The Maximum beam foot print 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 6: void

NOTE 7: The use of a Circular polarized antenna is considered as a vendor dependent in the context of this study.

	Company
	Comments 

	SONY
	Channel bandwidth  (service link): eMTC UL bandwidth is either 180kHz (not 080kHz) or 2*15kHz (this is for 2-of-3 sub-PRB transmissions). It would also to good to include the other bandwidths indicated by Qualcomm below, especially 2PRB and 1PRB.
C-IoT device antenna types: our preference is that one type of UE antenna is considered in the study and that for link budget purposes, this should be the antenna that provides the worst case for the link budget (we understand that this is the omnidirectional antenna). However, if the group wants to consider two types of antenna: (1) the “omni” and “circular” should be in different bullets and (2) the antenna gain and polarisation loss for the “circular” antenna should be included.
Second instance of “C-IoT device antenna types”
· Row name should be “C-IoT device power class”
· remove the “omnidirectional antenna” text. The device transmit power is not dependent on the antenna type
C-IoT device Noise Figure : remove the “omnidirectional antenna” text: this does not affect the noise figure. We should study a 7dB noise figure, as per IMT-2020 evaluation study, which is reasonable for an HD-FDD implementation. Unrealistically high noise figures could potentially negatively impact the feasibility of the link budget for cube satellites in particular.
Service link: 3GPP defined NB-IoT or eMTC.
Note 7: the wording is complex. How about “Note 7: The use of circular polarized antenna is optional”.

	Qualcomm
	For channel bandwidth for eMTC, we can have a 1 PRB or 2 PRB allocation in the uplink as well. For CE Mode B, allocations in the uplink are up to 2 PRB. Moreover, sub-PRB allocations of 2, 3 and 6 subcarriers appear to be possible. The point here is, we should not restrict any bandwidth/resource allocation w.r.t what is possible. We could have something like “maximum bandwidth” and say that other bandwidths lower than this are also possible, according to the specs.
For the “Max Doppler shift”, it may be good to clarify somewhere that this is the Doppler shift that would be experienced in the absence of any pre-compensation. A priori, to a reader, it may otherwise appear that the doppler shift is prohibitively large for LEO, for example.
The “noise figure” should be 7 dB.
The row on “Service Link” is redundant, since it should be clear from the context of the new TR. Either way, as it reads now, it omits eMTC, which it should not.

	ESA
	Ok with the table.
Typo: “080 kHz” instead of “180 kHz”.

	ZTE
	For the Noise figure, we need to take the basic assumption with 9 dB to align with previous study. 
For the service link, as commented before, eMTC should be added.

	Sateliot
	Ok with the table. 
Only one consideration with regard to the “Max beam foot print size (edge to edge) regardless of the elevation angle” parameter for LEO scenarios. If not an issue, our preference would be to increase it to 1700 km so that it could be justified based on an elevation angle of 30 deg. In case, NOTE 2 could be re-phrased as follows: 
NOTE 2: This beam size is mainly illustrative and refers to the size of a beam with the antenna pointing at Nadir and serving an area where C-IoT elevation angles are equal or higher than 30 deg. for LEO (600 km).


	GateHouse
	Agree with 2.5.2-1 assuming the comment from Sateliot.

	Ericsson
	· Frequency range: it’s sufficient to use nominal 2 GHz for both DL and UL, as was done in NR NTN. I.e., there is no need to use specific numbers 2.2/2.025.
· Channel bandwidth: for eMTC UL, sufficient to consider 2*15 kHz as eMTC supports uplink transmissions using 2-of-3 sub-carriers
· The notes 1 – 7 can be updated, i.e., there is no need to include void notes 3, 4, 6
· Device antenna type: for clarity add “antenna gain” after “0 dBi”, i.e., “Omnidirectional antenna (linear polarisation), assuming 0 dBi antenna gain”
· The last row on “Service Link”: add eMTC, i.e., “3GPP defined Narrow Band IoT and eMTC”

	Thales
	Agreed with Sony. However, the choice of the service link may be left to the owner of the satellite constellation. Maybe do not mention it in the table.
· The Max beam foot print size (edge to edge) regardless of the elevation angle may be further extended.

	Huawei
	Frequency Range  (service link): We would prefer to align this parameter with the TR 38.821 given that it does not make a big different for link budget analysis, i.e. < 6 GHz (e.g. 2 GHz)
Max beam foot print size (edge to edge) regardless of the elevation angle and Max Doppler shift variation (earth fixed user equipment): We noticed that there are some changes compared with the TR38.821. We are wondering whether this relates to the cube satellite parameters that will be discussed further in RAN1#104-e. We have not found any contribution on this in this meeting. If the intention is to introduce cube satellite with other parameters in addition to the ones that we have for NR NTN, then we would prefer to keep the original assumption and update it later when the discussion on cube satellite is clear. 
C-IoT device max Tx power: remove “Omnidirectional antenna” since it does not have a dependency on antenna type.
0 dBi antenna gain is too good for low cost C-IoT devices, hence we suggest a lower value in consideration of the foreseen IoT-NTN devices. To have convinced answer to this question, we should be informed with the typical deployment of IoT-NTN and the expected device price.

	Nokia, Nokia Shanghai Bell
	At least the following should be clear before it is added in TR, or notes should be added to mention following points 
1, except single tone, whether to support multi tone should also be considered/discussed 
2, whether to support other channel bandwidth e.g. narrowband and wideband should also be considered/discussed 
3, for update value of max beam foot print size and max doppler shift variation, we do not see any need to change till now and prefer to keep same value as NR NTN 
4, still eMTC should be added in the service link part. 
5, “stationary device” can be used to replace “fixed device” 
6, typo for “080” to be corrected, as "180"?

	Novamint
	Agree with Proposal#2.5.2-1 (typos to be corrected)

	Samsung
	- Frequency Range (service link): either remove the text in parenthesis or “(e.g., 2 GHz)”
- Max Doppler shift variation (earth fixed user equipment): it is unclear why a change is needed in the above table. An explanation is needed.
- Remove the empty notes, correct typos
- Note 7 can be simplified

	Intelsat
	Agree with Thales

	Sequans
	eMTC case addition was missed at the service link row.

	
	



IoT NTN Link Budget 
FL view is there is need for alignment on the link budget figures contributed by several companies (more details in ANNEX – LINK BUDGET). For this to happen, it is necessary to first discuss and agree the IoT NTN scenarios and parameters. 

Updated proposal based on company views (2nd round of email discussion)
Based on the company’s views in 2nd of discussions, we update proposals as follows
Several companies mentioned procedure for inclusion of proposals in TR 36.763 Study on Narrow-Band Internet of Things (NB-IoT) / enhanced Machine Type Communication (eMTC) support for Non-Terrestrial Networks (NTN) [19]. 
Moderator recommendation on TP for TR 36.763: A TR 36.763 skeleton for “Study on Narrow-Band Internet of Things (NB-IoT) / enhanced Machine Type Communication (eMTC) support for Non-Terrestrial Networks (NTN)” will be drafted and submitted to RAN Plenary #89 as is normal practice. A skeleton of TR 36.763 will be circulated on RAN1 LTE reflector (3GPP_TSG_RAN_WG1_LTE@LIST.ETSI.ORG). FL recommendations instead of proposals will be made for TPs to TR 36.376 to be drafted and submitted to RAN1#104e for agreement.

IoT NTN scenarios:
Sony, Qualcomm, ESA, ZTE, Sateliot, Gatehouse, Ericsson, Thales, Huawei, Nokia, Nokia Shanghai Bell, Novamint, Samsung, Intelsat, Sequans support scenarios A/B/C in proposal 2.5.1-1. It is moderator view that there is consensus and that proposal 2.6.1-1 w.r.t. scenarios A, B, C for IoT NTN is agreable. If agreed, the scenarios will be captured in a TP to TR 36.763 to be submitted to RAN1#104e.

Proposal#2.6.1-1 (2nd round outcome) IoT NTN scenarios A, B, and C are supported 
	NTN Configurations 
	Transparent satellite

	GEO based non-terrestrial access network 
	Scenario A

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

	LEO based non-terrestrial access network generating fixed beams which footprint move with the satellite (altitude at Nadir 1200 km and 600km)
	Scenario C



Cube satellites:
Sony, ZTE, Ericsson, Huawei, Nokia, Samsung mentioned there is no need to include NOTE in Proposal #2.5.1-2 in this RAN1 meeting as there is need to further discuss Cube satellites in next RAN1 meeting. Sateliot, Gatehouse, Thales, Eutelsat, ESA, MediaTek, Qualcomm, Novamint are supportive of proposal. It was observed that Cube satellite is one type of LEO satellite covered by either scenario B or C. Moderator view is that the NOTE does not add to the discussion at this stage and can be postponed to next meeting. Hence proposal 2.5.1-2 is changed to a FL recommendation 

FL recommendation on Cube satellites (2nd round outcome): Companies are encouraged to further discuss and contribute in RAN1#104e on Cube satellites scenario that can be seen as sub-scenarios of IoT NTN scenarios B and C. Cube satellite scenarios is a special case of scenario B or C of IoT NTN, where cube satellite has the size and power limitations typically associated with microsatellites and low-density constellations [2]. Companies can consider aspects related to 
· Restricted link budget consistent with extreme coverage assumption, due to relatively much smaller maximum transmission power, smaller antenna gains and number of beams.
· Discontinuous service link coverage due to very sparse satellite constellation where UE devices can remain long periods of time without being able to detect a satellite cell.

IoT NTN Overview:
Sony, Qualcomm, ESA, ZTE, Sateliot, Gatehouse, Ericsson, Thales, Huawei, Nokia, Nokia Shanghai Bell, Novamint, Samsung support proposal 2.5.1-3 with revisions. Ericsson, Huawei mentioned a skeleton of 36.763 should first be circulated before agreeing detailed TP. As mentioned above in moderator recommendation on TP for TR 36.763, a skeleton of TR 36.763 will be submitted to RAN Plenary #89. It is moderator view that an IoT NTN overview can be captured in TP to TR 36.763 for review in RAN1#104e. Note that this overview section is mainly based on section 4.1 in TR 38.821 with revisions to align overview with Rel-17 IoT NTN. There is no need to make an agreement on IoT NTN overview in this meeting, it is sufficient to make a FL recommendation.  
FL recommendation on IoT NTN Overview for inclusion in a TP to TR 36.763 (2nd round outcome): IoT NTN Overview to be captured in a TP to TR 36.763 for review in RAN1#104e with revisions as proposed by companies in 2nd round discussions. 
/*-----------------------------  Start of TP  ----------------------------*/
Section X.Y Non-Terrestrial Networks overview
A non-terrestrial network refers to a network, or segment of networks using RF resources on board a satellite.
The typical scenario of a non-terrestrial network providing access to user equipment is depicted below:











Figure 4.1-1: Non-terrestrial network typical scenario based on transparent payload

Non-Terrestrial Network typically features the following elements:
-	One or several sat-gateways that connect the Non-Terrestrial Network to a public data network
-	a GEO satellite is fed by one or several sat-gateways which are to enable satellite coverage over the targeted area (e.g. regional or even continental coverage). It is assumed that UE in a cell are served by only one sat-gateway
-	A Non-GEO satellite served successively by one or several sat-gateways at a time. The system ensures service and feeder link continuity between the successive serving sat-gateways with sufficient time duration to proceed with mobility anchoring and hand-over
-	A Feeder link or radio link between a sat-gateway and the satellite
-	A service link or radio link between the user equipment and the satellite.
-	A satellite which implements a transparent payload. The satellite typically generate several beams over a given service area bounded by its field of view. The beam could be either earth fixed beam or earth moving beam for LEO. The footprints of the beams are typically of elliptic shape. The field of view of a satellite depends on the on board antenna design and minimum elevation angle.
-	A transparent payload: Radio Frequency filtering, Frequency conversion and amplification. Hence, the waveform signal repeated by the payload is un-changed;
-	User Equipment are served by the satellite within the targeted service area.

There may be different types of satellites listed here under:
Table 4.1-1: Types of NTN platforms
	Platforms
	Altitude range
	Orbit
	Typical beam footprint size

	Low-Earth Orbit (LEO) satellite
	300 – 1500 km
	Circular around the earth
	100 – 1000 km

	Geostationary Earth Orbit (GEO) satellite
	35 786 km
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point
	200 – 3500 km



Typically
●	GEO satellite are used to provide continental, regional or local service.
●	a constellation of LEO is used to provide services in both Northern and Southern hemispheres. In some case, the constellation can even provide global coverage including polar regions. For the later, this requires appropriate orbit inclination, sufficient beams generated and inter-satellite links.
/*-----------------------------  End of TP  ----------------------------*/

IoT NTN Parameters
Moderator recommendation on IoT NTN parameters: As in release-17 NR NTN SI, the objective of the IoT NTN parameters would be to ensure that we have parameters and requirements for potential solutions that are not not specific to a given satellite company design and implementation – i.e. dependent on a given orbit, elevation angle, beam size.  The beam diameter was assumed at Nadir, where the Doppler shift and Doppler shit variation is higher. The delay parameters are assumed with 10 degree elevation angle, where the propagation distance is largest. Use of an omnidirectional antenna and PC3 or PC5 for link budget is worst case for link budget (with a circular antenna the polarisation loss could be relatively smaller, which should improve the link budget by up to 3 dB or so).
 
Sony, Qualcomm, ESA, ZTE, Sateliot, Gatehouse, Ericsson, Thales, Huawei, Nokia, Nokia Shanghai Bell, Novamint, Samsung discussed IoT NTN pararemeters. 
· Sony, Qualcomm, Ericsson commented on UL channel bandwidth for eMTC: it can be 2*180 kHz, 180 kHz, 2*15 kHz, 3*15 kHz. Nokia want to further discuss whether to use single tone or multi tone. Moderator view is that all these UL channel bandwidths are supported in cellular NB-IoT and eMTC. It seems reasonable not to preclude any for the link budget analysis. This depends on the assumption for the link budget parameters for EIRP and G/T (more discussions in section 2.6.3)
· ZTE mentioned a 9 dB should be considered based on TR36.888. Qualcomm, Sony mentioned to keep 7 ddB. Moderator view is that the noise figure is device vendor implementation specific.  It seems reasonable to re-use Noise Figure of 7 dB as in TR 38.821. 
· Sony mentioned omni directional antenna, circular antenna and mention antenna gain and polarisation loss for both types of antenna, circular antenna is optional: Moderator view is to include omni directional antenna with 0 dBi as in handheld in TR 38.821 for UE characteristics. This does not exclude using circular antenna, but can be left to device implementation. Omnidirectional antenna is worst case for link budget. Huawei mentioned 0 dBi antenna gain is too good for low cost C-IoT devices, hence we suggest a lower value in consideration of the foreseen IoT-NTN devices. To have convinced answer to this question, we should be informed with the typical deployment of IoT-NTN and the expected device price. Moderator view is to use 0 dBi antenna gain for TX and RX for now. It can be finalised in RAN1#104e based on company consensus.
· Sateliot, Gatehouse, Thales mentioned larger than 1000 km beam diameter: 1500 km or higher (Thales, Intelsat), Sateliot (1700 km). Nokia mentioned to keep 1000 km. Sony, ZTE, Ericsson, Huawei, Nokia, Samsung mentioned further discussions needed on Cube satellite. Moderator view is to use  1000 km as in TR 38.821 and include [1500 km, 1700 km] for further discussion in RAN1#104e. Huawei, Samsung questioned change compare to TR 38.821: Moderator view is to revert to TR 38.821 for Doppler shift parameters. It can be further discussed to update Table of IoT NTN parameters with Cube sat parameters in RAN1#104e
· Qualcomm mentioned to clarify Max Doppler shift is the Doppler shift that would be experienced in the absence of any pre-compensation.
· Ericsson, Huawei, Samsung mentioned that for Frequency range: it’s sufficient to use nominal 2 GHz for both DL and UL, as was done in NR NTN. I.e., there is no need to use specific numbers 2.2/2.025.
· Ericsson mentioned renumbering NOTEs for the table and dropping void NOTEs
· Qualcomm, Ericsson, Sony, Nokia, Nokia Shanghai Bell, Sequans  mentioned adding eMTC to service link row
It is moderator view that with the revisions suggested by companies during the 2nd round of discussons, there is consensus and that proposal 2.6.2-1 w.r.t. to IoT NTN parameters is agreeable without Cube satellite parameters included. If agreed, the IoT NTN parameter table will be captured in a TP to TR 36.763 to be submitted to RAN1#104e. The Cube satellite scenario and parameters (e.g. beam diameter of 1700 km) can be further discussed in RAN1#104e meeting and also be included in a TP to TR 36.763 then.

Proposal#2.6.2-1 (2nd round outcome): Agree IoT NTN reference scenario parameter:
	Scenarios
	GEO based non-terrestrial access network - scenario A 
	LEO based non-terrestrial access network -Scenario B & C

	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

	Altitude
	35,786 km
	600 km 
1,200 km 

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

	Channel bandwidth  (service link)
	NB-IOT: 180 kHz (DL), 180 kHz or Single Tone with 15 kHz or 3.75 kHz sub-carrier spacing (UL)
eMTC: 1080 kHz (DL),  2*180 kHz, 180 kHz, 2*15 kHz or 3*15 kHz (UL)

	Payload
	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)

	Max beam foot print size (edge to edge) regardless of the elevation angle
	3500 km (Note 3)
	 1000 km, [1500 km, 1700 km]  (Note 2)

	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

	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) 

	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)

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

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

	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) 

	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

	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 

	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 foot print 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 as in TR 38.821 for device is assumed. 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.

IoT NTN Link budget
FL recommendation on link budget: The IOT NTN parameters in Proposal#2.6.2-1 (2nd round outcome) assume 10 degree minimum elevation angle as was the case in TR 38.821. The link budget can assume higher elevation angle as was also the case in TR 38.821. The link budget should consider challenging scenarios for worst case assumptions for IoT NTN EIRP and G/T figure. Companies are encourage to use Set 3 based on Eutelsat [1] and Set 4 based on Sateliot/Gatehouse [2] as shown in the ANNEX. It is of course also fine to use TR 38.821 with Set 1 and Set 2, but these sets are likely to show much more favourable link budget on DL and UL compare to Set 3 and Set 4. Alignment on the link budget figures based on company contributions can be discussed in RAN1#104e.


GTW Agreement / Conclusion
The following was agreed at end of meeting with email thread on AI 8.15.1 closed. A draft TP including the agreements for approval in RAN1#104e will be submitted by the rapporteur:

 Agreement: 
· IoT NTN scenarios A, B, and C are included in the study 
	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




Agreement: 
· Agree IoT NTN reference scenario parameter:

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

	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

	Altitude
	35,786 km
	600 km 
1,200 km 

	Frequency Range  (service link)
	< 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
· 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

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

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

	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

	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) 

	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)

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

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

	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) 

	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

	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




Moderator recommendation on TP for TR 36.763: A TR 36.763 skeleton for “Study on Narrow-Band Internet of Things (NB-IoT) / enhanced Machine Type Communication (eMTC) support for Non-Terrestrial Networks (NTN)” will be drafted and submitted to RAN Plenary #89 as is normal practice. A skeleton of TR 36.763 will be circulated on RAN1 LTE reflector (3GPP_TSG_RAN_WG1_LTE@LIST.ETSI.ORG). TPs to TR 36.376 based on agreements or FL recommendations will be submitted to RAN1#104e for agreement by the rapporteur.

The following FL recommendation on IoT NTN Overview for inclusion in a TP to TR 36.763 was made following 2nd round of email discussions. A draft TP for discussion and approval in RAN1#104e will be contributed by the rapporteur:

· FL recommendation on IoT NTN Overview for inclusion in a TP to TR 36.763: IoT NTN Overview to be captured in a TP to TR 36.763 for review in RAN1#104e with revisions as proposed by companies in 2nd round discussions. 
/*-----------------------------  Start of TP  ----------------------------*/
Section X.Y Non-Terrestrial Networks overview
A non-terrestrial network refers to a network, or segment of networks using RF resources on board a satellite.
The typical scenario of a non-terrestrial network providing access to user equipment is depicted below:











Figure 4.1-1: Non-terrestrial network typical scenario based on transparent payload

Non-Terrestrial Network typically features the following elements:
-	One or several sat-gateways that connect the Non-Terrestrial Network to a public data network
-	a GEO satellite is fed by one or several sat-gateways which are to enable satellite coverage over the targeted area (e.g. regional or even continental coverage). It is assumed that UE in a cell are served by only one sat-gateway
-	A Non-GEO satellite served successively by one or several sat-gateways at a time. The system ensures service and feeder link continuity between the successive serving sat-gateways with sufficient time duration to proceed with mobility anchoring and hand-over
-	A Feeder link or radio link between a sat-gateway and the satellite
-	A service link or radio link between the user equipment and the satellite.
-	A satellite which implements a transparent payload. The satellite typically generate several beams over a given service area bounded by its field of view. The beam could be either earth fixed beam or earth moving beam for LEO. The footprints of the beams are typically of elliptic shape. The field of view of a satellite depends on the on board antenna design and minimum elevation angle.
-	A transparent payload: Radio Frequency filtering, Frequency conversion and amplification. Hence, the waveform signal repeated by the payload is un-changed;
-	User Equipment are served by the satellite within the targeted service area.

There may be different types of satellites listed here under:
Table 4.1-1: Types of NTN platforms
	Platforms
	Altitude range
	Orbit
	Typical beam footprint size

	Low-Earth Orbit (LEO) satellite
	300 – 1500 km
	Circular around the earth
	100 – 1000 km

	Geostationary Earth Orbit (GEO) satellite
	35 786 km
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point
	200 – 3500 km



Typically
●	GEO satellite are used to provide continental, regional or local service.
●	a constellation of LEO is used to provide services in both Northern and Southern hemispheres. In some case, the constellation can even provide global coverage including polar regions. For the later, this requires appropriate orbit inclination, sufficient beams generated and inter-satellite links.
/*-----------------------------  End of TP  ----------------------------*/

It was observed that Cube satellite is one type of LEO satellite covered by either scenario B or C. There was no consensus on agreeing parameters specific to Cube satellites (i.e. maximum beam diameter). Moderator view is that more discussion needed on Cube satellite scenarios in RAN1#104e.
· FL recommendation on Cube satellites: Companies are encouraged to further discuss and contribute in RAN1#104e on Cube satellites scenario. 
· Cube satellite scenarios is a special case of scenario B or C of IoT NTN, where cube satellite has the size and power limitations typically associated with microsatellites and low-density constellations [2]. 
· Companies can consider aspects related to 
· Restricted link budget consistent with extreme coverage assumption, due to relatively much smaller maximum transmission power, smaller antenna gains and number of beams.
· Discontinuous service link coverage due to very sparse satellite constellation where UE devices can remain long periods of time without being able to detect a satellite cell.

FL view is there is need for alignment on the link budget figures contributed by several companies (more details in ANNEX – LINK BUDGET). For this to happen, it was necessary to first discuss and agree the IoT NTN scenarios and parameters. 
· FL recommendation on link budget: The link budget should consider challenging scenarios for worst case assumptions for IoT NTN EIRP and G/T figure. Companies are encouraged to use Set 3 based on Eutelsat [1] and Set 4 based on Sateliot/Gatehouse [2] as shown in the ANNEX. It is of course also fine to use TR 38.821 with Set 1 and Set 2, which are likely to show more favourable link budget on DL and UL compare to Set 3 and Set 4. Alignment on the link budget figures based on company contributions can be discussed in RAN1#104e. 

ANNEX – LINK BUDGET

From all the contributions submitted at RAN1#103e RAN on IoT NTN link budget:
LINK BUDGET based on Set 1 and Set 2 in TR 38.821 : Eutelsat, Inmarsat, Intelsat, Ligado, Hughes/Echostar, ESA, Thales, OQ TECHNOLOGY IoT NTN parameters Set 1 and Set 2 for NB-IoT [1]: for clarity as suggested by ESA Set 2 is referred to as Set 3 to differentiate with TR 38.821 Set 2.
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	      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



LINK BUDGET: SATELIOT, GATEHOUSE based on new IoT NTN Cube satellite parameters [2]. for clarity as suggested by ESA Cube satellite set  is referred to as Set 4 to differentiate with TR 38.821 Set 2.

Link budget for single-beam scenario.
	
	Uplink
	Downlink

	
	Location L2
Beam Edge
(α =56.8º)
	Location L1
Beam Center
(α =90º)
	Location L2
Beam Edge
(α =56.8º)
	Location L1
Beam Center
(α =90º)

	Tx power (dBm)
	23 
	33

	Antenna gain TX (dBi)
	0
	8
	11

	Antenna gain RX (dBi)
	8
	11
	0

	Free Space Loss
	-155.4
	-154
	-155.4
	-154

	NF (dB)
	
	
	7

	G/T (dB/K)
	-20.9
	-17.9
	

	Additional losses
(scintillation (2.2 dB), shadowing (3 dB), atmospheric absorption (0.1 dB) and polarisation (3 dB)
	8.3
	8.3
	8.3
	8.3

	SNR (12 sc) (dB)
	-15.6
	-11.2
	-8.3
	-3.9

	SNR (6 sc) (dB) 
	-12.6
	-8.2
	

	SNR (3 sc) (dB)
	-9.6
	-5.2
	

	SNR (1 sc) (dB)
	-4.8
	-0.4
	

	SNR (1 sc 3.75 kHz) (dB)
	1.2
	5.6
	



Geometry for the single-beam configuration case. Link budget values are provided at the locations L1 and L2
[image: ]
Link budget for multi-beam scenario.
	
	Uplink
	Downlink

	
	(Location L2) Beam Edge
(α =30º)
	(Location L1)
Beam Center
(α =65.5º)
	(Location L2)
Beam Edge
(α =30º)
	(Location L1)
Beam Center
(α =65.5º)

	Tx power (dBm)
	23 
	33

	Antenna gain TX (dBi)
	0
	8
	11

	Antenna gain RX (dBi)
	8
	11
	0

	Free Space Loss
	-159.1
	-154.8
	-159.1
	-154.8

	NF (dB)
	
	7

	G/T (dB/K)
	-20.9
	-17.9
	

	Additional losses
(scintillation (2.2 dB), shadowing (3 dB), atmospheric absorption (0.1 dB) and polarisation (3 dB)
	8.3
	8.3
	8.3
	8.3

	SNR (12 sc) (dB)
	-19.3
	-12
	-12
	-4.7

	SNR (6 sc) (dB) 
	-16.3
	-9.0
	

	SNR (3 sc) (dB)
	-13.3
	-6.0
	

	SNR (1 sc) (dB)
	-8.5
	-1.2
	

	SNR (1 sc 3.75 kHz) (dB)
	-2.5
	4.8
	



Geometry for the multi-beam configuration case. Link budget values are provided at the locations L1 and L2.
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LINK BUDGET – QUALCOMM (based on Set 2 TR 38.821) [10]
Table 1: Assumptions for calculating uplink link budgets in S-band LEO satellites (Set 2 in [2])
	Orbit Alt. (km)
	Sat Antenna Gain (dBi)
	G/T (dB/K)
	UE Power (dBm)
	UE antenna gain (dBi)
	Shadowing Margin (dB)
	Polarization loss (dB)
	Signal BW
(kHz)
	Channel Condition

	1200/600
	24
	-4.9
	23
(20)
	0
	3
	3 (1 Tx ant)
	180
	Clear Sky and LOS








Table 2: Uplink link budgets for beam center UEs with a full PRB UL transmission to S-band LEO satellites (Set 2 in [2]). The numbers in parentheses represent the achievable SNRs with 20 dBm power class UEs.
	Elevation Angle (Deg)
	10
	20
	30
	40
	50
	60
	70
	80
	90

	SNR (dB) @1200 km
	-12.4
(-15.4)
	-10.3
(-13.3)
	-8.5
(-11.5)
	-7.1
(-10.1)
	-6.0
(-9.0)
	-5.1
(-8.1)
	-4.6
(-7.6)
	-4.2
(-7.2)
	-4.1
(-7.1)

	SNR (dB) @600 km
	-8.2
(-11.2)
	-5.4
(-8.4)
	-3.2
(-6.2)
	-1.4
(-4.4)
	0.1
(-3.1)
	1.2
(-2.2)
	2.6
(-1.6)
	2.2
(-1.2)
	2.1
(-1.1)



Table 3: Assumptions for calculating downlink link budgets in LEO satellites (Set 2 in [2])
	Orbit Alt. (km)
	Baseline Sat EIRP
	UE antenna gain (dBi)
	UE NF (dB)
	Shadowing Margin (dB)
	No. of UE antennas
	Channel Condition

	1200
	64dBm/MHz
	0
	7
	3
	1
	Clear Sky and LOS

	600
	58dBm/MHz
	0
	7
	3
	1
	Clear Sky and LOS



Table 4: Downlink link budgets for transmission from LEO satellites (Set 2 in [2]).
	Elevation Angle (Deg)
	10
	20
	30
	40
	50
	60
	70
	80
	90

	SNR (dB) @1200 km
	-5.58
	-3.47
	-1.69
	-0.24
	0.88
	1.72
	2.30
	2.63
	2.75

	SNR (dB) @600 km
	-7.39
	-4.54
	-2.30
	-0.58
	0.70
	1.64
	2.28
	2.65
	2.77



LINK BUDGET – SONY (based on Set 2 TR 38.821)  [16]

[bookmark: _Ref54298908]Table 2 - Link budget evaluation for Rel-15 eMTC (sub-PRB PUSCH)
	
	GEO
	LEO-1200
	LEO-600

	Transmission mode
	DL
	UL
	DL
	UL
	DL
	UL

	Frequency [GHz]
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	TX: EIRP [dBm]
	90.13

	23.00
	64.03

	23.00
	58.63

	23.00

	RX: G/T [dB/T]
	-31.62
	16.70
	-31.62
	-12.80
	-31.62
	-12.80

	Bandwidth [MHz]
	1.08
	0.015
	1.08
	0.015
	1.08
	0.015

	Free space path loss [dB]
	190.58
	190.58
	164.49
	164.49
	159.10
	159.10

	Atmospheric loss [dB]
	0.12
	0.12
	0.11
	0.11
	0.10
	0.10

	Shadow fading margin [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Scintillation Loss [dB]
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20

	Polarization loss [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Additional losses [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	CNR [dB]
	-5.124
	-5.361
	-5.120
	-8.757
	-5.123
	-3.360



[bookmark: _Ref54298996]Table 3 - Link budget evaluation for Rel-13 eMTC (full-PRB PUSCH)
	
	GEO
	LEO-1200
	LEO-600

	Transmission mode
	DL
	UL
	DL
	UL
	DL
	UL

	Frequency [GHz]
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	TX: EIRP [dBm]
	90.13

	23.00
	64.03

	23.00
	58.63

	23.00

	RX: G/T [dB/T]
	-31.62
	16.70
	-31.62
	-12.80
	-31.62
	-12.80

	Bandwidth [MHz]
	1.08
	0.180
	1.08
	0.180
	1.08
	0.180

	Free space path loss [dB]
	190.58
	190.58
	164.49
	164.49
	159.10
	159.10

	Atmospheric loss [dB]
	0.12
	0.12
	0.11
	0.11
	0.10
	0.10

	Shadow fading margin [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Scintillation Loss [dB]
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20

	Polarization loss [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Additional losses [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	CNR [dB]
	-5.124
	-16.153

	-5.120
	-19.549

	-5.123
	-14.152




[bookmark: _Ref54299036]Table 4 - Link budget evaluation for NB-IoT
	
	GEO
	LEO-1200
	LEO-600

	Transmission mode
	DL
	UL
	DL
	UL
	DL
	UL

	Frequency [GHz]
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	TX: EIRP [dBm]
	82.35

	23.00
	56.25

	23.00
	50.85

	23.00

	RX: G/T [dB/T]
	-31.62
	16.70
	-31.62
	-12.80
	-31.62
	-12.80

	Bandwidth [MHz]
	0.180
	0.015
	0.180
	0.015
	0.180
	0.015

	Free space path loss [dB]
	190.58
	190.58
	164.49
	164.49
	159.10
	159.10

	Atmospheric loss [dB]
	0.12
	0.12
	0.11
	0.11
	0.10
	0.10

	Shadow fading margin [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Scintillation Loss [dB]
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20

	Polarization loss [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Additional losses [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	CNR [dB]
	-5.124
	-5.361
	-5.120
	-8.757
	-5.123
	-3.360



LINK BUDGET based on Set 1 in TR 38.821 – ERICSSON

We provide the link budgets for the parameters in Table 2. 
Table 2 Parameters for link budget calculation.
	Simulation scenario
	Set 1

	Frequency band
	S-band

	Carrier frequency
	2 GHz

	Frequency reuse
	1



Table 3 Link budget for 600 km LEO satellite for a 30° elevation angle.
	System
	NB-IoT
	eMTC

	
	DL
	UL
	DL
	UL

	TX: EIRP/spot [dBm]
	56.6
	23.0
	64.3
	23.0

	RX: G/T [dB/T]
	-31.6
	1.1
	-31.6
	1.1

	Bandwidth [Hz]
	1.80E+05
	1.80E+05
	1.08E+06
	1.80E+05

	Free space path loss (PL) [dB]
	159.1
	159.1
	159.1
	159.1

	Atmospheric loss (LA)
	0.1
	0.1
	0.1
	0.1

	Shadow fading margin (SF) [dB]
	3
	3
	3
	3

	Scintillation loss (SL) [dB]
	2.2
	2.2
	2.2
	2.2

	Polarization loss [dB]
	0
	0
	0
	0

	Additional losses (AD) [dB]
	0
	0
	0
	0

	Target SNR [dB]
	6.6
	5.8
	6.6
	5.8



Table 4 Link budget for 1200 km LEO satellite for a 30° elevation angle.
	System
	NB-IoT
	eMTC

	
	DL
	UL
	DL
	UL

	TX: EIRP/spot [dBm]
	62.6
	23.0
	70.3
	23.0

	RX: G/T [dB/T]
	-31.6
	1.1
	-31.6
	1.1

	Bandwidth [Hz]
	1.80E+05
	1.80E+05
	1.08E+06
	1.80E+05

	Free space path loss (PL) [dB]
	164.5
	164.5
	164.5
	164.5

	Atmospheric loss (LA)
	0.1
	0.1
	0.1
	0.1

	Shadow fading margin (SF) [dB]
	3
	3
	3
	3

	Scintillation loss (SL) [dB]
	2.2
	2.2
	2.2
	2.2

	Polarization loss [dB]
	0
	0
	0
	0

	Additional losses (AD) [dB]
	0
	0
	0
	0

	Target SNR [dB]
	7.2
	0.4
	7.2
	0.4



Table 5 Link budget for GEO satellite for an elevation angle of 10°.
	System
	NB-IoT
	eMTC

	
	DL
	UL
	DL
	UL

	TX: EIRP/spot [dBm]
	81.6
	23.0
	89.3
	23.0

	RX: G/T [dB/T]
	-31.6
	19.0
	-31.6
	19.0

	Bandwidth [Hz]
	180000.0
	180000.0
	1080000.0
	180000.0

	Free space path loss (PL) [dB]
	190.63
	190.63
	190.63
	190.63

	Atmospheric loss (LA)
	0.190
	0.190
	0.190
	0.190

	Shadow fading margin (SF) [dB]
	3
	3
	3
	3

	Scintillation loss (SL) [dB]
	2.2
	2.2
	2.2
	2.2

	Polarization loss [dB]
	0
	0
	0
	0

	Additional losses (AD) [dB]
	0
	0
	0
	0

	Target SNR [dB]
	-0.04
	-7.97
	-0.04
	-7.97



LINK BUDGET based on Set 1 and Set 2 in TR 38.821 – HUAWEI
Table 1 Link budget results
	Satellite orbit
	Central beam elevation
	Frequency/ Polarization Reuse
	UL/DL
	TX: EIRP/spot/BW [dBW]
	RX: G/T [dB/T]
	Frequency (GHz)
	Atmospheric loss [dB]
	Free space path loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Additional losses [dB]
	Polarization loss [dB]
	B(kHZ)
	CNR [dB]
	CIR [dB]
	CNIR [dB]

	GEO
	12.5 deg
	Option 1
	DL
	51.55
	-31.62
	2
	0.2
	190.58
	3
	2.2
	0
	0
	180
	-0.01
	6.98
	-0.80

	GEO
	12.5 deg
	Option 1
	UL
	-7.00
	19.00
	2
	0.2
	190.58
	3
	2.2
	0
	0
	180
	-7.93
	5.93
	-8.11

	
	
	
	
	
	
	
	
	
	
	
	
	
	90
	-4.92
	5.93
	-5.27

	
	
	
	
	
	
	
	
	
	
	
	
	
	15
	2.86
	5.93
	1.12

	GEO
	12.5 deg
	Option 2
	DL
	46.78
	-31.62
	2
	0.2
	190.58
	3
	2.2
	0
	0
	60
	-0.01
	12.11
	-0.26

	GEO
	12.5 deg
	Option 2
	UL
	-7.00
	19.00
	2
	0.2
	190.58
	3
	2.2
	0
	0
	180
	-7.93
	12.09
	-7.98

	
	
	
	
	
	
	
	
	
	
	
	
	
	90
	-4.92
	12.09
	-5.01

	
	
	
	
	
	
	
	
	
	
	
	
	
	15
	2.86
	12.09
	2.37

	LEO-600
	30 deg
	Option 1
	DL
	26.55
	-31.62
	2
	0.1
	159.10
	3
	2.2
	0
	0
	180
	6.57
	1.90
	0.62

	LEO-600
	30 deg
	Option 1
	UL
	-7.00
	1.10
	2
	0.1
	159.10
	3
	2.2
	0
	0
	180
	5.75
	1.41
	0.05

	
	
	
	
	
	
	
	
	
	
	
	
	
	90
	8.76
	1.41
	0.68

	
	
	
	
	
	
	
	
	
	
	
	
	
	15
	16.54
	1.41
	1.28

	LEO-600
	30 deg
	Option 2
	DL
	21.78
	-31.62
	2
	0.1
	159.10
	3
	2.2
	0
	0
	60
	6.57
	10.96
	5.23

	LEO-600
	30 deg
	Option 2
	UL
	-7.00
	1.10
	2
	0.1
	159.10
	3
	2.2
	0
	0
	180
	5.75
	10.72
	4.55

	
	
	
	
	
	
	
	
	
	
	
	
	
	90
	8.76
	10.72
	6.62

	
	
	
	
	
	
	
	
	
	
	
	
	
	15
	16.54
	10.72
	9.71

	LEO-1200
	30 deg
	Option 1
	DL
	32.55
	-31.62
	2
	0.1
	164.49
	3
	2.2
	0
	0
	180
	7.19
	1.66
	0.59

	LEO-1200
	30 deg
	Option 1
	UL
	-7.00
	1.10
	2
	0.1
	164.49
	3
	2.2
	0
	0
	180
	0.36
	1.05
	-2.32

	
	
	
	
	
	
	
	
	
	
	
	
	
	90
	3.37
	1.05
	-0.95

	
	
	
	
	
	
	
	
	
	
	
	
	
	15
	11.15
	1.05
	0.65

	LEO-1200
	30 deg
	Option 2
	DL
	27.78
	-31.62
	2
	0.1
	164.49
	3
	2.2
	0
	0
	60
	7.19
	10.65
	5.57

	LEO-1200
	30 deg
	Option 2
	UL
	-7.00
	1.10
	2
	0.1
	164.49
	3
	2.2
	0
	0
	180
	0.36
	10.54
	-0.04

	
	
	
	
	
	
	
	
	
	
	
	
	
	90
	3.37
	10.54
	2.61

	
	
	
	
	
	
	
	
	
	
	
	
	
	15
	11.15
	10.54
	7.83

	Note 1: DL EIRP is calculated by EIRP density in [2] and system bandwidth
Note 2: Channel bandwidth of 1-tone, 6-tone and 12-tone of 15kHz for UL are taken as examples
Note 3: Repetition number is one



LINK BUDGET based on IoT NTN Set 2 in [1] – MEDIATEK
	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
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Note I: DL EIRP is calculated by EIRP density in [2] and system bandwidth

Note 2: Channel bandwidth of 1-tone, 6-tone and 12.-tone of 15kHz for UL are taken as examples

‘Note 3: Repetition number s one
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