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1. [bookmark: _gjdgxs]Introduction
1.1 [bookmark: _30j0zll]Overview
Rel-17 Non-Terrestrial Networks (NTN) functional specification was made available by the 3rd Generation Partnership Project (3GPP) in September 2021. This  5G evolution introduces a number of noteworthy features that aim to revolutionize wireless communication outside of conventional terrestrial networks. Non-terrestrial systems, such as satellites in Non-Geostationary Orbit (NGSO) and Geostationary Orbit (GSO) and High Altitude Platform Stations (HAPS), can be seamlessly included in current communication networks because of the Rel-17 NTN specifications. To guarantee effective and dependable connections in a variety of NTN settings, it incorporates cutting-edge mechanisms for network synchronization, resource management, and mobility management. The Rel-17 NTN capability also features enhanced security controls and boosts support for extremely reliable and low-latency communication.
There are numerous significant use cases for the 3GPP Rel-17 NTN NB-IoT LEO (Non-Terrestrial Networks Low Earth Orbit), all of which can considerably benefit from its cutting-edge capabilities. One important requirement is global connectivity for Internet of Things (IoT) devices. Rel-17 specifications and IoT technology work together to provide seamless and all-around connectivity for IoT devices over vast geographic areas. To reach that goal, from the protocol point of view the reduced spectrum needs of NB-IoT (180 kHz), reduced cost of NB-IoT devices based on their simplicity, scaled launch capacity with relatively low cost for access to space positions in Low Earth Orbit (LEO), subsequently making it affordable the deployment of infrastructure for NB-IoT NTN in LEO . Moreover, this approach allows it to compete directly with current deployments in LEO based on LoRA and SigFox NTN solutions.  Diverse industries, such as smart agriculture, oil, and gas, Maritime, Mining, forestry , environmental monitoring, and asset tracking, stand to benefit from this. 
This document contains a set of guidelines for the test cases and defining requirements for the dual mode TN + NTN chipset and module testing. 
[bookmark: _361h0cv36yr6]1.2 Scope

This study report aims to learn about the capability requirements of typical	Comment by Shahbaz Ali: Question to GSMA TSG: Should we or How we can add MNOs as part of the test cases? The integration with MNOs is standard as per GSMA MIOT Standard roaming. Should we add MNO from a network handover perspective? TN to NTN	Comment by Paul Gosden: You should at some point have test case to handover from 4G TN to NTN, 5G NT to NTN and the reverse NTN to 4G TN , NTN to 5G TN
IoT NTN devices and test specifications and test cases. The IoT NTN device in this
report mainly refers to NB-IoT devices with NTN capabilities faced by the industry, which includes industry DUT, RF Modules, chipsets, etc.


[bookmark: _xlo1jdv8hvtb]1.3 Abbreviations
	Term 
	Description

	3GPP
	3rd Generation Partnership Project

	TN
	Terrestrial Network

	NTN
	Non-Terrestrial Network

	LEO
	Low earth orbit

	GEO
	Geostationary earth orbit 

	MEO
	Medium Earth orbit

	HAPS
	High Altitude platform stations

	DUT
	Device under test

	SSO
	Sun Synchronous orbit


[bookmark: _2et92p0]1.4 References
	Ref
	Doc Number
	Title

	[1] 
	3GPP TS 3X.XXX
	

	[2]
	TS.40
	MIoT Field and Lab Test Cases Version 8.0


2 [bookmark: _wz2wbgxbwau]Use cases of NTN NB-IoT Rel-17 (including but not limited to)
2.1 [bookmark: _wmka9xfxnfzf]Agriculture
Agriculture has benefited significantly from satellite-based IoT systems. They make it possible to use precision farming, real-time monitoring, and remote sensing. Farmers may improve resource usage, make data-driven choices, and improve overall productivity and sustainability by utilizing satellite communication in those areas where there’s no cellular coverage.
In these verticals, specific use cases include:
· Water security and irrigation
· Precision farming
· Environmental monitoring
· Field mapping
· Pest management
· Farm equipment management
Moving forward with standard NB-IoT NTN will drive a massive implementation of this technology in areas where it is not feasible to deploy terrestrial infrastructure and at the same time leverage the economy of scale of standard device ecosystem. Reduced CAPEX and OPEX of this solution will boost the return on investment and accelerate its adoption with a clear positive impact on the entire world.
2.2 [bookmark: _8ay9msj8o5l2]Oil and Gas
Satellite-based IoT service providers are crucial for high-value and high-risk oil and gas operations to maintain connectivity and asset visibility. Whether it's offshore platforms or pipelines covering broad geographic regions and numerous nations, IoT service providers are essential in helping oil and gas firms to modernize their operations.
Specific use cases in these sectors include:
· Pipeline monitoring
· Safety, security, and personnel welfare
· Automation
· Meter reading 
· Wellhead monitoring
· Predictive maintenance through machinery telematics
Until now expensive proprietary satellite solutions have been implemented only for reactive monitoring, a massive implementation of battery-based NB-IoT NTN solution will allow predictive maintenance and digital twins on this infrastructure.  

2.3 [bookmark: _4jrh15am9okv]Maritime
Due to the lack of terrestrial coverage in oceans, the maritime sector relies on satellite connectivity providers for IoT applications. These providers play a crucial role in enabling seamless communication and data transfer in remote oceanic regions, ensuring connectivity for various maritime operations and applications.
Some specific applications include:
· Inspection and maintenance
· Communication and navigation
· Safety
· Cargo shipping
· Weather and meteorological data 
· Ship security alert system
· Long range identification and tracking
· Fishery management
Unattended monitoring with battery-based efficient devices, a few messages per day and delay-tolerant applications are a typical use case in this sector that can be spread all around the world thanks to standard NB-IoT NTN solutions. 
2.4 [bookmark: _lett9ngxpjqi]Mining
Implementing telematics sensing systems may help the mining sector since they provide chances for improved production and efficiency. IoT application integration allows better resource management and cost reduction. By utilizing satellite connectivity to gather data from remote mining open sites, proactive decision-making is empowered, resulting in enhanced operational performance and overall effectiveness within the mining sector.
Specific use cases within this vertical include:
· Asset tracking and monitoring
· Predictive maintenance
· Environmental regulation compliance  
· Vehicle telemetry
· Enhanced worker safety
· Material detection
Again, the NB-IoT NTN and TN standard solution avoids technology captivity and speeds up its adoption. It works in open sky mining but not only leveraging the seamless capacity of this technology to offer the same user experience in both scenarios.
2.5 [bookmark: _quwhg86cb10r]Asset tracking
Due to the limited terrestrial coverage, satellite communication is essential for mobile land transport applications. IoT devices allow tracking and monitoring of cargo shipments in real-time, improving the efficiency of the supply chain. This helps inventory management, reduces theft and damage, and improves commercial, military, and emergency response vehicles by providing information of the asset location, condition, and status.
· Fuel management
· Dispatch optimization
· Emergency response
· Location tracking 
· Telematics and analytics 
· Cargo logistics
· Cargo safety and security
· Temperature monitoring in cold chain products
Until now these solutions have been implemented using proprietary expensive and limited solutions in a few critical assets. Today, thanks to Rel 17 NB-IoT NTN, they can be implemented in each asset that can impact an industrial logistic process. 
3 [bookmark: _raqy6mpqzi9e] Key Features of IoT NTN Technology
It is assumed that all cellular IoT features specified up to Rel-16 are supported for IoT NTN. Moreover, it is assumed that both NB-IoT multi-carrier operation and NB-IoT single-carrier operation are supported as a baseline.
3.1 [bookmark: _3dy6vkm]IoT NTN basic requirement in Rel 17
[bookmark: _ccbvncgwokxt]3.1.1 Satellite with transparent payload
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 the user equipment is depicted below:
[image: ]
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 is 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. Service discontinuity can also be deployed, called Discontinuous Coverage.
-	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 that implements a transparent payload. The satellite 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 satellite depends on the onboard 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 unchanged;
-	User Equipment is served by the satellite within the targeted service area.

[bookmark: _xizpn1dsi4va]3.1.2 The different Orbits supported
Satellites can be positioned in LEO, MEO, or GEO orbits and HAPS can be considered.
LEO orbits are the closest to Earth, satellites are typically located between a few hundred and 2,000 km from the Earth’s surface. They offer lower latency due to their proximity to Earth and are capable of covering the entire Earth despite providing discontinuous coverage in flying in SSO.
MEO orbits are usually between 8,000 and 20,000 km. While providing slightly higher latency than satellites in LEO orbits, satellites in MEO offer a longer period of coverage.
GEO orbits are around 35,786 km altitude. They are the ideal for those applications requiring continuous communication since they remain stationary in relation to a particular location. However, they entail greater latency. Rel 17 supports GEO, MEO, LEO, and HAPS for NTN communication. The details about each orbit can be referenced to 3GPP TR 36.763 Section 6 Link budget Set 1 to Set 4. 
Typically:
-	GEO satellites are used to provide continental, regional, or local service.
-	A constellation of LEO satellites is used to provide services in both the Northern and Southern hemispheres. In some cases, the constellation can even provide global coverage including polar regions. For the latter, this requires appropriate orbit inclination, and sufficient beams generated.
[bookmark: _tgf2rhmo8t17]3.1.3 UE with GNSS capability
Support for multiple GNSS frequency bands is a key feature of Rel-17, which focuses on multi-frequency GNSS receivers. This improves positioning precision, particularly in difficult situations like canyons in cities.
GNSS capability in the UE is taken as a working assumption in this study.
Simultaneous GNSS and NTN NB-IoT operation is not assumed.Rel-17 introduces the idea of dual-constellation GNSS, which includes simultaneously using signals from two separate GNSS constellations. As a result, location accuracy and robustness are improved, even when signals from one constellation are distorted or marginal.
GNSS correction services: Rel-17 improves the support for GNSS correction services including Differential GNSS (DGNSS) and Satellite Based Augmentation Systems (SBAS). These services offer extra information to increase positioning availability, accuracy, and integrity.
The GNSS functionality in UEs is designed to handle Doppler compensation to improve positioning accuracy, especially in dynamic scenarios where the UE is moving at high speeds. Doppler compensation techniques take into account the frequency shift caused by the relative motion and adjust the positioning calculations accordingly.
The Standard explains the details related to GNSS with respect to UE in TR 36.763 Section 6.3.1, 6.3.1.2 and Section 6.3.1.3.








[bookmark: _liv1es5xjtlc]3.1.4 Support for EPC
Rel 17 IoT NTN supports EPC as a core network, and 5GCN can be supported. 
The below figure shows the standard implementation of the EPC core. 

[image: ]
Details of IoT NTN architecture and RAN2 recommendations are compiled in TR 36.763 Section 5.1 and Section 8.2

[bookmark: _58g0t9xfwy8p]3.1.5 Frequency bands

S and L Band
	NTN satellite band #
	Uplink (UL) operating band
Satellite Access Node receive / UE transmit
FUL, low   –  FUL, high
	Downlink (DL) operating band
Satellite Access Node transmit / UE receive
FDL, low   –  FDL, high
	Duplex mode

	n255
	1626.5 MHz – 1660.5 MHz
	1525 MHz – 1559 MHz
	FDD

	n256
	1980 MHz – 2010 MHz
	2170 MHz – 2200 MHz
	FDD


The 3GPP TS 38.101-5 specifies the frequency ranges for each band. Details of NTN satellite bands in FR1 are detailed in Table 5.2.2-1

Standalone deployment for NB-IoT for support of Rel 17 has been prioritized. 

[bookmark: _iog3st84rpo1]3.1.6 Mobility and Tracking Area
The problem statement of very large cells covering hundred of Kms and higher paging load for satellites The solution is discussed in 3GPP TR 36.763 Section 7.3.1
In order not to have TAU performed frequently by the UE triggered by the satellite motion, the tracking area is designed to be fixed on the ground (i.e. earth-fixed TA similar to NR NTN). For NTN LEO, this implies that while the cells sweep on the ground, the tracking area code (i.e. TAC) broadcasted is changed, when the cell arrives to the area of next planned earth fixed tracking area location. The TAC broadcasted by the eNB needs to be updated as a cell beam enters to the area of next planned tracking area. When the UE detects entering a tracking area that is not in the list of tracking areas that the UE previously registered in the network, a mobility registration update procedure will be triggered. 
[bookmark: _81bhfzodwsgq]
[bookmark: _q6kvgughd239]3.1.7 Support of discontinuous coverage without excessive UE power consumption
[bookmark: _epwatzq0rm6t]3.1.8 Basic operations taking into account satellite access (including discontinuous coverage)
[bookmark: _7vm5cdo1mmxr]3.1.9 Device behaviour in different scenarios (TN access available or TN access not available for the different NTN access (LEO, GEO…))
[bookmark: _nt0twffkk3lt]3.1.10 Power consumption aspects
[bookmark: _3uiap02ow4tx]3.1.11 Device management aspects
[bookmark: _nbztac90e4oo]3.1.12 Provisioning of instantaneous Position and Velocity vectors for doppler compensation
[bookmark: _7biutg3s15d6]
[bookmark: _y2xi7svvat6b]
[bookmark: _1arnf6eubsij]
[bookmark: _vrrx3825tjvd]
[bookmark: _17dp8vu]4 IoT NTN specific aspects
4.1.1 [bookmark: _3rdcrjn]Provisioning of ephemeris
The broadcast of SIB31 is used to provision instantaneous vector position and vector velocity for doppler compensation and ephemeris has broadcasted in SIB32 to manage coverage holes. The details for provisioning of ephemeris are referenced in TR 36.763 Section 7.3.1.2 and recommendations in 8.1.1.
[bookmark: _ktg7j9q7f49f]
4.1.2 [bookmark: _4pju6k29fst2]Discontinuous coverage 
The feeder connection discontinuity issue that affects LEO constellations requires that the UE has the information of the satellite's upcoming passes. This ephemeris data is stored in the device to address the discontinuous coverage, which allows the UE to forecast the satellite's next pass and only attempt to connect when it is within its range, preventing repeated failures and recovery procedures. This has a considerable impact on the UE's energy efficiency and may be used in conjunction with other energy-saving technologies like DRX, PSM, eDRX, relaxed monitoring, or WUS. The details are referenced in TR 36.763 Section 7.2.1.3
Satellite assistance (e.g. ephemeris information) and UE location information can be used to help UEs in IoT NTN perform the measurement and cell selection/reselection, in addition to PCI and frequency information included in the broadcast system information. 
Satellite assistance information (e.g. ephemeris information), can be used for the handling of coverage holes or discontinuous satellite coverage in a power-efficient way. For a UE, it should be possible to predict discontinuous coverage based on the satellite assistance information. To the extent that is possible/reasonable, the UE is expected to not attempt to camp or connect when there is no satellite coverage. To the extent that is possible/reasonable, the network is expected not to try to reach UEs that are out of coverage. 
NOTE 1: It is an expected requirement that the UE and the network are synchronized w.r.t. when the UE is awake and reachable (e.g. for paging).
NOTE 2: Provisioning of satellite assistance information can be performed using System Information (SI) message(s) for IoT NTN.

4.1.3 [bookmark: _o6unlndc9xzr]SMS
NB-IoT supports transparent transport of SMS service. NB-IoT can be used in both IP and non-IP modes. Application developers need to account for the data transmission efficiency and minimize the overhead of the data transmitted over the NB-IoT core.
Control Plane CIoT EPS Optimisation transports user data or SMS messages via MME by encapsulating them in NAS (Non-Access-Stratum), and reduces the total number of control plane messages when handling a short data transaction.
4.1.4 [bookmark: _48mbcpeocxu1]NIDD
NB-IoT supports NIDD which offers efficient communication between IoT devices and enterprise application servers (AS). This data delivery method can help applications that transact small amounts of infrequent data. NIDD is capable of transporting up to 1500 bytes in a single transmission without the tens of bytes of overhead required by IP and higher-layer protocols such as TCP or UDP [2]. Moreover, NIDD helps to reduce management overhead by eliminating the need for maintaining pools of Static IP for the devices.
NB-IoT allows constrained devices to overcome this limitation by introducing the“Non-IP” Transport and therefore eliminating the TCP/IP stack completely. NB-IoT devices need to subscribe to the Non-IP connection request service for NIDD.
Functions for NIDD may be used to handle mobile originated (MO) and mobile terminated (MT) communication with UEs, where the data used for the communication is considered unstructured from the EPS standpoint (which we refer to also as Non-IP). The support of Non-IP data is part of the Cellular Internet of Things (CIoT) EPS optimizations. Three scenarios are supported in NIDD Non roaming (as a reference scenario), and LBO and HR roaming. IoT NTN Requirements for specific use case scenario.

[bookmark: _89oedsyq72bg]5 NTN IoT requirements for Static Vs Mobile Use case
· Hard coded GNSS provisioning for static use cases ( e.g.Agri, Oil&Gas)
· Mandatory GNSS capability at UE end for a mobility use case for Doppler compensation.
· Power consumption with respect to GNSS.
6 [bookmark: _xwc2iuhutcty]IoT NTN Test Cases
6.1 [bookmark: _ur591u1d787g]Basic operation
6.1.1 [bookmark: _tgtz2yyr23uh]Device Capabilities
6.1.2 [bookmark: _lb64sjiqpdeh]Random access procedure / UE identification
6.1.3 [bookmark: _w4ajkea2789u]Cell selection and Reselection
6.1.4 [bookmark: _3z833eec5xr]Bandwidth Part (BWP) operation
6.1.5 [bookmark: _bcapzqykfq1]Data Throughput
6.1.6 [bookmark: _cfm91z476drn]Mobility
6.2 [bookmark: _pw3ff1b27fra]Device behaviour in different scenarios	Comment by Shahbaz Ali: Open for discussion

6.3 [bookmark: _dfe4dhxreal]Power consumption aspects
The following parameters can be considered at least for the potential impact on power consumption. 
· GNSS power consumption value
· GNSS position Time To First Fix 
· Potential impact of NTN SIB carrying the satellite ephemeris on
· UE power consumption in NB-IoT and eMTC
· Accuracy of satellite location tracking
· PRACH congestion
·  UE pre-compensation of satellite delay and satellite Doppler shift during long UL transmission on (N-)PUSCH in NB-IoT and eMTC
· UE pre-compensation of satellite delay and satellite Doppler shift during long UL transmission on PRACH in NB-IoT and eMTC.
The few detail analysis of power consumption are done by different companies, are referenced below
· TR 36.763 6.3
· TR 36.763 6.3.1.2 ( Separate GNSS Module and IoT module)
· TR 36.763 6.3.1.3 (Integrated GNSS module and IoT module)
· TR 36.763 6.3.1.4 
· TR 36.763 6.3.1.5
· TR 36.763 6.3.1.6
· TR 36.763 6.3.2
· TR 36.763 6.3.3
Sample Study by MediaTek: 
	UE Wake up 150 seconds with cell access attempt every 10 seconds before satellite comes into coverage
Long term prediction with UE -location and ephemeris is done at the UE

	Cases
	With contiguous coverage including GNSS
	With 15 (=11+4) tries every 10s (w/o beam knowledge)
	With 3 tries every 10 seconds (w/ beam knowledge)
	With 7 tries every 10 seconds (w/ beam knowledge)

	50 B, 1 day, MCL=154 dB (warm fix)
	23.7 years battery life
	20.1 years battery life
	22.9 years battery life
	21.9 years battery life

	50 B, 1 day, MCL=164 dB (warm fix)
	15.3 years battery life
	13.7 years battery life
	15.0 years battery life
	14.5 years battery life

	50 B, 2h, MCL=154 dB (hot fix)
	8.4 years battery life
	4.7 years battery life
	7.3 years battery life
	6.2 years battery life

	50 B, 2h, MCL=164 dB (hot fix)
	2.5 years battery life
	2.0 years battery life
	2.4 years battery life
	2.3 years battery life



6.4 [bookmark: _30gzvzdjdnld]Device management aspects
6.5 [bookmark: _w8c7q9286egq]GNSS aspects
6.6 [bookmark: _f6pbfdwehbut]Discontinuous Coverage
7 [bookmark: _uz606o73qixv]Output of Study
· Development of additional testing requirements/guidelines to facilitate the adoption of 5G NTN (Non-Terrestrial Networks) technology for IoT use cases.
· Initiation of subsequent Work Item. 
8 [bookmark: _mh0k0rkzjzeu]Summary
It is imperative proposed to start a new Work Item with TSGIoT to start defining define test cases for 3GPP Rel 17 NTN (Narrowband-IoT) and specifically NB-IoT in LEO connectivity based on standards because this will have a substantial impact on the IoT landscape as a whole and will speed up the adoption of huge IoT. Organizations and developers may guarantee the interoperability, dependability, and smooth integration of NTN devices across various networks and platforms by developing clear and thorough test cases. These common test scenarios offer a solid framework for assessing and confirming the functionality, security, and performance of NTN connections. They not only make IoT solutions deployment and operation easier, but they also boost stakeholder confidence, including that of enterprises, consumers, and regulatory agencies. In the end, the development of precise test cases for NTN connection based on industry standards opens a more streamlined, efficient, and widespread implementation of IoT technologies, bolstering the growth and potential of the entire IoT ecosystem.
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