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Introduction
This paper aims at proposing some further enhancements to IoT-NTN, in particular NB-IoT based.

Background
A 3GPP NB-IoT based service is considered leveraging a current in orbit LEO constellation (66 active Satellite Vehicles) operated by Iridium.  This constellation works at ~1.6 GHz (ITU-R Mobile Satellite Service allocated band) worldwide. These satellites were recently refreshed in 2019, with five additional spares launched in 2023 for a current total of 14 spares.  The constellation has an expected longevity until at least 2035.
This constellation provides global coverage including over polar regions and oceans.  It is fully cross-linked in space, designed as a fully regenerative constellation, with multiple feeder links around the globe ensuring that real-time connectivity between all Satellite Vehicles and ground gateways. These ground gateways can be interfaced with a 3GPP core network allowing connectivity with other terrestrial networks. The in-orbit satellite payloads are fully software defined, allowing the update of the software and firmware on the constellation to enable the required NB-IoT functionalities.
[image: ]So far, Iridium has been operating a collection of proprietary services using the current constellation with a healthy revenue stream to service the costs of launching and operating this constellation.  The intention is to add a new NB-IoT-based service to its constellation. In order to accomplish this, a part of the Iridium’s 10 MHz licensed spectrum, can be carved out and dedicated to transmit NB-IoT anchor carrier(s) for this new service.  An example of this is shown in purple and identified with bold arrow in the diagram to the right. The boundary between legacy services and the new NB-IoT services can be dynamically shifted and hence the NB-IoT service capacity may be progressively increased.  Candidates for this additional capacity are indicated in the figure above in green and identified using light arrows to some of them. 


Market Perspectives 
[bookmark: _Toc493127338]This new NB-IoT NTN service offer could be market primarily as an inbound roaming offering accessed through traditional MNO carriers. When a UE no longer has service from their terrestrial network (TN), the device can roam onto the non-terrestrial network (NTN).
To support this approach to bringing NB-IoT services to market, it is critical that the UE be able to support both terrestrial NB-IoT and non-terrestrial NB-IoT procedures in a single firmware version. 
With this new NB-IoT NTN service, three main applications are expected to be brought to the market:
A. IoT messaging to support tracking, status reporting, infrastructure monitoring
B. Emergency rescue services
C. SMS to support person-person messaging
Several different classes of device may be considered from this service.  Traditional cellular IoT devices may benefit from having a solution that works when out of terrestrial coverage and simplify the logistics for IoT devices.  In addition, smartphones and wearables can also benefit from this service.  Smartphones for ‘emergency rescue services’ as well as person-to-person messaging.  Wearables might benefit from tracking services as well as emergency rescue services.
For all the above-mentioned reasons, the adoption from a variety of market segments can be addressed in cooperation with MNOs:
I. Energy production
II. Shipping
III. Critical Infrastructure monitoring
IV. Automotive
V. Maritime 
VI. Aviation
VII. Smartphone and wearables

The need for further enhancements for 3GPP defined IoT-NTN
Given that the vast majority of NB-IoT systems are deployed using FDD procedures, it is recommended to consider further enhancements to the IoT-NTN “standard” when operating in FDD mode.
Observation 1: Further enhancements to “IoT-NTN” assuming FDD mode operation to be considered

1.1 Improving the Energy Efficiency
To bring NB-IoT to an NTN constellation, great care to take into account the limited energy budget on board the satellites.  Typically, LEO-based space vehicles have on-board batteries that provide the power for the system and are generally recharged via solar panels on every orbit, where they spend half their time in the shadow of the Earth.  In order to avoid degrading the constellation lifespan, any NTN system may need to reduce the per-burst RF energy & orbit-average RF energy used to transmit the anchor carrier.  In fact, this requires network energy savings schemes that may also be useful for terrestrial systems.
This approach to reducing orbit-average energy consumption is best done by ‘selective activation’ of the carrier and only transmit in 1 radio frame within a multi frame period (e.g. N radio frames) and similarly only process receiving only 1 of N system radio frames (1: N selective activation).  This parameter is referred to as the selective activation periodicity (sa-Periodicity) and is measured in radio frames.  
The UE will need to know the configuration details of the Selective Activation to find the anchor carrier.  As such, the details of the selective activation cannot be communicated explicitly over the system information available on the anchor carrier.  Several options are available to communicate this to the UE, including:
· Determining this information in the UE through measurements/observation
· Defining this information as part of the band definition and inform the UE through configuration
The mechanisms to determine/communicate this parameter to the UE and to indicate valid System Frames and Sub-Frames can be determined during the standardization process.  
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Observation 2: Further enhancements on network energy saving to be considered to “IoT-NTN” 

1.2 New frequency band
One additional issue related to operating NB-IoT in NTN relates to the frequency band currently allocated to MSS.
The current IoT LTE frequency bands are described in TS 36.108/TS 36.102 as showed in the table below:
	E‑UTRA Operating Band
	Uplink (UL) operating band
SAN receive
UE transmit
	Downlink (DL) operating band
SAN transmit 
UE receive
	Duplex Mode

	
	FUL_low   – FUL_high
	FDL_low – FDL_high
	

	256
	1980 MHz - 2010 MHz
	2170 MHz - 2200 MHz
	FDD

	255
	1626.5 MHz -1660.5 MHz
	1525 MHz - 1559 MHz
	FDD

	254
	1610 MHz - 1626.5 MHz
	2483.5 MHz - 2500 MHz
	FDD

	253
	1668 MHz - 1675 MHz
	1518 MHz - 1525 MHz
	FDD

	NOTE: Satellite bands are numbered in descending order from 256.



A new frequency band e.g. [252] could be therefore introduced in Rel-19 to cover Iridium frequency band in the range 1616 MHz – 1626.5 MHz for both UL and DL, as presented in the figure below.

[image: ]

It is important to mention that this new band [252] introduction is considering a preferred configuration with unpaired spectrum Half-Duplex constraint on SAN payload.
The frequency TN bands in the vicinity of new band [252] introduction is similar as for 254 and 255 bands definition, so the NTN-TN coexistence has minimum impact and could be neglected (see figure below updated from TR 38.863). 
[image: ]
As a matter of fact, this new band [252] definition could reuse ACS SAN & ACLR UE from UL 254 and ACLR SAN & ACS UE from DL 255 for the core requirements.

By using the appropriate timing offsets between the UL and DL selective availability, UL and DL can be aligned while using the FDD procedures. Therefore, the 3GPP new frequency band could be specified as for ‘unpaired spectrum’ so it is clear it should use the FDD procedures.  Depending on how this new NB-IoT frequency band is specified, Iridium may need a mechanism to inform the terminal to use the UL and DL on the same frequency.   In order to do this, a parameter that was already defined in SIB2 (ul-CarrierFreq) could be used to support allowing the UE to learn uplink EARFCNs.  

Observation 3: A new band for IoT-NTN should be defined. Note that this band is unpaired spectrum hence requiring half duplex mode of operation 

Link budget analysis
The link budget analysis has been provided below for an 8.2-degree elevation angle to satellite (as seen by the UE) for L-band, with the following reference parameters for the existing Iridium LEO@780km deployment:
1/ Scenario investigated:
	Orbit
	Farthest Beam Center Elevation
	Beam Edge Elevation Angle to Satellite (seen from UE)

	LEO@780km
	20.7 deg
	8.2 deg



2/ Satellite parameters:
	Payload Characteristics for DL Transmissions:

	Equivalent satellite antenna aperture (This value is equivalent to the antenna diameter in Sec. 6.4.1 of TR 38.811)
	1.13 m

	Satellite EIRP density (dBW/MHz)
	37.13

	Satellite Tx max Gain (dBi)
	23

	

	Payload Characteristics for UL Transmissions:

	Equivalent satellite antenna aperture (This value is equivalent to the antenna diameter in Sec. 6.4.1 of TR 38.811)
	1.13 m

	G/T(dB/K)
	-3.5

	Satellite Rx max Gain (dBi)
	23



3/ UE parameters:
	UE PC3
	Tx UL = 23 dBm

	UE antenna gain (dBi)
	0

	NF (dB)
	7



Further, LEO@780km link budget analysis (evaluation of CNR) for both DL and UL (with previous SAN/UE parameters) has been represented below:
	LEO@780km 
	DL (Satellite to UE)
	UL (UE to satellite)

	Frequency [GHz]
	1.60
	1.60

	Tx: DL EIRP [dBm/MHz]/UL [dBm]
	67.13
	23.00

	Rx: G/T [dB/K]
	-31.62
	-3.50

	Free space path loss [dB]
	164.36
	164.36

	Atmospheric loss [dB]
	0.10
	0.10

	Shadow fading margin [dB]
	3.00
	3.00

	Scintillation Loss [dB]
	2.20
	2.20

	Polarization loss [dB]
	3.00
	3.00

	Additional losses [dB]
	0.00
	0.00

	CNR [dB] for 180 kHz BW
	1.44
	-7.12

	CNR [dB] for 90 kHz BW
	N/A
	-4.11

	CNR [dB] for 45 kHz BW
	N/A
	-1.10

	CNR [dB] for 30 kHz BW
	N/A
	0.66

	CNR [dB] for 15 kHz BW
	N/A
	3.68

	CNR [dB] for 3.75 kHz BW
	N/A
	9.70



The results indicate good CNR values which may be covered already by different sets of parameters provided in TR 36.763.
Observation 4: A new reference scenario compared to the ones in TR 36.763 may be considered for a potential normative work on the proposed enhancements 

Conclusions
A new NB-IoT NTN service can be offered over an existing in orbit LEO constellation providing true global coverage in complement with terrestrial coverage provided by MNOs across the world.
This would require some enhancements discussed in the previous clauses:
Observation 1: Further enhancements to “IoT-NTN” assuming FDD mode operation to be considered
Observation 2: Further enhancements on network energy saving to be considered to “IoT-NTN” 
Observation 3: A new band for IoT-NTN should be defined. Note that this band is unpaired spectrum hence requiring half duplex mode of operation 
A link budget analysis has also been provided for information.
Observation 4: A new reference scenario compared to the ones in TR 36.763 may be considered for a potential normative work on the proposed enhancements 
Considering the rather limited enhancements needed to enable this new service that can be deployed in a very short term, and the benefits for the “IoT-NTN” eco system, 3GPP is invited to consider this work as part of the Release 19 work program in the September 2024 RAN plenary.
Proposal 1: 3GPP to consider further enhancements to “IoT-NTN” in Rel-19 work plan at RAN#105 in September 2024

-END-
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