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Introduction
Iridium is interested in offering a 3GPP NB-IoT offering using our current constellation.
[image: ]We already have a full LEO constellation (66 active SVs).  This constellation works in our MSS band (L-band, 1.6 GHz) that we have global license to use.    These satellites were recently refreshed in 2019, with five additional spares launched in 2023 for a current total of 14 spares.  After the final launch, Iridium reported our constellation has an expected longevity through at least 2035.
This constellation provides global coverage.  It is fully cross-linked in space, designed as a fully regenerative constellation, with multiple feeder links around the globe ensuring that we have real-time connectivity between all SVs and our ground systems. 

[image: ]Iridium operates a collection of proprietary services using our current constellation with a healthy revenue stream to service the costs of launching and operating our constellation.  Iridium intends to add a new NB-IOT-based service to our constellation.  To accomplish this, we will carve out a small amount of our 10 MHz spectrum, excluding it from the operation of our existing services. We will dedicate it to transmit our anchor carrier for this new service.  An example of this is shown in purple and identified with bold arrow in the diagram to the right.  We will also be able to dynamically shift the boundary between our legacy services and NB-IOT services and allow us to enable additional non-anchor-carriers to increase our NB-IOT system capacity.   Candidates for this additional capacity are indicated in the figure above in green and identified using light arrows to some of them. 
The Iridium satellites are fully software defined, so we can update the software and firmware on our constellation to enable the required NB-IOT functionality.  This space-hosted functionality will then connect through our cross-linked constellations to our feeder links and to our ground systems.  These ground systems are ultimately interfaced with a 3GPP core network interconnected to the rest of the GSMA carriers.

Market Opportunities 
[bookmark: _Toc493127338]Iridium intends to bring NB-IOT services to 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 will now be able to roam onto the Iridium 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.  It is our understanding that the vast majority of NB-IoT systems are deployed using FDD procedures.
We are looking to bringing three services to market:
A. IoT messaging to support tracking, status reporting, infrastructure monitoring
B. Emergency rescue services
C. SMS to support person-person messaging
We are considering several different classes of device that might benefit 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, we think that smartphones and wearables will 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.
We see adoption from a variety of major markets:
I. Energy production
II. Shipping
III. Critical Infrastructure monitoring
IV. Automotive
V. Maritime 
VI. Aviation
VII. Smartphone and wearables

We are discussing relationships to bring these services to the market global and regional MNOs.

Enhancing NB-IOT to improve NTN Constellation Energy Efficiency
To bring NB-IoT to an NTN constellation, it must be sensitive to the energy budget of the space system.  This is loosely analogous to techniques developed in Release 18 (Network Energy Saving, NES) as well as concepts under consideration for NR NTN on GSO systems (beam-hopping).  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.  To avoid degrading our 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 same strategy for network energy savings may also be useful for terrestrial systems that need to reduced energy consumption.
Iridium believes that this approach to reducing orbit-average energy consumption is best done by ‘selective activation’ of the carrier and only transmit 1 of N system 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 system frames. For Iridium, our system constraints will require us to use an sa-Periodicity of 9 (using a 1:9 activation period for the carrier). Using the sa-Periodicity value of 9, Iridium can offer both NB-IoT services and continue to offer our existing legacy services.  
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
· Passing this information to the UE via the USIM
The mechanisms to determine/communicate this parameter to the UE will be determined during the standardization process.  
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Per-burst RF energy constraints also need to be considered for any NTN systems.  Given the constrained link budget for NTN system and the target system performance goals and coverage targets, it is not practical to reduce the transmit levels in the DL.   However, it is possible to limit the number of subframes transmitted per DL bursts.   Iridium believes that our system can comply with its design constraints if the DL system frame is limited to no longer than 8msec.   To support this constraint and minimize the changes to the DL structure, we need to remove specific subframes that do not include system information (Candidates for removal include SF1, SF2, SF3, SF6, SF7, or SF8).  A mechanism with a similar effect is included in SIB1(downlinkBitMap-r13). To ensure that a single burst can include both the NPSS and NSSS, the mechanism needs to span two system frames instead of just one.  Iridium is proposing an IE (sa-DownlinkBitMap) that will span two system frames (20 bits). This IE, for bands that operate in SelectiveActivation, can be used to communicate which subframes are to be ignored by the UE, centered with the subframe that has a decodable NPBCH (SF0).  For Iridium, we would expect to either exclude DL SF2&3 and start bursts with SF4 or exclude SF6&7 and start bursts with SF8 to comply our per-burst RF energy constraints.  These options have distinct characteristics:
· Starting a DL burst with SF4 would allow the UE to detect the NPSS, followed by NSSS within 4 msec.
· Starting a DL burst with SF8 would either require the UE to find the NPSS and then look backwards 4 msec to process NSSS or process NSSS in 86 msec when the next frame is available under the selective activation constraints.
The combined effects of these two options need to be considered by the UE manufacturers to determine which is acceptable.  In addition, the network operators need to review this to ensure that the resulting capacity can support the required capacity for system information and user data.
[image: ]sa-DownlinkBitMask 
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Summarizing the plan for managing the effects of selective activation on the downlink, a UE with knowledge of the periodicity of the selective activation DL (sa-Periodicity) and the selective activation downlink invalid subframes (sa-DownlinkBitMask), the UE can now efficiently search for the NPSS & NSSS and effectively receive NPBCH and NPDSCH signals in the anchor carrier while accounting for the effects of selective activation.  
There will be some knock-on effects in the system to support the UL operation, which will have similar constraints as the DL in terms of selective availability.  Iridium believes that these items are all manageable and can be useful for a variety of networks where energy is constrained.
One additional issue related to operating NB-IOT over Iridium’s constellation is around the frequency plan.  The current majority of fielded UEs support the FDD procedures and we believe we need to extend those procedures to ensure that UEs can roam from their current terrestrial network to Iridium’s non-terrestrial network.  However, Iridium’s constellation is TDD and we use the same frequencies for UL and DL.  By using the appropriate timing offsets between the UL and DL selective availability, we can align the UL and DL with the Iridium TDD constraints while using the FDD procedures.  We may specify the Iridium band as ‘FDD’ so it is clear it should use the FDD procedures.  Depending on how we specify the Iridium band, we may need a mechanism to inform the terminal to use the UL and DL on the same frequency.   To do this, we could use a parameter was already defined in SIB2 (ul-CarrierFreq) to support to allow the UE to learn different uplink EARFCNs than specified in the Tx-Rx Frequency Separation in TS 36.101.  

Conclusions
Iridium is interested in offering NB-IOT services on its existing LEO constellation.  This paper has outlined the vertical markets that might be interested in this offering, as well as the services we might offer.  Iridium wants to offer its services as an inbound roaming partner and have been in discussions with MNOs across the world about this approach.  The market is interested in leveraging the existing investment Iridium has made in their existing constellation to make use of a new global NTN NB-IOT offering.
We are excited to engage with the 3GPP community to help bring Iridium into the 3GPP/GSMA world.  The efforts to do this appear to be constrained in scope/impact and we hope they can be fit into the Release 19 work program in the September 2024 RAN plenary.
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