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Introduction
[bookmark: _Hlk510705081]The study item description [1] for NB-IoT/eMTC support for non-terrestrial networks defined the following first objective:identify scenarios applicable to NB-IoT/eMTC [RAN1, RAN2], including:
-	Bands of interest in sub 6 GHz
-	Device type with PC3 or PC5 (LEO and GEO) 
-	Satellite constellation orbit LEO and GEO 
-	Transparent payload.
-	Link budget


In this contribution we provide our observations related to the applicable scenarios and additional notes on use cases and deployment options.
Discussion
Frequency band
There is a number of potential bands in the sub 6 GHz domain, which may be applicable to the IoT over NTN system. The bands include L-band (~1.5-1.7 Ghz), S-band (~2.0-2.7 GHz) and C-band (~3.4-7.0 GHz). In the Rel-16 SI on NTN the S-band and the Ka-band (~17.3-30 GHz) were studied. Therefore, S and Ka-band-specific channel model parameters were provided in TR 38.811 [2] and band-specific evaluation assumptions were provided in TR 38.821 [3]. 
We observe that reuse of the S-band and related assumptions can facilitate an efficient evaluation and comply with the target of sub 6 GHz carrier frequency.
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.
Whether the same band or a different band is used for the feeder link also needs to be agreed.
Proposal 1: RAN1 to agree S-band usage for service link as a working assumption. Feeder link frequency band is FFS.
In the NTN WI [4] the use of Frequendy Division Duplexing (FDD) is assumed for the core specification work. Since the use of Time Division Duplexing (TDD) results in a number of challenges for non-terrestrial networks, we propose to assume the use of FDD for the IoT over NTN SI.
Proposal 2: RAN1 to agree FDD usage as a working assumption.
The SI description [1] lists transportation, logistics, mining and other use cases, which may all involve moving devices. Furthermore, it is noted that “satellite NB-IoT or eMTC be defined in a complementary manner to terrestrial deployments”. Therefore, it is important to enable NB-IoT and eMTC devices to utilize both terrestrial and non-terrestrial networks. In terms of deployment bands it is preferred that the terrestrial bands used for deploying NB-IoT and eMTC are not reused for NTN,.  
Proposal 3: The study item should target new bands for non-terrestrial networks. 
Device type
The SI description suggests power class 3 (23 dBm output power) and power class 5 (20 dBm output power) is studied. However, release 14 NB-IoT also supports a power class 6 with 14 dBm output power. Such a power class may reduce device cost and power consumption at the cost of a worse link budget.
Proposal 4: RAN1 to discuss which device power class(es) to study.
In addition to the new power class of release 14, each new release after the intial NB-IoT and eMTC release 13 has introduced updates and new features. The additions include increased bandwidth and number of HARQ processes, (group) wake-up signal, early data transmission, Resynchronization Signal, multi-Transport Block scheduling and so forth. Most of the features introduced after release 13 are optional and therefore it will be important to evaluate their applicability to the NTN one by one. 
Proposal 5: RAN1 to discuss which release of NB-IoT and eMTC is assumed as baseline and which optional features are supported.
Besides the new power class of release 14, the release also introduced two new devices categories; Category M2, having a 5 MHz receive bandwidth as compared to 1.4 MHz of category M1, and category NB2, which supports transport block size of 2536 bits for UL and DL and 2 HARQ processes as compared to 680/1000 bits for DL/UL and 1 HARQ process of category NB1. 
Proposal 6: RAN1 to discuss which device categories to include in the study.
Satellite constellation orbit
The technical reports on NTN [2][3] define assumptions related to LEO and GEO, e.g. satellite altitude, Doppler shift, cell size. Those assumptions can be reused for the SI on IoT over NTN.
Observation 2: The assumptions on satellite constellation in TR 38.821 can be reused for the SI.
The SI mentions LEO and GEO as part of the objective description, but not HAPS. It will be good to clarify whether an extension to include HAPS is needed.
Observation 3: HAPS is not included in the SI description, but extension to include it may be feasible.
Link budget
In order to evaluate the link budget for eMTC and NB-IoT for the LEO and GEO scenarios assumptions need to be defined. Section 6.1.3 of [3] contains the link budget analysis performed for the NR over NTN SI, which can be reused at least partially to define LEO and GEO satellite characteristics.
Observation 4: LEO and GEO satellite characteristics from TR 38.821 can be used as baseline for link budget analysis.
For the UE, the noise figure can be assumed to be 5 dB while the Tx/Rx antenna gain can be assumed to be 0 dBi.
To facilitate the link budget analysis it is furthermore necessary to determine what channels to study. For example, uplink and downlink control and data channels in addition to the Random Access channel. For the data channels it is also necessary to define the target rate. For the original release 13 NB-IoT development the application layer target data rate was 160 bit/s.
Depending on the use cases it may also be necessary to define an indoor scenario and thus an outdoor to indoor penetration loss.
Proposal 7: Link budget assumptions incl. target channels, data rate, UE and satellite characteristics, are needed to facilitate link budget analysis.
Use cases
To study the IoT over NTN feasibility it is important to clarify the use case(s). For example, the payload size impacts the time-on-air, which may be restricted due to a combination of repetitions and limited coverage time in case of a LEO deployment. The number of RRC Idle and Connected devices and their traffic profile (paging, user data) will also impact the design options. Furthermore, eMTC also supports voice calls and it is unclear whether this would also be a target for the NTN deployments.
Proposal 8: RAN1 to discuss and define use case(s) for the IoT over NTN SI.
When the NB-IoT technology was initially standardized in release 13, the development was made according to a set of objectives [5]:
· Support of up to 1,000,000 devices per square kilometer
· User equipment battery life of 10 years using a battery of 5 Wh
· Maximum user data uplink latency of 10 s
· Coverage extension of 20 dB over legacy GPRS, resulting in 164 dB maximum coupling loss
It will be beneficial to establish the corresponding targets for the 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

The SI list industries like transportation, utilities, and environmental monitoring [1], where the user equipment in some instances may be located indoor. From a link budget perspective this may be feasible, but the SI also provides the following assumption regarding GNSS usage: “UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission”. If the UE is indoor the GNSS performance may be severely degraded and therefore result in uplink transmissions causing significant interference and potential failure. 
Proposal 10: RAN1 to discuss whether indoor UEs are in scope and how to handle poor GNSS performance.
Deployment aspects
The NB-IoT technology supports deployment in the guardband or inband of an LTE carrier or as standalone, while eMTC is only deployable inband. 
Therefore, it is important to consider how each of the two technologies will be deployed in an NTN scenario. In principle, an empty host cell can be generated for eMTC, but depending on the system bandwidth it may result in a resource waste.
Since there are no non-terrestrial networks using LTE, the inband or guardband deployments could perhaps utilize the NR over NTN constellations [4]. However, this raises questions on whether the operator would then need both an EPC and 5GC architecture
Observation 5: NB-IoT and eMTC supports different deployment options, but not all may be applicable to NTN.
Proposal 11: RAN1 to discuss NB-IoT and eMTC deployment options, potentially in connection with NR over NTN.
Finally, it will also be important to determine the scope in terms of interaction with terrestrial networks. Is it e.g. possible to perform handover (eMTC) or cell reselection (eMTC, NB-IoT) from the NTN to the TN and vice versa?
Proposal 12: RAN1 to discuss whether the study includes terrestrial network interaction.
If NB-IoT or eMTC interacts with terrestrial networks or is deployed with NR it will be important to perform a co-existence analysis to determine the potential impact on the performance of all involved systems. One aspect to consider is the usage of beams in NR. Currently, the NR on NTN WI has not defined whether there will be multiple NR beams per NR cell.
Observation 6: A coexistence analysis (RAN4) may be needed. 
Conclusion
Based on the discussion in the previous sections we have the following observations and proposals:
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.
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 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.
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.
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