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1	Introduction
In RAN#86, a Rel-17 Study Item (SI) on IoT NTN was approved to evaluate the feasibility of NTN for NB-IoT and eMTC and the Study Item Description (SID) was updated in [1]. It was agreed to use the existing work on NR NTN captured in TR 38.821 [2] as a baseline. The first objective of this study is as follows.  
The first objective of this Study is to 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
NOTE 1: This first objective will be based on the scenarios documented in TR 38.821.
NOTE 2: UE mobility assumptions follow terrestrial NB-IoT/eMTC assumptions.


In this contribution, we discuss evaluation assumptions to support evaluations needed to verify the feasibility of NTN for eMTC and NB-IoT.
2	Evaluations for IoT NTN
2.1	Evaluation targets
eMTC and NB-IoT were carefully studied at the initial design stage to ensure that they could meet the various design targets, see 3GPP TR 36.888 [3] and TR 45.820 [4]. Later, in Rel-15, eMTC/NB-IoT performance was further evaluated to show that they fulfill the 3GPP massive MTC [5] and the IMT-2020 5G performance requirements [6][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 NB-IoT and eMTC in the new context of NTN, while accounting for factors such as the additional complexity, cost, latency and power consumption associated with GNSS operation.
Additionally, the SID clearly indicates that device types with PC3 and PC5 are in the scope and thus it will be necessary to evaluate both device types.
[bookmark: _Toc71638759]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.
[bookmark: _Toc71638765]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.
2.2	Evaluation methodology
2.2.1	Coverage performance 
A link budget analysis is needed to evaluate the coverage performance of IoT NTN. The maximum coupling loss (MCL) of the channels has traditionally been used as a metric for coverage performance evaluation.
[bookmark: _Toc71638760]During the initial design stage of eMTC/NB-IoT [3][4] as well as for 3GPP mMTC [5] and IMT-2020 5G performance requirements [6][7], the MCL of the coverage-limiting channel was used as a metric for coverage performance evaluation.  
[bookmark: _Toc54133709][bookmark: _Toc71638766]In Rel-17 IOT NTN SI, the MCL should be provided for eMTC and NB-IoT based on the agreed simulation scenarios.
[bookmark: _Toc61464396]In Rel-16 NR NTN SI, a set of study cases was identified for system-level simulation calibration. Similarly, we need to initiate discussion on system-level simulations for IoT NTN SI.
[bookmark: _Toc71638767]RAN1 should discuss the assumptions for system-level simulation calibration for IOT NTN SI.    
Both NB-IoT and eMTC support different granularities for uplink (UL) frequency resource allocation. For instance, NB-IoT supports an UL allocation of 1-tone (15 kHz), 3-tones (45 kHz), 6-tones (90 kHz) or 12-tones (180 kHz). Similarly, eMTC supports an UL allocation of 2-out-of-3-tones, 3-tones (45 kHz), 6-tones (90 kHz) or 12-tones (180 kHz). Moreover, the smaller the allocation of resources in the frequency-domain, the longer the transmission duration in the time-domain. Therefore, we need to determine which of the legacy time-frequency allocations NB-IoT/eMTC can support in different NTN scenarios.
[bookmark: _Toc54133710][bookmark: _Toc71638768]The time-frequency UL resource allocations for NB-IoT/eMTC that are feasible in NTN scenarios should be determined based on link budget calculations.
2.2.2	Connection density evaluation
In [5], the connection density was defined as the number of devices per unit area that fulfil a target quality of service (QoS) requirement to ensure a packet drop rate of 1% for a certain packet size and packet arrival rate. For IMT-2020 connection density requirement for massive IoT devices [6], a target connection density of 1 million devices per  was to be supported for the specified set of scenarios. In those scenarios, the inter-site distances of 500 m and 1732 m were considered. 
[bookmark: _Toc71638761]The cell sizes in NTN are significantly larger than those considered while evaluating eMTC/NB-IoT connection density requirement in terrestrial cellular networks.
In [10], a projected device density for IoT NTN based on the population data in England was presented. For a 40 km NTN cell diameter, it was estimated that around 500,000 devices within the satellite coverage area of 1257  will need to be supported in rural areas. This translates to a target device density of less than 400 devices per . For dense urban areas, the target device density was estimated to be around 26,000 devices per . The average target device density was estimated to be around 6600 devices per .
At the RAN2#112-e meeting, it was agreed to include the table including IoT NTN device densities for the use case of fixed devices in a TP for TR 36.763, where the values in the table are directly copied from TR 38.821 as agreed for IoT connectivity in Rel-16 NR NTN SI. It is, however, not clear whether it is feasible to achieve the target device density and thus proper evaluation is needed in this regard.
[bookmark: _Toc71638769]Evaluate whether it is feasible to achieve the target IoT NTN device density, which is copied from TR 38.821 to TR 36.763.
2.2.3	Complexity evaluation
A low device complexity was one of the key design targets for NB-IoT and eMTC devices. For this reason, the device complexity for various proposals was evaluated in [4] in terms of silicon area estimate (including on-chip memory), relative area of RF and baseband functions, list of external components, relative cost, etc. GNSS-equipped operation, however, was not envisioned while designing NB-IoT/eMTC. Therefore, the complexity and cost of IoT NTN devices need to be estimated to account for GNSS.     
[bookmark: _Toc71638762]GNSS-assisted operation will increase the complexity, cost, and power consumption of eMTC and NB-IoT devices.
[bookmark: _Toc54133712][bookmark: _Toc71638770]Evaluate the impact of GNSS-assisted operation on NB-IoT and eMTC device complexity.
2.2.4	Energy consumption evaluation
Based on energy consumption evaluation, NB-IoT/eMTC have been shown to have a battery life of at least 10 years with a 5 Wh battery under certain assumptions about the device activity pattern. Specifically, in [3], battery life was evaluated for a mobile-originated data transfer of 200 bytes UL data followed by 20 bytes DL data per day for a MCL of 164 dB. As IoT NTN devices are expected to support GNSS operation, the device battery life calculation needs to be revisited.
[bookmark: _Toc71638763]GNSS-assisted operation is expected to increase the power consumption of IoT NTN devices.
[bookmark: _Toc54133714][bookmark: _Toc71638771]Evaluate the battery life supported by eMTC and NB-IoT devices while accounting for the increased power consumption due to GNSS-assisted operation in IoT NTN.
2.2.5	Latency evaluation
The latency evaluation for IoT NTN needs to account for additional delays due to large link distances as well as GNSS operation. 
[bookmark: _Toc71638764]The large propagation delay in NTN as well as GNSS-assisted operation is expected to significantly increase the supported latency for eMTC/NB-IoT NTN.
To minimize the effort, we propose adopting the latency evaluation methodology in [3][5] for massive IoT scenario. The transmission latency was measured from the time a device in its most battery-efficient state decides to send an uplink application layer packet until the time the packet is ready at the base-station to be dispatched to the core network. It included the time for downlink synchronization and random access. It was compared against a requirement of 10 s assuming a packet size of 105 bytes defined at the physical layer (including MAC, PDCP and RRC overheads).
[bookmark: _Toc54133715][bookmark: _Toc71638772]Use the evaluation methodology considered in TR38.913 [5] for evaluating latency performance of eMTC and NB-IoT for NTN.
To begin the discussion, the latency evaluation formula for IoT NTN can be expressed as 

where  is the time needed to acquire timing/frequency compensation information using GNSS,  is the time needed to acquire DL synchronization,  is the time needed to perform random access,  is the time needed to transmit data on the uplink and  models other miscellaneous time delays. For the preliminary evaluation, we propose following the assumptions in Table 1. 
[bookmark: _Ref52971453]Table 1 Preliminary assumptions for latency evaluation for IoT NTN.
	
	Delay variable
	Comments
	Initial evaluation assumptions

	1
	
	This will vary depending on cold, warm or hot start.
	Evaluate latency for each of these options.

	2
	
	This includes time for acquiring (N)PSS, (N)SSS, and (N)PBCH. 
	Target 1% BLER for synchronization channels and 10% BLER for other channels. 

	3
	
	This includes time for random access.
	Use 4-step RACH.

	4
	
	This counts the time starting from the instant when UL data is transmitted until it is received successfully at the eNB. 
	Needed only for RRC resume.
Not needed for early data transmission (EDT). 

	5
	
	To account for other delays such as wait times between transmission and reception.
	If RTT is not explicitly included in 2-4, then it can be accounted for here.

	6
	Coupling loss
	The latency calculation will vary depending on the coupling loss.
	Use maximum coupling loss (MCL).



[bookmark: _Toc54133716][bookmark: _Toc71638773]Evaluate the latency performance of eMTC/NB-IoT while accounting for the large propagation delay, GNSS operation and NTN-specific link budget.
Conclusion
In the previous sections we made the following observations: 
Observation 1	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.
Observation 2	During the initial design stage of eMTC/NB-IoT [3][4] as well as for 3GPP mMTC [5] and IMT-2020 5G performance requirements [6][7], the MCL of the coverage-limiting channel was used as a metric for coverage performance evaluation.
Observation 3	The cell sizes in NTN are significantly larger than those considered while evaluating eMTC/NB-IoT connection density requirement in terrestrial cellular networks.
Observation 4	GNSS-assisted operation will increase the complexity, cost, and power consumption of eMTC and NB-IoT devices.
Observation 5	GNSS-assisted operation is expected to increase the power consumption of IoT NTN devices.
Observation 6	The large propagation delay in NTN as well as GNSS-assisted operation is expected to significantly increase the supported latency for eMTC/NB-IoT NTN.

Based on the discussion in the previous sections we propose the following:
Proposal 1	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.
Proposal 2	In Rel-17 IOT NTN SI, the MCL should be provided for eMTC and NB-IoT based on the agreed simulation scenarios.
Proposal 3	RAN1 should discuss the assumptions for system-level simulation calibration for IOT NTN SI.
Proposal 4	The time-frequency UL resource allocations for NB-IoT/eMTC that are feasible in NTN scenarios should be determined based on link budget calculations.
Proposal 5	Evaluate whether it is feasible to achieve the target IoT NTN device density, which is copied from TR 38.821 to TR 36.763.
Proposal 6	Evaluate the impact of GNSS-assisted operation on NB-IoT and eMTC device complexity.
Proposal 7	Evaluate the battery life supported by eMTC and NB-IoT devices while accounting for the increased power consumption due to GNSS-assisted operation in IoT NTN.
Proposal 8	Use the evaluation methodology considered in TR38.913 [5] for evaluating latency performance of eMTC and NB-IoT for NTN.
Proposal 9	Evaluate the latency performance of eMTC/NB-IoT while accounting for the large propagation delay, GNSS operation and NTN-specific link budget.
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