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1. [bookmark: _Ref18181]Introduction
In RAN#86 meeting [1], the NTN SI has been endorsed with following scope: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.
The second objective is, for the above identified scenarios, to study and recommend necessary changes to support NB-IoT and eMTC over satellite, reusing as much as possible the conclusions of the studies performed for NR NTN in TR38.821. This objective will address the following items: 
· Aspects related to random access procedure/signals [RAN1, RAN2]
· Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication [RAN1, RAN2]
· Timing offset related to scheduling and HARQ-ACK feedback [RAN1, RAN2]
· Aspects related to HARQ operation [RAN2, RAN1]
· General aspects related to timers (e.g. SR, DRX, etc.) [RAN2]
· RAN2 aspects related to idle mode and connected mode mobility [RAN2]
· RLF-based for NB-IoT
· Handover-based for eMTC
· System information enhancements [RAN2]
· Tracking area enhancements [RAN2]
· NOTE 3: GNSS capability in the UE is taken as a working assumption in this study for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.
· 

In this contribution, views on the scenarios and corresponding assumption for IoT over NTN are elaborated. 
1. Views on the scenarios/assumption
As the previous SIs for NR-NTN, detailed scenarios/assumptions with corresponding parameters are provided from both satellite and UE sides with consideration on the typical use cases, e.g., both normal UE with linear polarization and other types of UE (VSAT or antenna array). For the IoT, similar operation/discussion are expected to cover all potential commercial usage of IoT over NTN (e.g., Transportation & logistic, environment monitoring, Mining, etc. [1]).
1. Satellite configuration
· Scenarios 
According to the discussion for NR, both GEO and LEO satellite are defined as reference scenarios for the eMBB service with either steerable or moving beam in Table 4.2-1 [2]. With consideration on the potential reuse of satellite for multiple-service, the same assumption as NR is recommended for IoT-NTN study.
· RF parameters assumption
In [2], two parameter sets are defined as baseline for performance evaluation. The latter one with larger beam diameter (footprint) and lower antenna gain is defined for the case aiming to the coverage with relative lower efficiency. In the SI for IoT NTN, the 2nd one (set-2 in Table 6.1.1.1-2 [2]) can be taken as the basic assumption for evaluation. Meanwhile, other parameters (including the minimum elevation angle for serving/elevation angle for the certain beam) based on the typical satellite configuration to service IoT can also be considered since the previous assumption is targeted for eMBB (e.g., 45 ° and 90° as central beam evaluation angle for GEO and LEO in system simulation, respectively). W.r.t the IoT service, lower elevation angle can be expected to provide the larger coverage with reduced cost (i.e., satellite constellation with sparse orbits). And such value should also be considered during the link budget analysis for beam edge UE.
Proposal 1: Both GEO/LEO with fixed and moving beam should be considered.
Proposal 2: Proper satellite RF parameters should be defined with consideration on the cost/efficiency to support the IoT application.
1. UE configuration
· UE scenarios:
During the SI for NR-NTN, all evaluations, e.g., link budget, are conducted by assuming that all terminals are in outdoor scenarios without additional loss, e.g., penetration loss or vegetation loss. However, such assumption is not suitable to support the typical use case of IoT provided in the justification of this SI. More specifically, following typical scenarios with corresponding characteristics can be considered:
a) Indoor UE:
As typical use case of terrestrial IoT, massive terminals to support service in indoor scenarios, e.g., sensor, meters, are widely deployed. For support the usage of this scenarios, except for the path loss (by assuming all in NLoS condition), additional O2I penetration loss [2] shall be considered for the link budget evaluation.
Moreover, for the indoor UE, other impacts, e.g., positioning accuracy due to the poor GNSS signal strength, should also be taken into account for solution evaluation.
b) Outdoor UE: 
Different from NR NTN, even for some typical use cases for terminal in outdoor scenarios, e.g., logistic, environment monitoring, the assumption with free space loss only will not be available due to the blockage from vegetation [3] or others. More specifically, for the case of environment monitoring, as shown in Figure 1 (where  refers to the elevation angle for service and  is the vegetation depth), the terminal will be deployed on the ground, which may be surrounded by the vegetation, e.g., woods. In this case, according to the preliminary simulation results shown in Table 1, by adding the corresponding loss to the NLoS UE only (determined by the LoS/NLoS probability in [4]) with spare vegetation (i.e., h(height of wood) = d*sin(d)), the ratio for the UE with larger CL (i.e., exceeding than 164 dB) is increased up to 10%. This value will be further increased by considering the same impact for LoS UE.
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[bookmark: _Ref54103183]Figure 1 Illustration on the impacts on vegetation
[bookmark: _Ref54104384]Table 1 Percentage of CL exceeding 164 dB for rural
	Assumption
	GEO with set-2
	LEO-600 with set-2

	d = 0 m
	Eel = 10°
	7%
	2%

	
	Eel = 20°
	7%
	3%

	
	Eel = 30°
	6%
	2%

	d = 2 m
	Eel = 10°
	9%
	5%

	
	Eel = 20°
	9%
	6%

	
	Eel = 30°
	7%
	4%

	d = 10 m
	Eel = 10°
	9%
	8%

	
	Eel = 20°
	10%
	8%

	
	Eel = 30°
	8%
	6%


In other case, e.g., the logistic, if the direct connection between IoT terminal and satellite is assumed for the cargo within container, additional penetration loss similar as the O2I car penetration defined in [5] should also be considered. 
Proposal 3: Target scenarios for the application should be clarified with proper assumption on the channel condition.
· UE density and traffic assumption: 
As elaborated in [6], the terrestrial IoT is able to fulfill the requirement of ITU on 5G, e.g., 1,000,000 device/km2 by assuming the BS deployment with ISD equaling to 500 m or 1732 m in different evaluation configurations. In NTN case, as the parameters listed in Table 2, the beam diameter is up to hundreds km even in case of nadir point. According to such assumption, the number of overall UE served by single beam will be extremely large. In this situation, the capacity of current channel design, e.g., PRACH, is not capable to support the application via satellite [7]. 
[bookmark: _Ref47688497]Table 2 Typical satellite configuration for large coverage [2]
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band
(i.e. 2 GHz)
	12 m
	1 m
	1 m

	Satellite EIRP density
	
	53.5 dBW/MHz
	34 dBW/MHz
	28 dBW/MHz

	Satellite Tx max Gain
	
	45.5 dBi
	24 dBi
	24 dBi

	3dB beamwidth
	
	0.7353 deg
	8.8320 deg
	8.8320 deg

	Satellite beam diameter (Note 2)
	
	450 km
	190 km
	90 km

	Note 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of [2].
Note 2: This beam size refers to the Nadir pointing of the satellite 
Note 3: All these satellite parameters are applied per beam.
Note 4: The EIRP density values are considered identical for all frequency re-use factor options.


Moreover, in case of performance evaluation for UL (e.g., IoT), the interference level (i.e., CIR [2]) is also critical, which is determined by number of simultaneously transmitting UEs randomly distributed over the reference beam. For NR-NTN evaluation, 10 UEs per beam, are used as the baseline with consideration on the typical use case of NR-NTN (e.g., normal mobile UE in remote area or vehicle-mounted with less density). W.r.t IoT case, determination of such value should be well investigated with consideration on the overall density and traffic load.
Proposal 4: The ITU requirements on UE density can be considered as the baseline for evaluation unless NTN-specific UE density for target commercial usage is defined.
· UE RF assumption
Traditionally, the single antenna with linear polarization is assumed for the terrestrial network with tradeoff between the performance and cost. In NTN case, due to the potential mismatch on the polarization, e.g., circular antenna used at satellite side, up to 3 dB loss will be suffered by re-using the same RF requirement. Such loss should be considered within the corresponding link budget analysis. Moreover, if more powerful IoT device with circular antenna is considered, proper investigation on the cost should be conducted similar as terrestrial network in [8][9].
For the NB-IoT and eMTC device, the half-duplex model is also supported in FDD mode to reduce the cost, e.g., only type-B half-duplex FDD operation for NB-IoT. In the NTN case, same assumption should also be kept as baseline. Otherwise, up to 15%-25% [9] cost will be required.
In addition, in this SI, the GNSS is assumed as default capability of terminal to enable the pre-compensation. Then, additional requirements on the RF part is needed to support this function with corresponding cost. Meanwhile, enabling the GNSS reception for performing the pre-compensation requires additional power consumption and may lead to the inference between the GNSS signaling and service once the RF quality is degraded. Thus, corresponding assumption and study on the impacts should also be studied to ensure the good performance of IoT-NTN.
Proposal 5: The single antenna (linear polarization) and half-duplex for UE should be taken as baseline assumption.
Proposal 6: Investigation on the impacts and requirements along with the enabling of GNSS for IoT device is needed.
1. Operation mode
[bookmark: _GoBack]In current specification, as shown in Figure 2, three modes are supported for NB-IoT and in-band for eMTC. However, for the NTN case, since no dedicated optimization on the LTE-self is conducted, supportive on the in-band/guard band operation is not preferred for the NB-IoT. W.r.t the eMTC, further studies are needed to justify the feasibility but potential impacts on the LTE should be precluded.
[image: IoT_mode]
[bookmark: _Ref54168408]Figure 2 Illustration on the operation mode for NB-IoT
In the existing design, both FDD and TDD are supported for terrestrial eMTC/NB-IoT. W.r.t the NTN scenario, due to large RTT and fixed frame structure, lower system efficiency is foreseen in TDD mode and significant restriction on the scheduling is unavoidable with consideration on the “repetition”, which is used to ensure performance for DL/UL transmission. Therefore, similar as NR-NTN WI [10], only the FDD is considered for satellite scenarios.
Proposal 7: Only the stand-alone mode is supported for NB-IoT with further investigation on eMTC.
Proposal 8: IoT-NTN with FDD can be prioritized in this SI.
1. Conclusions
In this contribution, discussion on assumption and potential enhancement w.r.t the IoT over NTN has been conducted with following proposals:
Proposal 1: Both GEO/LEO with fixed and moving beam should be considered.
Proposal 2: Proper satellite RF parameters should be defined with consideration on the satellite’s cost/efficiency to support the IoT application.
Proposal 3: Target scenarios for the application should be clarified with proper assumption on the channel condition.
Proposal 4: The ITU requirements on UE density can be considered as the baseline for evaluation unless NTN-specific UE density for target commercial usage is defined.
Proposal 5: The single antenna (linear polarization) and half-duplex for UE should be taken as baseline assumption.
Proposal 6: Investigation on the impacts and requirements along with the enabling of GNSS for IoT device is needed.
Proposal 7: Only the stand-alone mode is supported for NB-IoT with further investigation on eMTC. 
Proposal 8: IoT-NTN with FDD can be prioritized in this SI.
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