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In RAN86#, a new study WID [1] on NB-IoT/eTMC support for NTN was proposed and 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 provide some discussions on the deployment scenarios and link budget.

Discussion
Deployment scenarios, evaluation assumptions and performance metrics
NB-IoT is one of the key technologies to support massive machine type communication (mMTC) services in 5G and beyond networks. To provide global connectivity and service continuity for M2M/IoT devices, IoT over NTN is expected to complement and extend the NB-IoT terrestrial coverage in under-served and disaster-stricken areas [1]. Two NTN-IoT use cases, i.e., Wide area IoT service and Local area service, have already been defined in [2] to show the potential NTN usage in IoT service provisioning.
To have a better understanding on the overall performance for IoT over NTN, it will be good to first align the views among companies regarding the deployment scenarios as well as the evaluation methodology and simulation assumptions. 
In our understanding, at the least the following aspects should be considered and our initial views are also provided below
· Bands of interest in sub 6 GHz
· Similar as NR NTN, S-band (2GHz) can be used in the study. Even though there will be some differences if other band is used, it may not make a big difference considering that the gap in at least large-scale path-loss is not that significant.
· UE RF characteristics
· PC3 (23 dBm) is considered as a baseline. Other power classes can also be considered if deemed necessary based on the discussion of the use cases and typical terminal assumptions therein.
· Single Tx/Rx antenna with linear polarization can be assumed with 3 dB polarization loss.
· Satellite RF characteristics
· One simple option is to reuse the same satellite characteristics in NR NTN. 
· Some discussion may be needed on whether other LEO satellite characteristics with smaller antenna Tx/Rx gain and lower cost should be considered in this study.
· Satellite constellation orbit LEO and GEO 
· In general, both LEO and GEO can be considered in this study. However, LEO based IoT-NTN can face bigger challenges due to high mobility of satellites. Therefore, it will be good to identify the most typical foreseen use cases. In particular, it will be helpful to have more input from operator point of view.
· Satellite beam
· One option is to reuse the assumptions in NR NTN. 
· Similar to the RF characteristics, some more discussions may be needed on whether other setups should be considered or not.
· Transparent payload
· Transparent payload is assumed in this SI.
· Traffic model
· As described in Table B.2-1 [3], IoT over NTN should achieve a target experience data rate of 2kbps to 10kbps. The overall UE density is set to 400 UEs/per km2. The traffic model for cellular IoT [4], i.e., Mobile Autonomous Reporting (MAR) exception reports, MAR periodic reports, network command, and software update/reconfiguration model, can serve as a baseline. 
· Operation mode
· The current NB-IoT requires 180 kHz minimum system bandwidth in sub 6 GHz band. There are three different deployment options as below:
· Standalone operation: A GSM operator can replace one GSM carrier (200 kHz) with NB-IoT;
· Guard-band operation: An operator deploys NB-IoT in the guard-band of the LTE carrier;
· In-band operation: An operator deploys NB-IoT inside an LTE carrier by allocating one of the physical resource blocks (PRBs) of 180 kHz to NB-IoT.
· Different from terrestrial networks, NTN typically adopts a frequency reuse paradigm to mitigate inter-beam interference. An in-band operation with 180 kHz bandwidth can degrade system performance to some extent, as NPSS (occupying 11 OFDM symbols and 180 kHz bandwidth) cannot be staggered in the frequency domain and strong interference is induced. 
In addition to the deployment scenarios and simulation assumptions, it is also important to align views on the possible performance metrics for study on IoT over NRN, e.g. the DL/UL peak data rate, latency, user density and power consumption. This is critical since this can provide some insights on what kinds of use cases are suitable for IoT over NTN and potential areas that would need some possible enhancement. 
Proposal 1: The deployment scenarios, evaluation methodology and simulation assumptions should be should be identified for IoT-NTN including at least the following aspects
· Bands of interest in sub 6 GHz
· UE RF characteristics
· Satellite RF characteristics
· Satellite constellation orbit LEO and GEO 
· Satellite beam
· Transparent payload
· Traffic model
· Operation mode
Proposal 2: The performance metrics for IoT over NR-NTN includes at least the following 
· DL/UL peak data rate
· Latency
· User density 
· Power consumption

Link budget
In this section, link budget under different scenarios are evaluated. The system level parameters of set-1 satellite and UE for link budget evaluation in [3] are reused except for the bandwidth. The system bandwidth is set to 180 kHz, which is consistent with design of NB-IoT. The channel bandwidth for DL is calculated as system bandwidth/ frequency reuse factor. For UL, 1-tone, 6-tone and 12-tone of 15 kHz for are taken as examples of channel bandwidth. As the current operating band of NB-IoT is relatively low, link budget results in S band are calculated. All the results are given in appendix. In the result table, CIRs are averaged among 1000 UEs that are randomly located in the central beam of 19-beam layout. Moreover, interferences from beams that have partial or full coverage outside the earth are neglected. 
Note that the UL channel bandwidth of NB-IoT can be scheduled as flexibly as 3.75 kHz or multiple of 15 kHz within 180 kHz system bandwidth, the lower bandwidth the higher CNR. Here the transmitted power of PC3 (23dBm) is suggested, with PC5 (20dBm) the CNR results will be lowered by 3dB. It can be observed that the worst CNR is around -8dB. Moreover, the repetition number of DL and UL can be as high as 2048 and 512, respectively, which will also improve the performance of IoT for NTN.
Proposal 3: Link budget parameters for IoT-NTN should be aligned.

Conclusions
In summary, we discuss on the deployment scenario issue and present some preliminary link budget results for IoT-NTN. The following proposal is made:
Proposal 1: The deployment scenarios, evaluation methodology and simulation assumptions should be should be identified for IoT-NTN including at least the following aspects
· Bands of interest in sub 6 GHz
· UE RF characteristics
· Satellite RF characteristics
· Satellite constellation orbit LEO and GEO 
· Satellite beam
· Transparent payload
· Traffic model
· Operation mode
Proposal 2: The performance metrics for IoT over NR-NTN includes at least the following 
· DL/UL peak data rate
· Latency
· User density 
· Power consumption
Proposal 3: Link budget parameters for IoT-NTN should be aligned.
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Appendix

Table 1 Link budget results
	Satellite orbit
	Central beam elevation
	Frequency/ Polarization Reuse
	UL/DL
	TX: EIRP/spot/BW [dBW]
	RX: G/T [dB/T]
	Frequency (GHz)
	Atmospheric loss [dB]
	Free space path loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Additional losses [dB]
	Polarization loss [dB]
	B(kHZ)
	CNR [dB]
	CIR [dB]
	CNIR [dB]

	GEO
	12.5 deg
	Option 1
	DL
	51.55
	-31.62
	2
	0.2
	190.58
	3
	2.2
	0
	0
	180
	-0.01
	6.98
	-0.80

	GEO
	12.5 deg
	Option 1
	UL
	-7.00
	19.00
	2
	0.2
	190.58
	3
	2.2
	0
	0
	180
	-7.93
	5.93
	-8.11

	
	
	
	
	
	
	
	
	
	
	
	
	
	90
	-4.92
	5.93
	-5.27

	
	
	
	
	
	
	
	
	
	
	
	
	
	15
	2.86
	5.93
	1.12

	GEO
	12.5 deg
	Option 2
	DL
	46.78
	-31.62
	2
	0.2
	190.58
	3
	2.2
	0
	0
	60
	-0.01
	12.11
	-0.26

	GEO
	12.5 deg
	Option 2
	UL
	-7.00
	19.00
	2
	0.2
	190.58
	3
	2.2
	0
	0
	180
	-7.93
	12.09
	-7.98

	
	
	
	
	
	
	
	
	
	
	
	
	
	90
	-4.92
	12.09
	-5.01

	
	
	
	
	
	
	
	
	
	
	
	
	
	15
	2.86
	12.09
	2.37

	LEO-600
	30 deg
	Option 1
	DL
	26.55
	-31.62
	2
	0.1
	159.10
	3
	2.2
	0
	0
	180
	6.57
	1.90
	0.62

	LEO-600
	30 deg
	Option 1
	UL
	-7.00
	1.10
	2
	0.1
	159.10
	3
	2.2
	0
	0
	180
	5.75
	1.41
	0.05

	
	
	
	
	
	
	
	
	
	
	
	
	
	90
	8.76
	1.41
	0.68

	
	
	
	
	
	
	
	
	
	
	
	
	
	15
	16.54
	1.41
	1.28

	LEO-600
	30 deg
	Option 2
	DL
	21.78
	-31.62
	2
	0.1
	159.10
	3
	2.2
	0
	0
	60
	6.57
	10.96
	5.23

	LEO-600
	30 deg
	Option 2
	UL
	-7.00
	1.10
	2
	0.1
	159.10
	3
	2.2
	0
	0
	180
	5.75
	10.72
	4.55

	
	
	
	
	
	
	
	
	
	
	
	
	
	90
	8.76
	10.72
	6.62

	
	
	
	
	
	
	
	
	
	
	
	
	
	15
	16.54
	10.72
	9.71

	LEO-1200
	30 deg
	Option 1
	DL
	32.55
	-31.62
	2
	0.1
	164.49
	3
	2.2
	0
	0
	180
	7.19
	1.66
	0.59

	LEO-1200
	30 deg
	Option 1
	UL
	-7.00
	1.10
	2
	0.1
	164.49
	3
	2.2
	0
	0
	180
	0.36
	1.05
	-2.32

	
	
	
	
	
	
	
	
	
	
	
	
	
	90
	3.37
	1.05
	-0.95

	
	
	
	
	
	
	
	
	
	
	
	
	
	15
	11.15
	1.05
	0.65

	LEO-1200
	30 deg
	Option 2
	DL
	27.78
	-31.62
	2
	0.1
	164.49
	3
	2.2
	0
	0
	60
	7.19
	10.65
	5.57

	LEO-1200
	30 deg
	Option 2
	UL
	-7.00
	1.10
	2
	0.1
	164.49
	3
	2.2
	0
	0
	180
	0.36
	10.54
	-0.04

	
	
	
	
	
	
	
	
	
	
	
	
	
	90
	3.37
	10.54
	2.61

	
	
	
	
	
	
	
	
	
	
	
	
	
	15
	11.15
	10.54
	7.83

	Note 1: DL EIRP is calculated by EIRP density in [2] and system bandwidth
Note 2: Channel bandwidth of 1-tone, 6-tone and 12-tone of 15kHz for UL are taken as examples
Note 3: Repetition number is one




