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In RAN1#103-e, some agreements on scenarios applicable to NB-IoT/eMTC were made [1]:
 Agreement: 
· IoT NTN scenarios A, B, and C are included in the study 
	NTN Configurations 
	Transparent satellite

	GEO based non-terrestrial access network 
	Scenario A

	LEO based non-terrestrial access network generating steerable beams (altitude 1200 km and 600km)
	Scenario B

	LEO based non-terrestrial access network generating fixed beams whose footprints move with the satellite (altitude 1200 km and 600km)
	Scenario C



FL recommendation on Cube satellites: Companies are encouraged to further discuss and contribute in RAN1#104e on Cube satellites scenario. 
· Cube satellite scenarios is a special case of scenario B or C of IoT NTN, where cube satellite has the size and power limitations typically associated with microsatellites and low-density constellations [2]. 
· Companies can consider aspects related to 
· Restricted link budget consistent with extreme coverage assumption, due to relatively much smaller maximum transmission power, smaller antenna gains and number of beams.
· Discontinuous service link coverage due to very sparse satellite constellation where UE devices can remain long periods of time without being able to detect a satellite cell.
In this contribution, we discuss the deployment scenarios and link budget.
In RAN1#103-e, three typical IoT NTN scenarios A, B and C are configured based on transparent satellite payload. There was some discussion on whether cube satellite scenarios is a special case of scenario B or C of IoT NTN. We share some understanding and considerations on this issue. 

Discussion
Deployment scenarios 
Cube satellite [2], also known as Pico satellite, can have weight of around 0.1-1kg per unit and size varying from 1U to 16U. The basic unit for the cube satellite is defined as a 1U cube with dimensions of 10cm*10cm*10cm. Generally, a cube satellite is restricted to use a maximum transmission power of 1 W (30dBm) to establish communication links. Due to the above strict power and size limitations, the following aspects should be considered:
· Link budget: The power and antenna gain on board cube satellites can be quite limited. Whether the typical antenna parameter settings in cube satellites can support reliable communication for handheld UE in sub-6GHz can be questionable, as the antenna gain for both the satellite and UE is relatively low. This should be studied further at least via the link budget analysis. 
· Steerable beams: Considering payload limitations, real-time and reliable steering beam operation in IoT NTN scenario B becomes more complicated and challenging. Therefore, it should be discussed further what should be the typical assumption for Cube satellite, e.g. whether both scenario B and Scenario C can be supported. 
· Discontinuous coverage: A typical cube satellite can have much smaller coverage compared with legacy LEO satellites. Thus, a much larger mega-constellation (more than tens of thousands satellites) cube satellite network is required to ensure seamless service all over the globe. Otherwise, some enhancement techniques need to be designed during the network interruptions. 
Proposal 1: The cube satellite based deployment should be discussed further considering at least aspects related to link budget, steerable beams and discontinuous coverage.
Performance metrics
In addition to the deployment scenarios, 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. In particular, some initial evaluations on the power consumptions for IoT support over NTN are provided in our companion contribution [3]. 
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 results
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 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 the Appendix. In Table 1, 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 (23 dBm) is suggested, with PC5 (20 dBm) the CNR results will be lowered by 3 dB. It can be observed that the worst CNR and CINR is around -8 dB and -12 dB, respectively. Moreover, the repetition number of DL and UL can be as high as 2048 and 512, respectively, which will improve the performance of IoT for NTN.
Proposal 3: Capture the link budget results in the Appendix into the TR.

Conclusions
In summary, we discuss on the deployment scenario issue and present some preliminary link budget results for IoT-NTN. The following proposals are made:
Proposal 1: The cube satellite based deployment should be discussed further considering at least aspects related to link budget, steerable beams and discontinuous coverage.
[bookmark: _GoBack]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: Capture the link budget results in the Appendix into the TR.
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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]
	CINR [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
	-9.41
	-11.74

	
	
	
	
	
	
	
	
	
	
	
	
	
	90
	-4.92
	-9.41
	-10.73

	
	
	
	
	
	
	
	
	
	
	
	
	
	15
	2.86
	-9.41
	-9.66

	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
	-9.34
	-11.70

	
	
	
	
	
	
	
	
	
	
	
	
	
	90
	-4.92
	-9.34
	-10.68

	
	
	
	
	
	
	
	
	
	
	
	
	
	15
	2.86
	-9.34
	-9.59

	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
	-3.50
	-3.99

	
	
	
	
	
	
	
	
	
	
	
	
	
	90
	8.76
	-3.50
	-3.75

	
	
	
	
	
	
	
	
	
	
	
	
	
	15
	16.54
	-3.50
	-3.54

	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
	6.79
	3.23

	
	
	
	
	
	
	
	
	
	
	
	
	
	90
	8.76
	6.79
	4.65

	
	
	
	
	
	
	
	
	
	
	
	
	
	15
	16.54
	6.79
	6.35

	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
	-3.42
	-4.94

	
	
	
	
	
	
	
	
	
	
	
	
	
	90
	3.37
	-3.42
	-4.25

	
	
	
	
	
	
	
	
	
	
	
	
	
	15
	11.15
	-3.42
	-3.57

	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
	-1.79
	-3.86

	
	
	
	
	
	
	
	
	
	
	
	
	
	90
	3.37
	-1.79
	-2.95

	
	
	
	
	
	
	
	
	
	
	
	
	
	15
	11.15
	-1.79
	-2.01

	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



