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In RAN#91-e, there was an initiative to accelerate the study of IoT over NTN to meet the increasing market demand for IoT services in unserved and underserved areas. Even though no detailed agreements can be reached from the scoping exercise, a general guidance from the RAN plenary is to focus on the minimum essential functionalities. In this contribution, we provide our views on the use cases and performance requirement, evaluation methodology and performance metrics that is essential to the comparison of different candidate solutions. Besides, the link budget results based on the MEO Set-5 parameters, which were agreed in RAN1#104-bis-e [1], are provided. 
Discussion
Use cases and performance requirement
In RAN#91-e, there was a large support on intermittent delay-tolerant small packet transmission and other use cases not requiring significant specification changes. In particular for the intermittent delay-tolerant small packet transmission, it is important to understand the detailed performance requirements so that the system design can actually meet such requirements. In TS 22.261 [2], the performance requirements for satellite access are defined. However, the UL and DL data rate for IoT NTN as listed in Table 1 are still not confirmed. 
Proposal 1: RAN1 agrees on the performance requirements of typical use cases in IoT over NTN to ensure that the system design can fulfil such requirements.
Table 1 Performance requirements for satellite access
	Scenario
	Experienced data rate (DL)
	Experienced data rate (UL)
	Area traffic capacity
(DL) 
(note 1)
	Area traffic capacity
(UL) 
(note 1)
	Overall user density 
	Activity factor
	UE speed
	UE type

	Pedestrian
(note 2)
	[1] Mbit/s
	[100] kbit/s
	1,5 Mbit/s/km2
	150 kbit/s/km2
	[100]/km2
	[1,5] %
	Pedestrian
	Handheld

	Public safety
	[3,5] Mbit/ss
	[3,5] Mbit/s
	TBD
	TBD
	TBD
	N/A
	100 km/h
	Handheld

	Vehicular connectivity
(note 3)
	50 Mbit/s
	25 Mbit/s
	TBD
	TBD
	TBD

	50 %
	Up to 250 km/h
	Vehicle mounted

	Airplanes connectivity
(note 4)
	360 Mbit/s/ plane
	180 Mbit/s/ plane
	TBD
	TBD
	TBD
	N/A
	Up to 1000 km/h
	Airplane mounted

	Stationary

	50 Mbit/s
	25 Mbit/s
	TBD
	TBD
	TBD
	N/A
	Stationary
	Building mounted

	Narrowband IoT connectivity
	[2] kbit/s
	[10] kbit/s
	8 kbit/s/km2
	40 kbit/s/km2
	[400]/km2
	[1] %
	[Up to 100 km/h]
	IoT

	Note 1: Area capacity is averaged over a satellite beam.
Note 2: Data rates based on Extreme long-range coverage target values in clause 6.17.2. User density based on rural area in Table 7.1-1.
Note 3: Based on Table 7.1-1
Note 4: Based on an assumption of 120 users per plane 15/7.5 Mbit/s data rate and 20 % activity factor per user
Note 5: All the values in this table are targeted values and not strict requirements. 
Note 6: Performance requirements for all the values in this table should be analyzed independently for each scenario. 



Evaluation methodology and performance metrics
The guidance from RAN#91-e is to prioritize the minimum essential functionalities. While there may be different views on whether a specific functionality is essential or not for Rel-17, it may be less controversial that time/frequency synchronization, RACH and timing relationships are critical since an IoT NTN device would need these functionalities to access to the network. 
To evaluate the candidate solutions proposed for the potential enhancement areas, it is important to align the performance metrics as well as the evaluation methodologies so that the potential benefit over the baseline solution or the comparison between different solutions can be conducted. The potential impact of GNSS position fix on UE power consumption is calculated in the last meeting and the battery life analysis was agreed to be captured in TR36.763. To discuss the potential benefits and/or drawbacks of increasing the number of HARQ processes in the UL it was agreed that increasing the number of HARQ processes for NB-IoT and for eMTC in NTN is recommended not to be supported in Rel-17. For disabling HARQ feedback, it was also agreed to discuss at least power consumption and peak data rate as performance metrics. 
In general, the DL/UL peak data rate, latency, user density and power consumption can be used as the performance metrics for other potential enhancements. 
Proposal 2: RAN1 agrees on the evaluation methodology and performance metrics, e.g. DL/UL peak data rate, latency, user density, power consumption, etc., for the candidate solutions targeting optimization of IoT over NTN.
Link budget results
[3] has already provided the parameters Set1, Set2, Set3, and Set 4 link budget analysis results. Here, the recently agreed MEO Set 5 parameter link budget is provided in the Appendix. For DL transmissions, the system bandwidth is set as 180 kHz, which is consistent with NB-IoT. For UL transmissions, single-tone, 6-tone, 12-tone of 15 kHz and 3.75 kHz 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. The transmit power of PC5 (20 dBm) and noise figure of 9 dB are used. 
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. It can be observed that the worst CNR for the four sets of satellites are around -12 dB, -16 dB, -13dB and -17dB, respectively. However, the path loss can be compensated by repetition. Repetition Gain=10*log(Number of Repetitions), which means 3dB gain can be achieved with 2 repetitions. The maximum repetition number of NPUSCH in IoT is 128, and the repetition number of DL is as high as 2048, which is sufficient to compensate the large path loss of IoT NTN.
Proposal 3: Capture the link budget results of MEO set-5 in the Appendix into TR 36.763.
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: RAN1 agrees on the performance requirements of typical use cases in IoT over NTN to ensure that the system design can fulfil such requirements.
Proposal 2: RAN1 agrees on the evaluation methodology and performance metrics, e.g. DL/UL peak data rate, latency, user density, power consumption, etc., for the candidate solutions targeting optimization of IoT over NTN.
Proposal 3: Capture the link budget results of MEO set-5 in the Appendix into TR 36.763.
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Appendix
Table 1 Link budget results
	Parameter set
	Satellite orbit
	UL/DL
	B(kHZ)
	Elevation angle
	UE Location 
	TX: EIRP/spot/BW [dBW]
	RX: G/T [dB/T]
	
	[dBi] 
	Sat. EIRP density  [dBW/MHz]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Additional losses [dB]
	Free space path loss [dB]
	Atmospheric path loss [dB]
	CNR [dB]

	

	Set 5
	MEO10000
	DL
	180
	90
	centre
	37.95
	-31.62
	28.1
	0
	45.4
	3
	2.2
	0
	178.47
	0.20
	-4.495

	
	
	
	180
	86.1
	edge
	37.95
	-31.62
	28.1
	0
	45.4
	3
	2.2
	0
	178.48
	0.20
	-4.502

	
	
	UL
	180
	90
	centre
	-7.00
	3.80
	0
	28.1
	
	3
	2.2
	3
	178.47
	0.20
	-17.023

	
	
	
	180
	86.1
	edge
	-7.00
	3.80
	0
	28.1
	
	3
	2.2
	3
	178.48
	0.20
	-17.031

	
	
	
	90
	90
	centre
	-7.00
	3.80
	0
	28.1
	
	3
	2.2
	3
	178.47
	0.20
	-14.013

	
	
	
	90
	86.1
	edge
	-7.00
	3.80
	0
	28.1
	
	3
	2.2
	3
	178.48
	0.20
	-14.021

	
	
	
	45
	90
	centre
	-7.00
	3.80
	0
	28.1
	
	3
	2.2
	3
	178.47
	0.20
	-11.003

	
	
	
	45
	86.1
	edge
	-7.00
	3.80
	0
	28.1
	
	3
	2.2
	3
	178.48
	0.20
	-11.011

	
	
	
	15
	90
	centre
	-7.00
	3.80
	0
	28.1
	
	3
	2.2
	3
	178.47
	0.20
	-6.232

	
	
	
	15
	86.1
	edge
	-7.00
	3.80
	0
	28.1
	
	3
	2.2
	3
	178.48
	0.20
	-6.239

	
	
	
	3.75
	90
	centre
	-7.00
	3.80
	0
	28.1
	
	3
	2.2
	3
	178.47
	0.20
	-0.211

	
	
	
	3.75
	86.1
	edge
	-7.00
	3.80
	0
	28.1
	
	3
	2.2
	3
	178.48
	0.20
	-0.219



