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1	Introduction
In this contribution we provide further updated evaluation results for IoT NTN (NB-IoT) fulfilment of the Connection Density requirement for IMT-2020 satellite RIT.
2	Discussion
2.1	ITU-R requirement for Connection Density
The Connection Density requirement is defined as the following in [1]:  
Connection density is the total number of devices fulfilling a specific quality of service (QoS) per unit area (per km2). A connection density of at least 500 devices per km2 should be supported. The requirement was derived assuming up to and including a 30 MHz bandwidth.
The proponent should report the connection density achievable by the candidate RITs/SRITs, and identify the assumed frequency band(s) of operation and the channel bandwidths in that(those) band(s).
The evaluation methodology for the systems simulations for determining the connection density should follow the principles outlined in § 7.1.3 of Report ITU-R M.2412 with needed adaptations.
The evaluation is conducted in the Rural-mMTC-s test environment (see § 8.2), applicable to handheld devices or, optionally, MTD. Suitable evaluation configuration parameters according to § 8.2 for this test environment should be used and declared by the proponent of the evaluation.
2.2	Modelling assumptions 
The Full Buffer method was used for the evaluation, following the evaluation methodology described in section 7.1.3 of [2] adapted for the NTN scenario. Other assumptions are according to those agreed in previous RAN1 meetings.
Uplink power control was not modelled.
2.3	Results
Figure 1a provides the Pre-processing SINR CDF for FRF=1. Figure 1b shows the SINR – Spectral Efficiency (SE) mapping for BLER ≤10%, according to agreed assumptions.



Figure 1a: Pre-processing SINR cdfs for FRF=1 and FRF=3
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Figure 1b: SINR – SE mapping (BLER ≤10%) 
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Corresponding overall results for “Connection Density” and “99th percentile packet delay per user” are provided in Table 1. It can be observed that NB-IoT NTN exceeds the ITU-R Connection Density requirement by a very large margin for both FRF=1 and FRF=3, and that the corresponding packet delay requirement is also able to be fulfilled by a large margin.
Table 1: Updated evaluation results
	Metric
	FRF=1
	FRF=3

	Connection Density / km2 (target: 500 users)
1 message/24 hours per device)
	5581 users / 180kHz
	41,645 users / 3*180kHz

	Connection Density / km2 (target: 500 users)
1 message/2 hours per device
	465 users / 180kHz
(500 users/194kHz)
	3470 users / 3*180kHz

	99th percentile packet delay per user (target: <10s)
	0.284 seconds
	0.025 seconds



Observation: These results demonstrate that NB-IoT NTN exceeds the ITU-R Connection Density requirement by some margin for both FRF=1 and FRF=3, and that the corresponding packet delay requirement is also able to be fulfilled by a large margin.
2.4 	Link budget template
We provide the following results for the link budget analysis for NB-IoT NTN:
	
	NPDSCH
	NPUSCH fmt1

	Parameter
	TBS
	BW
	#reps
	Target BLER
	TBS
	BW
	#reps
	Target BLER

	Value 
	256
	180kHz
	4 reps, 10subframes per rep (total 40ms) 
	10%
	256
	15kHz
	8 reps, 4 RUs (8 subframes per RU)
	10%

	SINR required
	-6.6dB
	-5.9dB



Link budgets for control channels will hopefully be provided in a later update.
Proposal 2: Consider the above link budget analysis for the link budget template finalisation for NB-IoT NTN.
3	Conclusion
Observation: These results demonstrate that NB-IoT NTN exceeds the ITU-R Connection Density requirement by some margin for both FRF=1 and FRF=3, and that the corresponding packet delay requirement is also able to be fulfilled by a large margin.
Proposal 1: Add the results for NB-IoT NTN to section 5.1 of TR37.911.
Proposal 2: Consider the above link budget analysis for the link budget template finalisation for NB-IoT NTN.
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