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1. [bookmark: _Ref18181]Introduction
In RAN1#114bis meeting, following agreement has been achieved for IoT NTN self-evaluation [1]. In this contribution, the simulation results for IoT-NTN self-evaluation are provided.
	Agreement
For eMTC evaluations, companies to report the TBS size used.


1. [bookmark: _Ref54269283]Discussion on connection density evaluation
The SLS and LLS simulation parameters marked with “to be reported” are quoted below for quick reference.  
[bookmark: _Ref134775365]Table 1 Simulation parameters to be reported
	Parameter
	Value

	Simulation bandwidth
	15kHz (Single tone)

	TBS
	256

	Modulation order
	BPSK-π/2, QPSK-π/4

	Number of Resource units
	2,3,4,5,6,8,10

	Number of repetition
	1,2,4


The connection density of NB-IoT are evaluated via the methodology (i.e., using full buffer system level simulation with link level simulation) as defined in Report ITU-R M.2412. The UL SINR distribution obtained by SLS for FRF=1 and FRF=3 is shown in Figure 1. In the simulation, UL power control is not modeled, i.e. all users with full transmission power.
[image: ][image: ]
(a)Without fasting fading                              (b) With fasting fading (in [2])
 
Figure 1 the Uplink SINR distribution of NB-IoT                                                                                                                                                                
The 99th percentile of the delay per user D and connection density are shown in Table 2 to Table 3, respectively. The traffic model of packet arrival rate of 1 message / 2 hours / device is used. 
[bookmark: _Ref20043][bookmark: _Ref25496]Table 2 99th percentile delay recorded in Step 3 under SINRi (s) without fasting fading
	Physical channel
	Configuration
	99th percentile delay
	Requirement

	
	FRF
	repetitions
	Modulation order
	
	

	NB-IoT
	1
	1,2,4
	MCS sweeping with target BLER @10%
	0.2066s
	<10s

	
	1
	1
	[bookmark: _GoBack]BPSK-π/2 with fixed MCS
	0.1797s
	<10s

	
	3
	1
	QPSK-π/4, MCS sweeping with target BLER @10%
	0.0358s
	<10s


Table 3 Connection density recorded in Step 7 under SINRi (devices per km2) without fasting fading
	Physical channel
	Configuration
	Connection density
	Requirement

	
	FRF
	repetitions
	Modulation order
	
	

	NB-IoT
	1
	1,2,4
	MCS sweeping with target BLER @10%
	436
	>500

	
	1
	1
	BPSK-π/2 with fixed MCS
	558
	>500

	
	3
	1
	QPSK-π/4, MCS sweeping with target BLER @10%
	2250
	>500


For FRF=3, different number of RU is used with MCS sweeping to achieve the target BLER of 10%. And the density requirement can be fulfilled. 
For FRF=1, 10RU with BPSK-π/2 is used to achieve satisfactory connection density, which does not take the target BLER of 10% restriction into account. MCS sweeping with different repetition number is also used in the simulation with the target BLER of 10% restriction. In this case, the connection density is slightly lower than the requirement due to more time domain resource used in repetition.
Based on the CDF of pre-processing SINR, the spectral efficiency is calculated by the following formula with the corresponding BLER by LLS. In the formula, 256 is the TBS in bit. N is the number of RU, and 1RU is 8ms*15kHz. 


The SINR - SE mapping graphs for FRF=1 and FRF=3 are shown in Figure 2.

Figure 2 Spectral efficiency for NB-IoT
Observation 1: For FRF=3, the connection density requirement can be fulfilled with target BLER of 10%.
Observation 2: For FRF=1, the connection density requirement can be fulfilled without target BLER of 10% restriction.
Proposal 1: Capture the evaluation results in Table 2 ~ Table 3 into the TR 37.911.
1. Conclusions
In this contribution, the evaluation including analytical study and simulations are presented with following proposals:
Observation 1: For FRF=3, the connection density requirement can be fulfilled with target BLER of 10%.
Observation 2: For FRF=1, the connection density requirement can be fulfilled without target BLER of 10% restriction.
Proposal 1: Capture the evaluation results in Table 2 ~ Table 3 into the TR 37.911.
[bookmark: _Ref26594][bookmark: _Ref110451335][bookmark: _Ref118723839][bookmark: _Ref102030302]Reference
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