[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 #114                                                                                         R1-2306568
Toulouse, France, August 21st - August 25th, 2023

Source:	ZTE
Title:	Discussion on the Self-evaluation results for IoT NTN
Agenda Item:	9.14.3
Document for:    Discussion
1. [bookmark: _Ref18181]Introduction
In RAN1#113 meeting, assumptions for analytical assessment and simulation have been discussed. And the proposals and conclusions in Section 1 of [1] are endorsed. In this contribution, the simulation results for mMTC-s based on the IoT-NTN are provided.
1. [bookmark: _Ref54269283]Discussion on evaluation results
1.1 Connection density
According to the discussion in [2], the simulation parameters are listed in Table 1.
[bookmark: _Ref134775365]Table 1 LLS parameters for connection density with additional parameters
	
	NB-IoT

	Physical channel
	NPUSCH

	Simulation bandwidth
	Single tone

	Subcarrier spacing
	15 kHz

	Number of users in simulation
	1

	Link-level Channel model
	NTN TDL-C Rural

	Antenna configuration at Satellite
	1Rx

	Antenna configuration at UE
	1Tx

	Transmission mode
	SISO

	Transmission rank
	1

	TBS
	256

	Modulation order
	BPSK-π/2, QPSK-π/4

	Number of Resource units
	8,10

	Number of repetition
	1

	Channel estimation
	LMMSE

	Channel coding scheme
	Turbo code

	Doppler spread
	5Hz

	UL DMRS config
	As per TS 36.211 (1 DMRS per slot)


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 [4]. In RAN1#112bis-e, it has been agreed to use “pre-processing SNR” for SLS to LLS metric. In TR 37.910, however, “pre-processing SINR” is used for NR evaluation. This misalignment on the metric should be clarified. In our opinion, it is preferred to use “pre-processing SINR” instead of “pre-processing SNR” to take into account the interference from adjacent beams.
By performing full buffer SLS evaluation based on simulation parameters in [2], the UL SNR and SINR distribution over users are both determined and corresponding SNR and SINR curves of frequency reuse factor configurations of both FRF=1 and FRF=3 are shown in Figure 1. 

Figure 1 the Uplink SNR and SINR distribution of NB-IoT                                                                                                                                                              
By following the steps defined in [4], the 99th percentile of the delay per user D and connection density can be obtained for NB-IoT under pre-processing SNRi and pre-processing SINRi as shown from Table 2 to Table 5, respectively. Note that the stringent traffic model of packet arrival rate of 1 message / 2 hours / device is chosen and the simulation bandwidth W is assumed as 180kHz in the calculation. In LLS evaluation, 10RUs and 8RUs are selected for BPSK-π/2 with IMCS=0   and QPSK-π/4 Modulation order with IMCS=2 to determine TBS of 256 bits for NB-IoT, respectively. Moreover, no repetition is selected for NB-IoT with consideration of large time domain resource. 
[bookmark: _Ref134777450]Table 2 99th percentile delay recorded in Step 3 under SNRi (s)
	Physical channel
	Configuration
	99th percentile delay

	
	FRF
	repetitions
	Modulation order
	

	NB-IoT
	1
	1
	BPSK-π/2
	0.08s

	
	3
	1
	BPSK-π/2
	0.08s

	
	1
	1
	QPSK-π/4
	0.064s

	
	3
	1
	QPSK-π/4
	0.064s


[bookmark: _Ref134777457]Table 3 Connection density recorded in Step 7 under SNRi (devices per km2)
	Physical channel
	Configuration
	Connection density

	
	FRF
	repetitions
	Modulation order
	

	NB-IoT
	1
	1
	BPSK-π/2 
	665

	
	3
	1
	BPSK-π/2 
	665

	
	1
	1
	QPSK-π/4
	831

	
	3
	1
	QPSK-π/4
	831



Table 4 99th percentile delay recorded in Step 3 under SINRi (s)
	Physical channel
	Configuration
	99th percentile delay

	
	FRF
	repetitions
	Modulation order
	

	NB-IoT
	1
	1
	BPSK-π/2
	0.1274s

	
	3
	1
	BPSK-π/2
	0.0903s

	
	1
	1
	QPSK-π/4
	0.1189s

	
	3
	1
	QPSK-π/4
	0.0770s


[bookmark: _Ref21944]Table 5 Connection density recorded in Step 7 under SINRi (devices per km2)
	Physical channel
	Configuration
	Connection density

	
	FRF
	repetitions
	Modulation order
	

	NB-IoT
	1
	1
	BPSK-π/2
	586

	
	3
	1
	BPSK-π/2
	659

	
	1
	1
	QPSK-π/4
	689

	
	3
	1
	QPSK-π/4
	820



According to [3], the requirement on connection density is at least 500 devices per km2. It can be observed that the 99th percentile of the delay per user D is less than 10s and connection density for both NB-IoT could fulfill the IMT-2020 requirement.
Observation 1: The connection density requirement can be fulfilled for NB-IoT in NTN.
Proposal 1: For SLS to LLS metric, “pre-processing SINR” should be used instead of “pre-processing SNR”.
Proposal 2: Capture the assumption in Table 1, along with the evaluation results in Table 2 ~ Table 5 into the TR.
1. Conclusions
In this contribution, the evaluation including analytical study and simulations are presented with following proposals:
Observation 1: The connection density requirement can be fulfilled for NB-IoT in NTN.
Proposal 1: For SLS to LLS metric, “pre-processing SINR” should be used instead of “pre-processing SNR”.
Proposal 2: Capture the assumption in Table 1, along with the evaluation results in Table 2 ~ Table 5 into the TR.
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