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Introduction
In [1], there are several remaining issues including:
Issue 2-2-1 IoT level for GEO and LEO dynamic range requirement:  
Companies are encouraged to bring evaluation results for IoT Level with the assumption of 36/18 UEs for 3.75kHz and 9 UEs for 15kHz.

In this paper, we present our view on the IoT remaining SAN RF requirement of dynamic range and ICS.
Discussion
Rx dynamic range
It is agreed in LTE specification that the inter-cell interference scenario will be used to evaluate the noise floor increase so in our simulation, the same principle is used. The scenario simulated is the same with the coexisting scenarios and assumption is reused also. So, the interference over thermal (IoT level) is collected from the interference source: uplink interference from adjacent cell (NTN beam other than center beam), leakage from the coexisting system (TN network).
The interference level is derived according to formular below in TR 38.863[3]:
	 PIntf = -174 dBm/Hz + 10 * log10(NRB * SCS * 12) + NF + IoT
Pwanted = -174 dBm/Hz + 10 * log10(NRB * SCS * 12) + NF + IoT + SNR + IM
Where:
-	NRB is the transmission bandwidth configuration of the lowest SCS defined for SAN for each BS channel bandwidth;
-	SCS is the lowest sub-carrier spacing defined for SAN for each BS channel bandwidth;
-	NF is noise figure of SAN receiver in dB as defined in table 6.2.2.1-5,
- 	IoT: to be decided.  
-	SNR is the value to satisfy the 95% throughput of measurement channel. 
-	IM is implementation margin reserved for SAN manufacturer in dB. The IM values was reused from the NR BS as 2 dB;

Noise figure is table 6.2.2.1-5 in TR 38.863: 
Table 6.2.2.1-5: NTN satellite Noise Figure in dB
	Satellite
	GEO
	LEO 600
	LEO 1200

	G/T (dB K-1)
	19
	1.1
	1.1

	G_Rx (dBi)
	51
	30
	30

	NF (dB)
	7.4
	4.3
	4.3



The SNR for 16QAM LTE  is is 9.4 dB for 1.4MHz channel with FRC A2-1  in Table 7.3-1 in TR 36.804 [4]. The required SNR for NB-IoT is 4.8 dB for both 3.75kHz and 15kHz for FRC A13-1 and A13-2 in TR 36.802[5].
The IoT level for NB-IoT is simulated and the simulation result for 36 UE case is shown below:	Comment by Chunhui Zhang: Is this correct? I think we could use this in requirement if this is the worst case.	Comment by Fredrik Lundqvist A: yes correct
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Figure 1: NTN GEO, UL IoT level (dB) for middle beam
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Figure 2: NTN LEO 1200, UL IoT level (dB) for middle beam
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Figure 3: NTN LEO 600, UL IoT level (dB) for middle beam
[bookmark: _Ref118706869]The 95-tile point of IoT level for LEO 600 is 35 dB and 31 dB for LEO 1200, for GEO is 19dB.

The IoT level for cat-M1 is simulated and the simulation result is shown below:	Comment by Chunhui Zhang: If we have cat-M1 results.	Comment by Fredrik Lundqvist A: I have pasted in the cat-m1 results cdfs now. Perhaps you want to add an observation2
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Figure 4: NTN GEO, CAT-M1, UL IoT level (dB) for middle beam
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Figure 5: NTN LEO 1200, CAT-M1, UL IoT level (dB) for middle beam
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Figure 6: NTN LEO 600, CAT-M1, UL IoT level (dB) for middle beam
[bookmark: _Ref118706883]The 95-tile point of IoT level for CAT-M1 for LEO 600 is 19 dB and 15 dB for LEO 1200, for GEO is 3 dB.
[bookmark: _Ref118706894]IoT level for LEO is 35 dB for NB-IoT and for GEO is 19 dB.
[bookmark: _Ref118706902]IoT level for LEO is 19 dB for Cat-M1. No need for GEO for dynamic range. 
For NB-IoT SAN dynamic range requirement:
Table 1: IoT SAN LEO class dynamic range for NB-IoT operation 
	NB-IoT
channel bandwidth [kHz]
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] / BWChannel
	Type of interfering signal

	200
	FRC A15-1 in Annex A.15 (15kHz)
	[-86.1]
	[-93]
	AWGN

	200
	FRC A15-2 in Annex A.15
(3.75kHz)
	[-92.15]
	[-99]
	AWGN



Table 2: IoT SAN GEO class dynamic range for NB-IoT operation 
	NB-IoT
channel bandwidth [kHz]
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] / BWChannel
	Type of interfering signal

	200
	FRC A15-1 in Annex A.15 (15kHz)
	[-99]
	[-105.8]
	AWGN

	200
	FRC A15-2 in Annex A.15
(3.75kHz)
	[-105]
	[-111.8]
	AWGN



For Cat-M1 SAN dynamic range requirement:

Table 72: IoT SAN LEO class dynamic range for Cat-M1 operation
	E-UTRA
channel bandwidth [MHz]
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] / BWConfig
	Type of interfering signal

	1.4
	FRC A2-1 in Annex A.2
	[-79]
	[-90.4]
	AWGN




ICS
As there is no discussion about this, the TN ICS should be reused and this is the same as the NTN SAN requirement. To derive the interference level, the same formular in TR 38.817-2 is used below:
Interfering signal power level = -174dBm/Hz+10*log10(BW)+NF+ICS;
Where:
-	BW is interfering signal bandwidth in Hz, e.g. 3PRB for 1.4MHz MHz SCS:15 kHz;
-	NF is Table 6.2.2.1-5 in TR 38.863;
-	ICS is agreed as 25dBc for all BS type which is the same as legacy E-UTRA ICS;

Wanted signal is QPSK modulated signal, signal power level = -174 dBm/Hz+10*log10(BW)+NF+SNR+IM+3;
Where:
-	BW is wanted signal bandwidth in Hz, e.g. 3 PRB for 1.4MHz SCS:15 kHz;
-	NF is Table 6.2.2.1-5 in TR 38.863;
-        SNR is 0 dB for FRC A1-4 in Annex A.1 in TR 36.804.
-	IM is implementation margin which is assumed as 2dB;
-	3dB is reference sensitivity degradation which is reused from legacy E-UTRA requirement;

Table 1: IoT SAN GEO class ICS requirement
	SAN channel bandwidth (MHz)
	Subcarrier spacing (kHz)
	Reference measurement channel
	Wanted signal mean power (dBm)
	Interfering signal mean power (dBm)
	Type of interfering signal

	1.4
	15
	A1-4 in Annex
	[-104.3]
	[-84.3] 
	1.4 MHz E-UTRA signal,, 
3 RBs



And 
Table 2: IoT SAN LEO class ICS requirement
	SAN channel bandwidth (MHz)
	Subcarrier spacing (kHz)
	Reference measurement channel
	Wanted signal mean power (dBm)
	Interfering signal mean power (dBm)
	Type of interfering signal

	1.4
	15
	A1-4 in Annex
	[-104.3]
	[-87.4]
	1.4 MHz E-UTRA signal,3 RBs



[bookmark: _Ref118706911]Discuss the above ICS value for SAN for Cat-M1.
Conclusions
In this contribution, we present our view on the remaining RF requirement overview for IoT SAN with below observations and proposal:
Observation 1 The 95-tile point of IoT level for LEO 600 is 35 dB and 31 dB for LEO 1200, for GEO is 19dB.
Observation 2 The 95-tile point of IoT level for CAT-M1 for LEO 600 is 19 dB and 15 dB for LEO 1200, for GEO is 3 dB.
Proposal-1:IoT level for LEO is 35 dB for NB-IoT and for GEO is 19 dB.
Proposal-2:IoT level for LEO is 19 dB for Cat-M1. No need for GEO for dynamic range.
Proposal-3:Discuss the above ICS value for SAN for Cat-M1.
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