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1. [bookmark: _Ref18181]Introduction
In RAN1#104b-e [1], some agreements have been made w.r.t the scenarios including capture a parameters set of MEO and initial collection on the link budget results are conducted to evaluate the performance. In this contribution, further analysis on the link budget results, distribution of MCL and other issues are discussed.
2. Discussion on the Link budget
2.1 Link budget for MEO
According to the link budget template used in the last meeting, the results for MEO cases are given in Table 1 under the assumptions as: PC3(23 dBm) for UL and NF=7 dB for DL, UL CNR includes 3 dB additional loss due to beamwidth defined by HPBW at the edge of the beam. 
W.r.t the impacts on the 3dB loss for the beam edge UE, according to the following note listed in latest TR 36.763[2], 
· DL SNR may include a 3 dB additional loss due to beamwidth defined by HPBW at the edge of the beam; for SET-1, SET-2, SET-3, a 0 dB additional loss is used in the spreadsheet calculation with the assumption that the DL EIRP is the EIRP at the beam edge; for SET-4, a 3 dB additional loss is used in the spreadsheet calculation with the assumption that the DL EIRP is the EIRP at the Nadir.
It can be found that different assumption is considered for set-1/2/3 and set 4, corresponding clarification for MEO is also needed.
[bookmark: _Ref7315]Table 1 Link budget results for MEO
	Transmission mode
	DL
	UL

	Frequency [GHz]
	2.00
	2.00

	TX: DL EIRP [dBm/MHz]
TX: UL [dBm]
	89.00
	23.00

	RX: G/T [dB/K]
	-31.62
	19.00

	Free space path loss [dB]
	190.80
	190.80

	Atmospheric loss [dB]
	0.20
	0.20

	Shadow fading margin [dB]
	3.00
	3.00

	Scintillation Loss [dB]
	2.20
	2.20

	Polarization loss [dB]
	3.00
	3.00

	Additional losses [dB]
	0.00
	3.00

	CNR [dB]-1080 kHz
	4.37
	-24.68

	CNR [dB]-360 kHz
	4.37
	-19.90

	CNR [dB]-180 kHz
	4.37
	-16.89

	CNR [dB]-90 kHz
	4.37
	-13.88

	CNR [dB]-45 kHz
	4.37
	-10.87

	CNR [dB]-15 kHz
	4.37
	-6.10

	CNR [dB]-3.75 kHz
	4.37
	-0.08


Proposal 1: Clarification on the definition of EIRP for MEO w.r.t to whether including a 3 dB additional loss due to beamwidth is needed.
2.2 Misalignment on atmosphere loss
In RAN1#104e meeting, w.r.t the additional loss, following agreement has been made:
	Other Losses
	GEO (35786 km)
	LEO (1200 km)
	LEO (600 km)

	Scintillation losses
	2.2
	2.2
	2.2

	Atmospheric losses
	0.2
	0.1
	0.1

	Polarization loss
	3
	3
	3

	Shadow margin
	3
	3
	3


NOTE 1: With PC3 (23 dBm) there is a 3dB gain compared to the PC5 (20 dBm) assumption on UL. 
NOTE 2: With NF=7 dB, there is a 2 dB improvement compare to NF=9 dB on DL.
NOTE 3: Link budgets with other link budget parameters are not excluded from being captured in the TR.
NOTE 4: These parameters are only for the purpose of link budget calculations.
NOTE 5: Atmospheric losses are a function of elevation angle.
Based on this agreement, it should be noticed that as highlighted in Note 5, updates of the atmospheric value with consideration on the impacts of elevation is needed. However, according to the collected results [2] for link budge, the atmospheric loss for Case-1 is not aligned with the calculation based on equation in TR 38.821[4]. According to our calculation, the value should be 0.88 dB instead of 0.2 dB and corresponding updates and clarification is needed.
Proposal 2: The value of atmosphere loss used in Case-1 of link budget should be updated as 0.88 dB to align all results.
3. Discussion on the channel condition based on system evaluation
In order to have an overall insight on the performance of IoT over NTN, the evaluation on the CL for all UEs within the coverage of serving satellite based on all parameter sets according to the parameters in rural, urban, dense urban scenarios with the LoS probability of the UEs assumed according to the Table 6.6.1-1 in [5]. 
In terrestrial network, the MCL (Maximum Coupling Loss) requirements is set as 164 dB and 159 dB for NB-IoT and eMTC, respectively. As shown in Figure 1~Figure 9 below, it can be found that: 
· In rural scenario, the CLs of about 5%~10% GEO UEs are larger than 164 dB, and the CLs of about 5% LEO-600 and LEO-1200 UEs are larger than 164 dB; 
· In urban scenario, the CLs of about 50% GEO UEs are larger than 164 dB, about 30% LEO-600 and LEO-1200 UEs are larger than 164 dB; 
· In dense urban scenario, the CLs of about 50% GEO UEs are larger than 164 dB, the CLs of about 30%~40% LEO-600 and LEO-1200 UEs are larger than 164 dB. 
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	[bookmark: _Ref5509]Figure 1 Illustration of DL CL for GEO in rural
	Figure 2 Illustration of DL CL for LEO-600 in rural
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	Figure 3 Illustration of DL CL for LEO-1200 in rural
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	Figure 4 Illustration of DL CL for GEO in ubran
	Figure 5 Illustration of DL CL for LEO-600 in urban
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	Figure 6 Illustration of DL CL for LEO-1200 in urban
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	Figure 7 Illustration of DL CL for GEO in Dense urban
	Figure 8 Illustration of DL CL for LEO-600 in Dense urban
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	[bookmark: _Ref5515]Figure 9 Illustration of DL CL for LEO-1200 in Dense urban
	


The reason for different performances per scenario is that the probability of LoS/NLoS varies over scenarios. It can be found that even for rural scenario, a number of NLoS UEs will be failed to be supported by existing design.
Observation 1: A large number of UEs would experience a worse coupling loss larger than 164 dB for urban and dense urban scenarios. And even for rural scenario, there are about 5% UEs which experience coupling loss larger than 164 dB.
Proposal 3: Capturing the distribution of DL CL based on the system simulation into TR 36.763.
4. Deployment
In current specification, as shown in Figure 10, three modes are supported for NB-IoT and only in-band for LTE-M. There are already some works on the coexistence between NB-IoT and NR in [6], and coexistence between LTE-MTC and NR in [7] for terrestrial network. 
For in-band deployment, coexistence with NR 15 kHz SCS is considered for both NB-IoT and LTE-MTC by assuming the aligned RBs. Since the PRB alignment is not reasonable for the coexistence with in-band NR 30 kHz and 60 kHz SCS due to the invalid orthogonality, additional guard band would be needed for performance protection when mixed numerology configuration occurs, and it should be up to BS implementation. Furthermore, for LTE-MTC using FDM, the bandwidth of NR is required to be large enough to ensure that the 20 RBs for NR SSB and 6 RBs for LTE PSS/SSS is not overlapped with each other. For example, if NR bandwidth is only 5 MHz there is not enough resource for coexistence. 
Observation 2: Only NR 15 kHz SCS is focused on when considering coexistence between NB-IoT/LTE-MTC and NR in-band.
[image: IoT_mode]
[bookmark: _Ref5437]Figure 10  Illustration on the operation mode for NB-IoT
For coexistence with NR guard band, it has concluded that even for the case that one NB-IoT with 15 kHz sub-carrier would operate in NR guard band, it still should be considered as NB-IoT operation in NR in-band. For standalone mode, there is no issue for coexistence between NB-IoT and NR as concluded in [6].
According to the analysis, standalone mode is preferred for IoT-NTN for the first priority, if in-band mode should be discussed, only NR 15 kHz SCS should be considered.
Proposal 4: Standalone mode should be prioritized for the deployment of IoT-NTN.
[bookmark: _GoBack]Proposal 5: The supports for in-band mode should be further studied with only assuming the NR SCS as 15 kHz.
5. Conclusion
In this contribution, we discuss several problems related to link budget, deployment and connection density, and make the following conclusions:
Observation 1: A large number of UEs would experience a worse coupling loss larger than 164 dB for urban and dense urban scenarios. And even for rural scenario, there are about 5% UEs which experience coupling loss larger than 164 dB.
Proposal 1: Clarification on the definition of EIRP for MEO w.r.t to whether including a 3 dB additional loss due to beamwidth is needed.
Proposal 2: The value of atmosphere loss used in Case-1 of link budget should be updated as 0.88 dB to align all results.
Proposal 3: Capturing the distribution of DL CL based on the system simulation into TR 36.763.
Proposal 4: Standalone mode should be prioritized for the deployment of IoT-NTN.
Proposal 5: The supports for in-band mode should be further studied with only assuming the NR SCS as 15 kHz.
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Scenario 3: In-band operation
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