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Introduction
In RAN4#98-bis-e, RAN4 made some progress on the NTN simulation assumptions [1]. In this paper, we’d like to further discuss NTN simulation assumptions to address the remaining issues.
Coordination System
RAN4 still need to further discuss following options for coordination system:
Option 1: Referring to TR 38.811 Section 6.3 and Annex A, a 3D global coordinate system is considered (Earth-Centred Earth Fixed) for simulating NTN beams direction and location on the earth surface. It means the NTN beam location, TN randomly dropping location are generated with a set of three parameters (x,y,z).
Option 2: There is no need to consider the curvature of earth for layout, assuming one satellite beam for the simulation. The distances for LEO-600, LEO-1200 and GEO can be assumed as 600km, 1200km and 35786km separately for any point under the 3dB satellite beam. 
Referring to note 2 in table 6.1.1.1-1 from TR 38.821 [4], the beam size refers to the Nadir pointing of the satellite. As we analyzed in contribution [2], if the beam size refers to the Nadir pointing of the satellite, we can take option 2 without considering the curvature of earth for layout.
Proposal 1: If the beam size refers to the Nadir pointing of the satellite, we can take option 2. There is no need to consider the curvature of earth for layout, assuming one satellite beam for the simulation.
Simulation Methodology
For following two cases, more TN sites might be needed due to large coverage per beam of NTN node. The heterogeneous network layout is shown in figure 3-1.
	No.
	Combination
	Aggressor
	Victim

	1
	TN - NTN
	TN DL (TN BS)
	NTN UL (NTN satellite)

	2
	TN - NTN
	TN UL (TN UE)
	NTN UL (NTN satellite)

	3
	To be added
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Figure 3-1 The heterogeneous network layout
The number of TN networks has been analyzed in the contribution [3], the number of layers can be calculated by equation as below:
Layer = D-beam/ISD/2 + 1                                (1)
Where D-beam is the footprint. The total number of sites can be calculate as below
Site_total = 3* Layer *( Layer -1) + 1                           (2)
Observation 1: 
There are some options to address the heterogeneous network layout with so many sites.
Option 1: The heterogeneous network layout with all the sites can be simulated.
Option 2: The heterogeneous network layout with parts of the sites can be simulated. After we get the interference levels of parts of the sites, we can calculate the interference levels of all the sites by scaling factor.
[bookmark: OLE_LINK78][bookmark: OLE_LINK88]Option 3: Other solutions are not precluded.
Discussion on NTN UL power control
[bookmark: OLE_LINK64][bookmark: OLE_LINK65]For uplink scenario, TPC model specified in Section 9.1 TR 36.942 [7] could be applied for TN with following parameters.



Where, Pmax = 23dBm, Rmin = TBD dB, CLx-ile and γ are set as following:
[bookmark: OLE_LINK48]-	CLx-ile = 88 + 10*log10 (200/X) + 11 – Y, 
where X is UL transmission BW (MHz) and Y is the BS noise figure
-	0<<=1 is the balancing factor for UEs with bad channel and UEs with good channel
[bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK49][bookmark: OLE_LINK50]Referring to TR 38.803, X = 200MHz, Y = 11dB (NF), that means CLx-ile = 88. Actually, CLx-ile can be calculated by the following equation.
[bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK63][bookmark: OLE_LINK59][bookmark: OLE_LINK60]CLx-ile = Pmax – (SNRtarget +10*log10(kT) +10*log10(B) + F)
For the simulation in TR 38.803, SNRtarget = 15 dB, Pmax=23dBm, B = 200MHz, F=11dB, 10*log10(kT)= -174 dBm/Hz. When we put these parameters into the equation, we can get: 
CLx-ile = 23-(15-80) = 88dB.
It can be found that this model can also be used for NTN UE UL power control. Thus, we can use the following TPC model for NTN UL power control.
[bookmark: OLE_LINK140][bookmark: OLE_LINK79]TPC model specified in Section 9.1 TR 36.942 [7] could be applied for UL NTN power control with following parameters.

Where, Pmax = 23dBm, Rmin = TBD dB, CL (dB) is the path coupling loss defined as max{path loss-G_Tx-G_Rx, MCL} 
CLx-ile is the x-percentile CL value. With this power control equation, the x percent of UEs that have the highest coupling loss will transmit at Pmax.
CLx-ile (dB) and γ are set as following:
[bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK71][bookmark: OLE_LINK72]-	CLx-ile = Pmax – (SNRtarget +10*log10(kT) +10*log10(B) + F), 
Where:
Pmax is the maximum output power for NTN UE (23dBm)
[bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK73][bookmark: OLE_LINK74]SNRtarget is the target SNR for NTN system (dB)
10*log10(kT) = -174dBm/Hz
B is the channel bandwidth (Hz)
[bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK13][bookmark: OLE_LINK20][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK75][bookmark: OLE_LINK76]F is the noise figure for NTN system (dB)
[bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK80][bookmark: OLE_LINK81]-	0<<=1 is the balancing factor for UEs with bad channel and UEs with good channel
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Generally, we can assume  = 1, B = 30MHz. If we take NTN system Noise figure as 5dB and 0dB can be assumed for SNRtarget, we can get the CLx-ile = Pmax – (SNRtarget +10*log10(kT) +10*log10(B) + F) = 23-(0-174+74.7+5)=117.3dB. Based on the initial analysis [2], the path loss for all the cases are more than 150dB. The Satellite Rx max Gain is about 30~51dBi. Thus, whether to use NTN UL power control or set 23 dBm may depend on the relation between CLx-ile, Path loss and Satellite Rx max Gain.
Proposal 2: Whether to use NTN UL power control or set 23 dBm may depend on the relation between CLx-ile, Path loss and Satellite Rx max Gain.
[bookmark: OLE_LINK95][bookmark: OLE_LINK96]The system cascading method can be used to evaluate the noise figure for NTN system. Based on the Satellite access network architecture principles in sub-clause 4.3 from TR 38.811, the architecture can be found as below.
[image: ]
Figure 3 Satellite access network architecture principles
[bookmark: OLE_LINK101][bookmark: OLE_LINK104][bookmark: OLE_LINK105][bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK106][bookmark: OLE_LINK2][bookmark: OLE_LINK99][bookmark: OLE_LINK100]F1 is the noise figure of satellite. F2 is the noise figure of Gateway. Gain_satellite is the system gain when retransmitting signal. CL_feederlink is the couple loss between satellite and gateway. By using the system cascading method, we can get the linear value of F (the noise figure for NTN system) as below.

All of the parameters for this equation are linear value. It’s noted that:
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]1) If Gain_satellite >> CL_feederlink, we can get F = F1
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]2) If Gain_satellite << CL_feederlink, we can get 
3) If Gain_satellite = CL_feederlink, we can get 
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK139]Proposal 3: the noise figure F for NTN system (dB) should be further evaluated based on the couple loss assumption between satellite and gateway.
Discussion on Link level performance for NR NTN
[bookmark: OLE_LINK144][bookmark: OLE_LINK145]For Throughput ~ SNR mapping, it’s proposed to use section 5.2.7 of TR 38.803 in paper [2]. Regarding to TR 38.803, the parameters α, SNIRMIN and SNIRMAX can be chosen to represent different modem implementations and link conditions. The parameters proposed in table 5.2.7-1 represent a baseline case, which assumes:
-	1:1 antenna configurations
-	AWGN channel model
-	Link Adaptation (see table 5.2.7-1 for details of the highest and lowest rate codes)
-	No HARQ
Table 5-1: Parameters describing baseline Link Level performance for 5G NR
	Parameter 
	DL 
	UL 
	Notes 

	α, attenuation 
	0.6 
	0.4 
	Represents implementation losses 

	SNIRMIN, dB 
	-10 
	-10 
	Based on QPSK, 1/8 rate (DL) & 1/5 rate (UL) 

	SNIRMAX, dB 
	30 
	22 
	Based on 256QAM 0.93(DL) & 64QAM 0.93 (UL) 


Note that the parameters proposed in table 5.2.7-1 are targeted for eMBB coexistence scenario.
[bookmark: OLE_LINK130][bookmark: OLE_LINK133]It’s infeasible to achieve 30dB/22dB DL/UL maximum SNIR for NR NTN, so the following parameters need to be further studied and RAN4 need to check them with RAN1.
[bookmark: OLE_LINK134][bookmark: OLE_LINK137][bookmark: OLE_LINK141][bookmark: OLE_LINK142]			Attenuation factor, representing implementation losses
SNIRMIN  Minimum SNIR of the code set, dB
SNIRMAX  Maximum SNIR of the code set, dB
[bookmark: OLE_LINK143]Proposal 4: the parameters in tale 5-1 can be reused for the following parameters , SNIRMIN, and SNIRMAX, but other options are not precluded.
Summary
Based on the discussion, all the observations and proposals are listed below:
Proposal 1: If the beam size refers to the Nadir pointing of the satellite, we can take option 2. There is no need to consider the curvature of earth for layout, assuming one satellite beam for the simulation.
Observation 1: There are some options to address the heterogeneous network layout with so many sites.
Option 1: The heterogeneous network layout with all the sites can be simulated.
Option 2: The heterogeneous network layout with parts of the sites can be simulated. After we get the interference levels of parts of the sites, we can calculate the interference levels of all the sites by scaling factor.
Option 3: Other solutions are not precluded.
Proposal 2: Whether to use NTN UL power control or set 23 dBm may depend on the relation between CLx-ile, Path loss and Satellite Rx max Gain.
Proposal 3: the noise figure F for NTN system (dB) should be further evaluated based on the couple loss assumption between satellite and gateway.
Proposal 4: the parameters in tale 5-1 can be reused for the following parameters , SNIRMIN, and SNIRMAX, but other options are not precluded.
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