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1 Introduction
This document aims to provide proposals to define a frequency selective fast fading model for NTN scenarios, required for below 6GHz frequency bands.

2 Frequency selective channel model in ITU
The International Telecommunication Union (ITU) has defined in Section 7 of [1] a physical statistical satellite channel model to generate tapped delay lines (TDL). It relies on a software freely available at  http://www.kn-s.dlr.de/satnav/.
TDL generation is function of following parameters:
· Carrier frequency

· Satellite elevation and azimuth

· User speed and heading
· Environments (urban or suburban)

· Building parameters

· Tree parameters

· Pole parameters

The software outputs TDLs at each time step, from which power delay profile distributions are calculated.

3 Proposed approach to define a frequency selective fast fading model for system level simulations

It is proposed to define a frequency selective fast fading model for system level simulations based on power delay profiles (PDP) distributions.
Proposal 1: Define a frequency selective fast fading model for system level simulations based on power delay profiles (PDP) distributions
Since PDP distribution depend on several parameters, it is proposed to keep some parameters constant (building, tree and pole parameters) and average PDP distribution for some other parameters (user speed and heading, satellite azimuth). PDP distribution shall be defined for different elevation and environments only. PDP distribution may also depend on UE antenna pattern, but at least one omnidirectional UE antenna pattern shall be considered.
Proposal 2: PDP distributions shall be considered with given building, tree and pole parameters. It is proposed to keep the values defined in the DLR software.
Proposal 3: PDP distributions shall be considered by averaging on different user speed, heading and satellite azimuth values, assuming a uniform distribution for each parameter.

Proposal 4: Take as reference elevation angles [20,30,45,60,80]°

Proposal 5: Two UE environments shall be considered: urban and  sub-urban

In TR38.901, reference TDLs are provided for LOS and NLOS scenarios. In Section 6 of [1], the (non-frequency selective) channel can be either in a GOOD or BAD state.

Similarly, reference TDL for NTN shall be defined for a good (LOS or almost LOS) and a bad state (NLOS). Note that for satellite scenarios, it is not expected that the link budget is closed in the bad state, so that TDLs are in this case only useful for HAPS scenarios

Proposal 6: PDP distributions shall be defined for “ good” and “bad” states

Note: For HAPS scenarios, more than 2 states could be considered if necessary

Proposal 7: “Good” and “bad” states shall be defined based on the received power of LOS component. A threshold shall therefore be defined (values of 2 or 3dB are proposed)
For system level simulations, following procedure is proposed:

1) Determine the environment type for each UE

2) Draw good/bad state probability for each UE

3) For each UE, consider the PDP distribution corresponding to the closest elevation angle, environment and state values.

4) For each UE, draw the TDL amplitudes from the PDP distribution and the TDL phases from a uniform distribution, assuming that all taps are statistically independent.
Proposal 8: Follow the above procedure for the generation of TDLs for system level simulations

4 Proposed approach to define a frequency selective fast fading model for link level simulations

It is proposed to reuse the PDP distribution defined in Section 3 for the generation of reference TDL for link level simulations. Reference TDLs shall be provided for reference elevation angles, environments and states.

The amplitude of each tap shall be equal to the mean expected value issued from the PDP distribution. The phase of each tap shall be drawn from a uniform random distribution.
Proposal 9: Consider the above procedure for the generation of reference TDLs for link level simulation
5 Preliminary results

First results are shown here for clarifications, but shall be consolidated.

The sub-urban (pedestrian) scenario has been considered with following parameters:

· User speed : Uniform distribution between 0km/h and 5km/h with 0.5km/h granularity
· User heading: Uniform distribution between 0° (=North direction) and 360° with 45° granularity
· Satellite azimuth: Uniform distribution between 0° and 360° with 90° granularity
· Threshold value between good and bad state: 2dB 
· Number of simulated TDLs: 10000
Simulations provided following results:

	Elevation angle
	20°
	30°
	45°
	60°
	80°

	Good state probability
	0.32
	0.43
	0.56
	0.63
	0.67


For 20° elevation, following PDP statistics were obtained for the good state. Each table value in the table is a probability of having a tap with power defined in the first column and delay defined in the first row.
	Delay

Power bin
	0 ns
	10ns
	20ns
	30ns
	40ns
	…

	2 +/- 0.5dB
	0.0209
	0
	0
	0
	0
	

	1 +/- 0.5dB
	0.1214
	0
	0
	0
	0
	

	0 +/- 0.5dB
	0.7139
	0
	0
	0
	0
	

	-1 +/- 0.5dB
	0.1240
	0
	0
	0
	0
	

	-2 +/- 0.5dB
	0.0198
	0
	0
	0
	0
	

	-3 +/- 0.5dB
	0
	0
	0
	0
	0
	

	-4 +/- 0.5dB
	0
	0
	0
	0
	0
	

	-5 +/- 0.5dB
	0
	0
	0
	0
	0
	

	-6 +/- 0.5dB
	0
	0
	0
	0
	0
	

	-7 +/- 0.5dB
	0
	0
	0
	0
	0
	

	-8 +/- 0.5dB
	0
	0
	0
	0
	0
	

	-9 +/- 0.5dB
	0
	0
	0
	0
	0
	

	-10 +/- 0.5dB
	0
	0
	0
	0
	0
	

	-11+/- 0.5dB
	0.0002
	0.0007
	0
	0
	0
	

	-12+/- 0.5dB
	0.0012
	0.0013
	0
	0
	0
	

	-13+/- 0.5dB
	0.0085
	0.0080
	0   
	0
	0
	

	…
	
	
	
	
	
	


For 20° elevation, following PDP statistics were obtained for the bad state

	Delay

Power bin
	0 ns
	10ns
	20ns
	30ns
	40ns
	…

	0 +/- 0.5dB
	0
	0
	0
	0
	0
	

	-1 +/- 0.5dB
	0
	0
	0
	0
	0
	

	-2 +/- 0.5dB
	0.0548
	0
	0
	0
	0
	

	-3 +/- 0.5dB
	0.0361
	0
	0
	0
	0
	

	-4 +/- 0.5dB
	0.0090
	0
	0
	0
	0
	

	-5 +/- 0.5dB
	0.0124
	0
	0
	0
	0
	

	-6 +/- 0.5dB
	0.0107
	0
	0
	0
	0
	

	-7 +/- 0.5dB
	0.0338
	0
	0
	0
	0
	

	-8 +/- 0.5dB
	0.0101
	0
	0
	0
	0
	

	-9 +/- 0.5dB
	0.0043
	0
	0
	0
	0
	

	-10 +/- 0.5dB
	0.0055
	0
	0
	0
	0
	

	-11+/- 0.5dB
	0.0457
	0
	0
	0
	0
	

	-12+/- 0.5dB
	0.0023
	0.0021
	0.0002
	0.0001
	0
	

	-13+/- 0.5dB
	0.0056         
	0.0066
	0.0004   
	0.0005
	0
	

	…
	
	
	
	
	
	


Reference TDL for link-level simulations shall be obtained using a per column weighted sum. For instance, considering the good state, the first tap (0ns) is obtained by the following sum:

First tap =  +1dB (0.1214) + 0dB(0.7139)-1dB(0.1240)-2dB(0.0198)…. 
6 Conclusion

Proposal 1: Define a frequency selective fast fading model for system level simulations based on power delay profiles (PDP) distributions
Proposal 2: PDP distributions shall be considered with given building, tree and pole parameters. It is proposed to keep the values defined in the DLR software.
Proposal 3: PDP distributions shall be considered by averaging on different user speed, heading and satellite azimuth values, assuming a uniform distribution for each parameter.

Proposal 4: Take as reference elevation angles [20,30,45,60,80]°

Proposal 5: Two UE environments shall be considered: urban and sub-urban

Proposal 6: PDP distributions shall be defined for “ good” and “bad” states

Proposal 7: “Good” and “bad” states shall be defined based on the received power of LOS component. A threshold shall therefore be defined (values of 2 or 3dB are proposed)
Proposal 8: Follow the procedure described in Section 3 for the generation of TDLs for system level simulations
Proposal 9: Consider the procedure described in Section 4 for the generation of reference TDLs for link level simulation
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