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1 Introduction
According to the approved SI on NR to support non-terrestrial network (NTN) [1], following aspects from RAN1 perspective will be studied:
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)

· Uplink Timing advance/RACH procedure including PRACH sequence/format/message

· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]

Moreover, following scenarios are prioritized for evaluation according to the updates in [2]

	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Orbit type
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point 
	circular orbiting around the earth

	Altitude
	35,786 km
	600 km

1,200 km

	Spectrum (service link)
	<6 GHz (e.g. 2 GHz)

>6 GHz (e.g. DL 20 GHz, UL 30 GHz)

	Max channel bandwidth (service link)
	30 MHz for band < 6 GHz

400 MHz for band > 6 GHz


In this contribution, the basic assumption and simulation methodology for both link and system are discussed.
2 Discussion on assumption for simulation
As shown in Figure 1, the serving to UEs in NTN is normally conducted by a satellite in the corresponding orbit with several directive beams. In order to the conduct the realistic simulation, especially for the system, the following aspects should be well defined considering the significant difference from the simulation in traditional terrestrial network.
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Figure 1 Illustration of the coverage of beam within single satellite

· Satellite reference constellation
Considering the typical use cases, three satellite reference constellations in different altitude without perturbation are proposed in Table 1 as the baseline for NTN system simulation. Moreover, for capturing the realistic inter-satellite interference and evaluating the performance in case of different elevation angle between UE and satellite, more than one satellite should be provided for system simulation with proper assumption on the orbit, which can be defined by the exemplified parameters shown in Figure 2.

Table 1 Reference satellite constellations parameters
	Reference Satellite constellation
	GEO
	LEO600
	LEO1200

	Orbit type
	Fixed position in terms of elevation/azimuth with respect to a given earth point 
	Circular and polar orbiting 
	Circular and polar orbiting

	Altitude
	35,786 km
	600 km
	1200 km
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Figure 2 illustration of satellite constellation (polar orbit with close-wise movement)

Proposal 1: More than one satellites within proper constellation, e.g., circular-polar orbit, should be defined as the reference constellation for system simulation.
· Layout of the beam and frequency reusing
As illustrated in Figure 3, the layout of beams belong to one satellite will can be easily determine by the total number of beams and bore-sight direction of each beam listed in Table 5. Since the relative direction of the beam is always fixed during the movement of satellite in the prioritized scenarios as mentioned before, it’s preferred to define such direction within the local coordination system of satellite. 

[image: image3.png]10

10



[image: image4.png]



(a) Top View                            (b) Side View
Figure 3 Illustration of layout of beams
Moreover, in the existing system, two types of beam layout, e.g., distributed along one dimensional for belt coverage (shown in Figure 1) and circular distributed for region coverage (shown in Figure 3) are supported. Considering the simulation load, either of them can be selected as reference.  

Additional, in order to emulate the realistic implementation for interference alleviation among beams belong to same satellite shown in [2], the proper configuration of frequency reuse factor should be determined for the performance evaluation.   

Proposal 2: Layout of beam at satellite side defined by number of beams and bore-sight direction of each beam should be provided for system simulation.

· Exemplified layout defined in Table 5 can be considered as baseline

Proposal 3: Frequency reuse factor in a satellite should be determined in NTN system simulation.
· Parameters for terrestrial configuration

Considered the typical usage, potential terrestrial scenarios, e.g., dense urban, urban, rural should be covered and for each case, the assumption on small scale fading model is also listed Table 2.

Table 2 Assumption on fast fading model for each scenario

	Terrestrial scenarios
	Dense urban scenario
	Urban scenario
	Rural scenario

	Fast fading model
	Frequency-selective
	Frequency-selective
	Flat Fading


W.r.t the large scale fading, the additional atmospheric, scintillation, rain and cloud attenuation can also be considered if necessary. The Faraday rotation should be considered at least for the carrier frequencies below 6GHz due to the significant impacts on polarization rotation.

Moreover, as shown in Figure 4, different distribution of observed satellite can be found for UE within different region globally, for investigating the overall performance of global satellite system, typical distribution region of terminal should include at the low and high latitude region. The examples (listed in Table 3) with assumption of a spherical rectangle with corresponding parameters of four corner points can be considered as the baseline:

Table 3 Exemplified UE distribution region

	UE distribution Region
	Low latitude region
	High latitude region

	Parameters for region
	Pws: [70°E, 20°S]

Pwn: [70°E, 20°N]

Pen:[110°E , 20°N]

Pes: [110°E , 20°S]
	Pws: [70°E, 40°N]

Pwn: [70°E, 80°N]

Pen:[110°E , 80°N]

Pes:[110°E , 40°N]
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 (a) Low latitude area                     (b) high latitude area

 Figure 4 Illustration of the distribution of satellite in different regions 
Additionally, only outdoor UEs are considered since there are still some obstacles to serve the indoor UE directly via satellite so far. The corresponding density of UE per beam or cell as well as the percentage of UE types, e.g., UE with different antenna type (e.g., VSAT and Phased array) and configuration, should be properly assumed.

Besides the aforementioned issues, other assumptions are listed in the Table 4, which can be considered as the baseline for system simulation. 

Proposal 4: The correspondence between terrestrial scenario and fast fading model in Table 2 should be considered in NTN system simulation. 
Proposal 5: It is recommended to evaluate outdoor UEs distributed in both low and high latitude regions in NTN system level simulation with corresponding assumption on density and percentage of UE with different antenna.
· Exemplified region defined in Table 3 can be considered as baseline.

Proposal 6: Exemplified assumption defined in Table 4 can be considered as baseline for system calibration/simulation.
3 Discussion on the simulation methodology 

Generally, the system simulation can be conducted in two ways, i.e., static and dynamic simulation. Here, the static simulation refers that within the simulation duration, the location of both BS and UE are assumed to be fixed and the time-selectivity of channel is reflected by introduction of Doppler shift. While, in the dynamic simulation, the realistic movement of the UEs and BS are well considered in consistent way. Theoretically, for performance evaluation on the NTN, due to the movement of satellite, the dynamic simulation is more reasonable way to achieve the comprehensive understanding of the performance. 

However, based on the current channel listed in [3], it’s not able to conducted the such kind of simulation continuously since the large scale parameter, e.g., spreads, which is used to generate the parameters for multiple-paths will be different along the changes of elevation between satellite with granularity equating to 10 degree. It implies that, for certain UE, there is no consistency between the updated parameters for multiple path since all of them will be regenerated according to the corresponding steps listed in [4]. 

Consequently, it’s better to consider the static way as the baseline for both system and link level simulations. In order to the emulating impacts of mobility from BS and UE, following two parts can be considered as trade off:

1. Introduction of the time-variant Doppler shift for the simulation if non-negligible Doppler shift variance exists;

2. Performance evaluation should be conducted in multiple cases with different elevation angles between the satellite and serving UEs.
Proposal 7: Static simulation in multiple cases with different location for satellite and UE should be considered as the baseline.

· Time-variant Doppler shift can be considering if necessary
As mentioned above, in the NTN system, the movement of satellite is a dominant factor of channel variation. And for dealing with this issue, frequency-offset compensation at satellite in beam level is usually conducted as shown in Figure 5. Then, in both link and system simulation, the corresponding operation should also be considered. Moreover, for link level simulation, performance evaluation with the assumption with the worst condition, e.g., maximum residual frequency or largest differential delay within coverage, should be considered as baseline to investigate the robustness of existing system as well as proposed enhancement.
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Figure 5 Illustration of the coverage of beam within single satellite

Furthermore, for satellite with transparent load, the additional influence due to the feeder link should also be considered as well since the impacts of phase noise and thermal noise cannot be eliminated without additional signalling processing at satellite, and corresponding issues should be well modelled for the simulation. 

Proposal 8: Pre-compensation of the Doppler shift due to the movement of satellite in beam level with the reference point at beam center should be considered in the simulation.

Proposal 9: For link level simulation, assumption with the worst condition should be considered as the baseline.

Proposal 10: For simulation with assumed transparent load, impacts from the feeder link should be considered.

Traditionally, for the simulation of the terrestrial network, the wrap around method is introduced to emulating the symmetric interference for the target UEs within the areas. However, in the NTN case, the shape of the final coverage will variant as shown in Figure 3 for each beams, which is determined by the assumption on the beam pattern as well direction. Moreover, in case of the multi-satellite simulation, it’s more difficult to conduct such kind of operation. For simplicity, it’s better to preclude the wrap around processing in the simulation.
Proposal 11: Wrap-around operation can be precluded in the simulation for NTN.
4 Conclusion

In this contribution, the key issues related to the simulation assumption as well as methodology are discussed with following proposals:

Proposal 1: More than one satellites within proper constellation, e.g., circular-polar orbit, should be defined as the reference constellation for system simulation.
Proposal 2: Layout of beam at satellite side defined by number of beams and bore-sight direction of each beam should be provided for system simulation.

· Exemplified layout defined in Table 5 can be considered as baseline

Proposal 3: Frequency reuse factor in a satellite should be determined in NTN system simulation.
Proposal 4: The correspondence between terrestrial scenario and fast fading model in Table 2 should be considered in NTN system simulation. 
Proposal 5: It is recommended to evaluate outdoor UEs distributed in both low and high latitude regions in NTN system level simulation with corresponding assumption on density and percentage of UE with different antenna.
· Exemplified region defined in Table 3 can be considered as baseline.

Proposal 6: Exemplified assumption defined in Table 4 can be considered as baseline for system calibration/simulation.
Proposal 7: Static simulation in multiple cases with different location for satellite and UE should be considered as the baseline.

· Time-variant Doppler shift can be considering if necessary
Proposal 8: Pre-compensation of the Doppler shift due to the movement of satellite in beam level with the reference point at beam center should be considered into the simulation.

Proposal 9: For link level simulation, assumption with the worst condition should be considered as the baseline.

Proposal 10: For simulation with assumed transparent load, impacts from the feeder link should be considered.

Proposal 11: Wrap-around operation can be precluded in the simulation for NTN.
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Appendix 

Table 4 Simulation assumption of scenarios for calibration
	Calibration cases
	C-1
	C-2
	C-3
	C-4
	C-5

	Reference Satellite constellation
	GEO
	LEO600
	LEO600
	LEO1200
	LEO1200

	Beam Number in a satellite
	TBD
	TBD
	TBD
	TBD
	TBD

	Frequency
	2GHz
	2GHz
	20/30GHz
	2GHz
	20/30GHz

	Maximum Bandwidth per beam (DL + UL)
	2*20MHz
	2*20MHz
	2*200MHz
	2*20MHz
	2*200MHz

	Terrestrial scenarios
	Suburban and Rural scenarios
	Urban scenario
	Suburban and Rural scenarios
	Suburban and Rural scenarios
	Dense urban scenario

	Fast fading model [not considered for calibration]
	Flat Fading
	Frequency-selective
	Flat Fading
	Flat Fading
	Frequency-selective

	UE distribution Region
	Low latitude region
	Middle latitude region
	Low latitude region
	Low latitude region
	Middle latitude region

	Outdoor UE density
	25
	25
	25
	25
	25

	Outdoor UE configuration
	50% VSAT-I 0km/h

20% Phase array-I 1000km/h

30% Phase array-I 3km/h
	50% VSAT-I 0km/h

20% Phase array-I 500km/h

30% Phase array-I 3km/h
	50% VSAT-II 0km/h

20% Phase array-II 500km/h

30% Phase array-II 3km/h
	50% VSAT-I 0km/h

20% Phase array-I 500km/h

30% Phase array-I 3km/h
	50% VSAT-II 0km/h

20% Phase array-II 500km/h

30% Phase array-II 3km/h

	UE orientation
	VSAT: Idea Tracking serving beam;

Phase array: random
	VSAT: Idea Tracking serving beam;

Phase array: random
	VSAT: Idea Tracking serving beam;

Phase array: random
	VSAT: Idea Tracking serving beam;

Phase array: random
	VSAT: Idea Tracking serving beam;

Phase array: random

	Satellite beam EIRP
	66.5dBW
	39.9dBW
	39.9dBW
	39.9dBW
	39.9dBW

	Satellite beam Antenna G/T
	40.3dB/K
	12.2dB/K
	1.9dB/K
	12.2dB/K
	1.9dB/K

	UE EIRP
	-7dBW
	-7dBW
	46dBW
	-7dBW
	46dBW

	UE antenna G/T
	-30.63dB/K
	-30.63dB/K
	14dB/K
	-30.63dB/K
	14dB/K

	Handover Margin
	0dB
	0dB
	0dB
	0dB
	0dB

	UE attachment
	Geometry
	Geometry
	Geometry
	Geometry
	Geometry

	Receiver
	MMSE-IRC
	MMSE-IRC
	MMSE-IRC
	MMSE-IRC
	MMSE-IRC


Table 5 Bore-sight direction of beams 

	Beam ID
	   Bore-sight direction vector (x,y,z)

	1
	-1.0000
	0.0000
	0.0000

	2
	-0.9720
	-0.2350
	0.0000

	3
	-0.9720
	-0.1175
	0.2035

	4
	-0.9720
	0.1175
	0.2035

	5
	-0.9720
	0.2350
	0.0000

	6
	-0.9720
	0.1175
	-0.2035

	7
	-0.9720
	-0.1175
	-0.2035

	8
	-0.9003
	-0.4090
	0.1489

	9
	-0.9003
	-0.2176
	0.3770

	10
	-0.9003
	0.0756
	0.4287

	11
	-0.9003
	0.3334
	0.2798

	12
	-0.9003
	0.4353
	0.0000

	13
	-0.9003
	0.3334
	-0.2798

	14
	-0.9003
	0.0756
	-0.4287

	15
	-0.9003
	-0.2176
	-0.3770

	16
	-0.9003
	-0.4090
	-0.1489
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