[bookmark: _Hlk490136987][bookmark: _Ref452454252]3GPP TSG RAN WG1 Meeting #98	R1-1908249
Prague, Czech Republic, August 26th – 30th, 2019

	Source:
	Nokia, Nokia Shanghai Bell

	Title:
	Considerations on Performance Evaluation in NTN

	Document for:
	Discussion and Decision

	Agenda Item:
	7.2.5.1


1 Introduction
A new Study Item (SI) on “Study on Solutions for NR to Support Non-Terrestrial Networks” was approved in RAN#80 meeting [1] and further updated in RAN#82 meeting [2] and RAN#83 meeting [3] with the considered scenarios of transparent GEO satellite and transparent/regenerative LEO satellite (moving beam on earth) for pedestrian UEs and on board vehicle UEs in NTN. The objectives of this SI for physical layer are as follows.
· 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]
[bookmark: _Hlk15631479]RAN1#96bis and RAN1#97 discussed the simulation assumptions of performance evaluation in NTN with the agreement summarized in [4][5].
In this contribution, we shared our views on the rest issues of link-level and system-level performance evaluation in NTN for this SI.
2 System-Level Evaluation
2.1 Wrap Around Mechanism
[bookmark: _Hlk16089205]It has been agreed in RAN1#97 meeting that, in single-satellite-based system-level evaluation, the basic satellite beam deployment is 19-beam layout considering wrap-around mechanism (i.e. 18 beams surrounding the central beam and allocated on 2 distinct “tiers”). This wrap around can be implemented by following steps as shown in Fig. 1. 
· Step 1: Beam mapping with wrap-around mechanism.
· Step 2: Interference statistics of one UE is based on the central beam of this UE (i.e. the beam where this UE is geographically located) and 18 beams surrounding this central beam with the beam mapping. For example, if the central beam is Beam #2, then Beam #2 plus 18 beams surrounding Beam#2 are involved into interference statistic, where the data transmission of Beams #15, #14, #18, #17 and #16 is reused as the data transmission of Beam #22, #23, #24, #25 and #26 respectively.
Therefore, the central beam in wrap-around can be defined as the beam where the considered UE is geographically located.
[bookmark: _Hlk16153527]Proposal 1: The central beam in wrap-around is the beam where the considered UE is geographically located, and the interference statistic of this UE is based on its central beam and 18 beams surrounding this central beam. 


Fig. 1 Wrap around mechanism in system-level simulation in NTN
2.2 Beam Diameter
In RAN1#97 meeting, it has been agreed that the baseline adjacent beam spacing (ABS) on UV plane is defined based on 3dB beam width of the satellite antenna pattern as follows
	
	
	(1)


[bookmark: _GoBack]where  is the angle corresponding to 3dB beam width of the satellite antenna pattern in TR 38.811. Based on the satellite parameters Set-1 in Table 6.1.1-1 and satellite parameters Set-2 in Table 6.1.1-2 of TR 38.821, the values of ABS are
· Set-1 satellite parameters
· ABS in GEO: 0.0061 for 2 GHz and 0.0027 for 20 GHz
· ABS in LEO: 0.0667 for 2GHz and 0.0267 for 20GHz
· Set-2 satellite parameters
· ABS in GEO: 0.0111 for 2 GHz and 0.0067 for 20 GHz
· ABS in LEO: 0.1334 for 2GHz and 0.0667 for 20GHz
Therefore, the values of ABS in Table 6.1.1-6 of TR 38.211 correspond to Set-1 satellite parameters and the values of ABS for Set-2 satellite parameters need to be added into Table 6.1.1-6 of TR 38.211. Additionally, it is better to update the value of ABS in LEO with S band for Set-1 satellite parameters from 0.0667 to 0.0668 because this value is related to satellite beam diameter and consequently related to satellite beam-edge performance.
Proposal 2: Add ABS values of Set-2 satellite parameters for GEO and LEO, and update ABS value of Set-1 satellite parameters for LEO, in Table 6.1.1-6 of TR 38.821.
The satellite beam diameter at Nadir point can be derived by
	
	(2)


where  is the earth radius and  is the satellite altitude. According to (1) and (2) as well as the satellite parameters in Table 6.1.1-1 and Table 6.1.1-2 of TR 38.821, the satellite beam diameter at Nadir point in GEO with Set-2 satellite parameters is 460km. Therefore, the corresponding value in Table 6.1.1-2 of TR 38.821 needs to be updated from 450km to 460km. Additionally, it is better to update some other values as shown in Table 1 if possible. 
Table 1 Satellite parameter configuration
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude (km)
	35786
	1200
	600

	Carrier frequency (GHz)
	2
	20
	2
	20
	2
	20

	Set-1
	Equivalent satellite antenna aperture (m)
	22
	5
	2
	0.5
	2
	0.5

	
	 (rad)
	0.0035
	0.0015
	0.0385
	0.0154
	0.0385
	0.0154

	
	ABS
	0.0061
	0.0027
	0.0667
	0.0267
	0.0667
	0.0267

	
	Satellite beam diameter at Nadir point (km)
	250
	110
	93
	37
	46
	19

	Set-2
	Equivalent satellite antenna aperture (m)
	12 m
	2 m
	1 m
	0.2 m
	1 m
	0.2 m

	
	 (rad)
	0.0064
	0.0038
	0.0771
	0.0385
	0.0771
	0.0385

	
	ABS
	0.0111
	0.0067
	0.1334
	0.0667
	0.1334
	0.0667

	
	Satellite beam diameter at Nadir point (km)
	460
	275
	186
	93
	93
	46



Proposal 3: Update the satellite beam diameter at Nadir point (km) of Table 6.1.1-1 and Table 6.1.1-2 in TR 38.821.
If using  for satellite-edge beam configuration, then the beam diameter  of satellite edge beam in Fig. 2 will become
	
	(2)


where 


For GEO satellite with Set-2 satellite parameters, if the minimal elevation angle is 10, then the beam diameter  of the satellite edge beam becomes 1666 km, which is more than three times of its beam diameter at Nadir point, and moreover is larger than the maximal beam diameter (i.e. 1000 km) in Table 4.6-1 of TR 38.811. Similar observations also can be obtained for LEO satellite. More detailed data is provided in Table 2. Therefore, the satellite-edge beam diameter in NTN should be controlled within the reasonable range to provide a stable communication service. 
Observation 1: If using same  for satellite beam width configuration, then the satellite-edge beam diameter is more than three times of its beam diameter at Nadir point, and moreover is larger than the maximal beam diameter given in Table 4.6-1 of TR 38.811.
Proposal 4: The satellite-edge beam diameter in NTN should be controlled within the reasonable range to provide a stable communication service.



Fig. 2 Beam diameter of satellite edge beam if using 3dB beam width of the satellite antenna pattern as satellite beam configuration
Table 2 Satellite beam diameters at Nadir point and satellite edge if both uses  for satellite beam width configuration
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude (km)
	35786
	1200
	600

	Minimal elevation angle ()
	10
	30
	30

	Carrier frequency (GHz)
	2
	20
	2
	20
	2
	20

	Set-1
	Equivalent satellite antenna aperture (m)
	22
	5
	2
	0.5
	2
	0.5

	
	 (rad)
	0.0035
	0.0015
	0.0385
	0.0154
	0.0385
	0.0154

	
	Satellite beam diameter at Nadir point (km)
	250
	110
	93
	37
	46
	19

	
	Satellite beam diameter at satellite edge (km)
	1081
	555
	783
	410
	516
	265

	Set-2
	Equivalent satellite antenna aperture (m)
	12 m
	2 m
	1 m
	0.2 m
	1 m
	0.2 m

	
	 (rad)
	0.0064
	0.0038
	0.0771
	0.0385
	0.0771
	0.0385

	
	Satellite beam diameter at Nadir point (km)
	460
	275
	186
	93
	93
	46

	
	Satellite beam diameter at satellite edge (km)
	1666
	1148
	1178
	783
	781
	516



2.3 Calibration Results
The DL calibration results of single-satellite evaluation with uniform UE distribution are provided in Fig. 3, including coupling loss, wideband SINR and wideband SIR. The average wideband SIR is given in Table 3. The simulation assumptions are based on Section 6.1.1 of TR 38.821 with the additional assumption of enable atmospheric pathloss and scintillation pathloss. The parameter S4 in scintillation pathloss is set to 0.2. 
Table 3 Average SIR based on calibration results in DL (single-satellite evaluation with uniform distribution)
	Carrier frequency (GHz)
	2
	20

	UE type
	Handheld
	VSAT

	Satellite beam set
	1
	2
	1
	2

	Frequency reuse factor
	1
	3
	1
	3
	1
	3
	1
	3

	Average SIR (dB)
	GEO
	-0.82
	10.75
	-0.80
	10.74
	-0.83
	10.74
	-0.81
	10.75

	
	LEO – 1200
	-0.77
	10.73
	-0.66
	10.68
	-0.79
	10.74
	-0.78
	10.74

	
	LEO – 600
	-0.75
	10.73
	-0.65
	10.68
	-0.79
	10.74
	-0.76
	10.73



Based on these calibration results, it can be observed that the wideband SINR with frequency reuse factor of 3 is 5 dB ~ 13 dB higher than the wideband SINR with frequency reuse factor of 1, and moreover the wideband SINR with satellite parameter Set-1 is better than the wideband SINR with satellite parameter Set-2, especially when frequency reuse factor is 3. Therefore, the inter-beam interference mitigation is needed in NTN. 
Proposal 5: Inter-beam interference mitigation is needed in NTN. 
Proposal 6: Capture the calibration results in Fig. 3 into TR 38.821.
[image: ]  [image: ]
(a) Coupling loss (Left: handheld UE in S band; Right: VSAT UE in Ka band)
[image: ]  [image: ]
(b) Wideband SINR (Left: handheld UE in S band; Right: VSAT UE in Ka band)
[image: ]  [image: ]
(c) Wideband SIR (Left: handheld UE in S band; Right: VSAT UE in Ka band)
Fig. 3 Calibration results of single-satellite evaluation with uniform UE distribution

3 Link Budget Analysis
It has been agreed to use average CIR based on calibration results for link budget analysis. Since the satellite parameters at the satellite edge might be different from the satellite parameters at the satellite center due to satellite beam as discussed in Section 2.3, in the link budget analysis in Table 4, we assume that the average SIR at the satellite edge is same as the average SIR at the satellite center by reasonable satellite parameter configuration. Other simulation assumptions for link budget analysis in Table 4 are based on Table 6.1.3.2-1 of TR 38.821.
Proposal 7: Capture the link budget analysis results in Table 4 into TR 38.821.
Table 4 CNIR in link budget analysis
	Carrier frequency (GHz)
	2
	20

	UE type
	Handheld
	VSAT

	Satellite beam set
	1
	2
	1
	2

	Frequency reuse factor
	1
	3
	1
	3
	1
	3
	1
	3

	CNIR (dB)
	GEO
	-2.60
	1.59
	-5.27
	-3.52
	-1.03
	8.46
	-1.97
	3.44

	
	LEO – 1200
	-1.17
	7.02
	-2.09
	2.68
	-1.18
	7.04
	-2.81
	0.97

	
	LEO – 600
	-2.07
	2.94
	-4.55
	-2.49
	-2.10
	2.96
	-5.85
	-4.38


4 Maximal Beam Diameter
The beam diameter of the satellite edge might be larger than the beam diameter of the Nadir point as analysed in Section 2.3. Moreover, the maximal beam diameter at the satellite edge is more directly related to the maximal different delay and maximal differential frequency, which should be supported in this SI. Therefore, the maximal beam diameter at the satellite edge should be clearly provided in TR 38.821. 
Proposal 8: The maximal beam diameter at the satellite edge should be captured into TR 38.821 and used for the derivation of maximal differential delay and maximal differential frequency supported in this SI.
5. Conclusions
In this contribution, we share our views on link-level and system-level performance evaluation for NTN with following proposals and observations.
Proposal 1: The central beam in wrap-around is the beam where the considered UE is geographically located, and the interference statistic of this UE is based on its central beam and 18 beams surrounding this central beam. 
Proposal 2: Add ABS values of Set-2 satellite parameters for GEO and LEO, and update ABS value of Set-1 satellite parameters for LEO, in Table 6.1.1-6 of TR 38.821.
Proposal 3: Update the satellite beam diameter at Nadir point (km) of Table 6.1.1-1 and Table 6.1.1-2 in TR 38.821.
Observation 1: If using same  for satellite beam width configuration, then the satellite-edge beam diameter is more than three times of its beam diameter at Nadir point, and moreover is larger than the maximal beam diameter given in Table 4.6-1 of TR 38.811.
Proposal 4: The satellite-edge beam diameter in NTN should be controlled within the reasonable range to provide a stable communication service.
Proposal 5: Inter-beam interference mitigation is needed in NTN. 
Proposal 6: Capture the calibration results in Fig. 3 into TR 38.821.
Proposal 7: Capture the link budget analysis results in Table 4 into TR 38.821.
Proposal 8: The maximal beam diameter at the satellite edge should be captured into TR 38.821 and used for the derivation of maximal differential delay and maximal differential frequency supported in this SI.
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Step 1: Beam mapping with wrap-around mechanism
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