3GPP TSG RAN WG1 #99


                                        R1-1912610
Reno, USA, November 18th - 22nd, 2019

Source:
ZTE

Title:
System simulation results and link budget for NTN
Agenda Item:  7.2.5.1

Document for:  Discussion

1 Introduction
In RAN1#98bis, simulation assumptions for both link and system have been updated to clarify/update the simulation parameters and other operations as below [1]:

Agreement:
Calibration results and link budgets should be computed assuming no depolarization loss. 

· For handheld use cases, on the downlink, it is assumed that a combination of the two Rx branches allows to prevent depolarization loss.

For handheld use cases, on the uplink, 

· A 3dB depolarization loss should be taken into account assuming polarization reuse is applied and satellite reception implements circular polarization (e.g., for frequency reuse 4 case)

· A 0dB depolarization loss can be assumed when satellite reception implements dual polarization per beam (e.g., for the frequency reuse 1 and 3 cases)

The computation of the CIR as per the previous agreement is clarified as follows.


· Compute CIR for uplink by averaging over 10 simultaneously transmitting UEs (applies to both handheld and VSAT cases) randomly distributed over the reference beam (UE coverage assumption of table 6.1.1-5 in TR 38.821).

· The averaging should be performed over multiple realizations. 

· Compute CIR for downlink averaging over UEs randomly distributed over the reference beam.

For the CIR/CNR/CNIR value computation for link budgets, the minimum elevation angle of the reference beam boresight should be set to 12.5° for the GEO Set-1 case, to ensure that the reference beam footprint is completely on Earth. 

For the CIR/CNR/CNIR value computation for link budgets, the minimum elevation angle of the reference beam boresight should be set to 20° for the GEO Set-2 case, to ensure that the reference beam footprint is completely on Earth.

In this contribution, updated calibration results and link budget with consideration on the CIR are proposed. In addition, the simulation assumption of multi-satellite in NTN is discussed and initial simulation results are presented.

2 Calibration results for NTN

According to the agreed simulation assumption, calibration results for 30 cases are provided in the attached excel. For example, as the results shown in Figure 1, it can be found that significant improvement on the SINR can be achieved with introduction of the frequency use factor. 
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Figure 1 Illustration of the SINR comparison between Case-1 and 2

Moreover, with the illustrated results in Figure 2, SINR degradation can be found in Case-25, it’s mainly introduced by the lower Tx gain and satellite side.
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Figure 2 Illustration of the SINR comparison between Case-10 and 25

Moreover, based on the above results, it can be found that for DL transmission, promising distribution of the SINR can be achieved for both GEO and LEO case with VSAT and handheld terminal, respectively.
Observation 1: Significant improvement on the SINR can be achieved in NTN with frequency reuse factor>1;

Observation 2: Performance degradation occurs for the cases with satellite configuration set-2 comparing to set-1;

Observation 3: In DL, promising SINR can be achieved for GEO and LEO with VSAT and handheld, respectively.
Proposal 1: Capturing the attached calibration results into TR38.821.
3 Link budget for NTN

Based on the agreement for link budget calculation, corresponding results for 30 case in both DL/UL are provided in the attached excels. The CIR value in the 50% percentile point from the corresponding calibration results are taken as the averaged value into the link budget calculation.

According to these results, for example, listed in Table 1, it can be found that even with frequency reuse factor > 1, poor CINR can be achieved in GEO case with terminal type as handheld for DL, especially with the satellite configuration set-2 in case 19/20. In such case, the scenarios with VSAT terminal is preferred for eMBB application (e.g., case 2/3).
Table 1 DL link budget for cases with satellite configuration set-1/2

	Case Id
	Case1
	Case2
	Case3
	Case4
	Case5

	Transmission mode
	DL
	DL
	DL
	DL
	DL

	TX: EIRP [dBm]
	96.02 
	91.25 
	93.01 
	103.77 
	99.00 

	RX: G/T [dB/T]
	15.86 
	15.86 
	15.86 
	-31.62 
	-31.62 

	Bandwidth [MHz]
	400.00 
	133.33 
	200.00 
	30.00 
	10.00 

	Free space path loss [dB]
	210.58 
	210.58 
	210.58 
	190.58 
	190.58 

	Atmospheric loss [dB]
	1.16 
	1.16 
	1.16 
	0.16 
	0.16 

	Shadow fading margin [dB]
	0.00 
	0.00 
	0.00 
	3.00 
	3.00 

	Scintillation Loss [dB]
	1.08 
	1.08 
	1.08 
	2.20 
	2.20 

	Polarization loss [dB]
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	Additional losses [dB]
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	CNR [dB]
	11.63 
	11.63 
	11.63 
	0.03 
	0.03 

	CIR [dB]
	1.39 
	11.63 
	11.65 
	4.24 
	12.16 

	CINR [dB]
	1.00 
	8.62 
	8.63 
	-1.36 
	-0.22 

	Case Id
	Case16
	Case17
	Case18
	Case19
	Case20

	Transmission mode
	DL
	DL
	DL
	DL
	DL

	TX: EIRP [dBm]
	88.02 
	83.25 
	85.01 
	98.27 
	93.50 

	RX: G/T [dB/T]
	15.86 
	15.86 
	15.86 
	-31.62 
	-31.62 

	Bandwidth [MHz]
	400.00 
	133.33 
	200.00 
	30.00 
	10.00 

	Free space path loss [dB]
	210.41 
	210.41 
	210.41 
	190.41 
	190.41 

	Atmospheric loss [dB]
	0.74 
	0.74 
	0.74 
	0.10 
	0.10 

	Shadow fading margin [dB]
	0.00 
	0.00 
	0.00 
	3.00 
	3.00 

	Scintillation Loss [dB]
	0.48 
	0.48 
	0.48 
	2.20 
	2.20 

	Polarization loss [dB]
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	Additional losses [dB]
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	CNR [dB]
	4.83 
	4.83 
	4.83 
	-5.24 
	-5.24 

	CIR [dB]
	1.29 
	11.65 
	11.62 
	1.28 
	12.14 

	CINR [dB]
	-0.30 
	4.01 
	4.00 
	-6.11 
	-5.32 


Moreover, after comparison of the CNR of CIR in different cases, it can be found that the link budget in cases with frequency factor = 1 is mainly restricted by the interference level and for others with larger factor, the impacts of noise is larger.
Observation 4: Limited link budget for GEO with handheld is achieved with both satellite configuration set-1 and 2.
Observation 5: For the cases with FRF=1, the link budget is impacted by the interference, but with FRF=2 or 3, the DL performance is noise limited.

Table 2 UL link budget for cases with satellite configuration set-1/2

	Case Id
	Case1
	Case2
	Case3
	Case4
	Case5

	Transmission mode
	UL
	UL
	UL
	UL
	UL

	TX: EIRP [dBm]
	76.20 
	76.20 
	76.20 
	23.00 
	23.00 

	RX: G/T [dB/T]
	28.00 
	28.00 
	28.00 
	19.00 
	19.00 

	Bandwidth [MHz]
	400.00 
	133.33 
	200.00 
	0.36 
	0.36 

	Free space path loss [dB]
	214.10 
	214.10 
	214.10 
	190.58 
	190.58 

	Atmospheric loss [dB]
	1.08 
	1.08 
	1.08 
	0.16 
	0.16 

	Shadow fading margin [dB]
	0.00 
	0.00 
	0.00 
	3.00 
	3.00 

	Scintillation Loss [dB]
	1.08 
	1.08 
	1.08 
	2.20 
	2.20 

	Polarization loss [dB]
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	Additional losses [dB]
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	CNR [dB]
	0.52 
	5.29 
	3.53 
	-10.91 
	-10.91 

	CIR [dB]
	0.20 
	11.25 
	11.72 
	4.06 
	11.59 

	CINR [dB]
	-2.65 
	4.31 
	2.92 
	-11.04 
	-10.93 

	Case Id
	Case16
	Case17
	Case18
	Case19
	Case20

	Transmission mode
	UL
	UL
	UL
	UL
	UL

	TX: EIRP [dBm]
	76.20 
	76.20 
	76.20 
	23.00 
	23.00 

	RX: G/T [dB/T]
	20.00 
	20.00 
	20.00 
	14.00 
	14.00 

	Bandwidth [MHz]
	400.00 
	133.33 
	200.00 
	0.36 
	0.36 

	Free space path loss [dB]
	213.94 
	213.94 
	213.94 
	190.41 
	190.41 

	Atmospheric loss [dB]
	0.68 
	0.68 
	0.68 
	0.10 
	0.10 

	Shadow fading margin [dB]
	0.00 
	0.00 
	0.00 
	3.00 
	3.00 

	Scintillation Loss [dB]
	0.48 
	0.48 
	0.48 
	2.20 
	2.20 

	Polarization loss [dB]
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	Additional losses [dB]
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	CNR [dB]
	-6.32 
	-1.54 
	-3.31 
	-15.68 
	-15.68 

	CIR [dB]
	0.28 
	12.31 
	11.69 
	0.50 
	12.60 

	CINR [dB]
	-7.18 
	-1.72 
	-3.44 
	-15.78 
	-15.69 


For UL, as the results shown in Table 2, in general, with introduction of frequency reuse, improvement on the CINR can also be achieved, which is similar as DL. Moreover, in case of GEO, it can be found, for handheld case, even with much narrow bandwidth in S band, the CINRs (as marked in yellow) are less than -10 dB and -15 dB for satellite configuration set-1 and 2, respectively. 

Additionally, based on these results, it can be found that in order to support the eMBB application for handheld device in UL, techniques to enhance the UL coverage, e.g., aggregated transmission/repetition, should be considered.

Observation 6: Poor link budget is achieved for GEO with handheld terminal.
Observation 7: Enhancements for UL coverage should be considered to improve the UL performance, especially for GEO.
Proposal 2: Capturing the attached link budget results into TR38.821.
4 Discussion on the Multi-satellite simulation
As the agreements captured in TR 38.821[4], simulation assumption for single satellite simulation have been well defined. However, such kind of evaluation is mainly target for the performance evaluation of inner beams for each satellite instead of the edge beam. Moreover, with consideration on the requirement of inter-satellite HO, multi-satellite scenarios are still needed in further study, especially for LEO cases.
Observation8: Multi-satellites scenarios are still needed in normative work due to the requirement of inter-satellite HO and performance evaluation.
· Multi-satellites simulation assumption

For achieving the potential evaluation in the normative work, additional simulation cases marked as “MX” are listed in Table 6.1.1-10 within the TP attached in appendix. Here X refers to the case ID of the target scenarios for single satellite simulation. 

W.r.t the radio parameters, reusing the agreed value for single satellite simulation is referred except the number of beam ties. Comparing to the 3 in single satellite simulation, larger value is preferred to enlarge the coverage of single satellite in multi-satellite simulation.
Moreover, for constructing the constellation for multi-satellite simulation, to achieve the minimum inter-satellite intersection and zero black hole of 3dB beam coverage in equator, the calculation on the following parameters are elaborated with assuming:

1. Inclinations of all orbits are equating to 90 degree
2. The Longitude and latitude of nadir of central beam in central satellite in simulation: [0°, 0°]

3. The number of orbit used in simulation No: 3

4. The number of satellite per orbit used in simulation Ns,i：

Ns,i = 2, 3 and 2 corresponding to i = 1,2,3 for No.1, 2 and 3 orbit, respectively.

5. Phase difference between the neighboring satellites in the same orbit: 
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, Re=6371km and h is the altitude of the satellite in km;

Nc is the number of beam tiers per satellite;

HPBW is the half-power beam width per DL beam in radian.

6. Longitude difference between the neighboring orbits: 
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7. Phase difference between the neighboring satellites in neighboring orbits: 
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Proposal 3: Reuse the configuration of single satellite simulation in multi-satellite simulation except the tier number of beam per satellite, which is proposed to be 5 in multi-satellite simulation corresponding to 61 beams per satellite.

Proposal 4: Capture the TP attached in Appendix A into the TR 38.821 for multiple satellites simulations.
· Multi-satellites simulation result

According to the assumption defined above, the simulation results for case M10 is provided in Figure 5. The corresponding configuration for orbits and beam of each satellites are shown in Figure 3 and Figure 4, respectively. The frequencies of beams in neighboring satellites are shifted to avoid strong inter-satellite interference in satellites boundary.
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Figure 3 Orbits and satellites in multi-satellite simulation
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(a) Beam coverage on earth            (b) Coverage of satellites            (c) Frequency reuse

Figure 4 Beams on earth in multi-satellite simulation
In this results, comparison on the characteristic of CL and GF are shown based on following samples: 

· “Case 10M – inner beams” indicates the 19 inner beams in the central satellite; 

· “Case 10M – outer beams” indicates the 42 outer beams in the central satellite;

· “Case 10 – inner beams” indicates the 19 inner beams in single satellite simulation with 4 tiers of wrap around beams.

It can be found the similarity on the CL is shared cross the beams within same satellite. However, discrepancy between the GF are observed due the impacts of interference from other satellites. Such kind of degradation is more significant for the edge beam within one satellite comparing to the inner part.
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Figure 5 Calibration results of case M10

Observation9: Small discrepancy between coupling loss for the all beams within one satellite based on single-satellite simulation (case 10) and multi-satellite simulation (case 10M). 

Observation10: Larger discrepancy of GF can be observed for the beams, especially in the outer ring within one satellite based on single-satellite simulation (case 10) and multi-satellite simulation (case 10M). 
Moreover, in case of near polar orbit or polar orbit, the coverage of beams in neighboring satellites will be overlapped seriously in higher latitude, as shown in Figure 6, and on-off of beams are needed in this case.
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Figure 6 Demo of overlap beams in higher latitude 

Observation11: For near polar orbit or polar orbit, the coverage of beams in neighboring satellites will overlap seriously in higher latitude, where the beam-shut-off needs to be optimized according to satellite latitude and emphasis.

5 Conclusion

In this contribution, the calibration results and the link budget based on updated assumption are provided and multi-satellite simulation are discussed with following observations and proposals:

Observation 1: Significant improvement on the SINR can be achieved in NTN with frequency reuse factor>1;

Observation 2: Performance degradation occurs for the cases with satellite configuration set-2 comparing to set-1;

Observation 3: In DL, promising SINR can be achieved for GEO and LEO with VSAT and handheld, respectively.
Observation 4: Limited link budget for GEO with handheld is achieved with both satellite configuration set-1 and 2.
Observation 5: For the cases with FRF=1, the link budget is impacted by the interference, but with FRF=2 or 3, the DL performance is noise limited.

Observation 6: Poor link budget is achieved for GEO with handheld terminal.
Observation 7: Enhancements for UL coverage should be considered to improve the UL performance, especially for GEO.

Observation8: Multi-satellites scenarios are still needed in normative work due to the requirement of inter-satellite HO and performance evaluation.

Observation9: Small discrepancy between coupling loss for the all beams within one satellite based on single-satellite simulation (case 10) and multi-satellite simulation (case 10M). 

Observation10: Larger discrepancy of GF can be observed for the beams, especially in the outer ring within one satellite based on single-satellite simulation (case 10) and multi-satellite simulation (case 10M). 
Observation11: For near polar orbit or polar orbit, the coverage of beams in neighboring satellites will overlap seriously in higher latitude, where the beam-shut-off needs to be optimized according to satellite latitude and emphasis.

Proposal 1: Capturing the attached calibration results into TR38.821.
Proposal 2: Capturing the attached link budget results into TR38.821.
Proposal 3: Reuse the configuration of single satellite simulation in multi-satellite simulation except the tier number of beam per satellite, which is proposed to be 5 in multi-satellite simulation corresponding to 61 beams per satellite.

Proposal 4: Capture the TP attached in Appendix A into the TR 38.821 for multiple satellites simulations.
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<Unchanged parts are omitted>
i. System level simulations

<Unchanged parts are omitted>
Table 6.1.1-5: System Level Simulation assumptions for calibration

	Beam layout definition
	For single satellite simulation : See Table 6.1.1-4

For multi-satellite simulation : See Table 6.1.1-10




<Unchanged parts are omitted>
Table 6.1.1-10: List of study cases and configuration for multi-satellites simulation

	Case
	Satellite orbit
	Satellite parameter set
	Central beam elevation
	Terminal
	Frequency Band
	Frequency/Pol- Reuse
	No 
	Ns,i
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	M6
	LEO-600
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 1
	3
	[2,3,2]
	1.0844°
	0.9391°
	0.5422°

	M7
	LEO-600
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 2
	3
	[2,3,2]
	1.0844°
	0.9391°
	0.5422°

	M8*
	LEO-600
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 3
	3
	[2,3,2]
	1.0844°
	0.9391°
	0.5422°

	M9
	LEO-600
	Set 1
	90 deg
	Handheld
	S-band
	Option 1
	3
	[2,3,2]
	2.7680°
	2.3971°
	1.3840°

	M10
	LEO-600
	Set 1
	90 deg
	Handheld
	S-band
	Option 2
	3
	[2,3,2]
	2.7680°
	2.3971°
	1.3840°

	M11*
	LEO-1200
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 1
	3
	[2,3,2]
	2.1700°
	1.8792°
	1.0850°

	M12*
	LEO-1200
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 2
	3
	[2,3,2]
	2.1700°
	1.8792°
	1.0850°

	M13*
	LEO-1200
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 3
	3
	[2,3,2]
	2.1700°
	1.8792°
	1.0850°

	M14
	LEO-1200
	Set 1
	90 deg
	Handheld
	S-band
	Option 1
	3
	[2,3,2]
	5.5549°
	4.8107°
	2.7774°

	M15
	LEO-1200
	Set 1
	90 deg
	Handheld
	S-band
	Option 2
	3
	[2,3,2]
	5.5549°
	4.8107°
	2.7774°

	M21**
	LEO-600
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 1
	3
	[2,3,2]
	2.7680°
	2.3971°
	1.3840°

	M22**
	LEO-600
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 2
	3
	[2,3,2]
	2.7680°
	2.3971°
	1.3840°

	M23**
	LEO-600
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 3
	3
	[2,3,2]
	2.7680°
	2.3971°
	1.3840°

	M24**
	LEO-600
	Set 2
	90 deg
	Handheld
	S-band
	Option 1
	3
	[2,3,2]
	5.9986°
	5.1949°
	2.9993°

	M25**
	LEO-600
	Set 2
	90 deg
	Handheld
	S-band
	Option 2
	3
	[2,3,2]
	5.9986°
	5.1949°
	2.9993°

	M26**
	LEO-1200
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 1
	3
	[2,3,2]
	5.5549°
	4.8107°
	2.7774°

	M27**
	LEO-1200
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 2
	3
	[2,3,2]
	5.5549°
	4.8107°
	2.7774°

	M28**
	LEO-1200
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 3
	3
	[2,3,2]
	5.5549°
	4.8107°
	2.7774°

	M29**
	LEO-1200
	Set 2
	90 deg
	Handheld
	S-band
	Option 1
	3
	[2,3,2]
	12.1980°
	10.5638°
	6.0990°

	M30**
	LEO-1200
	Set 2
	90 deg
	Handheld
	S-band
	Option 2
	3
	[2,3,2]
	12.1980°
	10.5638°
	6.0990°

	Note 1: no star = 1st priority, * = second priority scenario, ** = third priority scenario 

Note 2: 61 beams with beam tier of Nc=5 is used for all cases without wrap around extension for each satellite
Note 3: The Longitude and latitude of nadir of central beam in central satellite in simulation: [0°, 0°];

Note 4: The orbit inclination is 90°;
Note 5: Ns,1, Ns,2 and Ns,3 are the number of satellites in the orbit1, 2 and 3, respectively;

Note 6: Definition of parameters

· The number of orbit used in simulation No
· The number of satellite per orbit used in simulation Ns,i
· Phase offset between the neighboring satellites in the same orbit: 
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· Longitude difference between the neighboring orbits: 
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· Phase difference between the neighboring satellites in neighboring orbits: 
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<Unchanged parts are omitted>


7/8


_1234567893.unknown

_1234567897.unknown

_1234567915.unknown

_1234567920.unknown

_1234567921.unknown

_1234567919.unknown

_1234567917.unknown

_1234567899.unknown

_1234567909.unknown

_1234567898.unknown

_1234567895.unknown

_1234567896.unknown

_1234567894.unknown

_1234567891.unknown

_1234567892.unknown

_1234567890.unknown

