3GPP TSG RAN WG1 #98bis                                                 R1-1911443
Chongqing, China, October 14th – 20th, 2019

Source:
ZTE

Title:
Preliminary simulation results for NTN
Agenda Item:  7.2.5.1

Document for:  Discussion

1 Introduction
In RAN1#98, simulation assumptions for both link and system have been updated to clarify/update the simulation parameters and other operations, e.g., wrapping around as below:

Agreement:
The following wrap around mechanism should be adopted for calibration and captured in TR 38.821:

· For FRF = 1, two additional tiers beams are considered in the simulation for wrapping around the 19-beam layout.

· For FRF > 1, four additional tiers beams are considered in the simulation for wrapping around the 19-beam layout.

· For UE associated to each beam, the remaining beams are treated as interference in case of sharing same frequency band/polarization.

· For calibration and evaluations, only the UEs allocated in the inner-19 beams are considered.

Moreover, up to 30 cases are defined to collect the calibration results. In this contribution, preliminary calibration results and link budget with consideration on the CIR are proposed.
2 Preliminary 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. 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 1 Illustration of the SINR comparison between Case-1 and 2
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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 Preliminary 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
	Case6
	Case7
	Case8
	Case9
	Case10

	Transmission mode
	DL
	DL
	DL
	DL
	DL
	DL
	DL
	DL
	DL
	DL

	TX: EIRP/spot/BW [dBm]
	96.02 
	91.25 
	93.01 
	103.77 
	99.00 
	60.02 
	55.25 
	57.01 
	78.77 
	74.00 

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

	Bandwidth [Hz]
	4.00E+08
	1.33E+08
	2.00E+08
	3.00E+07
	1.00E+07
	4.00E+08
	1.33E+08
	2.00E+08
	3.00E+07
	1.00E+07

	Free space path loss [dB]
	210.64 
	210.64 
	210.64 
	190.64 
	190.64 
	179.10 
	179.10 
	179.10 
	159.10 
	159.10 

	Atmospheric loss [dB]
	1.45 
	1.45 
	1.45 
	0.20 
	0.20 
	0.50 
	0.50 
	0.50 
	0.07 
	0.07 

	Shadow fading margin [dB]
	0
	0
	0
	3
	3
	0
	0
	0
	3
	3

	Scintillation Loss [dB]
	1.08
	1.08
	1.08
	2.2
	2.2
	0.3
	0.3
	0.3
	2.2
	2.2

	Polarization loss [dB]
	0
	0
	0
	3
	3
	0
	0
	0
	3
	3

	Additional losses [dB]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	CNR [dB]
	11.29 
	11.29 
	11.29 
	-0.06 
	-0.06 
	8.55 
	8.55 
	8.55 
	6.61 
	6.61 

	CIR [dB]
	-0.21 
	10.22 
	11.69 
	-0.42 
	11.26 
	-1.47 
	8.78 
	10.26 
	-1.37 
	9.30 

	CINR [dB]
	-0.51 
	7.71 
	8.47 
	-3.26 
	-0.37 
	-1.88 
	5.66 
	6.31 
	-2.01 
	4.74 

	Case Id
	Case16
	Case17
	Case18
	Case19
	Case20
	Case21
	Case22
	Case23
	Case24
	Case25

	Transmission mode
	DL
	DL
	DL
	DL
	DL
	DL
	DL
	DL
	DL
	DL

	TX: EIRP/spot/BW [dBm]
	88.02 
	83.25 
	85.01 
	98.27 
	93.50 
	52.02 
	47.25 
	49.01 
	72.77 
	68.00 

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

	Bandwidth [Hz]
	4.00E+08
	1.33E+08
	2.00E+08
	3.00E+07
	1.00E+07
	4.00E+08
	1.33E+08
	2.00E+08
	3.00E+07
	1.00E+07

	Free space path loss [dB]
	210.64 
	210.64 
	210.64 
	190.64 
	190.64 
	179.10 
	179.10 
	179.10 
	159.10 
	159.10 

	Atmospheric loss [dB]
	1.45 
	1.45 
	1.45 
	0.20 
	0.20 
	0.50 
	0.50 
	0.50 
	0.07 
	0.07 

	Shadow fading margin [dB]
	0
	0
	0
	3
	3
	0
	0
	0
	3
	3

	Scintillation Loss [dB]
	1.08
	1.08
	1.08
	2.2
	2.2
	0.3
	0.3
	0.3
	2.2
	2.2

	Polarization loss [dB]
	0
	0
	0
	3
	3
	0
	0
	0
	3
	3

	Additional losses [dB]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	CNR [dB]
	3.29 
	3.29 
	3.29 
	-5.56 
	-5.56 
	0.55 
	0.55 
	0.55 
	0.61 
	0.61 

	CIR [dB]
	-0.57 
	11.45 
	12.51 
	0.28 
	11.38 
	-1.37 
	9.24 
	10.69 
	-0.94 
	9.92 

	CINR [dB]
	-2.83 
	0.71 
	0.79 
	-6.57 
	-5.65 
	-4.52 
	-1.99 
	-1.89 
	-3.25 
	0.13 


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
	Case6
	Case7
	Case8
	Case9
	Case10

	Transmission mode
	UL
	UL
	UL
	UL
	UL
	UL
	UL
	UL
	UL
	UL

	TX: EIRP/spot/BW [dBm]
	76.2
	76.2
	76.2
	23
	23
	76.2
	76.2
	76.2
	23
	23

	RX: G/T [dB/T]
	28
	28
	28
	19
	19
	13
	13
	13
	1.1
	1.1

	Bandwidth [Hz]
	4.00E+08
	1.33E+08
	2.00E+08
	3.60E+05
	3.60E+05
	4.00E+08
	1.33E+08
	2.00E+08
	3.60E+05
	3.60E+05

	Free space path loss [dB]
	214.16 
	214.16 
	214.16 
	190.64 
	190.64 
	182.62 
	182.62 
	182.62 
	159.10 
	159.10 

	Atmospheric loss [dB]
	1.34 
	1.34 
	1.34 
	0.20 
	0.20 
	0.47 
	0.47 
	0.47 
	0.07 
	0.07 

	Shadow fading margin [dB]
	0
	0
	0
	3
	3
	0
	0
	0
	3
	3

	Scintillation Loss [dB]
	1.08
	1.08
	1.08
	2.2
	2.2
	0.3
	0.3
	0.3
	2.2
	2.2

	Polarization loss [dB]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Additional losses [dB]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	CNR [dB]
	0.20 
	4.97 
	3.21 
	-11.00 
	-11.00 
	18.39 
	23.16 
	21.40 
	2.77 
	2.77 

	CIR [dB]
	4.33 
	12.93 
	15.56 
	-0.07 
	10.85 
	3.04 
	10.90 
	13.67 
	-1.30 
	8.98 

	CINR [dB]
	-1.22 
	4.33 
	2.96 
	-11.34 
	-11.03 
	2.92 
	10.65 
	12.99 
	-2.74 
	1.84 

	Case Id
	Case16
	Case17
	Case18
	Case19
	Case20
	Case21
	Case22
	Case23
	Case24
	Case25

	Transmission mode
	UL
	UL
	UL
	UL
	UL
	UL
	UL
	UL
	UL
	UL

	TX: EIRP/spot/BW [dBm]
	76.2
	76.2
	76.2
	23
	23
	76.2
	76.2
	76.2
	23
	23

	RX: G/T [dB/T]
	20
	20
	20
	14
	14
	5
	5
	5
	-4.9
	-4.9

	Bandwidth [Hz]
	4.00E+08
	1.33E+08
	2.00E+08
	3.60E+05
	3.60E+05
	4.00E+08
	1.33E+08
	2.00E+08
	3.60E+05
	3.60E+05

	Free space path loss [dB]
	214.16 
	214.16 
	214.16 
	190.64 
	190.64 
	182.62 
	182.62 
	182.62 
	159.10 
	159.10 

	Atmospheric loss [dB]
	1.34 
	1.34 
	1.34 
	0.20 
	0.20 
	0.47 
	0.47 
	0.47 
	0.07 
	0.07 

	Shadow fading margin [dB]
	0
	0
	0
	3
	3
	0
	0
	0
	3
	3

	Scintillation Loss [dB]
	1.08
	1.08
	1.08
	2.2
	2.2
	0.3
	0.3
	0.3
	2.2
	2.2

	Polarization loss [dB]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Additional losses [dB]
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	CNR [dB]
	-7.80 
	-3.03 
	-4.79 
	-16.00 
	-16.00 
	10.39 
	15.16 
	13.40 
	-3.23 
	-3.23 

	CIR [dB]
	4.35 
	12.70 
	16.39 
	-0.10 
	11.20 
	2.67 
	10.76 
	13.80 
	-1.05 
	8.77 

	CINR [dB]
	-8.06 
	-3.14 
	-4.82 
	-16.11 
	-16.01 
	1.99 
	9.42 
	10.59 
	-5.29 
	-3.50 


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 
Proposal 2: Capturing the attached link budget results into TR38.821.
4 Conclusion

In this contribution, the preliminary calibration results and the link budget based on updated assumption are provided 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 
Proposal 1: Capturing the attached calibration results into TR38.821.

Proposal 2: Capturing the attached link budget results into TR38.821.
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