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1 Introduction
In the RAN1 #98bis, the modification of the assumptions for system level simulation (SLS) calibration and link budget analysis has been agreed as follows [1]:
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We provide the updated results of SLS calibration and link budget analysis according to the agreements of the last meeting and propose that these results be captured into TR 38.821 [2].
2 Updated results of SLS calibration
We update the results of SLS calibration from the results provided in our contribution at RAN1 #98bis [3]. In this contribution, we provide the results for the 8 prioritized study cases listed in Table 6.1.1-9 of TR 38.821 [2].
Figs.1-4 show the CDF of coupling loss, Geometry SINR and Geometry SIR of the 1st prioritised study cases. Each figure includes the results of 2 study cases with different frequency reuse options (option 1 and 2).
Proposal 1: Capture the SLS calibration results in Fig. 1-4 into TR 38.821.
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Figure 1: Study case 1,2 (GEO, Set 1, VSAT, Ka-band)

[image: image4] Figure 2: Study case 6,7 (LEO-600, Set 1, VSAT, Ka-band)
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Figure 3: Study case 9,10 (LEO-600, Set 1, Handheld, S-band)

[image: image6]Figure 4: Study case 14,15 (LEO-1200, Set 1, Handheld, S-band)
3 Link budget analysis
The link budget is calculated based on last meeting agreements. In this contribution, the link budget calculation results for 8 prioritized study cases are provided.
The average CIR can be obtained from SLS results. In the SLS to obtain the average CIR, the minimum elevation angle for the UE is assumed to be 5 degrees and 10 degrees for GEO and LEO, respectively. To evaluate the study case using frequency reuse, four additional tier beams are considered for wrapping around the 19-beam layout.
Table 1-4 show the results of link budge calculation of the 1st prioritised study cases. 

Table 1: Study case 1,2 (GEO, Set 1, VSAT, Ka-band)
	Frequency reuse
	Option 1
	Option 2

	Transmission mode
	DL
	UL
	DL
	UL

	TX: EIRP/spot/BW [dBm]
	96.02 
	76.20 
	91.25 
	76.20 

	RX: G/T [dB/T]
	15.86 
	28.00 
	15.86 
	28.00 

	Bandwidth [Hz]
	400000000 
	400000000 
	133333333 
	133333333 

	Free space path loss [dB]
	210.58 
	214.10 
	210.58 
	214.10 

	Atmospheric loss [dB]
	1.17 
	1.08 
	1.17 
	1.08 

	Shadow fading margin [dB]
	0.00 
	0.00 
	0
	0

	Scintillation Loss [dB]
	1.08 
	1.08 
	1.08 
	1.08 

	Polarization loss [dB]
	0.00 
	0.00 
	0
	0

	Additional losses [dB]
	0.00 
	0.00 
	0
	0

	CNR [dB]
	11.63 
	0.52 
	11.63 
	5.29 

	CIR [dB]
	-0.16 
	0.10 
	11.08 
	9.96 

	CINR [dB]
	-0.44 
	-2.71 
	8.34 
	4.02 


Table 2: Study case 6,7 (LEO-600, Set 1, VSAT, Ka-band)
	Frequency reuse
	Option 1
	Option 2

	Transmission mode
	DL
	UL
	DL
	UL

	TX: EIRP/spot/BW [dBm]
	60.02 
	76.20 
	55.25 
	76.20 

	RX: G/T [dB/T]
	15.86 
	13.00 
	15.86 
	13.00 

	Bandwidth [Hz]
	400000000 
	400000000 
	133333333 
	133333333 

	Free space path loss [dB]
	179.10 
	182.62 
	179.10 
	182.62 

	Atmospheric loss [dB]
	0.50 
	0.47 
	0.50 
	0.47 

	Shadow fading margin [dB]
	0.00 
	0.00 
	0.00 
	0.00 

	Scintillation Loss [dB]
	0.30 
	0.30 
	0.30 
	0.30 

	Polarization loss [dB]
	0.00 
	0.00 
	0.00 
	0.00 

	Additional losses [dB]
	0.00 
	0.00 
	0.00 
	0.00 

	CNR [dB]
	8.55 
	18.39 
	8.55 
	23.16 

	CIR [dB]
	3.53 
	3.70 
	11.67 
	12.07 

	CINR [dB]
	2.34 
	3.56 
	6.83 
	11.74 


Table 3: Study case 9,10 (LEO-600, Set 1, Handheld, S-band)
	Frequency reuse
	Option 1
	Option 2

	Transmission mode
	DL
	UL
	DL
	UL

	TX: EIRP/spot/BW [dBm]
	78.77 
	23.00 
	74.00 
	23.00 

	RX: G/T [dB/T]
	-31.62 
	1.10 
	-31.62 
	1.10 

	Bandwidth [Hz]
	30000000 
	360000 
	10000000 
	360000 

	Free space path loss [dB]
	159.10 
	159.10 
	159.10 
	159.10 

	Atmospheric loss [dB]
	0.07 
	0.07 
	0.07 
	0.07 

	Shadow fading margin [dB]
	3.00 
	3.00 
	3.00 
	3.00 

	Scintillation Loss [dB]
	2.20 
	2.20 
	2.20 
	2.20 

	Polarization loss [dB]
	3.00 
	0.00 
	3.00 
	0.00 

	Additional losses [dB]
	0.00 
	0.00 
	0.00 
	0.00 

	CNR [dB]
	6.61 
	2.77 
	6.61 
	2.77 

	CIR [dB]
	2.94 
	2.92 
	10.74 
	10.34 

	CINR [dB]
	1.39 
	-0.17 
	5.19 
	2.07 


Table 4: Study case 14,15 (LEO-1200, Set 1, Handheld, S-band)
	Frequency reuse
	Option 1
	Option 2

	Transmission mode
	DL
	UL
	DL
	UL

	TX: EIRP/spot/BW [dBm]
	84.77 
	23.00 
	80.00 
	23.00 

	RX: G/T [dB/T]
	-31.62 
	1.10 
	-31.62 
	1.10 

	Bandwidth [Hz]
	30000000 
	360000 
	10000000 
	360000 

	Free space path loss [dB]
	164.49 
	164.49 
	164.49 
	164.49 

	Atmospheric loss [dB]
	0.07 
	0.07 
	0.07 
	0.07 

	Shadow fading margin [dB]
	3.00 
	3.00 
	3.00 
	3.00 

	Scintillation Loss [dB]
	2.20 
	2.20 
	2.20 
	2.20 

	Polarization loss [dB]
	3.00 
	0.00 
	3.00 
	0.00 

	Additional losses [dB]
	0.00 
	0.00 
	0.00 
	0.00 

	CNR [dB]
	7.22 
	-2.62 
	7.22 
	-2.62 

	CIR [dB]
	2.13 
	2.41 
	10.69 
	9.99 

	CINR [dB]
	0.96 
	-3.81 
	5.61 
	-2.85 


Compared to the SLS calibration results, the CIR is slightly improved for all study cases. The distance on the earth surface between adjacent beams increases as the elevation angle of the central beam becomes smaller. Also, some beams outside the earth are discarded in the case of frequency reuse option 2. As a result, the interference from other beams and UEs becomes smaller compared to the case of using the assumptions of the SLS calibration.

Observation 1: For UL, large CNR can be achieved because VSAT UE has enough Tx power against channel bandwidth in study case 1,2,6,7. On the other hand, only small CNR can be achieved because handheld UE does not have enough Tx power against channel bandwidth in study case 9,10,14,15.

Observation 2: For UL in study case 1,2,6,7, larger CNR can be achieved when using option 2 than option 1 because channel bandwidth of option 2 is narrower than that of option 1.
Proposal 2: Capture the link budget results in table 1-4 into TR 38.821.
4 Conclusion

In this contribution, we provided the updated results of SLS calibration and link budget analysis according to the agreements of the last meeting.
Proposal 1: Capture the SLS calibration results in Fig. 1-4 into TR 38.821.
Observation 1: For UL, large CNR can be achieved because VSAT UE has enough Tx power against channel bandwidth in study case 1,2,6,7. on the other hand, only small CNR can be achieved because handheld UE does not have enough Tx power against channel bandwidth in study case 9,10,14,15.

Observation 2: For UL in study case 1,2,6,7, larger CNR can be achieved when using option 2 than option 1 because channel bandwidth of option 2 is narrower than that of option 1.
Proposal 2: Capture the link budget results in table 1-4 into TR 38.821.
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Agreement:


Update Tables 6.1.1-1 and Tables 6.1.1-2 of TR 38.821 as follows:


Table 6.1.1-1: Set-1 satellite parameters for system level simulator calibration


============================== Rows Omitted ================================�
�
Payload characteristics for UL transmissions�
�
Equivalent satellite antenna aperture (Note1)�
Ka-band (i.e. 30 GHz for UL)�
3.33  m�
0.33  m�
0.33  m�
�
G/T�
�
28 dB K-1�
13 dB K-1�
13 dB K-1�
�
Satellite RX max Gain�
�
58.5 dBi�
38.5 dBi�
38.5 dBi�
�
============================== Rows Omitted ================================�
�



Table 6.1.1-2: Set-2 satellite parameters for system level simulator calibration


============================== Rows Omitted ================================�
�
Payload characteristics for UL transmissions�
�
Equivalent satellite antenna aperture (Note1)�
Ka-band (i.e. 30 GHz for UL)�
1.33  m�
0.13 m�
0.13 m�
�
G/T�
�
20 dB K-1�
5 dB K-1�
5 dB K-1�
�
Satellite Rx max Gain�
�
50.5 dBi�
30.5 dBi�
30.5 dBi�
�



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.





Agreement:


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)





Agreement:


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.





Agreement:


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. 





Agreement:


PAPR optimizations for downlink channels are not necessary to be specified for NTN at least for Rel-17.





Agreement:


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. 


















[image: image1][image: image7.png]CDF (%)

100
90 r

80
70
60
50
40
30
20

10

. J
80 100 120
Coupling Loss (dB)

——option1 ——Option 2

140

J

-10 0 10 20
Geometry SINR (dB)

——oOption1 ——Option 2

-10 0 10 20
Geometry SIR (dB)

——option1 ——Option 2



[image: image8.png]CDF (%)

100
90 r
80
70
60
50
40
30
20

10
0 U
80 100 120
Coupling Loss (dB)

——option1 ——Option 2

140

J

-10 0 10 20
Geometry SINR (dB)

——oOption1 ——Option 2

-10 0 10 20
Geometry SIR (dB)

——option1 ——Option 2



[image: image9.png]CDF (%)

100
90
80
70
60
50
40
30
20

10
ol
80 100 120
Coupling Loss (dB)

——option1 ——Option 2

140

-10 0 10 20
Geometry SINR (dB)

——oOption1 ——Option 2

]

-10 0 10 20
Geometry SIR (dB)

——option1 ——Option 2



