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1	Introduction
RAN#80 approved a new SI on solutions evaluation for NR to support Non-Terrestrial Network [1]. The SI has the following RAN1 objectives. 
Physical layer
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]


Many evaluation assumptions were agreed in the past RAN1 meetings and have been captured in the latest version of 3GPP TR 38.821 [2]. In this contribution, we discuss NTN link level and system level evaluations. 
2 Remaining details on evaluation assumptions
2.1	Architecture options and use cases
Depending on the functionality of the satellite in the system, we can consider two transponder options: bent-pipe/transparent transponder and regenerative transponder. 
Considering the limited time in Rel-16 NTN study in RAN1, we propose to prioritize bent-pipe/transparent architecture and consider regenerative architecture as second priority in Release-16 NTN evaluation. There are also several technical reasons why it is desirable to prioritize transparent over regenerative:
· Transparent payloads are less complex and costly compared to regenerative payloads.
· With transparent payloads, all gNB functionality resides on the ground, making it easier to build, test, and integrate with terrestrial 5G networks.
· With transparent payloads, the terrestrial gNB is more accessible and less expensive to upgrade or modify to support new NR features introduced in later releases. 
· With transparent payloads, fix or improvement requiring hardware change/modification does not require replacement of satellites. 
· The time to market will be reduced since already deployed transparent payload satellites can be upgraded to support 5G.
Note that RAN3 concluded that “There are no showstoppers to support any identified architecture options” and recommended GEO transparent and LEO regenerative for normative phase. Our understanding of this recommendation is that LEO transparent will be supported automatically if GEO transparent and LEO regenerative are to be supported by RAN3, i.e., no additional normative work would be required to additionally support LEO transparent from architecture perspective. In summary we believe that the above listed advantages for the transparent payload outweighs the architectural considerations RAN3 made when recommending the regenerative architecture for LEO.
[bookmark: _Toc7784596][bookmark: _Toc16839624][bookmark: _Toc23941916]RAN1 to prioritize LEO bent-pipe/transparent architecture and consider regenerative architecture as second priority in Release-16 NTN evaluation.
LTE-M and NB-IoT are considered as 5G technologies for supporting massive MTC, while eMBB and URLLC are the focused use cases in Rel-15/16 NR. It is questionable that NTN can meet the requirements of URLLC due to the inherent propagation delay in the system. Given these, we believe that Rel-16 NTN should focus on eMBB, fixed wireless and backhauling. Prioritizing these use cases would facilitate efficient execution of the Rel-16 NTN SI. 
[bookmark: _Toc7784597][bookmark: _Toc16839625][bookmark: _Toc23941917]RAN1 to prioritize the use cases of eMBB, fixed wireless and backhauling in Rel-16 NTN.
2.2	Calibration assumptions 
RAN1 agreed that for the CIR/CNR/CNIR value computation for link budgets, the minimum elevation angle of the reference beam boresight should be set to some degree for each case to ensure that the reference beam footprint is completely on Earth. There is one ambiguity about the satellite beam pointing direction relative to the ground, as illustrated in Figure 1. The two examples in Figure 1 are both valid and may represent two different implementations of interest. Further, considering that RAN1#99 is the last RAN1 meeting in Rel-16 SI, it is proposed to average the values (excluding outliers as appropriate) contributed by different sources to yield the CIR value for link budgets.
[bookmark: _Toc23941918]RAN1 to average the values (excluding outliers as appropriate) contributed by different sources to yield the CIR value for link budgets.
[image: ]
[bookmark: _Ref23663978]Figure 1: Two examples of discarded beam patterns with the same minimum elevation angle 12.5 degree for GEO Set-1 case.
Yet another evaluation assumption that should be agreed is whether the average CIR value is a linear mean or a logarithm mean. Our view is that logarithm mean is more reasonable. For example, considering two CIR values: 100 (i.e. 20 dB) and 1 (0 dB). The linear mean is 17 dB, and the logarithm mean is 10 dB. The linear mean would bias too much towards high CIR values.
In fact, the L3 filter in RRC is carried out in logarithmic domain, as stated in TS 38.331, Section 5.5.3.2: 
NOTE 2: The filtering is performed in the same domain as used for evaluation of reporting criteria or for measurement reporting, i.e., logarithmic filtering for logarithmic measurements. 
There was a Release-99 discussion debating on the averaging in linear or logarithmic domain on L3 filter. The decision resulted in using logarithmic filtering over the 3GPP generations including NR as indicated above.
Further, a key objective of the link budget calculation is to assess the average spectral efficiency. The average SINR should be an indicator of this. Since spectral efficiency scales (roughly) linearly with SINR in dB, the logarithm mean is of more interest than the linear mean.
[bookmark: _Toc23941919]RAN1 to agree to use the logarithm means for the average CIR values used in link budgets.
3 System simulation calibration
In this section, we present system simulation calibration results for the first priority cases that RAN1 agreed to consider in calibration phase 1. The first priority cases are summarized in Table 1.
[bookmark: _Ref20126386]Table 1: list of calibration study cases – first priority
	Case
	Satellite orbit
	Satellite parameter set
	Central beam elevation
	Terminal
	Frequency Band
	Frequency/ Polarization Reuse

	1
	GEO
	Set 1
	45 deg
	VSAT
	Ka-band
	Option 1

	2
	GEO
	Set 1
	45 deg
	VSAT
	Ka-band
	Option 2

	6
	LEO-600
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 1

	7
	LEO-600
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 2

	9
	LEO-600
	Set 1
	90 deg
	Handheld
	S-band
	Option 1

	10
	LEO-600
	Set 1
	90 deg
	Handheld
	S-band
	Option 2

	14
	LEO-1200
	Set 1
	90 deg
	Handheld
	S-band
	Option 1

	15
	LEO-1200
	Set 1
	90 deg
	Handheld
	S-band
	Option 2



Note that RAN1 agreed that coupling loss and geometry SIR are calibration metrics. It is noted that several companies also use the metric called “geometry SINR”, which has not been formally defined and agreed in RAN1.
[bookmark: _Toc23941920]RAN1 to clarify the definition of “geometry SINR” and discuss if it should be one of the calibration metrics.
Our system simulation calibration results are summarized in the attached excel sheet. Several remarks on the results are in order.
· The variances of coupling loss are 12 dB for GEO and 4-5 dB for LEO. 
· With 45-degree elevation angle, the 12-dB coupling loss variance in Ka band GEO mainly comes from 3 dB satellite antenna gain variance in a beam and 8.1 dB shadowing variance (, where  dB in Ka-band rural with 45-degree elevation angle).
· With 90-degree elevation angle, the 4-dB coupling loss variance in Ka band LEO mainly comes from 3 dB satellite antenna gain variance in a beam and 1 dB shadowing variance (, where  dB in Ka-band rural with 90-degree elevation angle).
· With 90-degree elevation angle, the 5-dB coupling loss variance in S band LEO mainly comes from 3 dB satellite antenna gain variance in a beam and 2 dB shadowing variance (, where  dB in S-band rural with 90-degree elevation angle).
· The variances of coupling loss in NTN are considerably small, compared to the variance of coupling loss in a typical terrestrial cellular network.
· Comparing the LEO-600 coupling loss in S band to the LEO-600 coupling loss in Ka band, we can see that the former is about 26 dB smaller than the latter. The main factors contributing to this difference are examined as follows.
· The free space pathloss in S band (2 GHz) is 20 dB smaller than the free space pathloss in Ka band (20 GHz). 
· The satellite antenna gain in Ka band is 6.5 dB higher than the satellite antenna gain in S band.
· The VSAT antenna gain in Ka band is 39.7 dB higher than the handheld antenna gain in S band.
· Both the VSAT UE and the handheld UE do not have polarization loss when polarization reuse is not used (true for the first priority cases).
· In summary, the coupling loss difference between S band and Ka band is equal to

· With frequency reuse 1, the geometry SIR distributions in all the cases are equally poor and range from about -3.8 dB to 1.3 dB, due to the slow decay of satellite antenna sidelobes.
· With frequency reuse 3, the geometry SIR distributions in all the cases are equally satisfactory and range from about 7.6 dB to 9.3 dB, since neighbouring beams use different frequency resources and do not interfere with each other. Compared to frequency reuse 1, the improvement in geometry SIR for frequency reuse 3 is about 10 dB at 50th percentile.
· Note that with frequency reuse 1, the geometry SIR values are relatively uniformly distributed between -3.8 dB to 1.3 dB, i.e., the range is about 5 dB. In contrast, with frequency reuse 3, the geometry SIR values tend to concentrate more towards higher SIR values (more values close to 9.3 dB vs. less values close to 7.6 dB). The former has a range of 5.1 dB, while the latter has a range of 1.7 dB. This is because with frequency reuse 1, there are similar numbers of cell-center UEs (experiencing low inter-beam interference) and cell-edge UEs (experiencing high inter-beam interference). With frequency reuse 3, most of the UEs in a beam can be considered as “cell-center UEs” that experience low inter-beam interference. As a result, the range of geometry SIR in frequency reuse 3 is much smaller than in frequency reuse 1.
[bookmark: _Toc23941921]Capture the presented system calibration results and the aforementioned observations in the TR 38.821.
4 Link budget calculation
In this section, we present link level budgets for the first priority cases that RAN1 agreed to consider in calibration phase 1. The first priority cases are summarized in the below table.
Table 2: list of calibration study cases – first priority
	Case
	Satellite orbit
	Satellite parameter set
	Central beam elevation
	Terminal
	Frequency Band
	Frequency/ Polarization Reuse

	1
	GEO
	Set 1
	12.5 deg
	VSAT
	Ka-band
	1-reuse

	2
	GEO
	Set 1
	12.5 deg
	VSAT
	Ka-band
	3-reuse

	6
	LEO-600
	Set 1
	30 deg
	VSAT
	Ka-band
	1-reuse

	7
	LEO-600
	Set 1
	30 deg
	VSAT
	Ka-band
	3-reuse

	9
	LEO-600
	Set 1
	30 deg
	Handheld
	S-band
	1-reuse

	10
	LEO-600
	Set 1
	30 deg
	Handheld
	S-band
	3-reuse

	14
	LEO-1200
	Set 1
	30 deg
	Handheld
	S-band
	1-reuse

	15
	LEO-1200
	Set 1
	30 deg
	Handheld
	S-band
	3-reuse



For each scenario, system level simulations have been performed to record UL and DL SIR statistics. The results presented correspond to the average SIR metric (log mean) and are summarized in the below table.
Table 3: Average SIR values for link budgets
	GEO / VSAT
	LEO-600 / VSAT

	Case 1: Freq reuse 1
	Case 2: Freq reuse 3
	Case 6: Freq reuse 1
	Case 7: Freq reuse 3

	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL

	0.247
	1.21
	11.4
	11.3
	1.79
	1.85
	11.2
	11.7



	LEO-600 / Handheld
	LEO-1200 / Handheld

	Case 9: Freq reuse 1
	Case 10: Freq reuse 3
	Case 14: Freq reuse 1
	Case 15: Freq reuse 3

	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL

	1.97
	1.73
	11.9
	10.8
	1.20
	1.45
	10.8
	10.6


 
4.1	Cases 1 and 2: GEO in Ka band
The below table presents the link budget for GEO deployment in the Ka-band. It is assuming a VSAT UE with a TRP of 33 dBm and a high directional antenna gain of 43.2 dBi pointing directly towards the satellite. Both the BS and VSAT are assumed to be equipped with a single circular polarized antenna. The UL and DL polarization loss is therefore eliminated. This applies for all VSAT cases.
The DL SNR is independent on frequency reuse as both the DL signal and noise power scales linearly with the supported bandwidth. UL SNR improves by a factor 5 dB in 3-reuse due to the increased UL PSD thanks to the reduced UL channel BW. These observations apply for all DL cases, and for all UL cases where VSAT is used (i.e. where the channel BW scales with the frequency reuse).
The UL SNR is significantly below the DL SNR indicating that the agreed parameters do not correspond to a well-balanced system. For an implementation following the agreed configuration the UE channel BW needs to be reduced compared to the system bandwidth to balance the UL and DL.
The C/I levels lead to a significant reduction in operating SINR in case of a 1-frequecy reuse.  
Table 4 Case 1 and 2 link budgets, assuming GEO, Ka-band and a VSAT UE.
	System
	Case 1: GEO DL
	Case 1: GEO UL
	Case 2: GEO DL
	Case 2: GEO UL

	TX: EIRP/spot/Bandwidth [dBm]
	96,0
	76,2
	91,2
	76,2

	RX: G/T [dB/T]
	15,9
	28,0
	15,9
	28,0

	Bandwidth [Hz]
	4,00E+08
	4,00E+08
	1,33E+08
	1,33E+08

	Free space path loss (PL) [dB]
	210,6
	214,2
	210,6
	214,2

	Atmospheric loss (LA)
	1,4
	1,3
	1,4
	1,3

	Shadow fading margin (SF) [dB]
	0
	0
	0
	0

	Scintillation loss (SL) [dB]
	1,08
	1,08
	1,08
	1,08

	Polarization loss [dB]
	0
	0
	0
	0

	Additional losses (AD) [dB]
	0
	0
	0
	0

	Target SNR [dB]
	11,4
	0,3
	11,4
	5,1

	Target C/I [dB]
	0.247
	1.21
	11.4
	11.3

	SINR [dB]
	-0.1
	-2.3
	8.4
	4.2



4.2	Cases 6 and 7: LEO-600 in Ka band
The below table presents the link budget for LEO deployment in the Ka-band. It is assuming a VSAT UE with the same configuration as used for GEO in case 1/2. 
Here the UL SNR is significantly above the DL SNR indicating that the agreed parameters do not correspond to a well-balanced system. It seems reasonable to adjust the VSAT configuration, and that a VSAT UE with lower directional gain may be motivated in the LEO case (comparing to the GEO case).
The C/I levels lead to a significant reduction in operating SINR in case of a 1-frequecy reuse.  
Table 5 Case 6 and 7 link budgets, assuming LEO 600 km, Ka band and a VSAT UE.
	System
	Case 6: LEO DL
	Case 6: LEO UL
	Case 7: LEO DL
	Case 7: LEO UL

	TX: EIRP/spot/Bandwidth [dBm]
	60,0
	76,2
	55,2
	76,2

	RX: G/T [dB/T]
	15,9
	13,1
	15,9
	13,1

	Bandwidth [Hz]
	4,00E+08
	4,00E+08
	1,33E+08
	1,33E+08

	Free space path loss (PL) [dB]
	179,1
	182,6
	179,1
	182,6

	Atmospheric loss (LA)
	0,5
	0,4
	0,5
	0,4

	Shadow fading margin (SF) [dB]
	0,0
	0,0
	0,0
	0,0

	Scintillation loss (SL) [dB]
	0,3
	0,3
	0,3
	0,3

	Polarization loss [dB]
	0
	0
	0
	0

	Additional losses (AD) [dB]
	0
	0
	0
	0

	Target SNR [dB]
	8,6
	18,5
	8,6
	23,3

	Target C/I [dB]
	1.79
	1.85
	11.2
	11.7

	SINR [dB]
	1.0
	1.8
	6.7
	11.4



4.3	Cases 9 and 10: LEO-600 in S band
The below table presents the link budget for LEO deployment in the S-band. It is assuming a handheld UE according to the classical 23 dBm output power class. It is here assumed that the UE modulates a linearly polarized (LP) signal which is received by a satellite BS equipped with cross polarized receiver antenna elements, meaning 0 dB polarization loss in the UL. 
For the DL the UE is assumed to be equipped with 2 RX branches, each mapped to a linearly polarized antenna element. Per antenna element there is a 3-dB polarization loss. This 3 dB is recaptured in the receiver processing when combing the two branches, leading to 0-dB polarization loss. This observation holds for all handheld UE cases.
Here the UL SNR appears to be on par with the DL SNR. Since the UL BW is fixed to 360 kHz the frequency reuse has no impact on the supported SNR.
Table 6 Case 9 and 10 link budgets, assuming LEO 600 km, S band and a handheld UE.
	System
	Case 9: LEO DL
	Case 9: LEO UL
	Case 10: LEO DL
	Case 10: LEO UL

	TX: EIRP/spot/Bandwidth [dBm]
	78,8
	23,0
	74,0
	23,0

	RX: G/T [dB/T]
	-31,6
	1,1
	-31,6
	1,1

	Bandwidth [Hz]
	3,00E+07
	3,60E+05
	1,00E+07
	3,60E+05

	Free space path loss (PL) [dB]
	159,1
	159,1
	159,1
	159,1

	Atmospheric loss (LA)
	0,1
	0,1
	0,1
	0,1

	Shadow fading margin (SF) [dB]
	3
	3
	3
	3

	Scintillation loss (SL) [dB]
	2,2
	2,2
	2,2
	2,2

	Polarization loss [dB]
	0
	0
	0
	0

	Additional losses (AD) [dB]
	0
	0
	0
	0

	Target SNR [dB]
	6,6
	2,8
	6,6
	2,8

	Target C/I [dB]
	1.97
	1.73
	11.9
	10.8

	SINR [dB]
	0.7
	-0.8
	5.5
	2.2



4.4	Cases 14 and 15: LEO-1200 in S band
The below table presents the link budget for LEO deployment at 1200 km altitude operating in the S-band. It is assuming a handheld UE according to the classical 23 dBm output power class. Just as in cases 6/7 we here assume a 0-dB polarization loss in both the UL and the DL.
Here the UL SNR is further degraded compared to the DL SNR even though the UL BW is limited to 1 PRB for the 30 kHz numerology. This indicates that it may be beneficial to support the 15 kHz numerology. Since the UL BW is fixed to 360 kHz the frequency reuse has no impact on the support SNR.
Table 7 Case 14 and 15 link budgets, assuming LEO 1200 km, S band and a handheld UE.
	System
	Case 14: LEO DL
	Case 14: LEO UL
	Case 15: LEO DL
	Case 15: LEO UL

	TX: EIRP/spot/Bandwidth [dBm]
	84,8
	23,0
	80,0
	23,0

	RX: G/T [dB/T]
	-31,6
	1,1
	-31,6
	1,1

	Bandwidth [Hz]
	3,00E+07
	3,60E+05
	1,00E+07
	3,60E+05

	Free space path loss (PL) [dB]
	164,5
	164,5
	164,5
	164,5

	Atmospheric loss (LA)
	0,1
	0,1
	0,1
	0,1

	Shadow fading margin (SF) [dB]
	3
	3,0
	3,0
	3,0

	Scintillation loss (SL) [dB]
	2,2
	2,2
	2,2
	2,2

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

	Additional losses (AD) [dB]
	0
	0,0
	0,0
	0,0

	Target SNR [dB]
	7,2
	-2,6
	7,2
	-2,6

	Target C/I [dB]
	1.20
	1.45
	10.8
	10.6

	SINR [dB]
	0.2
	-4.0
	5.6
	-2,8



4.5	Observations
The general impression from the link budget calculation is that the agreed BS and UE configurations are not properly adapted to support the long range of scenarios studied in the NTN SI. It may be more appropriate that some parameters are adjusted. Specifically:
· Support for 15 kHz numerology may be suitable for case 9/10 and 14/15 to facilitate higher UL PSD for the handheld UE.
· A reduced antenna gain for the VSAT may be considered in Case 6/7.   
[bookmark: _Toc23941922]Capture the presented link budget results and the aforementioned observations in the TR 38.821.
Conclusion
In the previous sections, we discuss NTN link level and system level evaluations. Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 to prioritize LEO bent-pipe/transparent architecture and consider regenerative architecture as second priority in Release-16 NTN evaluation.
Proposal 2	RAN1 to prioritize the use cases of eMBB, fixed wireless and backhauling in Rel-16 NTN.
Proposal 3	RAN1 to average the values (excluding outliers as appropriate) contributed by different sources to yield the CIR value for link budgets.
Proposal 4	RAN1 to agree to use the logarithm means for the average CIR values used in link budgets.
Proposal 5	RAN1 to clarify the definition of “geometry SINR” and discuss if it should be one of the calibration metrics.
Proposal 6	Capture the presented system calibration results and the aforementioned observations in the TR 38.821.
Proposal 7	Capture the presented link budget results and the aforementioned observations in the TR 38.821.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref510504022][bookmark: _Ref510814820][bookmark: _Ref174151459][bookmark: _Ref189809556]References
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[bookmark: _Ref4507844][bookmark: _Ref19113711]TR 38.821, Solutions for NR to support non-terrestrial networks.
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