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1	Introduction
RAN#99 agreed on a new SI towards a submission of NR NTN and IoT NTN to ITU-R as the IMT-2020 satellite component [1]. The planned work includes a self-evaluation of NR NTN and IoT NTN against the requirements defined by ITU-R and documented in M.2514 [2]. In this paper, we provide our views regarding the evaluation of the peak data rate and peak spectral efficiency. 
2	Peak data rate and peak spectral efficiency
The IMT-2020 requirements include requirements on peak data rate and peak spectral efficiency for both uplink and downlink. The requirements for the satellite component are modelled after the corresponding requirements for the terrestrial component. How to evaluate the terrestrial requirements is described in sections 7.2.1 and 7.2.2 of M.2412 [3], and the corresponding satellite requirements can be found in sections 7.2.1 and 7.2.2 of M.2514 [2]. The peak data rate and spectral efficiency are to be determined under “ideal conditions”. While it is clear what “ideal conditions” are in the terrestrial evaluations, this is not the case for satellites.
2.1	Terrestrial evaluation
The self-evaluation of peak data rate and peak spectral efficiency for terrestrial 5G NR is described in TR 37.910 [4], section 5.1 and 5.2. The peak spectral efficiency is calculated (assuming a single component carrier) as



wherein	
· = 948/1024
·  is the maximum number of layers 
· is the maximum modulation order
·  is the scaling factor 
· is the numerology
· is the average OFDM symbol duration in a subframe for numerology , i.e.  
· [bookmark: _Hlk11580336]is the maximum RB allocation in bandwidth  with numerology , as given in TR 38.817-01 [8] section 4.5.1, where  is the UE supported maximum bandwidth in the given band or band combination.
·  is the overhead.
The peak data rate is then simply the peak spectral efficiency multiplied by the bandwidth (again assuming a single component carrier)

For the terrestrial evaluations, “ideal conditions” has been interpreted such that the optimal/maximum values allowed by the radio interface have been used in the evaluations, e.g., they generally assume 8-layer downlink transmission with 256QAM modulation.
2.2	Evaluation for NTN
In the satellite case, the evaluation is not so straightforward. In satellite communications, all transmissions experience the large pathloss caused by a distance to the satellite of at least 600 km, the large Doppler shift, etc. This means that while a modulation of 256QAM is still supported even for NTN, it can be expected that this modulation will never be used in practice.
[bookmark: _Toc134744003]Even under “ideal” satellite conditions, the maximum allowed values for e.g. the modulation order will never be used in practice.
In principle, RAN1 could simply define new “satellite maximum” values for modulation order etc. that reflect the maximum values that are likely to be used in “ideal satellite conditions”, i.e., a low satellite altitude of only 600 km, an elevation angle of 90 degrees, etc. Using these values, the same formulas as in the terrestrial submission could be used to determine the peak spectral efficiency and the peak data rate. However, it is unclear exactly how these new values should be determined.
[bookmark: _Toc134744004]It is unclear how to define new “satellite maximum” values that reflect the optimum that can be expected under “ideal” satellite conditions.
As an alternative, it would also be possible to apply a different approach altogether, circumventing the need to define new maximum values. We describe such an approach in the next section below.
2.3	Alternative approach for NTN
We start out from the link budget analyses performed in the Rel-16 NTN SI and documented in TR 38.821 [5], section 6.1.3.3. Study case 9 best matches the relevant scenario (LEO 600km, handheld terminal, S-band, frequency reuse 1). Table 6.1.3.3-1 provides a DL SNR of 6.6 dB, albeit at a low elevation angle of 30 degrees. To obtain an SNR under “ideal conditions”, we perform the link budget analysis at an elevation angle of 90 degrees, remove all atmospheric losses as well as shadow fading, and assume that there is no interference. With these assumptions, we arrive at a DL SNR of 17 dB. The complete DL link budget can be found in Annex A, together with the link budget for the original SC9 from TR 38.821 for comparison.
In the next step, we use the Shannon-Hartley theorem (with a 3 dB offset to account for imperfections) to directly obtain a spectral efficiency from this SNR. At an SNR of 17 dB, we get a spectral efficiency of about 4.7 bps/Hz (see Figure 1). Multiplying this by the bandwidth of 28.8 MHz, and subtracting an overhead of 20%, we get a peak data rate of 108 Mbps. If we put the value of 4.7 bps/Hz into the above equation for peak spectral efficiency and solve for the modulation order , assuming a SCS of 15 kHz, a bandwidth of 30 MHz (160 PRBs), an overhead of 20%, and single-layer transmissions, we obtain , indicating a 64QAM modulation.
[bookmark: _Hlk129700709][image: ]
Figure 1: Spectral efficiency as a function of SNR according to the Shannon-Hartley theorem

[bookmark: _Toc134744005]RAN1 to agree on a methodology for the evaluation of peak data rate and peak spectral efficiency, taking into account the above approach.

For the UL, a similar approach can be pursued, with the additional caveat that the UE will be power limited. Utilizing the full available bandwidth will yield the maximum data rate, but at the cost of a rather low spectral efficiency. Therefore, the scheduled bandwidth in the evaluation should be limited to achieve a balance between high data rate and high spectral efficiency.
3	Conclusion
Based on the discussion in the previous section we made the following observations:
Observation 1	Even under “ideal” satellite conditions, the maximum allowed values for e.g. the modulation order will never be used in practice.
Observation 2	It is unclear how to define new “satellite maximum” values that reflect the optimum that can be expected under “ideal” satellite conditions.
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 to agree on a methodology for the evaluation of peak data rate and peak spectral efficiency, taking into account the above approach.
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Annex A: DL link budget
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TR 38.821 SC9 TR 38.821 SC9

LINK BUDGET LEO 600km, handheld, S-band, FRF 1 "ideal conditions"

System DL UL DL UL

TX: EIRP/spot/Bandwidth [dBm] 78.8 23.0 78.8 23.0

RX: G/T [dB/T] -31.6 1.1 -31.6 1.1

Bandwidth [Hz] 3.00E+07 3.60E+05 3.00E+07 3.60E+05

Free space path loss (PL) [dB] 159.1 159.1 154.0 154.0

Atmospheric loss (LA) 0.1 0.1 0.0 0.0

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

Scintillation loss (SL) [dB] 2.2 2.2 0 0

Polarization loss [dB] 0 0 0 0

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

Target SNR [dB] 6.6 2.8 17.0 13.1

Target C/I [dB] 1.8 1.7 10000000000.0 10000000000.0

SINR [dB] 0.5 -0.8 17.0 13.1

Coupling loss [dB] 129.1 129.1 124.0 124.0

TX

Type Sat UE Sat UE

Transmit power/MHz [dBm/MHz] 34 34

Transmit power [dBm] 48.8 23 48.8 23

Cable loss 0 0 0 0

Antenna gain 30 0 30 0

Aperture [m2] 1.7905 1.7905

EIRP [dBm] 78.8 23.0 78.8 23.0

RX

Type UE Sat UE Sat

 Receive antenna gain (GR) 0 30 0 30

Effective aperture (Ae) [m2] 0.0018 1.7905 0.0018 1.7905

Physical apperature (Aphys) for ap. eff of 0.6 [m2]

Antenna radius [m]

Noise figure (NF) 7 7

Ambient temperature (T0) 290 290

Antenna temperature (Ta) 290 290

System temperature (Ts) 1453.4 776.2 1453.4 776.2

N [dBm/15kHz]

RX: G/Ts [dB/T] -31.6 1.1 -31.6 1.1

Frequency

System BW 3.00E+07 3.00E+07

Reuse factor 1 - 1 -

Actual BW 3.00E+07 3.60E+05 3.00E+07 3.60E+05

PATH LOSS

Altitude 600 600 600 600

Elevation angle 30 30 90 90

Distance 1075 1075 600 600

Carrier frequency [MHz] 2000 2000 2000 2000

Wavelength [m] 0.15 0.15 0.15 0.15

ATMOSPHERIC LOSS

Zenith attenuation (dB) 0.033 0.033 0 0

Atmospheric loss (LA) (dB) 0.066 0.066 0 0


