[bookmark: OLE_LINK3][bookmark: _Hlk7194408][bookmark: _Hlk110842847]3GPP TSG RAN WG1 #115			   R1-2311641
Chicago, US, November 13th – November 17th, 2023

Source:	NTT DOCOMO, INC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	Self-evaluation results for NR NTN
[bookmark: Source]Agenda Item:	8.15.2
[bookmark: DocumentFor]Document for: 	Discussion
1. Introduction
In RAN#99 meeting, a new Study item on Self-Evaluation towards the 3GPP submission of an IMT-2020 Satellite Radio Interface Technology was approved [1]. The aim of the SI is to provide the description of the self-evaluation results towards IMT-2020 submission to ITU-R WP 4B against the technical performance requirements defined by Report ITU-R M.2514.  

In RAN1#113 meeting, the evaluation methodologies and simulation assumptions for IMT-2020 satellite were discussed, and the proposals and conclusions in Section 1 of [2] are endorsed, except for proposal 2.4 (which is already included in the proposed conclusion). It is agreed that companies are encouraged to provide calibration curves aligned with TR 38.821 calibration case 9 or case 10 (depending on whether frequency reuse factor one or three is used) for system-level simulation. Then there is no need for additional cross-company calibration.

In RAN1#114 and 114bis meeting, some companies provided the evaluation results for different performance metrics. Some of the results can fulfil the requirements. They were agreed to be captured in TR 37.911, such as the results of calibration, mobility, reliability, connection density, peak spectral efficiency and peak data rate. For the spectral efficiency and other related performance metrics, there are differences in the evaluation results among different companies. It is shown that some of the performance requirements can only be fulfilled by using FRF=3. 

In this contribution, we share the calibration results for both downlink and uplink, peak data rate and peak spectral efficiency, and eMBB-s technical performance, such as spectral efficiency, user data rate and area traffic capacity.

2. Calibration 
We developed our simulator for NTN self-evaluation, which comprises the NTN channel model, wrap around mechanism, satellite antenna pattern, beam layout and so on. For related implementation methods, we referred to TR 38.821 [3] and TR 38.811 [4].
In this section, we firstly provide the beam layout and UE dropping for single satellite simulation, which is a critical point for calibration. Then we provide the calibration results for both DL and UL for case9 and case10.

2.1 Beam layout and UE dropping 
In [3], the beam layout definition for single satellite simulation is described as hexagonal mapping of the beam bore sight directions on UV plane defined in the satellite reference frame. The UV plane is illustrated as Figure 2-1 [3], in which  is the beam boresight direction. The 19-beam layout considering wrap-around mechanism with FRF = 1 can be illustrated as Figure 2-2a. Two additional tiers of beams are considered in the simulation surrounding the 19-beam layout. There are totally 61 beams considered for FRF = 1. We only obtain the data from the 19 central beams for related statistics, which are numbered from 0 to 18 in Figure 2-2a. All remaining beams are treated as interference since they share the same frequency band for FRF = 1. As for FRF = 3, considering the wrap-around mechanism, four additional tiers of beams surrounding the 19-beam layout are considered in the simulation, which is shown as Figure 2-2b. There are totally 127 beams considered for FRF = 3. We only obtain the data from the 19 central beams for related statistics. In Figure 2-2b, beams in same color share the same frequency band and will interfere with each other.
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Figure 2-1: UV plane illustration
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Figure 2-2a: Beam layout considering wrap-around mechanism with FRF = 1
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Figure 2-2b: Beam layout considering wrap-around mechanism with FRF = 3

To get the beam layout and UE dropping, we use the following steps:
1) Define the satellite location in ECEF coordinates. 
Suppose the radius of the earth is 6371km, at this time for LEO-600, the satellite location in ECEF coordinates is (X,Y,Z) = (6371+600, 0, 0).
2) Define the central beam boresight direction based on elevation angle target in UV coordinates. 
The elevation angle target is illustrated as Figure 2-3. For the case of elevation angle target with 90 degree, which means that the central beam boresight direction is considered at nadir point, the  is 0°. So the central beam boresight direction coordinates on UV plane is (0,0). For the case of elevation angle target with 45 degree, we can calculate that  is 40.26 degree for LEO-600. Then assuming  is 0°, the central beam bore sight direction coordinates on UV plane can be calculated according to the formula in Figure 2-1. The results is (0.6462,0).
3) Calculate the adjacent beam spacing (ABS), which is related to the 3dB beamwidth. Then using ABS to define the beam layout.
For LEO-600 Set-1 S-band, the 3dB beamwidth HPBW is 4.4127 degree, then the adjacent beam spacing on UV plane is . Finally, we can get the 61-beam layout defined on the UV-plane as Figure 2-2a. 
4) Drop UE to the UV coordinate system in the form of a regular hexagon for each beam. Then translate it into ECEF coordinates. 
Figure 2-4 and Figure 2-5 (a)~(c) show the figures of 37-beam layout, UE dropping for 0-degree and 45-degree elevation angle target, in which (a) is the beam layout on UV plane, (b) is the UE dropping on UV plane in form of a regular hexagon for each beam, (c) is the UE location in ECEF coordinates which is translated from UV coordinates. We can find that as the elevation angle becomes larger, the coverage of the beam far away from the satellite is larger.
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Figure 2-3: Elevation angle target illustration
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(b) Beam layout on UV plane

(b) drop UE on UV coordinates.   
(c) translate UE location to ECEF coordinates.

Figure 2-4: Beam layout and UE dropping for 0-degree elevation angle target.
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(a) Beam layout on UV plane

(b) drop UE on UV coordinates.   
(c) translate UE location to ECEF coordinates.

Figure 2-5: Beam layout and UE dropping for 45-degree elevation angle target.


According to the position of the UE and the satellite in the ECEF coordinate system, we can calculate the distance between UE and satellite, the angle between UE and beam boresight, and antenna gain, etc. Then we can obtain the calibration results.

2.2 Calibration results for Downlink
In TR 38.821 [3], the list of calibration study cases is shown in Table 6.1.1.1-9. The calibration case 9 and case 10 are for LEO-600 with Set-1 satellite parameter, the detail information is shown in Table 2-1. For the detail simulation assumptions, we follow Table 6.1.1.1-1, Table 6.1.1.1-3 and Table 6.1.1.1-5 in [3] for satellite parameter, UE characteristics and system level simulation assumptions for calibration, respectively. Based on the assumptions, the results of CL, Geometry SIR and Geometry SINR simulated on DL and UL transmissions are reported by the different companies in [5][6].

Table 2-1 calibration case 9 and case 10
	Case
	Satellite orbit
	Satellite parameter set
	Central beam elevation
	Terminal
	Frequency Band
	Frequency/ Polarization Reuse

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

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



For handheld terminal, the antenna pattern is omni-directional. For the satellite antenna pattern, it is based on Bessel function [4]. The normalized gain pattern for the satellite with 2m equivalent satellite antenna aperture (aperture radius of 1m) and 2GHz frequency is shown in Figure 2-6.
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Figure 2-6: Satellite antenna gain pattern for aperture radius 1m at 2GHz frequency

We deploy 61 beams for FRF = 1 as Figure 2-2a, and we only obtain the data from the 19 central beams for related statistics, which are numbered from 0 to 18. All remaining beams are treated as interference since they share the same frequency band for FRF = 1. Each UE will select one beam with the strongest signal as serving beam, and the other beams are treated as interfering beam. The interference for this UE depends on the angle between the UE location and the interfering beam boresight. Summing the interference from all interfering beams, we can obtain the interference received by this UE. Then we can calculate SIR and SINR. Figure 2-7 illustrates the DL calibration results of case 9 including coupling loss, geometry SIR and geometry SINR. They are aligned with the results of other companies in [5]. 

[image: ][image: ][image: ]
Figure 2-7: DL calibration results of case 9 including coupling loss, geometry SIR and geometry SINR.

We deploy 127 beams for FRF = 3 as Figure 2-2b, and we also only obtain the data from the 19 central beams for related statistics. All remaining beams are treated as interference when they share the same frequency band with the 19 central beam. In Figure 2-2b, beams in same color share the same frequency band and will interfere with each other. Each UE will select one beam with the strongest signal as serving beam, and the other beams with the same color as the serving beam are treated as interfering beam. The interference for this UE depends on the angle between the UE location and the interfering beam boresight. Summing the interference from all interfering beams, we can obtain the interference received by this UE. Then we can calculate SIR and SINR. For FRF=3, the interference beams around the serving beam are further away than that in case of FRF=1, so the interference of FRF=3 will be smaller, and the SINR will be larger. Figure 2-8 illustrates the DL calibration results of case 10 including coupling loss, geometry SIR and geometry SINR. They are aligned with the results of other companies in [5]. 
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Figure 2-8: DL calibration results of case 10 including coupling loss, geometry SIR and geometry SINR.

Observation 1: DL calibration results of case 9 and case 10 including coupling loss, geometry SIR and geometry SINR are aligned with other companies. 

2.3 Calibration results for Uplink
For uplink calibration, the biggest difference compared to DL is that the interference is not defined by a simple geometry, since the interfering signals are received at the satellite, the active UEs in different locations will cause different interference level. In this case, for each beam, we select one UE randomly for transmission, which means a random scheduling is considered. Then we perform the random selection many times to obtain stable and sufficient results for uplink calibration. Figure 2-9 and Figure 2-10 illustrates the UL calibration results of case 9 and case 10 including coupling loss, geometry SIR and geometry SINR, respectively. They are aligned with the results of other companies in [6]. The bandwidth is assumed to be 0.36MHz for UL.
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Figure 2-9: UL calibration results of case 9 including coupling loss, geometry SIR and geometry SINR.
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Figure 2-10: UL calibration results of case 10 including coupling loss, geometry SIR and geometry SINR.

Observation 2: UL calibration results of case 9 and case 10 including coupling loss, geometry SIR and geometry SINR are aligned with other companies. 

3. Peak data rate and peak spectral efficiency analysis  
In RAN1#113 and #114 meeting, the following proposals related to peak data rate and peak spectral efficiency are agreed [2][8].  

In RAN1#114 meeting,
Proposal 1.1: The following working assumption is confirmed:
For peak spectral efficiency and peak data rate parameters:
· The parameters are chosen based on “ideal conditions”: 90degree elevation angle, 0dB atmospheric loss, 0dB shadow fading margin, 0dB scintillation loss, 0dB polarization loss, 0dB additional losses.
· Companies to provide in RAN1#113 realistic parameters, declaring the assumptions and evaluations leading to those parameters.
Proposal 1.2: For uplink peak spectral efficiency and peak data rate:
· A bandwidth of 8 RBs is used.
· The peak data rate is [2.22-2.65]Mpbs
· The peak spectral efficiency is [1.54-1.84]bps/Hz
· This value is achieved with an uplink SNR of [7.05-7.08]dB
· FFS: Other assumptions to be included in the TR.

Proposal 1.3: For downlink peak spectral efficiency and peak data rate:
A transmission bandwidth of 160 PRBs out of a channel bandwidth of 30 MHz is used. Channel bandwidth of 30 MHz is used as denominator for calculation of spectrum efficiency.
· The peak data rate is [104.58-118.9]Mbps
· The peak spectral efficiency is [3.67-4.13]bps/Hz
· This value is achieved with an uplink SNR of [16.91-16.95]dB
· FFS: Other assumptions to be included in the TR.

In RAN1#114 meeting,
Agreement
For DL and UL overhead:
· DL overhead is assumed to be 0.14
· UL overhead is assumed to be 0.08


Based on these agreements and the parameters in [2][8], we analyze the peak data rate and peak spectral efficiency as the following steps, and the results are shown in Table 2-2.
· Step1: Calculate the maximum SNR according to link budget;
· Step2: Obtain MCS from 64QAM table based on the SNR;
· Step3: Use the agreed overhead and proportion of available RB resources for DL and UL to calculate the peak spectral efficiency and peak data rate.

Table 2-2 Peak data rate and peak spectral efficiency analysis

	Transmission mode
	DL
	UL

	Target elevation angle [deg]
	90
	90

	Distance [km]
	600
	600

	Frequency [GHz]
	2.00
	2.00

	TX: EIRP [dBm]
	78.77
	23.00

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

	Bandwidth [MHz]
	30.00
	1.44

	Free space path loss [dB]
	154.03
	154.03

	Atmospheric loss [dB]
	0.00 
	0.00

	Shadow fading margin [dB]
	0.00
	0.00

	Scintillation loss [dB]
	0.00
	0.00

	Polarization loss [dB]
	0.00
	0.00

	Additional losses [dB]
	0.00
	0.00

	Available RB resources [RB]
	160
	8

	SNR [dB]
	16.95
	7.08

	MCS
	25
	14

	SE w/o overhead [bit/s/Hz]
	4.495
	2.016

	SE w/ overhead [bit/s/Hz]
	3.71
	1.85

	Peak data rate [Mbps]
	111.3
	2.67



The requirement of DL and UL peak spectral efficiency and peak data rate are described in section 7.2.2 and 7.2.1 of Report ITU-R M.2514 [7], which are shown in the following Table 2-3 and Table 2-4. We can observe that DL and UL peak spectral efficiency and peak data rate can fulfil Requirements.

Table 2-3 The requirement of DL and UL peak spectral efficiency 
	Peak spectral efficiency (DL)
	3 bit/s/Hz (1)

	Peak spectral efficiency (UL)
	1.5 bit/s/Hz (1)

	(1)	Requirements were derived using an assignable bandwidth of up to 30 MHz over one satellite beam.



[bookmark: _Hlk149832824]Table 2-4 The requirement of DL and UL peak data rate 
	Peak data rate (DL)
	70 Mbit/s (1)

	Peak data rate (UL)
	2 Mbit/s (1)

	(1)	Requirements were derived using an assignable bandwidth of up to 30 MHz over one satellite beam.


Observation 3: The SNR for peak spectral efficiency and peak data rate are 16.95dB for DL with 30MHz, 7.08 dB for UL with 1.44MHz, respectively.
Observation 4: DL and UL peak spectral efficiency and peak data rate can fulfil Requirements. 

4. Self-evaluation of eMBB-s technical performance
For self-evaluation of eMBB-s technical performance, the results of average spectral efficiency, 5th percentile user spectral efficiency, user experienced data rate and area traffic capacity are provided in this section. 
For the evaluation methodology, we follow the system simulation procedures in section 7.1.1 and 7.1.2 of [9] for the evaluations of average spectral efficiency and 5th percentile user spectral efficiency. Based on the results of spectral efficiency, we follow the analytical approach in section 7.2.3 and 7.2.4 of [9] to calculate the user experienced data rate and area traffic capacity.We consider full-buffer traffic for the evaluations. The simulation assumptions are aligned with [10].
4.1 Average spectral efficiency and 5th percentile user spectral efficiency
The simulation parameters are aligned with the agreements. Some of parameters which need to be reported are listed in Table 4-1. 

Table 4-1 The reported parameters for spectral efficiency simulation
	Parameters
	DL
	UL

	FRF
	1 or 3

	Number of UE antennas
	(M, N, P) = (1, 2, 4)
	(M, N, P) = (1, 2, 2)

	Power control parameter
	/
	α=0.8, P_0=-80 dBm 



4.2 User experienced data rate
[bookmark: _Hlk75726686]In [7], it is defined that the user experienced data rate is the 5% point of the cumulative distribution function (CDF) of the user throughput. User throughput (during active time) is defined as the number of correctly received bits, i.e., the number of bits contained in the service data units (SDUs) delivered to Layer 3, over a certain period of time.
Assuming one frequency band and one layer of transmission reception points (TRxP), the user experienced data rate should be derived from the 5th percentile user spectral efficiency through equation (1). 
Let W denote the channel bandwidth and  denote the 5th percentile user spectral efficiency. Then the user experienced data rate,  is given by:
			(1)

We assume 30 MHz channel bandwidth for FRF1 and 10MHz for FRF3. 
4.3 Area traffic capacity
In [7], Area traffic capacity is the total traffic throughput served per geographic area (in Mbit/s/km2). The throughput is the number of correctly received bits, i.e., the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time.
This can be derived assuming one frequency band and one TRxP layer, based on the achievable average spectral efficiency, network deployment (e.g., TRxP (site) density) and bandwidth.
Let W denote the channel bandwidth and ρ the TRxP density (TRxP/m2). The area traffic capacity  is related to average spectral efficiency as follows: 
			(2)
In this equation,  can be calculated from the area of each beam of the satellite. In RAN1#114 meeting, it was agreed that for the evaluation metrics that require usage of beam area, a beam area of 1415 km2 is assumed. So we use the beam area of 1415 km2 in the evaluation. 
5. Conclusion
This contribution provides our calibration results, and peak data rate analysis for NR NTN, and our observations are listed as following:

Observation 1: DL calibration results of case 9 and case 10 including coupling loss, geometry SIR and geometry SINR are aligned with other companies. 
Observation 2: UL calibration results of case 9 and case 10 including coupling loss, geometry SIR and geometry SINR are aligned with other companies. 
Observation 3: The SNR for peak spectral efficiency and peak data rate are 16.95dB for DL with 30MHz, 7.08 dB for UL with 1.44MHz, respectively.
Observation 4: DL and UL peak spectral efficiency and peak data rate can fulfil Requirements. 
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