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1. [bookmark: _Ref18181]Introduction
In RAN#99 meeting, the study item for self-evaluation towards the 3GPP submission of a IMT-2020 satellite radio interface technology is approved. The objectives of this study item are proposed in [1] as follows:
	This study item will 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, using the evaluation criteria defined in the report, and complete the related compliance template and description templates. The candidate IMT-2020 RIT/SRIT(s) submission by 3GPP based on Rel-17 NTN (including both NR NTN and IoT NTN), will be evaluated and described as part of the study.
Detailed objectives of this study item include:
a) Complete all required submission templates as defined in Report ITU-R M.2514 [RAN ITU-R Ad-Hoc]

b) Provide self-evaluation results against technical performance requirements for eMBB-s as defined in Report ITU-R M.2514 [RAN ITU-R Ad-Hoc, RAN1, RAN2], including
· Peak data rate
· Peak spectral efficiency
· User experienced data rate
· 5th percentile user spectral efficiency
· Average spectral efficiency
· Area traffic capacity
· Latency, including user plane latency and control plane latency
· Energy efficiency, including both network and device
· Mobility
· Mobility interruption time
	
c) Provide self-evaluation results against technical performance requirements for mMTC-s as defined in Report ITU-R M.2514 [RAN ITU-R Ad-Hoc, RAN1, RAN2], including
· Connection density

d) Provide self-evaluation results against technical performance requirements for HRC-s as defined in Report ITU-R M.2514 [RAN ITU-R Ad-Hoc, RAN1, RAN2], including
· Reliability

e) Provide self-evaluation results for other requirements (including bandwidth) as defined in Report ITU-R M.2514 [RAN ITU-R Ad-Hoc, RAN1, RAN2, RAN4]

IoT NTN will at least target self-evaluation against bullets c) and e) technical requirements, and NR NTN will target self-evaluation against all technical requirements (in bullets b) to e)).

This study shall start with evaluating features that are supported by Rel-17 NTN (NR NTN + IoT NTN), as relevant for the above aspects.


In this contribution, the evaluation methodology is discussed.
1. [bookmark: _Ref54269283]Discussion of the evaluation methodology
1. Scenarios and Channel model
There are 3 usage scenarios described in [2] for the satellite component of IMT-2020, that’s eMBB-s, mMTC-s, HRC-s. As satellite component of IMT-2020 is expected to be the complementary of terrestrial network, which means the service area of a satellite network is mainly to cover under served and unserved areas of terrestrial network,  all these 3 usage scenarios are suggested to be evaluated in Rural test environment. The channel model for Rural test environment can refer to sector 6.6.6 and 6.6.7.2 in [3]. 
 Proposal 1: The test environment is Rural for all usage scenarios, and channel model for Rural in sector 6.6.6 and 6.6.7.2 in [3] can be used.
1. Satellite and terminal configurations
As described in [2], demonstration of compliance assuming handheld terminals is necessary and sufficient, other evaluations, e.g. for directional and MTD devices, may be provided by the proponent, though are not required. We can focus the self-evaluation on handheld terminals to evaluate against technical performance requirements defined in [2], thus the carrier frequency is assumed to be 2 GHz (S-band), and the bandwidth is up to 30 MHz. For peak data rate evaluation, if necessary, directional terminals such as VSAT can also be optionally considered with carrier frequency 20 GHz for DL and 30 GHz for UL (Ka-band) and bandwidth up to 400 MHz.
Proposal 2: Evaluation for handheld terminals and S-band should be considered as the baseline.
2.2.1 Satellite configuration
As suggested in [2], both GSO and Non-GSO should be considered. Therefore, in this self-evaluation GEO and LEO-600 are preferred to be evaluated. Single satellite can be considered as the starting point, and the beam layout of the satellite can be considered as 19 inner beams with 2 (for FRF=1) or 4 (for FRF=3) tiers of outer beams, details can be found in Figure 6.1.1.1-1 and Figure 6.1.1.1-2 in [4]. The antenna pattern of satellite is considered as the Bessel function provided in 6.4.1 in [3], and the polarization of satellite is circular. The example parameters given in sector 8.2.3 in [2] is related to the Set-1 satellite configuration, so we can consider Set-1 as the baseline. Since the service of satellite should cover a large area, low elevation angle of UE is preferred, thus the central beam center elevation can be considered as 12.5 degree for GEO and 30 degree for LEO. Detailed parameters of satellite can be found in Table 1.  
[bookmark: _Ref18967]Table 1  Satellite configuration for system level evaluation
	Satellite orbit
	GEO
	LEO-600

	Satellite altitude
	35786 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in [3]
	Section 6.4.1 in [3]

	polarization
	Circle
	Circle 

	Adjacent beam spacing (ABS) on UV plane
	S- Band :  0.0061
Ka-band: 0.0027
	S-Band : 0.0668
Ka-band: 0.0267

	Central beam center  elevation
	12.5  degrees
	30  degrees

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band
(i.e. 2 GHz)
	22 m
	2 m

	Satellite EIRP density
	
	59 dBW/MHz
	34 dBW/MHz

	Satellite Tx max Gain
	
	51 dBi
	30 dBi

	3dB beamwidth
	
	0.4011 deg
	4.4127 deg

	Satellite beam diameter (Note 2)
	
	250 km
	50 km

	Equivalent satellite antenna aperture (Note 1)
	Ka-band
(i.e. 20 GHz for DL)
	5 m
	0.5 m

	Satellite EIRP density
	
	40 dBW/MHz
	4 dBW/MHz

	Satellite Tx max Gain
	
	58.5 dBi
	38.5 dBi

	3dB beamwidth
	
	0.1765 deg
	1.7647 deg

	Satellite beam diameter (Note 2)
	
	110 km
	20 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band 
(i.e. 2 GHz)
	22 m
	2 m

	G/T
	
	19 dB K-1
	1.1 dB K-1

	Satellite Rx max Gain
	
	51 dBi
	30 dBi

	Equivalent satellite antenna aperture (Note1)
	Ka-band (i.e. 30 GHz for UL)
	3.33 m
	0.33 m

	G/T
	
	28 dB K-1
	13 dB K-1

	Satellite RX max Gain
	
	58.5 dBi
	38.5 dBi

	NOTE 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of [3].
NOTE 2: This beam size refers to the Nadir pointing of the satellite 
NOTE 3: All these satellite parameters are applied per beam.
NOTE 4: The EIRP density values are considered identical for all frequency re-use factor options.
NOTE 5: The EIRP density values are provided assuming the satellite HPA is operated with a back-off of [5] dB.


2.2.2 UE configuration
As discussed above, UE is considered as handheld terminal, the parameter is the same as Table 6.1.1.1-3 in [4] and listed in Table 2 below.
[bookmark: _Ref19140][bookmark: _GoBack]Table 2  UE parameters for system level evaluation
	Characteristics
	Handheld
	VSAT

	Frequency band
	S band (i.e. 2 GHz)
	Ka band(i.e. 30 GHz UL and 20 GHz DL)

	Antenna type and configuration
	(1, 1, 2) with omni-directional antenna element

	Directional
Section 6.4.1 of [3] with 60 cm equivalent aperture diameter

	Polarisation
	Linear: +/-45°X-pol
	circular

	Rx Antenna gain 
	0 dBi per element
	39.7 dBi 

	Antenna temperature
	290 K
	150 K

	Noise figure
	7 dB
	1.2 dB

	Tx transmit power
	200 mW (23 dBm)
	2 W (33 dBm)

	Tx antenna gain
	0 dBi per element
	43.2 dBi


2.2.3 Evaluation configuration
For connection density evaluation, the UE should have a density at least 500 per km2, thus 500 per km2 can be the baseline, for other evaluation the UE density is “10 UEs per spot beam”. In addition, FTP3 traffic model can be used for connection density evaluation, and full buffer can be used for other evaluation. The parameters for system level evaluation is listed in Table 3.
For link level evaluation, considering most of the service condition is LOS, channel model can be considered as NTN-CDL-C or NTN-CDL-D provided in section 6.9.1 in [3]. The parameters for link level evaluation is listed in Table 4 which can be referred to section 6.1.2 in [4].
[bookmark: _Ref19307]Table 3  Parameters for system level evaluation
	Parameters
	Values/Types/Configurations

	
	Rural-eMBB-s
	Rural-mMTC-s
	Rural-HRC-s

	Terminal type
	Handheld, VSAT

	Satellite orbit configuration
	LEO, 600 km altitude
GEO, 35786 km altitude

	Spot beam pattern and frequency reuse factor
	Hexagonal pattern, 19 inner beams,
Total beams: 61 beams for FRF=1,
                    127 beams for FRF=3.

	Service link frequency
	Handheld: 2 GHz 
VSAT: 20 GHz for DL, 30 GHz for UL

	Channel bandwidth
	Handheld: 30 MHz
VSAT: 400MHz

	Subcarrier spacing
	Handheld: 15 kHz
VSAT: 60 kHz

	Number of symbols per slot
	14

	Satellite characteristics (G/T, EIRP density, antenna diameter)
	See Table 1

	UE characteristics
	See Table 2

	Beam layout definition
	See Table 6.1.1.1-4 in [4]

	UE orientation
	Handheld: random
VSAT: towards the satellite

	UE antenna height
	1.5 m

	UE deployment
	100% outdoor, randomly and uniformly distributed over the area

	UE density
	10 UEs per spot beam
	500 per km2
	10 UEs per spot beam

	UE mobility model
	For mobility evaluations: 
Fixed and identical speed of 250 km/h of all UEs, randomly and uniformly distributed direction.
For all other evaluations: Stationary
	Stationary
	Fixed and identical speed of 30 km/h of all UEs, randomly and uniformly distributed direction

	Traffic model
	Full buffer 
	With layer 2 PDU (Protocol Data Unit) message size of 32 bytes:
1 message/day/device
or
1 message/2 hours/device
Packet arrival follows Poisson arrival process for non-full buffer system-level simulation
	Full buffer

	Handover margin
	0 dB

	UE attachment
	RSRP

	Receiver type
	MMSE-IRC

	Channel estimation
	realistic

	CSI feedback
	Release 15 (impact of RTT should be considered)


  
[bookmark: _Ref19470]Table 4  Parameters for link level evaluation
	Parameters
	S-band
	Ka-band

	Carrier frequency
	2 GHz
	DL 20 GHz, UL 30 GHz

	Channel coding scheme
	NR channel coding

	Subcarrier spacing
	15 kHz
	60 kHz

	Channel estimation
	Realistic estimation

	Frequency offset 
	Residual Frequency error after DL synchronisation: [0.1] ppm assuming UL pre-compensation

	Frequency drift
	[Doppler rate values provided in Table 6.1.1.1-8 in [4]]

	Frequency tracking
	drift pre-compensation is assumed

	UE speed
	3 km/h, 0 km/s (stationary)

	Channel model
	NTN-CDL-C or NTN-CDL-D

	Satellite antenna configuration
	1Tx/Rx
	1Tx/Rx

	UE antenna configuration
	S-band:  (1, 1, 2) with omni-directional antenna element
	VSAT with 60 cm equivalent aperture diameter

	Phase noise Model
	S-band phase noise modelling (optional) 
Ka-band phase noise modelling: phase noise profile according to TR 38.803 


Proposal 3: The assumption listed in Table 1-4 should be considered as the baseline of parameters for self-evaluation.
1. Discussion on characteristics
There are total 14 technical performance requirements proposed in [1] to be evaluated, the detailed description of them can be found in section 7.2 in [2]. Each of the requirements is mapped to one or more of three high level assessment methods (simulation, analytical, inspection) defined in [2], the mapping table is given in sector 8.2.4 in [2] and listed in Table 5 below for convenience.
[bookmark: _Ref29336]Table 5  Mapping table of technical performance requirements and assessment methods
	Characteristic for evaluation
	High-level assessment method
	Related section of  Report ITU-R M.2514

	Peak data rate
	Analytical 
	§ 7.2.1

	Peak spectral efficiency
	Analytical
	§ 7.2.2

	User experienced data rate
	Simulation and Analytical
	§ 7.2.3

	5th percentile spectral efficiency
	Simulation
	§ 7.2.4

	Average spectral efficiency
	Simulation
	§ 7.2.5

	Area traffic capacity
	Simulation and Analytical
	§ 7.2.6

	User plane latency
	Analytical and Inspection
	§ 7.2.7.1

	Control plane latency
	Analytical and Inspection
	§ 7.2.7.2

	Connection density
	Simulation
	§ 7.2.8

	Energy efficiency
	Inspection
	§ 7.2.9

	Reliability
	Simulation
	§ 7.2.10

	Mobility
	Simulation
	§ 7.2.11

	Mobility interruption time
	Analytical
	§ 7.2.12

	Bandwidth
	Inspection
	§ 7.2.13


For peak data rate and peak spectral efficiency, they can be derived from each other with bandwidth, thus they can be evaluated together. To get higher value of peak data rate, VSAT can be considered as the UE terminal, and correspondingly Ka-band with up to 400 MHz bandwidth should be considered. The required value of peak data rate and peak spectral efficiency for bandwidth up to 400 MHz can be found in Annex 2 in [2]. The assessment method can be analytical method and system level simulation, the system level simulation parameters can be found in Table 1 ~ Table 3.
For User experienced data rate, 5th percentile spectral efficiency, average spectral efficiency and area traffic capacity, system level simulation should be considered, and the parameters should be the same, thus they can jointly evaluated. For these characteristics, UE is considered as handheld, and frequency band is considered as S-band with up to 30 MHz bandwidth.
For user plane latency and control plane latency, only analytical method is considered, and the method can refer to [2].
For connection density, system level simulation is considered, the detailed steps can be found in [5]. This characteristic is mainly evaluated for IoT-NTN, and the UE is considered as handheld and mobility is considered as stationary.
For energy efficiency, inspection method is considered which can refer to section 7.2 in [2].
For reliability and mobility, system level simulation and link level simulation are both considered, UE is considered as handheld, the requirements can refer to [2] and the detailed simulation steps can refer to [5]. The simulation parameter for mobility and reliability can be the same as 5th percentile spectral efficiency evaluation except for UE speed, the difference can refer to parameters of eMBB-s (for mobility simulation) and HRC-s (for reliability simulation) in Table 3.
For mobility interruption time and bandwidth, analytical and inspection method are considered respectively, the method can refer to section 7.2 in [2].
Proposal 4: For peak data rate and peak spectral efficiency evaluation, VSAT and Ka-band with up to 400 MHz should be considered. For other characteristics, handheld and S-band with up to 30 MHz should be considered.
1. Conclusions
In this contribution, discussion on the methodology of self-evaluation is provided with following proposals: 
 Proposal 1: The test environment is Rural for all usage scenarios, and channel model for Rural in sector 6.6.6 and 6.6.7.2 in [3] can be used.
Proposal 2: Evaluation for handheld terminals and S-band should be considered as the baseline.
Proposal 3: The assumption listed in Table 1-4 should be considered as the baseline of parameters for self-evaluation.
Proposal 4: For peak data rate and peak spectral efficiency evaluation, VSAT and Ka-band with up to 400 MHz should be considered. For other characteristics, handheld and S-band with up to 30 MHz should be considered.
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