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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP TSG RAN #99 meeting, a new study item named “Study on self-evaluation towards the 3GPP submission of an IMT-2020 satellite radio interface technology” has been approved in release 18 stage [1]. 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 [2].
The detailed objectives of this study item include following aspects.
	
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)).




In this document, following the discussion in RAN meeting #99, the evaluation methodology of IMT-2020 satellite radio interface will be studied preliminarily.
Discussion of evaluation methodology
As described in Report ITU-R M.2514, the clause 8.2 illustrates the evaluation methodology of IMT-2020 satellite radio interface (SRI) technology. The parameters and assumptions were described to evaluate the candidate satellite radio interfaces, and the test environments were proposed too. The evaluation methodology will be further discussed in following text.
0. Test environments and evaluation configurations 
1) Test environment
As described in Report ITU-R M.2514, a rural test environment was recommended to evaluate the satellite component of IMT-2020. Considered the environments applied in satellite communications, the rural context is more suitable. It is a typical application environment of satellite communication. 
2) Evaluation configurations
The evaluation configuration includes satellite configuration, antenna patterns of satellite, terminal configuration, and so on. As discussed in NTN link level simulation or calibration, the satellite configuration with both GEO orbit and LEO orbit have been considered. For the antenna patterns, the typical reflector antenna with a circular aperture is considered in satellite. And the array antenna can be treated equivalently for the gain. In order to support the services of eMBB-s, mNTC-s and HRC-s, the types of terminal should be various, which should include handheld terminal, MTD (IOT) terminal and directional terminal (VAST type). 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Proposal 1: For test environment and evaluation configurations, the following should be considered in evaluation of IMT-2020 SRI.
· A Rural test environment;
· The GEO and LEO orbit;
· The handheld, MTD (IOT) and directional terminals.
0. Channel model
In the Clause 6.9 of TR 38.821 of 3GPP, the channel models had been proposed, including CDL models and TDL models. The CDL models are defined for the S and Ka bands and are applicable to different environments and elevation angles. NTN-CDL-A and NTN-CDL-B are constructed to represent two different channel profiles for NLOS, while NTN-CDL-C and NTN-CDL-D are constructed for LOS. The Tapped Delay Line (TDL) models are filtered from the CDL models by assuming isotropic UE antenna. Two TDL models, namely NTN-TDL-A and NTN-TDL-B are constructed to represent two different channel profiles for NLOS, while NTN-TDL-C and NTN-TDL-D are constructed for LOS. For the link level simulation or calibration, the channel models were associated with the deployment scenarios in clause 6.10 of TR 38.821, as following.
Table 1 NTN channel model features per deployment scenarios (part)
	
	Deployment-D1
	Deployment-D2
	Deployment-D3
	Deployment-D4

	Platform orbit and altitude
	GEO at 35 786 km
	GEO at 35 786 km
	Non-GEO down to 600 km
	Non-GEO down to 600 km

	Carrier Frequency on the link between Air / space-borne platform and UE
	Around 20 GHz for DL
Around 30 GHz for UL (Ka band)
	Around 2 GHz for both DL and UL (S band)
	Around 2 GHz for both DL and UL (S band)
	Around 20 GHz for DL
Around 30 GHz for UL (Ka band)

	Maximum Channel Bandwidth 
(DL + UL)
	Up to 2 * 800 MHz
	Up to 2 * 20 MHz
	Up to 2 * 20 MHz
	Up to 2 * 800 MHz

	UE antenna pattern + polarisation
	VSAT type - circular polarisation
Co-phased array - Dual Linear polarisation (Note 1)
	Quasi Isotropic - Linear polarisation (Note 4)
Co-phased array - Dual Linear polarisation (Note 2)
	Quasi Isotropic - Linear polarisation (Note 4)
Co-phased array - Dual Linear polarisation (Note 2)
	VSAT type - circular polarisation
Co-phased array - Dual Linear polarisation (Note 1)

	UE type
	Handheld, nomadic, fixed, moving platform mounted
	Handheld, moving platform mounted
	Handheld, moving platform mounted
	Handheld, nomadic, fixed, moving platform mounted

	Airborne & space borne antenna pattern modelling + polarisation
	Bessel function and circular polarisation
	Bessel function and circular polarisation
	Bessel function and circular polarisation
	Bessel function and circular polarisation

	Doppler cause
	Mainly UE mobility
	Mainly UE mobility
	UE + satellite mobility
	UE + satellite mobility

	O2I penetration loss
	No
	No
	No
	No

	Atmospheric absorption
	Mandatory
	Negligible
	Negligible
	Mandatory

	Rain attenuation
	(Note 3)
	Negligible
	Negligible
	(Note 3)

	Cloud attenuation
	(Note 3)
	Negligible
	Negligible
	(Note 3)

	Scintillation
	Tropospheric
	Ionospheric
	Ionospheric
	Tropospheric

	Fast fading models (system level)
	Flat fading (Note 6)
	Flat fading (Note 6) or frequency selective fading (note 5) according to elevation and environments
	Flat fading (Note 6) or frequency selective fading (note 5) according to elevation and environments
	Flat fading (Note 6)

	Link level model
	Flat fading (Note 6)
	CDL or TDL
	CDL or TDL
	Flat fading (Note 6)

	Shadowing model
	LMS (Land Mobile Satellite)
	LMS
	LMS
	LMS


Note 1:	As described in [5] as [M,N,P] = [2,4,2].
Note 2:	As described in [5] as [M,N,P] = [1,2,2].
Note 3:	Rain and cloud attenuation are not needed for system or link level simulations related to channel model, if they are already considered in the system dimensioning (e.g. link budget). If they need to be taken into account, ITU-R P618 models (Rain) and ITU-R P840 models (Cloud) shall be used.
Note 4:	Quasi isotropic refers to dipole antenna which is omni-directional in one plane.
Note 5:	The frequency selective fading refers to Geometry based Stochastic Channel Model or GSCM which is defined in (SCM/FP7 WINNER, 3GPP TR 38.901 etc.)
Note 6:	Flat fading model refers to the 2 state model from ITU-R P681 (section 6). Since this model is based on time series, R1-1802975 proposes a method to adapt it to drop based simulations for system level evaluation.
Form the table above, the recommended channel models are CDL or TDL model for S band, and flat fading model for Ka band. Thus, in the evaluation of IMT-2020 SRI, the CDL or TDL model can be considered for low band, and flat fading model can be considered for high band, such as Ka band.
Observation 1: As analyzed in NTN, the CDL and TDL model are proper to evaluation of S band, and the flat fading model is preferred to Ka band.

0. Evaluation configuration
An example parameters for handheld and MTD terminals has been described in ITU-R M.2514 to use in evaluation. In that table, the LEO satellite with 600km altitude was considered. And in the annex 2 of ITU-R M.2514, the parameters for directional terminals, such as VAST terminals, were provided too. As discussed in TR 38.821, the satellite parameters and terminal configurations are recommended in clause 6.1.1.1, includes frequency band, EIRP, satellite orbits, antenna parameters, beam sizes, G/T values and so on. For IOT NTN evaluation, the satellite parameters and terminal configurations are described in TR 36.763 [6]. In order to completely evaluate the NTN technology for IMT-2020 SRI, the satellite parameters and terminal configurations described in TR 38.821 and TR 36.763 should be taken as the baseline in evaluation. 
Actually there are some additional enhancements being discussed in Rel-18, which are targeted to improve coverage, mobility management and IoT HARQ performance. Since R18 NTN can exhibit more robust performance compared to Rel-17, it is necessary to evaluate the Rel-18 if the timeline is allowed. 
For S band with 2GHz, the handheld, MTD and directional terminals should be evaluated. And for Ka band with high frequency, the directional terminal should be considered.
For eMBB-s and HRC-s services, the handheld and directional terminals should be evaluated. Meanwhile, for mMTC-s service, the handheld and MTD terminals should be evaluated. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 2: For NR NTN evaluation, the parameters of satellites and configurations of terminals described in TR 38.821 should be taken as baseline. And for IOT NTN evaluation, the parameters described in TR 36.763 should be treated as baseline. Moreover, Rel-18 NTN features can be evaluated if necessary. 

0. Assessment methods
In [2], the assessment methods have been mentioned, including simulation, analytical and inspection. For different characteristics, the different assessment method can be used. The recommendation of assessment methods for major characteristics of evaluation is illustrated in following table.
Table 2 Assessment method for major characteristics
	Characteristic for evaluation
	High-level assessment method

	Peak data rate
	Analytical 

	Peak spectral efficiency
	Analytical

	User experienced data rate
	Simulation and Analytical

	5th percentile spectral efficiency
	Simulation

	Average spectral efficiency
	Simulation

	Area traffic capacity
	Simulation and Analytical

	User plane latency
	Analytical and Inspection

	Control plane latency
	Analytical and Inspection

	Connection density
	Simulation

	Energy efficiency
	Inspection

	Reliability
	Simulation

	Mobility
	Simulation

	Mobility interruption time
	Analytical

	Bandwidth
	Inspection



[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Proposal 3: Support the assessment methods mentioned in Report ITU-R M.2514 as baseline.

Conclusion
In this contribution, the evaluation methodolgy of IMT-2020 SRI technolgoy has been discussed. A few of observations and proposals are made as follows:
Observation 1: As analyzed in NTN, the CDL and TDL model are proper to evaluation of S band, and the flat fading model is prefer to Ka band.

Proposal 1: For test environment and evaluation configurations, the following should be considered in evaluation of IMT-2020 SRI.
· A Rural test environment;
· The GEO and LEO orbit;
· The handheld, MTD (IOT) and directional terminals.
[bookmark: _GoBack]Proposal 2: For NR NTN evaluation, the parameters of satellites and configurations of terminals described in TR 38.821 should be taken as baseline. And for IOT NTN evaluation, the parameters described in TR 36.763 should be treated as baseline. Moreover, Rel-18 NTN features can be evaluated if necessary. 
Proposal 3: Support the assessment methods mentioned in Report ITU-R M.2514 as baseline.
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