[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #105 	R4-2219481
Toulouse, France, November 14 – November 18, 2022

Source:	Nokia, Nokia Shanghai Bell
Title:	Discussion on SAN Configurations for Test Cases
Agenda item:	6.2.5.1
Document for:	Discussion
[bookmark: _Toc116995841][bookmark: _Toc117684837][bookmark: _Toc117775788][bookmark: _Toc117775825]Introduction
The WI description for RAN4 work related to NR over NTN was presented in [1]. For the past meetings, RAN4 has made progress in developing core requirements for NTN new features, as well as creating the performance testing configuration and specification to test such requirements. In this WI we aim at providing clarifications and addressing possible inconsistencies in the UE requirements. In the past meeting, more progress was made, and the way forward was captured in [2], which includes definitions and agreements over specification text regarding the mobility of the UE in idle mode.   This contribution proposes further clarification for issues regarding the test configuration for UE performance requirements.
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Reference Motion Trajectory for the Virtual Satellite.
In the past meeting, several agreements were achieved defining the test cases and their respective configuration for NTN [2]. One important aspect still to be addressed regards the configuration of the ephemeris information provided in the test cases in SIB19. This was captured in the following agreement and open issue:
	· Issue 2-2: Serving and Neighbour Satellite configurations.
· Agreement:
· Add a sub-clause in Annex to generate the reference for the motion trajectory for the virtual satellite used in the test cases.
· Open issues:
· High-level configuration for serving and neighbour Satellite are listed in Table 1.
· FFS the detail model for the reference motion trajectory, and the inputs from satellite companies are needed.




One aspect discussed was the choice of elevation angles for the orbital models and the reference altitude (in special for LEO satellites). At lower elevation angles, the relative velocity of the satellite is higher from the UE point of view, indicating a faster variation of the propagation delay. This seems to be the most relevant case to be tested from the transmit timing perspective, as it emulates scenarios where UE is required to manage faster TA variations. 
[bookmark: _Toc117888536][bookmark: _Toc117889477][bookmark: _Toc118727803]For the transmit timing test cases, the configuration of the reference motion trajectory to be chosen must be the one that provides the lowest elevation angle between UE and satellite, i.e., where timing advance varies faster. 
In TR38.821 [4] elevation angles as low as 10 degrees are considered as the limit of coverage, however, according to the input provided by other companies such scenarios seem to be on the edge of expected coverage. The transmit timing test case must cover scenarios where the UEs might reasonably expect coverage from a satellite cell. 
[bookmark: _Toc117888537][bookmark: _Toc117889478][bookmark: _Toc118727804]The reference motion trajectory configuration must cover the lowest angle where UEs might reasonably expect coverage from NTN cells, i.e., elevation angles > [30] degrees. 

The importance of the reference propagator model
Another open issue from previous meeting regarding the implementation of a reference propagator model by RAN4 for the performance requirements:

	· Issue 2-5: Reference propagator model
· Open issue:
· Option 1: 
· Introduce the reference propagator model;
· Option 2: 
· No need to introduce the reference propagator model;




In our point of view, the reference propagator model is needed to enable the measurement of the performance of the UE, in special related to the transmit timing test cases. There are different phases in the transmit timing test case that must be considered: 
a) Firs the UE must acquire GNSS position plus satellite assistance information (ephemeris + common delay). 
b) The UE starts timer T430 at epoch time and synchronizes performing the pre-compensation of timing advance at the epoch time. 
a. The values of  and  are well defined at the epoch time. The expected UE transmit timing is clearly defined. 
c) From the epoch time until the next time the UE receives an updated version of SIB19 with a new epoch time, the UE must interpolate the orbital information in the ephemeris and the common delay. 
a. The reference values of  and  at the test equipment – i.e. the expected transmit timing by the UE – are defined by the ideal compensation of the propagation delay in both the service link and the feeder link, in other words, ideally the reference transmit timing capture the actual transmit timing variation. 
b.  The propagator model implemented at the UE side, is not defined in specification, but must be such that the values for  and , calculated at the UE side, does not diverge from the reference transmit timing by more than the margin provided by the transmit timing accuracy requirements. 

[bookmark: _Toc117888538][bookmark: _Toc117889479][bookmark: _Toc118727805]Introduce a reference propagator model in specifications to define the reference values for  and  . The propagator model at UE side is left for implementation, as long as the transmit timing accuracy requirements are observed. 

The configuration of the propagator model
The reference propagator must be such that the DP does not cause the reference TA to deviate significantly from the UL timing expected by the gNB during the reception of UL signals. It is fair to assume that the best way to measure that is if the “reference measurement” is as close as the gNB timing as possible. The dilution of precision was investigated during the SI phase and investigated in  [5] from which the table below is extracted:

	
	Maximum errors

	Without fitting
	Model
	Duration of prediction (minute)
	DP (m)
	UE specific TA Error (µs)
	DV (m/s)
	Doppler error (Hz)

	
	Kepler
	3
	261
	1.74
	2.64
	17.60

	
	Eckstein Hechler (J6)
	21
	303
	2.02
	0.48
	3.20

	
	2x2 num
	22,5
	301.4
	2.01
	0.42
	2.80

	
	6x6 num
	27
	302.5
	2.02
	0.44
	2.93

	

	
	Maximum errors

	
	Model
	Duration of prediction (second)
	DP (m)
	UE specific TA Error (µs)
	DV (m/s)
	Doppler error (Hz)

	Without fitting
	Kepler
	45
	43.4
	0.29
	0.689
	45.93

	
	Eckstein Hechler (J6)
	300
	43.4
	0.29
	0.093
	6.20

	
	2x2 num
	300
	44.3
	0.30
	0.1
	6.67

	
	6x6 num
	350
	44.2
	0.29
	0.084
	5.60

	

	With fitting
	TLE
	370
	44,1
	0.29
	0.1
	6.67

	
	Eckstein Hechler (J6)
	390
	44,2
	0.29
	0.083
	5.53

	
	2x2 num
	375
	44
	0.29
	0.092
	6.13

	
	6x6 num
	395
	44,2
	0.29
	0.079
	5.27



Based on this reference, we prefer to adopt a precise model, such as the Eckstein-Hechler as the reference model. Presuming the epoch time represents the most up-to-date information broadcasted by the network, at epoch time the reference satellite assistance information is that broadcasted in SIB19. The interval between epoch times is at most 10.24 s, according to the current definition provided in 3GPP TS38.331.
[bookmark: _Toc117888539][bookmark: _Toc117889480][bookmark: _Toc118727806] The reference propagator model to be selected is Eckstein-Hechler and the duration of the prediction corresponds to the interval between consecutive epoch times, as the satellite assistance information is renewed at epoch time.

The configuration of the common delay parameters
The usage of satellite assistance information is based on both: ephemeris and common delay parameters, which respectively correspond to the propagation delay in the service link and feeder link. Both parameters are necessary for UE procedures, in special timing pre-compensation. The feeder link delay parameters are provided by the ta-Common, ta-CommonDrift and ta-CommonDriftVariant in SIB19. And according to TS 38.213, they are to be used such that the calculated common delay corresponds to “the distance at time t between the serving satellite and the uplink time synchronization reference point divided by the speed of light”. For developing a configuration for common delay we propose the following:

[bookmark: _Toc117889481][bookmark: _Toc118727807]The common delay parameters provided in SIB19 for the RRM test cases can be obtained as follows: for each satellite motion trajectory configuration vector, define one GNSS location on Earth to represent the uplink time synchronization reference point. The common delay is then calculated from the distance between the satellite position defined by the satellite motion trajectory and the time synchronization reference point. 
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In this paper we discussed aspects related to the test configuration for NTN. 
In the paper, the following Observations and Proposals were made:

Proposal 1: For the transmit timing test cases, the configuration of the reference motion trajectory to be chosen must be the one that provides the lowest elevation angle between UE and satellite, i.e., where timing advance varies faster.
Proposal 2: The reference motion trajectory configuration must cover the lowest angle where UEs might reasonably expect coverage from NTN cells, i.e., elevation angles > [30] degrees.
Proposal 3: Introduce a reference propagator model in specifications to define the reference values for  and  . The propagator model at UE side is left for implementation, as long as the transmit timing accuracy requirements are observed.
Proposal 4: The reference propagator model to be selected is Eckstein-Hechler and the duration of the prediction corresponds to the interval between consecutive epoch times, as the satellite assistance information is renewed at epoch time.
Proposal 5: The common delay parameters provided in SIB19 for the RRM test cases can be obtained as follows: for each satellite motion trajectory configuration vector, define one GNSS location on Earth to represent the uplink time synchronization reference point. The common delay is then calculated from the distance between the satellite position defined by the satellite motion trajectory and the time synchronization reference point.
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