14

[bookmark: historyclause]3GPP RAN WG4 Meeting #108bis		R4-2315395
Xiamen, China, October 9th – 13th, 2023

Agenda item:	8.1
Source:	Apple
Title:	Views on NTN testing work for NGSO deployments  
WI/SI:	NR_NTN_solutions-Core
Release:	Rel-17
Document for:	Approval

1	Introduction 

The RAN4 NR_NTN_solutions and LTE_NBIoT_eMTC_NTN_req UE specifications developments have been concluded in Rel-17 and Rel-18 respectively. RAN5 is now working on the corresponding conformance testing and during the course they have identified some open issues associated with the UE requirements. In RAN4 #108 meeting, RAN5 sent an LS to RAN4 to seek for clarifications on Non-Terrestrial Networks (NTN) UE requirements where a comprehensive list of questions was compiled covering the aspects of “requirements applicability to different types of satellites”, “zero Doppler conditions”, “other than zero Doppler conditions”, “satellite propagator model”, and “UE location updates for multipath fading channels” [1]. While RAN4 had discussed and concluded on some of the aspects which were summarized in the approved reply LS to RAN5 [2], the NGSO “non-zero Doppler shift” condition for frequency error and propagation delay for RRM uplink timing test cases still remained as open issues which were escalated to RAN #101 meeting [3,4] where RAN had provided the following guidance [5]:
RAN tasks RAN4 to discuss and conclude in Oct meeting on
· The condition for testing the frequency error requirements to verify NGSO UE pre-compensation functionality for Doppler shift, which will be implemented in the RAN5 NTN specifications.
· The condition for RRM uplink timing test cases to verify NGSO UE delay pre-compensation functionality, which can be implemented in RAN5 NTN specifications.
In this contribution, we share our views on how the “non-zero Doppler shift” and the satellite to UE propagation delay condition can be set up based on RAN guidance for NGSO UE Doppler pre-compensation and delay pre-compensation functionality verifications.   
2 Discussion

2.1	Doppler shift condition

Per RAN #101 meeting guidance [5], the condition for testing the frequency error requirements to verify NGSO UE pre-compensation functionality for Doppler shift can be setting an artificial fixed Doppler shift, which is randomly selected out of a range of Doppler shift values decided by RAN4. 

To help decide the range of Doppler shift, we leverage the analysis in TR 38.811 clause 5.3.4.3 carried out for NGSO satellites where the Doppler shift and shift variation for different altitudes are summarized in Table 5.3.4.3.2-7 which is also recaptured in Table 2.1-1 below. While the three example satellite altitudes used for Doppler shift analysis may not represent all possible NGSO orbits, in our view it already provides a good indication on what the range of Doppler shift and shift variation can be. Therefore, we propose the artificial fixed Doppler shift range can be selected between 7.5ppm to 24ppm. For Doppler shift variation, since the maximum value is only -0.27ppm/s which would take place at zero Doppler shift elevation angle, and when maximum Doppler shift is applied, the variation would be even smaller. On the other hand, the frequency error is tested over a period of 1 ms of cumulated measurement intervals, within which the Doppler variation is almost negligible. Therefore, we propose the Doppler shift variation is set as “0” for the “non-zero Doppler shift” frequency error test.

	Frequency (GHz)
	Max Doppler
	Relative Doppler
	Max Doppler shift variation
	

	2
	+/- 48 kHz
	0.0024 %
	- 544 Hz/s
	LEO at 600 km altitude

	20
	+/- 480 kHz
	0.0024 %
	-5.44 kHz/s
	

	30
	+/- 720 kHz
	0.0024 %
	-8.16 kHz/s
	

	2
	+/- 40 kHz
	0.002 %
	-180 Hz/s
	LEO at 1500 km altitude

	20
	+/- 400 kHz
	0.002 %
	-1.8 kHz/s
	

	30
	+/- 600 kHz
	0.002 %
	-2.7 kHz/s
	

	2
	+/- 15 kHz
	0.00075 %
	-6 Hz/s
	MEO at 10000 km altitude

	20
	+/- 150 kHz
	0.00075 %
	-60 Hz/s
	

	30
	+/- 225 kHz
	0.00075 %
	-90 Hz/s
	



Table 2.1-1 Summary of Doppler shift and shift variation for different altitudes from TR 38.811
  
Proposal 1: For “non-zero Doppler shift” frequency error test condition, the fixed Doppler shift is selected from the range between 7.5ppm to 24ppm and the Doppler shift variation is set as “0”. 

2.2	Propagation delay condition

Per RAN #101 meeting guidance [5], the condition for RRM uplink timing test cases to verify NGSO UE delay pre-compensation functionality can be setting an artificial fixed delay, which is randomly selected out of a range of delay values decided by RAN4.

To help decide the range of delay values, we leverage the analysis in TR 38.811 clause 5.3.4.1 carried out for NGSO satellites where the propagation delays for different NGSO satellites (altitude and payload types) are summarized in Table 5.3.4.1-1 which is also recaptured in Table 2.2-1 below.

	 
	 
	LEO at 600 km
	LEO at 1500 km
	MEO at 10000 km

	Elevation angle
	Path
	Distance D (km)
	Delay (ms)
	Distance D (km)
	Delay (ms)
	Distance D (km)
	Delay (ms)

	UE: 10°
	satellite - UE
	1932.24
	6,440
	3647.5
	12,158
	14018.16
	46.727

	GW: 5°
	satellite - gateway
	2329.01
	7.763
	4101.6
	13.672
	14539.4
	48.464

	90°
	satellite - UE
	600
	2
	1500
	5
	10000
	33.333

	Bent pipe satellite

	One way delay
	Gateway - satellite_UE
	4261.2
	14.204
	7749.2
	25.83
	28557.6
	95.192

	Round Trip Delay
	Twice 
	8522.5
	28.408
	15498.4
	51.661
	57115.2
	190.38

	Regenerative satellite

	One way delay
	Satellite - UE
	1932.24
	6.44
	3647.5
	12.16
	14018.16
	46.73

	Round Trip Delay
	Satellite - UE - Satellite
	3864.48
	12.88
	7295
	24.32
	28036.32
	93.45



Table 2.2-1 Propagation delays for different NGSO satellites recaptured from TR 38.11

Similar to our assessment above, although the three example satellite altitudes used for propagation delay analysis may not represent all possible NGSO orbits, in our view it already provides a good indication on what the range of delay values can be. Therefore, we propose the artificial fixed delay from satellite to UE can be randomly selected from the range of 2ms to 47ms. 

Proposal 2: For RRM uplink timing test cases to verify NGSO UE delay pre-compensation functionality, the artificial fixed delay from satellite to UE can be randomly selected from the range of 2ms to 47ms.    

On the other hand, for all NTN RRM test cases other than NGSO scenario in uplink timing test cases, as per RAN guidance [5], zero doppler shift and zero timing shift are assumed to be configured for RAN5 conformance testing.

Proposal 3: For all NTN RRM test cases other than NGSO scenario in uplink timing test cases, zero doppler shift and zero timing shift are assumed to be configured for RAN5 conformance testing.   
3	Conclusion

In this contribution, we share our views on how the “non-zero Doppler shift” and the satellite to UE propagation delay condition can be set up based on RAN guidance for NGSO UE Doppler pre-compensation and delay pre-compensation functionality verifications.

Proposal 1: For “non-zero Doppler shift” frequency error test condition, the fixed Doppler shift is selected from the range between 7.5ppm to 24ppm and the Doppler shift variation is set as “0”.

Proposal 2: For RRM uplink timing test cases to verify NGSO UE delay pre-compensation functionality, the artificial fixed delay from satellite to UE can be randomly selected from the range of 2ms to 47ms.

Proposal 3: For all NTN RRM test cases other than NGSO scenario in uplink timing test cases, zero doppler shift and zero timing shift are assumed to be configured for RAN5 conformance testing.
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