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Introduction

During RAN4#108 it was proposed by THALES on the RAN4 reflector (see discussion thread [108][332] LS_NTN_R5-233672) a general testing configuration approach (general assumption for the NTN RAN4 testing configuration hypothesis). It was also proposed that the testing configuration could be essentially applied as follows:

General Note: different variants/alternatives were not precluded – the purpose here was not to enter into the testing configuration details.

1/ Initial Assumptions/Hypothesis:
· The gNB is responsible of sending ephemeris data in DL and the Network is not pre-compensating Doppler for the signal transmitted in DL towards UE;
· The NR NTN UE/NB-IoT pre-compensates by design the Doppler effect and the TA;
· However, there might be some limitations in terms of maximum satellite position and velocity error and/or maximum GNSS position error, which may generate an additional Doppler error that can be (potentially) taken into account in the test.
2/ A channel emulator can be used to emulate e.g. DL Doppler and/or time drift/delay.
3/ [Optional] The Test Equipment (emulating SAN) may apply (or not) an additional Doppler error in DL. Applying additional Doppler error in DL (on top of Doppler shift resulted from channel model) allows to (potentially) check UE behavior when imprecision in satellite position and velocity exists.
4/ AT commands to the UE side are used to indicate position to the UE (during test phase only, in order to simplify GNSS acquisition).
5/ [Optional] Applying (or not) additional position error through AT commands (on top of exact location information) allows to (potentially) emulate positioning error at UE side.
6/ Using the AT commands to the UE side (in order to indicate UE position/to replace the GNSS functionality at UE side) and after recovering ephemeris data from Test Equipment (SAN emulation), the UE will be able to pre-compensate the UL.
7/ A channel emulator can be used to emulate e.g. UL Doppler and/or time drift/delay.
8/ After receiving the UL UE signal, the TE (emulating SAN) will be able to evaluate if UE pre-compensation was correctly performed or not.

It was also mentioned that several alternatives are possible and not precluded, however the majority of the companies did not agree with the testing configuration approach.

As also mentioned in Noted Contribution R4-2313987 (WF for RAN4 LS to RAN5 on NTN testing) related to [108][332] LS_NTN_R5-233672 discussion list at RAN4#108, some unresolved issues have remained open (just at the stage of proposal for discussion/proposal for agreement):

Proposal: Specifically for NTN frequency error requirements, RAN4 shall further discuss if constant Doppler conditions actually apply and if only variable Doppler should be considered instead.
Proposal: RAN4 to discuss at the next meeting the following proposals:
Specifically for NTN frequency error requirements, the assumption for the second case of frequency error verification in section 6.4.1 of TS 38.101-5 and in sections 6.4A.1 and 6.4B.1 of TS 36.102 is to test that second case under worst realistic Doppler and delay testing conditions, i.e.:
· NGSO satellite: 
· Option 1: Variable Doppler with Variable Delay for frequency error test. The Eckstein-Hechler satellite propagator model can be used.
· Option 2: Constant Doppler with Constant Delay for frequency error test. The Eckstein-Hechler satellite propagator model can be used.
· GSO satellite: 
· FFS
Proposal: RAN4 to discuss for the UE RF and demod parts which satellite propagator model to be used:
· Option 1: RAN4 to consider for UE RF and demod parts the same satellite propagator model as the one used in RRM;
· Option 2: Other options not precluded.


Meanwhile, after the RAN4#108 meeting, RAN#101 decided the following Way Forward in RP-232682 “Summary of offline discussions for NTN testing”:
Way Forward:
· 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
· For example, setting an artificial fixed Doppler shift, which is randomly selected out of a range of Doppler shift values decided by RAN4, as the condition in a test
· The condition for RRM uplink timing test cases to verify NGSO UE delay pre-compensation functionality, which can be implemented in RAN5 NTN specifications
· For example, setting an artificial fixed delay, which is randomly selected out of a range of delay values decided by RAN4, as the condition in a test
· Note: For all the other NTN RRM test cases (except NGSO scenario in UE timing TCs), zero doppler shift and zero timing shift are assumed to be configured for RAN5 conformance testing 
· Further discuss TE-emulated channel model with delay and Doppler shifts matching the satellite propagator model in future release i.e. Rel-19
· No changes to the RAN4 core requirements

Please also note that different channel models have been also intensively discussed in TR 38.811 and TR 38.821 as shown in the Annex.

Different Approaches to be Discussed

Observation 1: Setting an artificial fixed Doppler shift for NTN RF UL frequency error test case does not imply a zero delay.

Observation 2: Setting an artificial fixed Delay for NTN RRM UL timing test case does not imply a zero Doppler.

Observation 3: As discussed offline with companies, the RAN#101 Way Forward RP-232682 was proposed only for NGSO (GSO not yet decided and should be discussed during this RAN4#108-bis meeting).

Observation 4: It seems that the intention of the RAN#101 WF was to simplify the testing configuration/procedures as agreed by the majority of the companies:
· Fixed Doppler/Delay instead of Variable Doppler/Delay;
· Consider only specific Testing configurations with Fixed Doppler/Delay (all the other testing configuration cases consider zero Doppler/Delay):
· RF test for frequency error:
· with non-zero Fixed Doppler (corresponding non-zero fixed Delay can be considered for frequency error test)
· RRM test for timing error:
· with non-zero Fixed Delay and non-zero Fixed Doppler for timing error tests.

Observation 5: If the intention of the companies is to simplify even more the testing configuration, this does not seem possible for the following reasons:
· The Fixed Doppler or the Fixed Delay are selected based on random selection of the time scale supposing channel model as a function of time, from t_channel_START to t_channel_END;
· A pair of values (Fixed Doppler, Fixed Delay) corresponds to a given snapshot of a channel;
· The ephemeris information (e.g. PVT or orbital satellite information) send through SIB19 or SIB31/32 is directly related to the pair (Fixed Doppler, Fixed Delay).


As a matter of fact, at least in the case of NGSO, if companies want to force the Fixed Doppler value or the Fixed Delay value to ZERO values, this would lead to the following unrealistic situation which will imply the use of complicated AT commands to drive the test. Actually, there are not many options left on the table:
1/ If UE is forced to synchronize to the correct UL frequency value during test procedure:
· AT command should be used to setup the UE with an UL frequency = –fDoppler;
2/ If (only) channel Doppler is set to zero by TE (similar to UE pre-compensating frequency only), while still considering realistic Ephemeris information (real SIB19 corresponding to the channel Delay and Doppler);
· Delay is correlated with SIB19 data (it may be supposed constant/fixed during measurement time)
· AT command should be used to setup the UE not to pre-compensate the UL frequency.
3/ If some kind of external up-converter connected to the UE (between the UE and the channel model) to implement pre-compensation is used:
· AT command should be used to inform the UE not to perform frequency pre-compensation.

Observation 6: Such AT command interface to indicate to the UE the UL Doppler pre-compensation or deactivate UL Doppler pre-compensation may be not available by all chipset manufacturers in order to force the test in a given ZERO condition.

Proposal 1: According to RAN#101 Way Forward for NGSO, consider only specific Testing configurations with Fixed Doppler/Delay (all the other testing configuration cases consider zero Doppler/Delay):
· NTN RF test for frequency error:
· with non-zero Fixed Doppler (corresponding non-zero fixed Delay can be considered for frequency error test)
· NTN RRM test for timing error:
· with non-zero Fixed Delay and non-zero Fixed Doppler for timing error tests.

Observation 7: Example for FR1 (S-band, LEO@600km): With respect to RP-232682 way forward for NR NTN RF test for frequency error, an artificial fixed Doppler shift can be randomly selected in the range of [-48 kHz; +48 kHz].

Observation 8: Example for FR1 (S-band, LEO@600km): With respect to RP-232682 way forward for NR NTN RRM test for timing error, an artificial fixed propagation can be randomly selected in the range of [2ms; 4ms].

Proposal 2: For NGSO, NTN RF test for frequency error and NTN RRM test for timing error use a pair of non-zero Fixed Doppler and non-zero Fixed Delay. The pair (non-zero Fixed Doppler, non-zero Fixed Delay) corresponds to a NTN channel state and is randomly selected from a predefined range of values according to RAN4 recommendation and mapped with a specific SIB19 or SIB31/32 information for that specific given time.

Proposal 3: For GSO, NTN RF test for frequency error and NTN RRM test for timing error may use a pair of close-to-zero Fixed Doppler and Fixed Delay. However, the pair (close-to-zero Fixed Doppler and Fixed Delay) still corresponds to a NTN channel state and mapped with a specific SIB19 or SIB31/32 information.

Proposal 4: Use equations already defined in TR 38.811 and TR 38.821 to derive respective Doppler and Delay values for the NTN channel model. 

NOTE: The information is already available from Rel-15 and Rel-16 and therefore RAN4 is kindly asked to consider the relevant information for NTN specific test cases - and not just say this has never been discussed before.

Proposal 5: Use similar approach as Annex B.3 from TS 38.104 (for High Speed Train) to define a similar Annex in TS 38.108 taking into account NTN channel assumptions.

Proposal 6: If Proposal 5 is agreed, provide a CR for next RAN4#109 meeting to TS 38.108 Annex with NTN channel model.

Conclusion

Observation 1: Setting an artificial fixed Doppler shift for NTN RF UL frequency error test case does not imply a zero Delay.

Observation 2: Setting an artificial fixed Delay for NTN RRM UL timing test case does not imply a zero Doppler.

Observation 3: As discussed offline with companies, the RAN#101 Way Forward RP-232682 was proposed only for NGSO (GSO not yet decided and should be discussed during this RAN4#108-bis meeting).

Observation 4: It seems that the intention of the RAN#101 WF was to simplify the testing configuration/procedures as agreed by the majority of the companies:
· Fixed Doppler/Delay instead of Variable Doppler/Delay;
· Consider only specific Testing configurations with Fixed Doppler/Delay (all the other testing configuration cases consider zero Doppler/Delay):
· RF test for frequency error:
· with non-zero Fixed Doppler (corresponding non-zero fixed Delay can be considered for frequency error test)
· RRM test for timing error:
· with non-zero Fixed Delay and non-zero Fixed Doppler for timing error tests.

Observation 5: If the intention of the companies is to simplify even more the testing configuration, this does not seem possible for the following reasons:
· The Fixed Doppler or the Fixed Delay are selected based on random selection of the time scale supposing channel model as a function of time, from t_channel_START to t_channel_END;
· A pair of values (Fixed Doppler, Fixed Delay) corresponds to a given snapshot of a channel;
· The ephemeris information (e.g. PVT or orbital satellite information) send through SIB19 or SIB31/32 is directly related to the pair (Fixed Doppler, Fixed Delay).


Observation 6: AT command interface to indicate to the UE the UL Doppler pre-compensation or deactivate UL Doppler pre-compensation may be not available by all chipset manufacturers in order to force the test in a given ZERO condition.

Proposal 1: According to RAN#101 Way Forward for NGSO, consider only specific Testing configurations with Fixed Doppler/Delay (all the other testing configuration cases consider zero Doppler/Delay):
· NTN RF test for frequency error:
· with non-zero Fixed Doppler (corresponding non-zero fixed Delay can be considered for frequency error test)
· NTN RRM test for timing error:
· with non-zero Fixed Delay and non-zero Fixed Doppler for timing error tests.


Observation 7: Example for FR1 (S-band, LEO@600km): With respect to RP-232682 way forward for NR NTN RF test for frequency error, an artificial fixed Doppler shift can be randomly selected in the range of [-48 kHz; +48 kHz].

Observation 8: Example for FR1 (S-band, LEO@600km): With respect to RP-232682 way forward for NR NTN RRM test for timing error, an artificial fixed propagation can be randomly selected in the range of [2ms; 4ms].

Proposal 2: For NGSO, NTN RF test for frequency error and NTN RRM test for timing error use a pair of non-zero Fixed Doppler and non-zero Fixed Delay. The pair (non-zero Fixed Doppler, non-zero Fixed Delay) corresponds to a NTN channel state and is randomly selected from a predefined range of values according to RAN4 recommendation and mapped with a specific SIB19 or SIB31/32 information for that specific given time.

Proposal 3: For GSO, NTN RF test for frequency error and NTN RRM test for timing error may use a pair of close-to-zero Fixed Doppler and close-to-zero Fixed Delay. However, the pair (close-to-zero Fixed Doppler and close-to-zero Fixed Delay) still corresponds to a NTN channel state and mapped with a specific SIB19 or SIB31/32 information.

Proposal 4: Use equations already defined in TR 38.811 and TR 38.821 to derive respective Doppler and Delay values for the NTN channel model.

NOTE: The information is already available from Rel-15 and Rel-16 and therefore RAN4 is kindly asked to consider the relevant information for NTN specific test cases - and not just say this has never been discussed before.

Proposal 5: Use similar approach as Annex B.3 from TS 38.104 (for High Speed Train) to define a similar Annex in TS 38.108 taking into account NTN channel assumptions.

Proposal 6: If Proposal 5 is agreed, provide a CR for next RAN4#109 meeting to TS 38.108 Annex with NTN channel model.
























Annex (Extract from TR 38.811) 
-- START citation --
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The following picture summarizes the methodology used for Non Geostationary systems. We evaluate the Doppler shift which is maximum when the UE is located in the orbital plane.
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Figure 5.3.4.3-1: System Geometry for Doppler computation
The picture describing the system geometry shows the satellite "S" on its circular orbit. The vector V corresponds to the orbital speed vector.
The Doppler shift is computed for a Mobile Terminal "M" located in the orbital plan, and corresponds to the maximum value.
One of the impacting factors on the Doppler shift value is the angle between  and the speed vector . Angle called θ.
-	The satellite is at an altitude h, and R is the earth radius.
-	The satellite has the velocity , and the transmitted frequency is Fc.
-	The Doppler shift value Fd  due to satellite motion is expressed by the formula
-	
-	Where
-	θ is the angle between satellite velocity and .
-	u the angle between  and 
-	 is the vector between earth centre and point on earth
-	is the vector between earth centre and the satellite
-	angle u is varying with the satellite motion: u(t) = V*t/(R+h) with t the time
-	α is the elevation angle to the satellite of the UT in M.
-	γ can be computed as follow: 
-	
-	The Doppler formula is obtained after some computation.
At this altitude the speed of the satellite in circular orbit is 7.5622 km.s-1. So we can use non-relativistic approximation to compute Doppler shift.
Also at first order we neglect the speed of earth which is 327 m/s at 45° latitude and 464 m/s at the equator.
For all Non GSO cases, the satellite speeds are the following
-	At 600 km : V =7.5622 km.s-1
-	At 1500 km : V =7.1172 km.s-1
-	At 10000 km : V =4.9301 km.s-1
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Both (Downlink) D/L and (Uplink)  U/L the signal is around 2GHz and we limit the curves at 2 GHz.
If we consider now a moving UE at 1000 km/h, and moving in the same direction than the satellite, we have determined the worst case impact in the following graph. We can define the bounds by adding the Doppler shift due to the satellite motion and the Doppler shift due to the UE motion.
All the curves are gathered in the next graphs, showing clearly the boundaries of the Doppler shift depending on the sense of motion between the satellites and the UE.
Three NON GSO satellites cases are provided.
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Figure 5.3.4.3.1-1: Case with 2 GHz signal at 600 km on D/L and U/L: fixed UE and UE in motion

[image: ]
Figure 5.3.4.3.1-2: Case with 2 GHz signal at 1500 km: fixed UE and UE in motion

[image: ]
Figure 5.3.4.3.1-3: Case with 2 GHz signal at 10000 km: fixed UE and UE in motion
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There are two cases
-	Downlink at 20 GHz
-	Uplink at 30 GHz
If we consider now a moving UE at 1000 km/h, and moving in the same direction than the satellite, we have determined the worst case impact in the following graph.
This impact is at maximum 18 kHz in one sense or the other at 20 GHz, and 27 kHz at 30 GHz, all the curves are gathered in the next graph, showing clearly the boundaries of the Doppler shift depending on the sense of motion between the satellite and the UE.
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Figure 5.3.4.3.2-1: Case with 20 GHz signal at 600 km on D/L: fixed UE and UE in motion
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Figure 5.3.4.3.2-2 Case with 30 GHz signal at 600 km on D/L: fixed UE and UE in motion
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Figure 5.3.4.3.2-3: Case with 20 GHz signal at 1500 km on D/L: fixed UE and UE in motion

[image: ]
Figure 5.3.4.3.2-4: Case with 30 GHz signal at 1500 km on D/L: fixed UE and UE in motion
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Figure 5.3.4.3.2-5: Case with 20 GHz signal at 10000 km on D/L: fixed UE and UE in motion
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Figure 5.3.4.3.2-6: Case with 30 GHz signal at 10000 km on D/L: fixed UE and UE in motion

The different cases are summarized here below with the ratio of maximum Doppler shift in absolute value to the central frequency.

Table 5.3.4.3.2-7: Summary of Doppler shift and shift variation for different altitudes
	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
	



Note that the Maximum Doppler shift variation in absolute value is always negative and observed when the Doppler shift is zero.
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The following picture summarizes the methodology used to compute Doppler shift for Non Geostationary satellite systems. It assumes a Cartesian coordinate system such that the moving satellite and the receiver are on the y-z plane. The Doppler shift experienced by a stationary receiver can be computed as follows as a function of time:

where f0 is the carrier frequency, d(t) is the distance vector between the satellite and the receiver, and xSAT(t) is the vector of the satellite position. These vectors can be expressed as:


where RE is the Earth radius, h is the satellite altitude, and  is the satellite angular velocity.
[image: ]
Figure 5.3.4.4-1: System geometry for Doppler computation (Satellite moves in the Y-Z plane)
After some mathematical manipulation [7], the Doppler shift as a function of the elevation angle is computed in a closed-form expression as follows:

where the angular velocity is , with G the gravitational constant and ME the Earth mass.
If the receiver is placed on board an aircraft or a high speed train, there will be an additional term of Doppler shift resulting from its own velocity. In case of Non Geostationary satellites, the Doppler shift due to satellite movement is much higher than the one caused by UE movement. For GEO and HAPS, the Doppler shift component is mainly caused by the UE movement.

-- END citation --

















Annex (Example of Delay and Doppler)
The figures below represent examples of Delay and Doppler on service link for UL transmission in Ka band (at 30 GHz), with satellite as reference point.
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Delay (ms) and Doppler Shift (kHz) for a LEO satellite at 600.0 km altitude vs. 
elevation angle for fixed UE
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Delay (ms) and Doppler Shift (kHz) for a LEO satellite at 600.0 km altitude vs. 
elapsed time from null elevation
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