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Introduction
In this contribution, we present our view on the NTN frequency error test based on RAN4 task[1].
Discussion
In [2], RAN tasks RAN4 to investigate the NTN frequency error test:

· 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
In LS reply to RAN5 [1], how RAN4 treat the frequency error test is not decided:
Other than zero Doppler conditions:
Q3a: For the NTN frequency error requirements defined in section 6.4.1 of TS 38.101-5, what is RAN4 assumption in terms of constant/variable Doppler and delay conditions for the other than zero Doppler conditions for GSO (different from GEO), GEO and NGSO
Q3a: For frequency error requirements, RAN4 needs more time to discuss precise testing configuration with respect to Delay (constant vs. variable) and Doppler (constant vs. variable) for NGSO and GSO.
Q3b: In case of constant Doppler conditions, does RAN4 assume the UE Doppler and delay pre-compensation mechanisms only apply to the constant Doppler while they don’t apply to any time-varying Doppler or time delay introduced by satellite model in conformance testing?
Q3b: RAN4 needs more time to discuss if constant Doppler conditions actually apply and if only variable Doppler should be considered instead.
In 38.101-5, the frequency error is specified as below:
[bookmark: _Toc97562294][bookmark: _Toc104122521][bookmark: _Toc104205472][bookmark: _Toc104206679][bookmark: _Toc104503639][bookmark: _Toc106127570][bookmark: _Toc123057935][bookmark: _Toc124256628][bookmark: _Toc131734941][bookmark: _Toc137372718][bookmark: _Toc138885104]6.4.1	Frequency error
The NTN satellite UE basic measurement interval of modulated carrier frequency is 1 UL slot. The NTN satellite UE pre-compensates the uplink modulated carrier frequency by the estimated Doppler shift according to 3GPP TS 38.300 [9] clause 16.14.2. The mean value of basic measurements of NTN UE modulated carrier frequency shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to ideally pre-compensated reference uplink carrier frequency. 
[NOTE:	The ideally pre-compensated reference uplink carrier frequency consists of the UL carrier frequency signalled to the UE by SAN and UL pre-compensated Doppler frequency shift. For the test case, the location of the UE is explicitly provided to the UE from the test equipment.]
Requirement will be verified for at least two cases of which one has zero Doppler conditions.
For frequency error test, as it is specified the pre-compensation should be applied at UE, so the zero doppler condition should not be the same as the “zero doppler” for other Tx test than frequency error in LS reply[1].
Q2b: Under the zero Doppler conditions defined in section 6/7 of TS 38.101-5 and TS 36.102, what are RAN4 assumptions for UE Doppler and delay pre-compensation mechanisms for conformance testing: activated or deactivated.
Q2b: RAN4 assumption is that UE will not pre-compensate Doppler (e.g. UE Doppler pre-compensation is deactivated) but UE will pre-compensate the constant delays according to the ephemeris and UE location (e.g. UE Delay pre-compensation is activated). How to achieve that is left to RAN5 to decide.
[bookmark: _Ref146289593]The zero doppler condition in frequency error test assumes the pre-compensation is applied at UE according to TS 38.101-5.

In the test, the TE should configure the UE with right parameters so the UE can apply pre-compensation before the scheduled uplink transmission. The related parameter is the ntn-UlsyncValidayDuration 
	ntn-UlSyncValidityDuration
A validity duration configured by the network for assistance information (i.e. Serving and/or neighbour satellite ephemeris and Common TA parameters) which indicates the maximum time duration (from epochTime) during which the UE can apply assistance information without having acquired new assistance information.
The unit of ntn-UlSyncValidityDuration is second. Value s5 corresponds to 5 s, value s10 indicate 10 s and so on. This parameter applies to both connected and idle mode UEs. If this field is absent in ntn-Config provided via NTN-NeighCellConfig, the UE uses validity duration from the serving cell assistance information. This field is excluded when determining changes in system information, i.e. changes of ntn-UlSyncValidityDuration should neither result in system information change notifications nor in a modification of valueTag in SIB1. ntn-UlSyncValidityDuration is only updated when at least one of epochTime, ta-Info, ephemerisInfo is updated



UE will set timer in RRC CONNECTED mode when receiving SIB19 and does not need to re-acquire SIB19 or assistance information (ephemeris data etc).
[bookmark: _Toc46481693][bookmark: _Toc46482927][bookmark: _Toc83790224][bookmark: _Toc46480459][bookmark: _Toc139044973]5.2.2.4.21	Actions upon reception of SIB19
Upon receiving SIB19, the UE in RRC_CONNECTED shall:
1>	start or restart T430 for serving cell with the timer value set to ntn-UlSyncValidityDuration for the serving cell from the subframe indicated by epochTime for the serving cell;
NOTE:	UE should attempt to re-acquire SIB19 before the end of the duration indicated by ntn-UlSyncValidityDuration and epochTime by UE implementation.
[bookmark: _Ref146289602]UE enable the pre-compensation with the same ephemeris data within the ntn-UlSyncValidityDuration. 

In TS 38.300, the UE needs to apply frequency pre-compensation continuously in connected mode.

[bookmark: _Toc139018316]16.14.2.2	Timing Advance and Frequency Pre-compensation
For the serving cell, the network broadcast valid ephemeris information and Common TA parameters. The UE shall have valid GNSS position as well as ephemeris and Common TA before connecting to an NTN cell. To achieve synchronisation, before and during connection to an NTN cell, the UE shall compute the RTT between UE and the RP based on the GNSS position, the ephemeris, and the Common TA parameters (see clause 4.2 in TS 38.213 [38]), and autonomously pre-compensate the TTA for the RTT between the UE and the RP as illustrated in Figure 16.14.2.1-1 (see clause 4.3 of TS 38.211 [52]).
The UE shall compute the frequency Doppler shift of the service link, and autonomously pre-compensate for it in the uplink transmissions, by considering UE position and the ephemeris. If the UE does not have a valid GNSS position and/or valid ephemeris and Common TA, it shall not transmit until both are regained.
In connected mode, the UE shall be able to continuously update the Timing Advance and frequency pre-compensation.
However, there is no strict time line when UE needs to apply pre-compensation, for one example, UE can apply at some time before first transmission to access the network and not update it for later transmission untill it sees the needs to fulfil the frequency error requirement. However, as the TE needs to compare the test result with the ideally pre-compensated reference uplink carrier frequency, so in requirement it needs to be specified what the “true” uplink frequency the TE will be used to compare with the test results, this will relate to when TE will predict a “true” uplink frequency at the time/subframe when the frequency error is calculated. Such time could be the time/subframe when frequency error is measured. 

[bookmark: _Ref146289613]In requirement, it needs to specify the time when the ideally pre-compensated frequency is calculated.
[bookmark: _Ref146289632]Update the note in test requirement when the ideally pre-compensation frequency is calculated by TE.
“The ideally pre-compensated reference uplink carrier frequency consists of the UL carrier frequency signalled to the UE by SAN and UL pre-compensated Doppler frequency shift at the first PUSCH transmission frame”
If UE would apply the pre-compensation some slots before the first PUSCH, this could be different time instant for calculation of the doppler frequency. This can be viewed to create an artificial satellite positioning error at UE side.  But as long as the frequency error due to this kept low, UE should not fail the frequency error test. The frequency error budget analysis in listed in Table 1 [3] below. For LEO low orbit, the satellite speed is 7.8km/s, if the time difference between UE and TE to calculate the doppler is below 30ms,  the frequency error will be below 0.01 ppm. 
[bookmark: _Ref146289623]If the frequency error test time is kept low (below 30ms), the added frequency error caused by UE pre-compensation occurs at different with the TE ideally pre-compensated frequency could be tolerated.

Table 1[3]: Doppler frequency error estimation budget and relating constrains.
	Doppler frequency error budget items
	Doppler frequency error factor
	range
	Doppler frequency error budget 

	1
	Satellite velocity 
	3m/s
	0.01ppm

	2
	Position error (sum of Satellite position error and UE position error)
	240m
	0.01ppm

	3
	Satellite velocity and position error
	As above
	0.004ppb



To make sure the ideally calculated pre-compensated frequency is expected and align with the UE calculation, there is a need to add a annex for it to state how the frequency error is derived by TE. One example of this is listed in Annex. Alternaitvely, RAN4 can ask RAN5 to do it if there is no discrepancy view on the calculation of the doppler frequency.  
[bookmark: _Ref146289641]Add the annex to specify how the ideal pre-compensated reference uplink carrier frequency is calculated by TE and how the frequency error is derived. Alternatively, RAN5 can do it if there is no discrepancy view on the calculation of the doppler frequency.

In TR 38.821, the maximum doppler is listed as below. The maximum doppler is 24 ppm for LEO 600 and 21 ppm for LEO 1200. There is also a doppler drift rate, which maximum is 0.27ppm/s for LEO 600 and 0.13ppm for LEO 1200.
For one test point of doppler frequency, as discussed above, the time difference between the time when UE applied pre-compensaiton and the time when TE calculate the ideal UL frequency is in a magnitude of tens milliseconds. So the frequency error added by such time difference due to the max doppler shift is small (e.g 10ms * 0.27ppm/s = 0.0027 ppm). 
	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Min Elevation angle for both sat-gateway and user equipment
	10° for service link and 10° for feeder link
	10° for service link and 10° for feeder link

	Max Doppler shift (earth fixed user equipment)
	0.93 ppm
	24 ppm (600km)
21ppm(1200km) 

	Max Doppler shift variation (earth fixed user equipment)
	0.000 045 ppm/s 
	0.27ppm/s (600km)
0.13ppm/s(1200km)



[bookmark: _Ref146654742]The added error caused by doppler shift rate is small if time difference between the time when TE tested ideal UL frequency and the time when UE applies pre-compensated frequency is kept in a magnitude of tens milliseconds.

In Figure 1 below, the doppler shift for LEO 600 an 1200 is illustrated and only service link doppler is relevant for the testing. It can be observed that the doppler shift is not varied so quick which is aligned with TR 38.821.
One option for choosing the test point is that test points can be chosen randomly from any value between the min and max of doppler frequency with the condition that TE mimic the real satellite movement by broadcasting the ephemeris data along the doppler shift trajectory during one test point testing. This is illustrated in Figure 1 blew.
Another option is to choose only max doppler test point illustrated in Figure 1 as test point 1 or test point 3. The maximum doppler shift test point can test the maximum pre-compensated range of UE.  Another option is to choose the test point 2 in Figure 1. This is to test the maximum doppler drift rate so UE needs to pre-compensate doppler frequency in time.  current zero doppler frequency can be viewed as test point 2.  In our opinion, this can also be decided by RAN5. 

RAN5 decide how to choose the constant value with below options:
1: The constant doppler frequency can be chosen randomly from any value between min and max doppler frequency for the constellation following the doppler shift trajectory.
2:max doppler test point.
3: max doppler drift test point.



.
[bookmark: _Ref146654438]Figure 1: The doppler shift trajectory for LEO 600 and LEO 1200 for elevation angle > 10 degree.

Conclusions
In this contribution, we present our view on RAN task with below observations and proposals:
Observation 1 The zero doppler condition in frequency error test assumes the pre-compensation is applied at UE according to TS 38.101-5.
Observation 2 UE enable the pre-compensation with the same ephemeris data within the ntn-UlSyncValidityDuration.
Observation 3 In requirement, it needs to specify the time when the ideally pre-compensated frequency is calculated.
Observation 4 If the frequency error test time is kept low (below 30ms), the added frequency error caused by UE pre-compensation occurs at different with the TE ideally pre-compensated frequency could be tolerated.
Proposal-1: Update the note in test requirement when the ideally pre-compensation frequency is calculated by TE.
Proposal-2: Add the annex to specify how the ideal pre-compensated reference uplink carrier frequency is calculated by TE and how the frequency error is derived. Alternatively, RAN5 can do it if there is no discrepancy view on the calculation of the doppler frequency.
Observation 5 The added error caused by doppler shift rate is small if time difference between the time when TE tested ideal UL frequency and the time when UE applies pre-compensated frequency is kept in a magnitude of tens milliseconds.
1. RAN5 decide how to choose the constant value with below options:
1: The constant doppler frequency can be chosen randomly from any value between min and max doppler frequency for the constellation following the doppler shift trajectory.
2:max doppler test point.
3: max doppler drift test point.
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Annex
Annex Z: Frequency error compensation for pre-compensated doppler shift
For the frequency error measurement for NTN  UE, TE needs to calculate the ideal doppler frequency in Z.1. Then the frequency error magnitude is derived  in Z.2.
Z.1. Derive the doppler frequency for post-compensation
Assuming the satellite position is =(Sx1, Sy1,Sz1) and satellite velocity is =( (Vx1, Vy1,Vz1), and NTN IoT UE position is   =(Ux, Uy, Uz) at time T1,  the satellite position is   =(Sx2, Sy2,Sz2) and satellite velocity is  =(Vx2, Vy2,Vz2) at time T2,  

And 


The doppler frequency at transmission time T for post-compensation could be linear extrapolation with of and  .  is the UL configured frequency.

Z.2. Frequency error measurement due to doppler frequency after post-compensation 

Measure the frequency offset in Annex F, then the frequency error measured after the TE post-compensation of doppler frequency:


image1.emf
Test 

point 1

Test 

point 2

Test 

Point 3


Microsoft_Visio_Drawing.vsdx
Test point 1
Test point 2
Test Point 3



