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Introduction
In this contribution, we present our view on the potential RF spec impact for new Rel-18 NTN IoT enhancement feature based on WID[1].
Discussion
In WID[1], one of objectives is stated below:
4.1.1	IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17
This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	Study and specify, if needed, improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.

In above The Rel-18 objective, the IoT UE does not need to access the GNSS position for position fix to save UE power. As UE position is one parameter in calculation of doppler frequency of pre-compensation, the UE position error will be taken into account when UE make the pre-compensation for uplink transmission. In [2], the UE position error and satellite position error is both impacting the frequency error calculation and for purpose of discussion, the frequency error estimation resulting from different error source is listed in Annex. The frequency error from the position error is calculated with below equation:

In above equation, there is also satellite position error, if we assume the satellite position is pre-known by using the ephemeris data and UE can extrapolate the satellite position with good accuracy at the time of the doppler pre-compensation calculation, the  can be dropped in above equation. Assuming satellite speed is 7.5km/s (TR 38.821) and satellite distance to UE is 600km, the doppler frequency error in ppm is listed in Table 1.
Table 1:  doppler frequency error caused by UE position error
	UE speed
	10 second 
(after last GNSS access)
	 60 second
(after last GNSS access)

	
	UE position error
	Doppler frequency error (LEO600)
	UE position error
	Doppler frequency error (LEO600)

	120km/h (33.3m/s)
	333
	0.014ppm
	1998
	0.08ppm



[bookmark: _Ref127257278][bookmark: _Hlk127256456]Depending on the UE velocity and elapsed time after the last GNSS access, the frequency error could be up to 0.08ppm for elapsed time of 60-seconds and UE speed of 120km/s for LEO600.

In RAN1#109-e, the following agreement was made on closed loop time and frequency correction.
Agreement
Closed loop time and frequency correction, with potential enhancements, for IoT-NTN is considered to reduce the need for UE to update GNSS position fix in long connection time 

RAN1 discusses the feasibility to introduce the closed loop time and frequency correction, this means IoT UE does not need to access the GNSS for position fix for doppler frequency pre-compensation. A network command may instruct UE to tune the frequency. However, there is no conclusion whether or not to introduce the close-loop frequency correction in last RAN1 meeting [2] and thus RAN4 needs wait RAN1 conclusion on this.
[bookmark: _Ref127257296]RAN1 have not agreed on introducing close loop frequency correction.
In Rel-18 IoT NTN WI, the frequency error requirement with the doppler frequency pre-compensation is introduced based on UE behaviour in RAN1, for purpose the discussion, the requirement for Cat-M1 is quoted as below (clause 6.4A.1 in TS 36.102)

When a repetition period is configured on the uplink for which repetition period (R ) >1, the UE shall not change Doppler pre-compensation during an ongoing repetition period, except in the transmission gaps as defined in clause 10.1.3.6 of TS 36.211[3]. When segmentation is applied, then the UE shall update pre-compensation at the beginning of each segment prior to segment transmission.
[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 corresponding to the estimated Doppler frequency at the beginning of the transmission. 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.
Table 6.4A.1-1: Frequency error requirement for HD-FDD UE category M1
	Carrier frequency [GHz]
	Frequency error [ppm]

	≤1
	±0.2

	>1
	±0.1



In above requirement, the UE updates UL frequency with pre-compensation prior to each segment transmission. This behaviour should not be changed. As discussed above, the pre-compensated doppler frequency error will get bigger due to inaccurate UE position. Even if RAN1 would agree to introduce the close-loop frequency compensation, it will not apply to PRACH as it is first transmission. Also, mandating UE to access GNSS before first transmission may be against the spirit of the Rel-18 IoT NTN enhancement. Therefore, we propose RAN4 consider the relaxation of the frequency error budget considering UE can make the UL transmission without accessing the GNSS receiver. UE can decide whether to enable GNSS for position fix constrained by frequency error requirement.
[bookmark: _Ref127257309]RAN4 consider relaxing the frequency error requirement for cat-M1 and NB-IoT due to UE positioning error according to the new UE behaviour in Rel-18 IoT NTN_enh objective.
Another factor to consider in additional frequency budget is that there is a factor of “2” when UE make the doppler pre-compensation, this may result from is the way UE tuning its PLL frequency. For example, in one of UE implementation, the UL transmitted frequency will be tuned relative to the reference frequency of the received frequency in DL. This is illustrated in Figure 1. The frequency adjustment for UL transmission is including UL doppler shift, DL doppler shift and UL-DL duplex distance. The UL doppler shift is calculated from doppler pre-compensation and is relative to the UL EARFCN, while to tune the UL PLL to correct frequency, the reference frequency is the DL frequency together with the DL doppler shift. Assuming the DL doppler shift equals the calculated UL doppler shift, the frequency correction applied at UE is 2 times of the calculated pre-compensated value. Therefore, when considering the frequency budget of UE positioning error, the factor 2 of error budget should be considered.
[bookmark: _Ref127257321]A factor of 2 should be considered when considering the frequency error budget caused by UE positioning error.



Figure 1: UE UL frequency tuning 
With the above discussion, we think there is a need to improve the frequency error requirement for current IoT NTN specification.  According to our understanding, current requirement focuss on testing UE to tune its UL transmitted frequency with a constant pre-compensated frequency error. So basically this is to test the UE hardware to transmit at “OFF raster grid” frequency. There is no “doppler channel” introduced in the requirement and thus, UE will lock to the DL frequency without any doppler shift. To accommodate the frequency error caused by UE implementation (factor of “2”) and the pre-compensation frequency error due to UE positioning error, there is a need to introduce the “doppler channel” in the test.  
[bookmark: _Ref127257332]Current frequency error requirement test only UE hardware capability to transmit at “OFF raster grid”
[bookmark: _Ref127257353]Improve the frequency error requirement in Rel-18 IoT NTN_enh WI so the UE frequency error performance with doppler pre-compensation including error source due to the new feature and UE implementation.
[bookmark: _Ref127257366]Including “doppler channel” in the test so UE can lock on the DL frequency with doppler shift to mimic the real network operation condition.

In RAN1 and other working group discussion, the frequency error requirement in RAN4 is usually assumed, usually it is expected that the frequency error after the doppler pre-compensation is 0.1ppm or 0.2ppm but in RAN4 current test, the performance is not relate to the real frequency error experienced at the network when UE make the doppler pre-compensation, therefore, the real performance of the frequency error received at the network is not known. This creates a problem both for other group interpretation on the frequency error requirement in RF specification and also there is a uncertainty on what the network should tolerate if the received UL signal deviates the expectation. In this sense, we propose to introduce a new doppler frequency tolerance requirement in Rel-18 IoT NTN enhancement work as one option. Another option is modify the legacy frequency error requirement but maybe it is not preferred as introducing the major change in legacy specification is not allowed.
[bookmark: _Ref127257375]Introduce new doppler tolerance requirement in Rel-18 IoT NTN_enh work.


 



Conclusions
In this contribution, we present our view on the specification impact with below observations:
Observation 1	Depending on the UE velocity and elapsed time after the last GNSS access, the frequency error could be up to 0.08ppm for elapsed time of 60-seconds and UE speed of 120km/s for LEO600.
Observation 2 	RAN1 have not agreed on introducing close loop frequency correction.
Proposal-1:RAN4 consider relaxing the frequency error requirement for cat-M1 and NB-IoT due to UE positioning error according to the new UE behaviour in Rel-18 IoT NTN_enh objective.
Proposal-2: A factor of 2 should be considered when considering the frequency error budget caused by UE positioning error.
Observation 3	Current frequency error requirement test only UE hardware capability to transmit at “OFF raster grid”Current frequency error requirement test only UE hardware capability to transmit at “OFF raster grid”
Proposal-3:Improve the frequency error requirement in Rel-18 IoT NTN_enh WI so the UE frequency error performance with doppler pre-compensation including error source due to the new feature and UE implementation.
Proposal-4:Including “doppler channel” in the test so UE can lock on the DL frequency with doppler shift to mimic the real network operation condition.
Proposal-5:Introduce new doppler tolerance requirement in Rel-18 IoT NTN_enh work.
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Annex
 The formular of the doppler frequency is below:

Where the satellite position is  and satellite velocity is and NTN IoT UE position is   at time T. Assuming now there is error associated with   and , the doppler frequency error can be calculated as below:

So from above equation, there are three items relating to the doppler frequency estimation error. Namely the frequency error by velocity error, position error and by both velocity error and position error. 
The satellite max speed of 7.5km/s for LEO, the maximum frequency error caused by position error:

Assuming such frequency error not exceed 0.01ppm 

then the sum of satellite and UE position error vector should be less

The doppler frequency error caused by velocity error is:

If the budget for velocity error is 0.01ppm, the velocity error should be less than

The frequency error caused by both velocity error and position error can be deduced with above calculation

So the frequency error caused by both velocity and position error is less than 0.004ppb which can be ignored. The summary of the above analysis is summarized as below in Table 1.

Table 1: 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
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