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1.	Introduction
For NTN, the frequency error requirement contains the testable requirement for frequency pre-compensation according to the behaviour described in TS 38.300. For NTN IoT, similar doppler pre-compensation behaviour is described in the clause 23.21 of TS 36.300. 
RAN4 received an LS about segmented transmissions [3] and agreed to re-use frequency error from LTE NB-IoT and Cat-M1 in WF [4]. 
However, in previous meeting RAN4#104Bise, several aspects were discussed in relation to the frequency error requirement, but companies could not agree what is the assumption for UE behaviour for frequency pre-compensation.  This paper further discusses UE behaviour and how frequency error should be defined for the NTN IoT.  
2. 	Discussion
2.1	UE need for Doppler shift pre-compensation
The frequency error requirement with pre-compensation is written in clause 6.4.1 of TS 38.101-5. Similar text should be included in to the 36.102 since the doppler pre-compensation behaviour is almost the same. TS 36.300 specifies in its clause 23.21.2.2 that:
“To achieve synchronisation, before and during connection to a cell, the UE shall autonomously pre-compensate the Timing Advance (TTA, see TS 36.211 [4] clause 8.1), see Figure 23.21.2.2-1, as well as the frequency doppler shift by considering the common TA, UE position and the satellite position through the satellite ephemeris.”
Observation 1: All NTN UE’s has to perform frequency pre-compensation.
It should be also noted that according to 36.300 mandatory pre-compensation is regardless of capability ntn-ScenarioSupport-r17 which is used to declare if UE supports GSO or NGSO deployments. 
Observation 2: Frequency pre-compensation is mandated regardless of supported scenario.
In TR 38.821 [7] the maximum doppler shifts are stated for GSO: 0.93 ppm and for NGSO: 24 ppm.
Maximum Doppler variation is stated GSO: 0.000045 ppm/sec and for NGSO: 0.27 ppm/sec. 
Doppler shifts in Hz are for GSO: 2.1 GHz x 0.93 ppm = 1.95 kHz and for NGSO 2.1 GHz x 24 ppm = 50.4 kHz
The smallest impact is in NB-IoT for GSO with 15 kHz subcarrier spacing Doppler but still it will cause 13 % shift in subcarriers. What is the impact to the link performance if UE does not perform pre-compensation would require more in depth system analysis with link simulations which ran4 has not time allocation at the moment since WI is supposed to close in this meeting. The stated Doppler shifts are also the worst-case shifts and in practice the values maybe smaller.    
Observation 3: Doppler shift is significant for all possible cases with maximum doppler shifts in the analysed scenarios.   
With observation 1 and 2 it can be further observed that 
Observation 4: According to agreements made so far, Doppler pre-compensation behaviour will have significant impact on frequency error behaviour if UE is tested with agreed worst case assumptions 
2.3	Discussion on UE behaviour in segments
2.3.1	General UE behaviour with segments
For pre-compensation with the segmented transmission, from clause 23.21.1 of TS 36.300:
UL segmented transmission is supported for UL transmission with repetitions. The UE shall apply UE pre-compensation per segment of UL transmission of PUSCH/PUCCH/PRACH for eMTC and NPUSCH/NPRACH for NB-IoT from one segment to the next segment.
RAN1 sent the same message in an LS [3] with the request to prioritize the work:
RAN1 has discussed the following aspects and leaves it up to RAN4 to specify UL Segmented Transmission for UL synchronization for IoT NTN as follows:
· UE applies segmented UL transmission according to duration configuration by the network 
· Different values (e.g., TA) for pre-compensation may be used per segment, where UE pre-compensation per segment of NPUSCH for NB-IoT and PUSCH/PUCCH for eMTC is applied from one segment to the next segment
RAN1 respectfully requests RAN4 to prioritize the UL Segmented Transmission for UL synchronization for IoT NTN work by considering introducing the above.
In TR 36.763 there is text in section 6.6.3: 
“Segmented UE pre-compensation done per N time units for long transmission on PUSCH and on PRACH, where the pre-compensation does not vary within a block of N time units.”
But “N” is not defined explicitly in the document but the understanding in the discussion was that “N” is segment. 
From that, we can conclude two things:
Observation 5: UE is required to keep the same pre-compensation for the duration of the segment. 
Observation 6: Segment duration is configured by the network
RAN4 can discuss and agree the RF requirements for the UE and assume the pre-compensation is done per segment and not changed during the segment.
Proposal 1: NTN IoT UE frequency error requirement is defined such that UE is required to maintain estimated Doppler pre-compensation constant for the duration of the segment.  
2.3.2	Case NB-IoT with GSO only support
TS 36.306 states that:
“ntn-Connectivity-EPC-r17 indicates whether the UE supports NTN access. This field is only applicable if the UE supports ce-ModeA-r13 or any ue-Category-NB. If the UE indicates this capability the UE shall support the following enhancements:
…
· segmented UL transmission using higher layer parameters (n)prach-TxDuration-r17, pucch-TxDuration-r17 and (n)pusch-TxDuration-r17 as specified in TS 36.331 [5] except for UEs indicating support of ue-Category-NB and ntn-ScenarioSupport-r17 with value GSO;”
Observation 7: For NB-IoT and for GSO, segmented transmissions are not applicable.   
There is no need to define frequency error separately for UE that declared GSO support only with ntn-ScenarioSupport-r17 since that UE will not be configured with segments. Ran4 can advise Ran5 with LS to develop test cases with and without segments if understanding among ran4 is such that this is needed in ran5.
2.4	Discussion on UE behaviour in repetitions
RAN1 did not explicitly agree what is the UE behaviour regarding pre-compensation during the repetitions but in RAN4 in RRM since rel-13 for NB-IoT in TS 36.133 it states that for timing adjustment that: 
“When a repetition period is configured on the uplink for which R>1, the UE shall not adjust the uplink transmission timing autonomously during an ongoing repetition period other than at initial transmission as defined above.”
In addition, in RAN1 specification TS 36.211 clause 10.1.3.6 define a gap of 40 msec every 256 msec. It is not written anywhere to our knowledge, but the original motivation for this gap was to allow UE to do an update on frequency to ensure that the accuracy is met. NB IoT UE was assumed to not to be implemented with temperature compensated reference oscillator. For legacy NB-IoT, Doppler was considered to be insignificant and there is no pre-compensation function in the UE for frequency.
Observation 8: UE Doppler pre-compensation behaviour during repetitions is not defined by any pre-existing agreement 
So ran4 needs to agree what is the expected behaviour or encourage RAN1 to discuss this. But also in this case, ran4 might not have time to liase with RAN1 due to schedule reasons thus we propose.
Proposal 2: UE is assumed to maintain same frequency pre-compensation for duration of the repetitions and update compensation, if UE needs to, during the gaps defined in TS 36.211 
2.5	Reference point to the frequency error
In RAN4#104Bis-e a proposal to include doppler model in the UE frequency error was made [8]. The discussion was about post compensating the pre-compensation and therefore what is the reference plane for the +/- 0.1 ppm frequency error specified for the UE. Currently the Ran4 UE RF specifications have defined the reference plane to be the UE antenna connector. It is technically possible to test the UE in such way that the TE will emulate the doppler shift, it is needed regardless where the reference plane is, but if the accuracy requirement is at the SAN reference plane, and UE is required to maintain same pre-compensation for the duration of the repetitions or segments, then RAN4 needs to agree how to define the requirements based on the UE behaviour in more detail. This is especially complicated if the frequency changes, i.e. test condition is not with constant doppler: since the reference frequency changes constantly and the rate of change may not be constant, the post compensated frequency can meet +/- 0.1ppm only at one point of time. To clarify the issue, we show the issue in Figure 1.
  
Figure 1: UE behaviour and reference times for the segmented pre-compensation
This figure is for segments; same discussion should be for repetitions and in theory also for a slot in Rel-17 NTN WI aspect even in practise the contribution of frequency shift to the error may be very small during one slot.
Observation 9: Proposal to include post compensation in UE RF requirement for maximum frequency error of +/- 0.1 ppm needs more discussion on UE requirement 
Since we do not have that analysis at our disposal (at the time of writing this submission) the preferrable way is to keep the reference plane at the UE connector and test the UE RF circuitry performance with pre-compensation in static conditions.
Proposal 3: Defined frequency error reference point at UE connector
Proposal 4: Define UE frequency error +/- 0.1 ppm and +/- 0.2 ppm in static conditions without changing doppler in the incoming signal 

Conclusion
We made the following observation from pre-existing documents and calculating relative impact from agreed values
Observation 1: All NTN UE’s has to perform frequency pre-compensation.
Observation 2: Frequency pre-compensation is mandated regardless of supported scenario.
Observation 3: Doppler shift is significant for all possible cases with maximum doppler shifts in the analysed scenarios.   
Observation 4: According to agreements made so far, Doppler pre-compensation behaviour will have significant impact on frequency error behaviour if UE is tested with agreed worst case assumptions 
Observation 5: UE is required to keep the same pre-compensation for the duration of the segment. 
Observation 6: Segment duration is configured by the network
Observation 7: For NB-IoT and for GSO, segmented transmissions are not applicable.   
Observation 8: UE Doppler pre-compensation behaviour during repetitions is not defined by any pre-existing agreement 
Observation 9: Proposal to include post compensation in UE RF requirement for maximum frequency error of +/- 0.1 ppm needs more discussion on UE requirement 
We then made the following proposals:
Proposal 1: NTN IoT UE frequency error requirement is defined such that UE is required to maintain estimated Doppler pre-compensation constant for the duration of the segment.  
Proposal 2: UE is assumed to maintain same frequency pre-compensation for duration of the repetitions and update compensation, if UE needs to, during the gaps defined in TS 36.211 
Proposal 3: Defined frequency error reference point at UE connector
Proposal 4: Define UE frequency error +/- 0.1 ppm and +/- 0.2 ppm in static conditions without changing doppler in the incoming signal 
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