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1	Introduction
There were extensive discussions on the frequency error requirements for both NB-IoT and eMTC UEs in RAN4#104bis-e [1][2], but no conclusion was reached. It seems that the main contentious points are:
· What is the reference UL frequency for computing the frequency error?
· Whether compensation of instantaneous Doppler shift is needed;
· How to handle repetitions and/or segmentations in UL transmissions?
In the following, we share our further analysis and proposals for the issue.
2	Discussion
2.1 Reference UL carrier frequency
This issue is dependent on the reference point of measurements. As pointed out in the discussions of the last meeting, the reference point is typically the UE antenna connector. For example, the NR-NTN UE RF requirements have the following statements [3]:
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Unless otherwise stated, the transmitter characteristics for satellite access UEs are specified at the antenna connector of the UE with a single or multiple transmit antenna(s). For UE with integral antenna only, a reference antenna with a gain of 0 dBi is assumed. Handheld power class 3 UE is assumed in Release 17 for satellite access.



Furthermore, it has been agreed in 3GPP that the NTN satellite UE shall pre-compensates the uplink modulated carrier frequency by the estimated Doppler shift due to the fast movement of the satellites. Therefore, it is clear that the centre frequency of the signal spectrum will be offset by a few hundreds to thousands of Hertz from the nominal UL frequency signaled by the SAN, if the measurement is taken at the UE antenna connector. 
It is the task of the TE to remove the pre-compensation from the measurement before comparing it with the configured UL carrier frequency. In a real network, the pre-compensation and the Doppler shift of the propagation channel will cancel each other out, resulting in the desired UL frequency received at the SAN antenna.
Proposal 1: When measuring frequency error, the TE shall remove the artificial frequency offset caused by the pre-compensation in the UL signal before comparing the measured carrier frequency with the configured UL carrier frequency.
In previous discussions, it is commonly assumed that the Doppler shift is estimated by the UE based on the received ephemeris information of the SAN in IE EphemerisInfo (TS 36.331) and its own location. During conformance tests, such information is explicitly provided the TE. Hence, it’s reasonable to assume that the TE can have the knowledge of the ideal Doppler shift.
Observation 1: The measured frequency error may include both the conventional LO frequency error and the Doppler shift estimation error.
2.2 Instantaneous Doppler shift
Varying Doppler shift may be experienced by an NTN satellite UE in the real network due to, e.g., the change in the direction of the relative movement from the SAN. The UE shall not be prevented from pre-compensating the instantaneous Doppler shift in order to achieve better link performance. In fact, this has been provisioned in the 3GPP specification [4], such as:
[bookmark: _Toc115438989]23.21.2.2	Pre-compensation by the UE
For the serving cell, the network broadcast ephemeris information and common Timing Advance (common TA) parameters.
The UE shall have valid GNSS position as well as the satellite ephemeris and common TA before connecting to an NTN cell. 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.
In connected mode, the UE shall continuously update the Timing Advance and frequency pre-compensation, but the UE is not expected to perform GNSS acquisition. In connected mode, upon outdated satellite ephemeris and common Timing Advance, the UE re-acquires the broadcasted parameters and upon outdated GNSS position the UE moves to idle mode.
The UEs may be configured to report Timing Advance at initial access or in connected mode. In connected mode triggered reporting of the Timing Advance is supported.


Figure 23.21.2.2-1 Illustration of Uplink/Downlink Radio Frame Timing at the UE
While the pre-compensation of the instantaneous Doppler shift experienced on the service link is to be performed by the UE, the management of Doppler shift experienced over the feeder link and transponder frequency error, whether introduced in Downlink or Uplink, is left to network implementation.



Observation 2: The NTN satellite UE is required to autonomously and continuously pre-compensate the Timing Advance and the instantaneous frequency Doppler shift.
On the other hand, it would become very complicated to measure the UE frequency error under varying Doppler shift conditions. And the minimum performance requirements could be different from those under zero/constant Doppler shift. Due to the time limit of the current WI, we propose that:
Proposal 2: Only define UE frequency error requirements under constant Doppler shift in Rel-18.
2.3 UL segmented transmission
It is our understanding that one UL segment always contains multiple repetition units, and the following requirements have been specified by 3GPP [4]:
[bookmark: _Toc115438985]23.21	Support for BL UEs, UEs in enhanced coverage and NB-IoT UEs over Non-Terrestrial Networks
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Support for BL UEs, UEs in enhanced coverage and NB-IoT UEs over Non-Terrestrial Networks (see clause 4.12) is only applicable to E-UTRA connected to EPC. UEs not supporting NTN are barred from accessing an NTN cell.
In NTN, only BL UEs, UEs in enhanced coverage and NB-IoT UEs with GNSS capability are supported in this release of the specification.
To accommodate long propagation delays in NTN, increased timer values and window sizes, or delayed starting times are supported for the physical layer and for higher layers.
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 BL UEs or UEs in enhanced coverage and NPUSCH/NPRACH for NB-IoT UEs from one segment to the next segment.



Observation 3: For UL segmented transmissions, the UE is required to perform pre-compensation per segment. For HD-FDD, the UL gaps between the UL segmented transmissions are reserved for the UE to adapt the estimation for the pre-compensation.
Given the above restriction, the average frequency error of the UL segmented transmissions could increase under varying Doppler shift compared with that under constant Doppler shift. Again, due to the time limit of the current WI, we propose that;
Proposal 3: For UL segmented transmissions, only consider to define UE frequency error requirements under constant Doppler shift per segment in Rel-18.
3	Conclusion
In this paper, we have shared our further analysis on the UE frequency error requirement issue. The following observations and proposals are presented:
Proposal 1: When measuring frequency error, the TE shall remove the artificial frequency offset caused by the pre-compensation in the UL signal before comparing the measured carrier frequency with the configured UL carrier frequency.
Observation 1: The measured frequency error may include both the conventional LO frequency error and the Doppler shift estimation error.
Observation 2: The NTN satellite UE is required to autonomously and continuously pre-compensate the Timing Advance and the instantaneous frequency Doppler shift.
Proposal 2: Only define UE frequency error requirements under constant Doppler shift in Rel-18.
Observation 3: For UL segmented transmissions, the UE is required to perform pre-compensation per segment. For HD-FDD, the UL gaps between the UL segmented transmissions are reserved for the UE to adapt the estimation for the pre-compensation.
Proposal 3: For UL segmented transmissions, only consider to define UE frequency error requirements under constant Doppler shift per segment in Rel-18.
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