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1. Introduction
In RAN4#98bis-e meeting, the UE frequency error was concluded as following and a LS was sent out to RAN1 [1]. 
Regarding question 2 on frequency synchronization, the following UE RF frequency error requirement is concluded in RAN4 for both initial access and RRC connected state:
· The mean value of basic measurements of 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 the carrier frequency received from the gNB.
· RAN4 is still investigating whether there are any intra-gNB related aspects to consider associated with the above UE requirement
Note: The gNB refers to RAN3 NTN architecture.

This document will discuss the open issue related to UE frequency error, e.g. whether there are any intra-gNB related aspects associated with the UE frequency error requirement.

2. Discussion
2.1.	NTN UL frequency synchronization requirement
It is know that the UE RF frequency error requirement is defined as the difference between UE actual transmit frequency and ideal transmit frequency calculated based on its received carrier frequency. When it comes to NTN system, the received carrier frequency is that from satellite. So, the UE RF frequency error is not related to intra-gNB related aspects.
Observation 1: The UE RF frequency error is not related to intra-gNB related aspects.
The above discussion was triggered because it is unknown whether the frequency error observed by non-NTN gNB function will impact the demodulation performance of NTN gNB. In our view, there is some difference between the frequency error observed by TN gNB baseband and that observed by NTN gNB baseband. For TN system, the UE is not assumed to compensate the Doppler shift and the observed frequency error by TN gNB baseband will be:
UE RF frequency error + Doppler shift of UE mobility + frequency error of gNB transceiver.
For 100km/h UE velocity at 2GHz, the maximum Doppler shift will be 0.185ppm (370Hz). For 250km/h UE velocity, the addition frequency error come from Doppler shift will be 0.46ppm.
While for NTN system, the UE is required to compensate the Doppler shift due to its mobility relative to satellite. From point of NTN gNB baseband, the observed frequency error will be: UE RF frequency error + frequency error of satellite transceiver + frequency error of gateway transceiver + frequency error of gateway transceiver + residual Doppler shift error of satellite mobility after gNB compensating feed link.
RAN1 is discussing to transfer the feeder link Doppler to UE and is reasonable to assume that gNB has better performance on Doppler estimation than UE. According to our analyses in [2], the residual Doppler shift error for feeder link after gNB compensating feed link should be negligible. So the remaining factors to be considered are additional frequency error by satellite transceiver and gateway. If the total frequency error by satellite transceiver and gateway is limited to below 0.4ppm, there could be no problem for gNB baseband demodulation. Since the requirement definition and split between different nodes within NTN system is out of 3GPP, we propose to make it as a baseline assumption for further specification development. It can be captured either in the spec or in the TR later
Proposal 1: UE frequency error requirement is not related to NTN intra-gNB aspects.
Proposal 2: It is proposed to agree a baseline assumption that the additional frequency error introduced by satellite and gateway is limited below 0.4 ppm for S band and L band.
Proposal 3: Additional LS should be sent to RAN1 to further clarify the UE frequency error.
The draft LS response to RAN1 is present in our other paper [3].

2.2.	Other NTN UE RF requirements
1.  Hand-held UE
It is agreed that power class 3 UE (23dBm) will be included in NTN system. We think that majority of the requirements for power class 3 can be reused with the following exceptions:
ACLR/ACS need to be evaluated based on co-existence study.
The REFSENS and reference measurement channel should be FFS depending on wait RAN1design.
Other receiver requirements that have dependency on REFSENS and FMC also need to be updated accordingly.
Observation 2: Majority of the UE RF requirements defined in current UE RF specification could be reused with the following exceptions,
· ACLR/ACS
· MPR, A-MPR if ACLR is defined diferent with TN NR UE.
· REFSENS and FRC
· Other Receiver requirements that have dependency on REFSENS

VSAT is new type UE and will be used in Ka band. There was a proposal to apply IAB requirement to VSAT in past RAN4 meeting. However we have different understanding. VAST may be used to provide hotspot coverage on aircraft, steamship, or vehicle etc... But it may not necessarily use IMT interface for the hotspot coverage and it can also be wifi technology. So we think treating VSAT as a special UE with high power classes, e.g. CPE, is enough.
Proposal 4: It is proposed to consider VSAT as a CPE, new power classes could be defined for VSAT.

3. Conclusion
This document discussed RF requirements for NTN UE and concluded the following:
Observation 1: The UE RF frequency error is not related to intra-gNB related aspects.
Proposal 1: UE frequency error requirement is not related to NTN intra-gNB aspects.
Proposal 2: It is proposed to agree a baseline assumption that the additional frequency error introduced by satellite and gateway is limited below 0.4 ppm for S band and L band.
Proposal 3: Additional LS should be sent to RAN1 to further clarify the UE frequency error.
Observation 2: Majority of the UE RF requirements defined in current UE RF specification could be reused with the following exceptions,
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