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1. Introduction
In RAN4#90e meeting, the way forward for NTN was approved in [1], where it captures the following agreements for UL frequency synchronization requirement:
Topic #5: NTN UL frequency synchronization requirement
· Sub-topic 5-1: Frequency accuracy requirements
· Issue 5-1: Will be handled in the RF session
· Issue 5-2: Time/Frequency pre-compensation accuracy requirements
· Tentative agreement: RAN4 to investigate factors that can affect time/frequency pre-compensation accuracy requirements. Specific requirements are FFS

In way forward [2], UL frequency synchronization requirement is also listed as an open issue.
This document will discuss the mentioned open issues and other RF requirements for NTN UE, and present our understanding and proposals.

2. Discussion
2.1.	NTN UL frequency synchronization requirement
In way forward [2], the open issue related to UL frequency synchronization requirement is as following:
Topic #6: NTN UL frequency synchronization requirement
· UE shall be able to compensate the frequency offset due to the satellite mobility when generating its UL carrier frequency. 
· To be further discussed, this aspect was proposed after the 1st round, from [98e][237] RAN4 RRM list.
· The UE modulated carrier frequency shall be accurate to within ±0.1 ppm as observed over a period of 1 ms by the gNB.
· To be further discussed, this aspect was proposed after the 1st round, from [98e][237] RAN4 RRM list.
· The UE residual frequency error shall be sufficiently low such that it can be considered included in the tolerated frequency error of ±0.1 ppm already captured in the specification.
· To be further discussed, this aspect was proposed after the 1st round, from [98e][237] RAN4 RRM list.


In current NR RF specification [3], the frequency accuracy is defined as following:
The UE basic measurement interval of modulated carrier frequency is 1 UL slot. 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 NR Node B.

From the definition of frequency error requirement, we can see that the requirement is the limiting value of relative error for frequency of UE transmit signal to the frequency of received signal. The frequency error can be expressed as following formula:


Here:
∆ is relative frequency error. It is required less than ±0.1PPM in NR UE RF specification.
fTx = fRx + fTx-Rx, is the expected accurate transmit frequency. fRx is frequency of DL signal received by UE. fTx-Rx is difference between UL frequency and DL frequency. For TDD, fTx-Rx = 0Hz.
f’Tx = fRx + ∆fM + fTx-Rx + ∆fS, is the actual UE transmit frequency. Its error will be decided by following factors:
· ∆fM, is UE measurement error of DL frequency.
· ∆fS, is UE transmit frequency setting error to fRx + ∆fM + fTx-Rx.
That is, the total frequency errors come from UE measurement error of DL frequency (i.e. ∆fM) and transmit frequency setting error (i.e. ∆fS). 
For NTN UE, it will perform time/frequency pre-compensation for transmitting. The actual transmit frequency will be f’Tx = fRx + ∆fM + fTx-Rx + fDoppler + ∆fS + ∆fUE_pre-compensation. The frequency pre-compensation, ∆fUE_pre-compensation, is the accuracy of measuring and calculating Doppler shift of relative velocity between UE and satellite based on ephemeris received from NW and PVT data of UE itself. It is expected that the UE velocity estimation error can be within several km/h by GNSS. The relative velocity error between UE and satellite should be the same. Assuming the relative velocity accuracy is 5km/h, the corresponding Doppler shift error will be ∆fpre-compensation_servicelink = 5km/h * f / (300000km/s *3600), i.e. ∆fUE_pre-compensation/f = 0.00463PPM. Compared to legacy requirement of transmit frequency error of ±0.1PPM,  the frequency pre-compensation error is small enough to be ignored. So the frequency error requirement will not be impacted by frequency pre-compensation.
Observation 1: The frequency error requirement will not be impacted by frequency pre-compensation.
Proposal: It is proposed to reuse 0.1ppm as the UE frequency error requirement for NTN.
NTN UE should only estimate the needed frequency pre-compensation for serving link. RAN1 has decided that the needed frequency pre-compensation between satellite and gateway (or gNB) ∆fpre-compensation_feederlink will be done by gNB and transferred to UE for deciding UE transmit frequency shift. 
Proposal 2: The UE only estimates the frequency pre-compensation for serving link. 
Due to propagation delay, it is noted that UE frequency pre-compensation should be based on UE velocity at UE transmitting time and satellite velocity at satellite receiving time. UE should be able to estimate satellite velocity at its reception time for pre-compensation. Satellite information, e.g. data of ephemeris, is needed for UE to correctly forecast satellite velocity at its reception time and will be discussed in RAN1/2.
Observation 2: Satellite information, e.g. data of ephemeris, is needed for UE to correctly forecast satellite velocity at its reception time and will be discussed in RAN1/2
It should be mentioned that the PVT data accuracy of satellite and how UE get it from GNSS are out of scope of 3GPP. However it is assumed that the UE can do frequency pre-compensation based on enough PVT update rate. It can be implicitly tested by the frequency error which including frequency precompensation.
Observation 3: the UE PVT data accuracy is out of 3GPP scope and can be implicitly tested by frequency error.

2.2.	Other NTN UE RF requirements
Hand-held UE
It is agreed that power class 3 UE (23dBm) will be included in NTN system. 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 FFS depending on wait RAN1design.
Other receiver requirements that have dependency on REFSENS also need to be updated accordingly.
Observation 4: Majority of the  UE RF requirements defined in current UE RF specification can be reused with the following exceptions,
· ACLR/ACS
· REFSENS and FRC
· Other Receiver requirements that have dependency on REFSENS

In way forward [2], the other open issue is the topic of use cases and deployment scenarios as following:
Topic #1: Use Cases and Deployment Scenarios
· RAN4 to investigate how much the IAB requirements or a subset can be reused for the VSAT Terminal type in NTN.
· Note1: WI revision might be needed.
· Note2: the IAB proposal is not related to IAB itself, but more to IAB requirements. In the respective contribution is said that Tx Power of VSAT resembles the one of an IAB node/IAB-MT, and is suggested to further discuss/continue discussion of some subset of (potentially common) requirements.
· An agreement could not be reached.
· For bands above 6 GHz, “VSAT” UE including fixed/moving platform mounted ones are considered as baseline. 
· More discussions are required on this topic.

VSAT is new type UE and will be used in Ka band. There was a proposal to apply IAB requirement to VSAT in the last 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 3: It is proposed to consider VSAT as a CPE, new power classes could be defined for VSAT.

3. Conclusion
This document discussed the topic of RF requirements for NTN UE and presented following observations:
Observation 1: The frequency error requirement will not be impacted by frequency pre-compensation.
Observation 2: Satellite information, e.g. data of ephemeris, is needed for UE to correctly forecast satellite velocity at its reception time and will be discussed in RAN1/2
Observation 3: the UE PVT data accuracy is out of 3GPP scope and can be implicitly tested by frequency error.
Observation 4: Majority of the  UE RF requirements defined in current UE RF specification can be reused with the following exceptions,
· ACLR/ACS
· REFSENS and FRC
· Other Receiver requirements that have dependency on REFSENS
Proposal: It is proposed to reuse 0.1ppm as the UE frequency error requirement for NTN.
Proposal 2: The UE only estimates the frequency pre-compensation for serving link. 
Proposal 3: It is proposed to consider VSAT as a CPE, new power classes could be defined for VSAT.
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