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Introduction
The NTN WI ([1]) has been approved in RAN#88e meeting to specify requirements for the support of NTN. It has been revised in RAN#91-e meeting [2].
A Way Forward ([3]) was agreed in last RAN4#98-e meeting, listing new open issues related to UL frequency synchronization. Also, RAN1 has sent a LS ([4]) to RAN4 requesting about time synchronization requirements and frequency synchronization requirements. 
This contribution is discussing those issues and answers the LS from RAN1 on the frequency synchronization requirements’ question.
Discussion 
UL frequency synchronization issues
The following issues have been mentioned in last RAN4#98-e meeting ([3]): 
· Issue 6-1: UE shall be able to compensate the frequency offset due to the satellite mobility when generating its UL carrier frequency. 
· Issue 6-2: The UE modulated carrier frequency shall be accurate to within ±0.1 ppm as observed over a period of 1 ms by the gNB.
· Issue 6-3: 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.
· 
Issue 6-1
According to our understanding, issue 6-1 is not in the scope of RAN4 RF, it’s a RAN1 topic which has already been addressed ([6]).
Observation 1: Frequency offset compensation (issue 6-1) has already been addressed in RAN1.


Issue 6-2
The 2nd issue is the frequency error requirement for FR1 and FR2 UEs. There is no obvious reason a NTN UE operating in those frequencies would perform worse than NR FR1/FR2 UEs, so this requirement should not be an issue. 
Note that the following proposal is also depending on Issue 6-3 outcomes/agreement. 
Proposal 1: For NTN UE, the modulated carrier frequency shall be accurate to within ±0.1 ppm as observed over a period of 1 ms by the gNB (for 2GHz and assuming UE pre-compensate doppler error is neglectable, see Issue 6-3). 

Issue 6-3
Regarding the 3rd issue, the term “residual” is vague and would need further clarification. 
Our understanding is that this residual error is related to the UE pre-compensate doppler error, as further detailed in [5].
It should be noted that the UE frequency error requirement (TS 38.101-1) and associated tests (transmitter and receiver, TS 38.521-1) don’t consider such type of error. It doesn’t seem that relevant to conclude that UE pre-compensate doppler error would be included in the UE frequency error limit, or the testing procedure would have to consider this additional source of error then for NTN UE.
We propose the following 2 alternatives instead:
· Alternative 1: At 2 GHz, if the UE pre-compensate doppler error is neglectable comparing to current UE frequency error requirement, this statement should be captured, without impacting the UE frequency error requirement.
· Alternative 2: Specify NTN UE frequency error requirement with another limit which would take into account the maximum UE pre-compensate doppler error. E.g. if this UE pre-compensate doppler error is 0.001 ppm, the new NTN UE frequency error limit should then be 0.099 ppm instead of 0.1 ppm.
To be consistent with our “Proposal 1”, keeping existing UE frequency error requirement as it is so, if it’s common understanding that the UE pre-compensate doppler error is neglectable, we would propose then the first alternative.
Proposal 2: For a NTN UE operating in 2 GHz frequency band, assuming it’s common understanding that the UE pre-compensate doppler error is neglectable comparing to UE frequency error requirement:
· This should be captured in TS 38.101.-1. 
· The current UE frequency error requirement limit would also be applicable to NTN UE. 

RAN1 LS
RAN1 sent a LS ([4]) requesting RAN4 to clarify the following questions:
Question 1: What are the NTN UL time synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State
Question 2: What are the NTN UL frequency synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State
Question 1 is a RRM topic and should then be discussed in NTN RRM thread, while question 2 is RF topic.
Our understanding here is that RAN1 is looking for the UE frequency error requirement and this for initial access and for UL transmissions in RRC connected state. 
As mentioned earlier, RAN4 has specified that the UE modulated carrier frequency shall be accurate to within ±0.1 ppm as observed over a period of 1 ms by the gNB. This is applicable in any state, RRC connected or initial access.
We propose so to send the LS Reply in Annex A, to answer question 2 of RAN1 LS. Note that this LS Reply should be merged with the response to question that RRM should prepare.
Proposal 3: Send the LS Reply proposed in Annex A to RAN1.
Conclusion
In this contribution, we further analyzed the UL frequency synchronization open issues raised in last RAN4#98e meeting, we made following observations and proposals: 
Observation 1: Frequency offset compensation (issue 6-1) has already been addressed in RAN1.

Proposal 1: For NTN UE, the modulated carrier frequency shall be accurate to within ±0.1 ppm as observed over a period of 1 ms by the gNB (for 2GHz and assuming UE pre-compensate doppler error is neglectable, see Issue 6-3). 

Proposal 2: For a NTN UE operating in 2 GHz frequency band, assuming it’s common understanding that the UE pre-compensate doppler error is neglectable comparing to UE frequency error requirement:
· This should be captured in TS 38.101.-1. 
· The current UE frequency error requirement limit would also be applicable to NTN UE. 

Proposal 3: Send the LS Reply proposed in Annex A to RAN1.
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Annex A: LS Reply (to be merged with RRM answer to question 1)
Title:	LS Reply to RAN4 on NTN UL time and frequency synchronization requirements (Frequency)
Response to:	
Release:	Rel-17
Work Item:	Solutions for NR to support non-terrestrial networks

Source:	RAN4
To:	RAN1
Cc:	

Contact Person:
          Name:	Dominique Everaere
          E-mail Address:	dominique.everaere@ericsson.com	

RAN4 would like to thank RAN1 for the LS R1-2102263.  In this, there is a subset of questions regarding NTN UL frequency synchronization requirements.
In response to question 2, following UE RF frequency error requirement is applicable for initial access and RRC connected state:
· The UE modulated carrier frequency shall be accurate to within ±0.1 ppm as observed over a period of 1 ms by the gNB.
For 2 GHz frequency band, the UE pre-compensate doppler error has been considered as neglectable.

Attachments:	


1. Reply:

2. Actions:
To RAN1: 	RAN4 would like to kindly ask RAN1 to use the above information as partial reply of LS.


3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN WG4 Meeting #99-e 	19 – 27 May 2021				Online
TSG-RAN WG4 Meeting #100 	23 – 27 Aug 2021				Toulouse, France
