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1. Introduction
In RAN4#90e meeting, a way forward on NTN RRM requirements was approved [1]. After discussion initial agreements have been reached. But more issues are FFS. This document will discuss these issues further and present our understanding and proposals.

2. Discussion
In the way forward [1], the results for some topics are listed. They are discussed further here.
2.1.	Topic #1: General RAN4 RRM NTN related aspects
Sub-topic 1-1: RP to be considered for time and frequency synchronization
· Issue 1-1: Send information LS to RAN1
· Defer the LS. Further discuss the impacts of different reference points on RRM requirements and inform RAN1 in case any common observations are identified.
· Issue 1-2: Possibility of using satellite and gNB as time and frequency reference
· Further investigate the impact of different timing and frequency reference points based on RAN1 design on the RRM requirements. Inform RAN1 if any issues are identified.
In our other papers [2][3], details for the timing and frequency requirements for NTN UE are discussed. Our understanding for the impact of different timing and frequency reference point can be summarized here as following:
· The RP can be set at any point between satellite and gNB which has no impact for UE transmit timing and frequency accuracy requirements.
· The UE should only do timing and frequency pre-compensation for service link, and gNB does timing and frequency pre-compensation for link between satellite and gNB.
· If the RP is at satellite, UE transmit timing and frequency will not include the timing and frequency pre-compensation for link between satellite and gNB (the corresponding parameter can be set to zero or not transfer to UE). Otherwise, UE transmit timing and frequency should include the timing and frequency pre-compensation for link between satellite and RP by transferring corresponding parameters to UE.
· If the RP is set at gNB, the receiving timing of gNB will be fixed, otherwise it will be changed.
In last RAN1 meeting, an LS is approved and sent to RAN4 [4], it is attached in the section 5, annex. It is proposed that a reply LS should be sent to RAN1, and answer the RAN1 questions as following:
––––––––––
RAN4 are discussing the NTN UL time and frequency synchronization requirements and have no conclusion. Based on current RAN4 understanding, the timing and frequency pre-compensation should be done by UE for service link and by gNB for feeder link. The UL transmit timing advance should not be controlled by NTA signal sent by gNB as legacy system because time pre-compensation will replace it.
The requirements for UE transmit timing and frequency accuracy are specified at UE side in RAN4 specification, not at gNB side. The initial agreements are the requirements may be the same as initial access (i.e. PRACH transmission) and UL transmissions in RRC_CONNECTED State. The transmit frequency error would be still 0.1PPM and the timing error would be current Te plus 2* ∆Pos /c. ∆Pos is the Positioning accuracy which is the error between the estimated position and the true position. It is based on UE A-GNSS capability. And c is light velocity.
For signal reception at gNB side, the timing and frequency accuracy should be included the time and frequency pre-compensation error done by gNB.
––––––––––
Proposal 1: Sent LS to reply RAN1 LS question as above.
We present a draft response LS to RAN1 in our other document [5].

2.2.	Topic #2: GNSS requirements
Sub-topic 2-1: GNSS usage
· Issue 2-1: Definition of GNSS requirements
· Requirements shall be defined with on-board GNSS as the baseline. FFS on how to handle satellites/HAPS without on-board GNSS
By our understanding, the satellites must have ephemeris can be used regardless the satellites have GNSS or no GNSS on board. If no GNSS on board, the PVT of satellites is obtained by earth stations measurement by satellites system. So the case of satellites without on-board GNSS should not be considered. For NTN system, the ephemeris must be achieved from satellite system and inform UE by broadcast for UEpre-compensation.
For the case of HAPS without on-board GNSS, the UE time and frequency pre-compensation should not be expected. The height of HAPS is generally 20km, and not higher than 50km [6]. NR system is designed can supporting 100km cell radius and NTN system can include gNB time and frequency pre-compensation. So we think gNB can handle the HAPS without on-board GNSS with time and frequency pre-compensation and uplink transmit timing control signal NTA.
Observation 1: The ephemeris can be used for satellites and achieved from satellite system such as measured by earth station.
Observation 2: The gNB can handle the HAPS without on-board GNSS with time and frequency pre-compensation and uplink transmit timing control signal NTA. UE pre-compensation should not be expected.

Sub-topic 2-2: GNSS accuracy
· Issue 2-2: Impact of GNSS accuracy on RRM requirements
· RRM requirements can be assumed to be impacted by GNSS accuracy. Degree of impact and specific RRM requirements that are impacted are FFS.
By our understanding, the GNSS accuracies include mainly velocity error and position error calculated by GNSS. The velocity error will impact frequency pre-compensation accuracy and position error will impact UE transmit timing accuracy. By our analysis, if the error of velocity measured is less than 10.8km/h, the impact can be ignored because the frequency error of UE transmit is specified as 0.1PPM. The position error can lead to UE transmit timing error as 2*∆Pos /c. 
The Te is defined as 12*64*Tc for 15kHz SCS, i.e 0.390625µs; 3*64*Tc for 240kHz SCS, i.e. 0.09765625µs [7]. If position error is 30m, the timing error from timing pre-compensation will be 0.2µs, which can’t be ignored. The position error of GNSS should be less than 3m if the impact of GNSS accuracy can be ignored.
Observation 3: The UE transmit timing error requirements will be impacted by GNSS accuracy if positioning error is larger than 3m.

· Issue 2-3: GNSS accuracy requirements
· GNSS accuracy is taken as an assumption to define other requirements. Explicit accuracy requirements are outside the scope of RAN4.
· Issue 2-4: Reference GNSS scenario
· Companies should define typical and worst-case scenarios. FFS which one will be used for defining RRM requirements.
Due to the GNSS accuracy is not defined and controlled by 3GPP, so UE capability of GNSS accuracy should be defined. The requirements of UE transmit timing can be defined based on UE capability of GNSS accuracy.
Observation 4: The requirements of UE transmit timing can be defined based on UE capability of GNSS accuracy.

2.3.	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
By our analysis, the frequency pre-compensation can be ignored, and the legacy requirement for UE transmit frequency error can be reused, i.e. ±0.1PPM. The time pre-compensation accuracy requirements can be included in the requirements of UE transmit timing, i.e. relaxed Te will be defined based on UE capability of GNSS accuracy.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Observation 5: The legacy requirement for UE transmit frequency error can be reused for NTN UE.
Observation 6: Relaxed Te will be defined including time pre-compensation accuracy based on UE capability of GNSS accuracy.

3. Conclusion
This document discussed the topic of NTN RRM requirements and presented following observations and proposals:
Proposal 1: Sent LS to reply RAN1 LS question as above.
Observation 1: The ephemeris can be used for satellites and achieved from satellite system such as measured by earth station. 
Observation 2: The gNB can handle the HAPS without on-board GNSS with time and frequency pre-compensation and uplink transmit timing control signal NTA. UE pre-compensation should not be expected.
Observation 3: The UE transmit timing error requirements will be impacted by GNSS accuracy if positioning error is larger than 3m.
Observation 4: The requirements of UE transmit timing can be defined based on UE capability of GNSS accuracy.
Observation 5: The legacy requirement for UE transmit frequency error can be reused for NTN UE.
Observation 6: Relaxed Te will be defined including time pre-compensation accuracy based on UE capability of GNSS accuracy.
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5. Annex: LS of RAN1
1. Overall Description:
As part of the WI NR-NTN-solution, under agenda item 8.4.2, RAN1 discussed the NTN UL synchronization requirements in terms of time alignment and frequency error for:
· Initial access (i.e. PRACH transmission)
· UL transmissions in RRC CONNECTED State. 

RAN1 identified the following questions that need clarification from RAN4:
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

Note-1: The questions above are related to the requirements for signal reception at gNB side.
Note-2: From RAN1 side we would like to have the requirements such that they are including the “total accumulated error” in both time and frequency domain.

2. Actions:
To TSG RAN WG4
ACTION 1: RAN1 respectfully asks RAN4 to provide feedback on question 1 and any additional information that may help RAN1 understand the NTN requirement of UL time synchronization. 
ACTION 2: RAN1 respectfully asks RAN4 to provide feedback on question 2 and any additional information that may help RAN1 understand the NTN requirement of UL frequency synchronization
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