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Introduction
In the previous RAN4 WG meeting, WF R4-2103681 [1] was agreed capturing group consensus on the timing requirements for NR NTN UEs. The below box shows part of the agreements in the above mentioned WF regarding how to define RRM requirements for NR NTN UE timing.
	· [bookmark: _Hlk68033062]For NTN networks, RAN4 is to study how to define the timing requirements:
· Option 1: Define the requirements on UE transmit timing error limit and timing advance adjustment accuracy, provided that:
· UE self-estimating error of NTA is counted into the UE transmit timing error.
· Timing advance adjustment accuracy is derived from the sampling interval with minimum UL bandwidth.
· Option 2: Define the requirements on UE transmit timing error limit and timing advance adjustment accuracy, provided that:
· UE self-estimating error of NTA will be counted into the timing advance adjustment accracy.
· UE transmit timing error is derived from the UE capability of estimating downlink timing
· Option 3: Define the requirements on UE transmit timing error limit, UE self-estimating accuracy of NTA and timing advance adjustment accuracy, provided that:
· UE transmit timing error is derived from the UE capability of estimating downlink timing
· Timing advance adjustment accuracy is derived from the sampling interval with minimum UL bandwidth.
· UE self-estimating accuracy is derived from the accuracy of UE GNSS-acquired position and the serving satellite position 
· Other option is not precluded


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this paper we analyze the UE timing operations based on the assumption that the reference point for system timing procedures lies somewhere between the satellite and the gNB (network implementation). Under such circumstances, the UE make use of the estimated UE specific TA and the configured common TA from network to derive UL timing. In RAN4, we consider timing requirements for all related timing procedures and it is proposed that we should specify dedicated timing requirements for UE specific TA estimation and update, and the corresponding timing adjustment procedure.
Discussion
UE UL timing in NR NTN systems 
RAN1 discussed the methods for UE to update its TA so that it derives the UL timing correctly extensively in the previous meetings and formed quite wide-spread consensus among companies that the UE should derive its UL transmit timing according to the below function or something alike:

Where  is common TA configured from the network to inform UE the feeder link RTT after gNB compensation from the reference point;  is the UE specific TA for the service link estimated by UE itself based on at least GNSS-based UE position and satellite ephemeris information;  reuses the existing mechanism from R15. Note that this function applies to both open and close loop TA updates.
In accordance to the above elaboration, RAN4 needs to define corresponding UL timing requirements and eventually specify the test requirements to guarantee fair UE timing accuracy performance and further, guarantee fair system demodulation performance. In general, the UE derives the part of the TA that covers the propagation from itself to the satellite while the network figures out the other half of the propagation and inform the UE by common TA (after compensation). 
Specifically, each part of this UL timing procedure that needs dedicated UE operation needs RRM requirements. In the last RAN4 meeting, agreements for possible RRM timing requirements have been initially identified and there are already discussions and proposals on introducing either timing error, TA accuracy or new TA estimated accuracy/error for the abovementioned requirements. The below options are the ones left from the last meeting.
	· For NTN networks, RAN4 is to study how to define the timing requirements:
· Option 1: Define the requirements on UE transmit timing error limit and timing advance adjustment accuracy, provided that:
· UE self-estimating error of NTA is counted into the UE transmit timing error.
· Timing advance adjustment accuracy is derived from the sampling interval with minimum UL bandwidth.
· Option 2: Define the requirements on UE transmit timing error limit and timing advance adjustment accuracy, provided that:
· UE self-estimating error of NTA will be counted into the timing advance adjustment accracy.
· UE transmit timing error is derived from the UE capability of estimating downlink timing
· Option 3: Define the requirements on UE transmit timing error limit, UE self-estimating accuracy of NTA and timing advance adjustment accuracy, provided that:
· UE transmit timing error is derived from the UE capability of estimating downlink timing
· Timing advance adjustment accuracy is derived from the sampling interval with minimum UL bandwidth.
· UE self-estimating accuracy is derived from the accuracy of UE GNSS-acquired position and the serving satellite position 
· Other option is not precluded


The reason that option 1 does not work well is that the Te requirements only apply to the first transmission but for other UL transmissions there is no requirement if there is no TA update from the MAC CE. However in NTN, the UE needs to update its TA estimation every certain periodicity due to satellite-UE relative mobility.
Option 2 does not work well either since due to rather long RTT between gNB and UE the updates of UE specific estimated TA and the network configured MAC TA are not likely to be aligned in time and periodicity at all. In fact this is exactly the reason that 3GPP introduces dedicated UE TA updates in order to counter inefficient network TA updates due to super long RTT.
Proposal 1: RAN4 defines UE specific TA estimation and update accuracy requirements to guarantee fair UE UL transmission timing.
Proposal 2: An NTN UE is required to correctly estimate and update the UE specific TA value in every certain periodicity, based on its GNSS positions and satellite ephemeris information.
Observation 1: it is RAN1 to decide whether the UE updates the specific TA value by substitute TA values or by TA differences.
How does UE adjust its timing accordingly?
For an R15 UE, timing adjustment requirements require it to gradually adjust its timing when there is DL timing difference observed at the UE. See the below elaboration from TS 38.133.
	When the transmission timing error between the UE and the reference timing exceeds Te then the UE is required to adjust its timing to within Te. The reference timing shall be [image: ] before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these rules:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
2)	The minimum aggregate adjustment rate shall be Tp per second.
3)	The maximum aggregate adjustment rate shall be Tq per 200 ms.


The reason to apply gradual timing adjustment is to counter the sudden DL timing change due to something like instant blockage of the best propagation etc. The minimum aggregate adjustment rate requires the UE to at least adjust its timing with Tp in every second and the maximum aggregate adjustment rate requires the UE to at most adjust its timing with Tq in every 200ms.
For an NTN UE, similar requirements should apply to UE specific TA estimation and update. This is because the UE specific TA estimation is based on UE GNSS and satellite ephemeris which both impose possible sudden transitions. Thus, the UE is required to estimate and update its specific TA and adjust its timing gradually with certain minimum and maximum aggregate adjustment rate requirements.
Proposal 3:  An NTN UE is required to adjust its UL timing towards updated UE specific TA gradually, according to minimum and maximum aggregate adjustment rate requirements.
Open loop and close loop
RAN1 agreement in the last meeting [2] is that both open loop and close loop TA updates in CONNECTED mode apply to an NTN UE.
	Agreement:
For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for NTN.
FFS: Details of the combination of open and closed loop TA control


In our understanding, the applications of open loop or close loop or any kind of combination of the two depends on network configurations. Close loop here mainly corresponds to the R15 mechanism of network configured MAC based TA updates while open loop mainly corresponds to common TA and UE specific TA. RAN4 might need to specify dedicated requirements respectively for either open loop or close loop in case RAN1/2 introduce specific TA update procedures for any of them.
Observation 2: Open and close loop specific timing requirements are pending other WG discussions.
Conclusions
In this paper we analyze the UE timing operations based on the assumption that the reference point for system timing procedures lies somewhere between the satellite and the gNB (network implementation). Under such circumstances, the UE make use of the estimated UE specific TA and the configured common TA from network to derive UL timing. In RAN4, we consider timing requirements for all related timing procedures and it is proposed that we should specify dedicated timing requirements for UE specific TA estimation and update, and the corresponding timing adjustment procedure.
Proposal 1: RAN4 defines UE specific TA estimation and update accuracy requirements to guarantee fair UE UL transmission timing.
Proposal 2: An NTN UE is required to correctly estimate and update the UE specific TA value in every certain periodicity, based on its GNSS positions and satellite ephemeris information.
Observation 1: it is RAN1 to decide whether the UE updates the specific TA value by substitute TA values or by TA differences.
Proposal 3:  An NTN UE is required to adjust its UL timing towards updated UE specific TA gradually, according to minimum and maximum aggregate adjustment rate requirements.
Observation 2: Open and close loop specific timing requirements are pending other WG discussions.
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