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1.	Introduction
In this contribution, we propose a clarification on the reference timing for UE transmission timing accuracy error measurement during the test.
2. 	Discussion
In the previous RAN4 meeting, a quite intensive discussion on the reference timing for UE transmission timing accuracy error measurement took place and concluded that it can be further clarified when RAN4 develops corresponding test cases. We believe companies understand what are left in a gray area in UL timing error requirements. RAN4 already agreed or at least share a common understanding that the timing accuracy shall not be based on a true satellite position. That is because the accuracy will depend on NTN specific SIB (carrying timing related information) transmission periodicity and the error included in the broadcasted information which are all up to network implementation. Therefore, RAN4 has to discuss and define how to define the ideal UE UL timing to measure UL transmission timing error.
In NTN, as opposed to TN, frame boundary keeps changing over time unless it is GEO. Therefore, UE has to predict downlink slot/frame boundary based on UE location and NW assistance information such as satellite Ephemeris information and feeder link time drift information before transmitting UL signals/channels. In order to define UE requirements on uplink transmission timing accuracy, a specific reference timing of the propagation delay derivation shall be precisely defined because it is not fixed and will change the amount of measured timing error. Besides, for the propagation delay derivation, satellite mobility should be modeled based on a specific algorithm.
The time varying timing relation between UE and uplink timing synchronization reference point is illustrated in Fig 1 and Fig 2. As can be seen from the diagrams, UE DL reception timing keeps changing. And according to the technical report of NTN (TR38.821), maximum delay variation for LEO 600km can be up to 0.8 µs/20msec, which means the change from T0 to T4 can be more than CP, therefore, UE has to predict a reference DL reception timing, corresponding to UL slot index where UE transmits the UL signal/channel, based on UE location, Ephemeris information, and Timing drift information. For the prediction, a UE will use a specific propagation model which will be eventually also part of UL timing accuracy requirements. However, when UE timing accuracy is measured, any inaccuracy in Ephemeris information provided by serving cell should not be part of UE requirements.
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Fig 1. Reference system model of timing relation between UE and UL timing synchronization reference point in NTN
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Fig 2. Timing Relation between UE DL Reception and UE UL Transmission

Based on the diagrams above, we propose a time reference for UE UL transmit timing accuracy measurement. The reference time shall not include inaccuracy of Ephemeris information, i.e. satellite positions needed to derive the time reference should not be based on true satellite positions but projected based on the provided Ephemeris and a propagation model. For the propagation model, it should be more accurate than a reference model which is one of the most accurate models that can be used by real UEs so that UE using an accurate model is not penalized. Based on our survey on orbit propagation model, Eckstein-Hechler based propagator predicts better than the basic-Kepler model because it considers the effect of non-spherical Earth. Therefore, we agree that the Eckstein-Hechler based propagator model can be used to define the reference timing in UE UL timing requirements. On the other hand, as commented from other UE vendors in the last meeting, the reference model may limit UE implementation on the propagator model. We are open to further discussion. 

Proposal 1: In test cases, for UE transmit timing and timing advance error measurements, a time reference is defined as the downlink timing of the reference cell minus (N_TA + N_{TA,UE-specific} +N_{TA,common} + N_{TA,offset}) x T_c where
· Reference timing of downlink is the DL slot corresponding to UL slot index where UE transmits the UL signal/channel.
· Reference timing of N_{TA,UE-specific} is S3 + S4, where
· for S3, the slot when the UL transmission is supposed to arrive at the target satellite based on provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and a reference propagator model
· for S4, the slot when the DL transmission corresponding to the reference timing of downlink is supposed to arrive at the target satellite based on actual received time of the slot and provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and a reference propagator model
· The reference propagator model shall be defined in RAN4 in such a way that those UEs using more accurate propagator model than the reference model are not penalized. The reference model can be determined based on companies’ input. And Eckstein Hechler based propagator model can be one of the candidate models.
· Reference timing for N_{TA,common}, F3+F4, is derived according to N_{TA, common} related parameters broadcasted within a validity duration.
· Note that downlink frame boundary should also be adjusted according to open-loop TA control related parameters provided by serving cell.
· The above proposals are illustrated in Figure 2.
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Fig 2. Timing Relation between UE DL Reception and UE UL Transmission
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