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1. Introduction
RAN1 made the following agreements regarding the epoch time and validity time of the serving satellite ephemeris:
	· The serving satellite ephemeris and common TA related parameters are signaled in the same SIB message and have the same epoch time.
· UTC (Universal Time Coordinated) is not provided to define the epoch time.
· The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the uplink time synchronization reference point and should be known by UE.
· When explicitly provided through SIB1 or dedicated signaling, epoch time of assistance information is the starting time of a downlink sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. 
· When indicated in SIB (System Information Block) other than SIB1, epoch time of assistance information is implicitly known as the end of the SI window during which the SI message is transmitted.
· NTN ephemeris validity timer should be started/restarted with configured timer validity time duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data)


The epoch time and validity time is used by UE to determine the accurate and valid position of a satellite. As RAN2 assumes the UE needs to have neighbour satellite ephemeris for the propagation delay estimation, this contribution discusses on how to provision the epoch time and validity time of neighbour satellite ephemeris.
2. [bookmark: Proposal_Beacon]Discussion
For the moving satellites as LEO, part or all of the parameters in the ephemeris vary over time. With serving satellite ephemeris associated with a time point (namely epoch time) provisioned, UE can calculate the serving satellite position at current or future time point as long as it is valid. To ensure the accuracy and validity of UE calculation, RAN1 confirmed that it is necessary to provide the epoch time and the validity time duration of the serving satellite ephemeris to the UE. Other information related to uplink time synchronization, including the common TA and its changing rate, can also be indicated with the epoch time and the validity time duration to guarantee accuracy and validity.
Similarly, to calculate the current accurate and valid position of a neighbour satellite and thus the propagation delay between UE and a neighbour satellite, UE needs to know the epoch time and validity time duration associated with neighbour satellite ephemeris. Meanwhile if uplink synchronization to a neighbour satellite is needed (e.g. handover to a neighbour cell that belongs to a neighbour satellite), UE also needs to know the epoch time and the validity time duration associated with neighbour satellite common TA or feeder link delay.
Observation 1: The epoch time and validity time duration associated with neighbour satellite ephemeris are needed at UE for propagation delay estimation.
As for now UE is only allowed to be provisioned with the epoch time and validity time duration of the serving satellite information, the only possible way of provisioning the epoch time and validity time duration of a neighbour satellite is to receive the SI broadcasted by a neighbour satellite (Figure 1). To make it possible:
1) The UE needs to be covered by a neighbour satellite at the same time, which is at least unlikely for the quasi-Earth-fixed scenario wherein a neighbour satellite only starts to cover the same area of the serving satellite when it stops covering, or for the discontinuous coverage scenario with sparse satellite constellation. And,
2) The UE needs to be configured with measurement gap and SMTC window during which UE can perform RF switch for reception from a neighbour satellite. However as discussed in RAN2, the network may not configure appropriate measurement gap or SMTC window without knowledge of the propagation delay between UE and a neighbour satellite, which needs to be calculated based on neighbour satellite ephemeris.
Even if 1) and 2) are fulfilled, the UE needs to at least receive the MIB and SIB1 of the neighbour satellite if the necessary information is included in SIB1, and it may need to consume more power to receive other SIBs that includes the necessary information. Based on the current discussion in RAN1 and RAN2, it is more likely that the neighbour satellite ephemeris and other related information will be included in a new SIB (e.g. SIBx) other than SIB1, and in this case the UE needs to receive the MIB, SIB1 and SIBx from a neighbour satellite, which is inefficient in power consumption.
Observation 2: It could be impossible or inefficient for a UE to directly acquire the epoch time and validity time associated with neighbour satellite ephemeris from a neighbour satellite.
A better way to solve this issue is to provide the epoch time and validity time duration associated with neighbour satellite ephemeris by the serving satellite. The UE can obtain without neighbour satellite coverage and can directly use it for calculation.
For the gNBs belonging to the same network or the satellites belonging to the same constellation, the serving gNB may already have the epoch time and validity time associated with neighbour satellite ephemeris prestored. Otherwise, the serving gNB may need obtain from another gNB first. The format of the epoch time and validity time associated with neighbour satellite ephemeris could differ from that of the serving satellite ephemeris and format convert may be needed, but this can be left to network implementation.
Proposal 1: The epoch time and validity time associated with neighbour satellite ephemeris is provisioned to the UE by the serving gNB.
The serving satellite ephemeris is mainly used for TA pre-compensation before RACH, while the neighbour satellite ephemeris is mainly used in CONNECTED mode for propagation delay estimation. Therefore the epoch time and validity time associated with neighbour satellite ephemeris can be provisioned via RRC signaling to reduce SI size.
Proposal 2: The epoch time and validity time associated with neighbour satellite ephemeris can provisioned to the UE by wither RRC signalling or SI broadcasting.
To further save signalling overhead, network implementation can guarantee that the epoch time and validity time associated with neighbour satellite ephemeris have the same format or even the same value as that associated with serving satellite ephemeris. This could be explicitly indicated by network or implicitly indicated as default.
Proposal 3: If network does not provision the particular values of the epoch time and validity time associated with neighbour satellite ephemeris to the UE, the UE considers that the epoch time and validity time associated with neighbour satellite ephemeris have the same values as that of associated with serving satellite ephemeris.
3. Conclusion
In this contribution, we discuss how to provision the epoch time and validity time of neighbour satellite ephemeris. The following observation are given:
Observation 1: The epoch time and validity time duration associated with neighbour satellite ephemeris are needed at UE for propagation delay estimation.
Observation 2: It could be impossible or inefficient for a UE to directly acquire the epoch time and validity time associated with neighbour satellite ephemeris from a neighbour satellite.
And we propose:
Proposal 1: The epoch time and validity time associated with neighbour satellite ephemeris is provisioned to the UE by the serving gNB.
Proposal 2: The epoch time and validity time associated with neighbour satellite ephemeris can provisioned to the UE by wither RRC signalling or SI broadcasting.
Proposal 3: If network does not provision the particular values of the epoch time and validity time associated with neighbour satellite ephemeris to the UE, the UE considers that the epoch time and validity time associated with neighbour satellite ephemeris have the same values as that of associated with serving satellite ephemeris.
3

