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1 Introduction

One of the objectives of the Rel-17 NR NTN WI is to specify UL time and frequency synchronization enhancements for NR NTN. Issues arise in UL time and frequency synchronization since the propagation delay in NTN is much larger than what has been designed to be handled in legacy physical layer processes. The UE needs to be assisted using its assumed GNSS capabilities and/or additional network information regarding the satellite.
The following outcome was reached in RAN1#104-e meeting:

Agreement:
An NTN UE in RRC_CONNECTED state is required to support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.

FFS: Operation of closed loop and open loop TA control

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

Conclusion:

If DL frequency compensation for the service link Doppler is applied, indication of the amount of frequency compensation is necessary.
· FFS: support of DL frequency compensation for the service link Doppler.

Agreement:
· RAN1 to support satellite ephemeris broadcast based at least on one of the following format options:
· Option 1: Ephemeris format based on satellite position and velocity state vectors

· FFS: Details on state vectors formats 

· FFS: Details on time reference provisioning/format

· Option 2: Ephemeris format based on orbital elements

· FFS: Details on orbital elements formats 

· FFS: Details on time reference provisioning/format

· FFS: Whether down-selection is needed or both options are supported

In this contribution, we provide our views on some issues and open topics discussed in RAN1#104-e and previous meetings. 
2 Initial acquisition of TA
For NR NTN, it has been agreed in previous meetings that the network may broadcast a common timing offset value. Clarifications were also given on how UE in idle/inactive mode should calculate its TA before Msg1/MsgA transmission. This common TA can be used to reflect the propagation delay (shared by all UEs within the cell coverage) corresponding to the RTD between the assumed reference point (RP) for time synchronization and the satellite. Regarding the signalling design, a simple broadcast mechanism (SIB-based) should be sufficient to indicate existence and common TA value to UE.
Another topic discussed was the possibility to additionally broadcast a common timing drift rate. Motivation is to adjust the common TA offset taking into account the high variation of the RTD of the feeder link (between the gNB and the assumed RP), especially for LEO scenarios where the feeder link RTT may change at very high rate due to satellite movement. Such account can be beneficial for robust DL synchronization; however, it needs to be understood if it is feasible for network to implement in practice for high rate change, as too frequent updates may introduce large signalling overhead. In addition, specifying the additional information from network on drift rate may require more work to evaluate the accuracy of the compensation of the feeder link delay whose changing rate will not be constant but will depend on satellite position. Methods to better approximate common TA may need to be considered to alleviate these accuracy and signalling overhead issues.
Proposal 1: For common TA broadcast design, RAN1 shall consider drift rate accuracy and signalling overhead aspects.
Furthermore, the necessity of a TA margin, its value and how to indicate it to UE has been discussed, to account of overestimation of initial UE-specific TA. This margin seems to be needed to include for initial TA pre-compensation to avoid spec impact from a bipolar TA command in Msg2. It also seems preferable to absorb such margin within CTA as new indication would be obsolete for connected state as well as for RP at satellite. 
Proposal 2: If TA margin is introduced in NR NTN, its indication should be absorbed within common TA signalling.

Regarding now the discussion on extension of TAC range and values in RAR, it seems that TA margin discussions are already providing sufficient solutions. It also seems that TA margin can be within ~1μs in practice as reported by evaluations in previous meetings. This renders the extension of the range of TAC unnecessary.
3 TA update in connected mode
Open loop (i.e. autonomous TA update at UE side based on the RTD variation) and closed loop (i.e. legacy TA command + user/cell-specific time drift correction indicated by the gNB) options have been discussed in previous meetings for NTN. Adjustment of the TA by the UE, autonomously, may avoid frequent TA update signaling from satellite caused time drift, especially in LEO scenarios. In last meeting, it was agreed to update TA using combination of open and closed loop.
Obliging autonomous timing (and also frequency) adjustment at UE side in connected mode may raise issues in case of integrated modem/GNSS solution for all scenarios, e.g. if the GNSS radio shares the radio of 5G and they cannot be used simultaneously due to serious interference from/to each other, or due to single Tx/Rx chain, for example in case of RedCap UE. To accommodate those design options, for GNSS module to be available in connected state, suitable GNSS-specific measurement gaps may need to be defined.
Proposal 3: GNSS-specific measurement gaps should be defined to accommodate various UE design options for NR NTN.
4 Frequency adjustment
High and fast changing radial velocity between the UE and the satellite leads to high and unpredictable total Doppler experienced on the service link. In previous meetings it was agreed that UE in idle, inactive, or connected state shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link.
Furthermore, network may have to apply a common frequency offset pre-compensation on the Doppler shift of the DL transmissions and indicate such application to UE. In some scenarios, this will be helpful to keep the SSB searching space within reasonable size and reduce device complexity for synchronization; for example, in case of LEO with earth-moving beams. For earth-fixed beams, the frequency offset will not stay constant, but vary with a quite high Doppler shift variation rate. There might be options though to indicate this offset using elements which do not vary with time, e.g. reference point location on earth used as pre-compensation reference. 

Regarding gNB indication of UL transmission pre-compensation of a common frequency offset to all UEs, as proposed in previous meetings by some for gNB implementation flexibility, it may not be needed if closed-loop frequency control command by MAC-CE is supported.
Finally, knowledge about frequency pre-compensation performed at neighbouring cells could help UE to understand synchronous/asynchronous deployment and can improve device performance by accurately activating features related to receiver operation that may depend on such assumption (e.g. interference mitigation related features).
Proposal 4: RAN1 to consider indication to UE regarding frequency pre-compensation performed at neighbouring cells.
5 Satellite ephemeris broadcast
It has been agreed that UL timing/frequency synchronization can rely on the real-time serving satellite orbit prediction via its ephemeris and two main format options are considered for gNB to broadcast such serving satellite ephemeris: based on orbital elements or PV state vectors. Generally, UE has to have capability to perform some satellite orbit propagation calculation based on provided ephemeris format for orbit representation at a reference time, and orbit prediction error should be kept small. While the choice of the ephemeris format will also drive the choice of the orbit calculation model, the actual model can be left to UE implementation. Maybe instant state vector with implicit time option leads to less straightforward calculation of propagation delay and Doppler. However, satellite trajectory or next satellite fly by determination may be unnecessary in some cases (e.g. IoT oriented UE) or just needed to be calculated quite infrequently in other cases (e.g. when GNSS capability can be used to determine future states for long enough period).
In terms of power consumption, it is expected that the impact of NTN SIB reading will be negligible, irrespectively of the format. One other aspect though to consider is the signaling overhead and the possible constraints on storing satellite ephemeris in the UE as well as ephemeris data updating when requested by the network. These constraints will generally depend on how often the ephemeris will be updated, its format size, as well as how many satellites' ephemeris the UE should keep track of. Generally, for only a few tens or hundreds of bytes, load may be considered negligible, but if update frequency is at e.g. 1 sec level this might prove too fast for some storing options. 

Apart from serving satellite ephemeris, constellation data can also be used by some UE in initial satellite/cell search, before SSB detection, when UE has been off for a long time. When UE wakes, with stored constellation ephemeris data it can acquire faster the satellite direction and perform cell detection procedure faster. In addition, ephemeris of neighbouring cells may be useful to identify NTN scenario; such ephemeris (maybe partial format) can be seen by UE in comparison to serving cell’s ephemeris so as to recognize the scenario and identify if the cell is LEO or GEO, as has been discussed in RAN2. Also, such information can be useful for mobility management and TA pre-compensation. A unified broadcasting design should possibly have to be considered, to accommodate all the cases discussed above.
Proposal 5: RAN1 to discuss signaling overhead and frequency update of satellite ephemeris broadcast design, considering altogether the serving satellite, constellation, and neigbouring cells’ ephemeris data.
6 Conclusion
In this contribution, we provide views on aspects of timing relationship enhancements for NR NTN. We have the following proposals:  

Proposal 1: For common TA broadcast design, RAN1 shall consider drift rate accuracy and signalling overhead aspects.

Proposal 2: If TA margin is introduced in NR NTN, its indication should be absorbed within common TA signalling.

Proposal 3: GNSS-specific measurement gaps should be defined to accommodate various UE design options for NR NTN.

Proposal 4: RAN1 to consider indication to UE regarding frequency pre-compensation performed at neighbouring cells.
Proposal 5: RAN1 to discuss signaling overhead and frequency update of satellite ephemeris broadcast design, considering altogether the serving satellite, constellation, and neigbouring cells’ ephemeris data.

