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1. Introduction
At the 3GPP TSG RAN meeting #86 the new work item (WI) on solutions for NR to support non-terrestrial networks (NTN) was approved in [1]. The NR NTN WI aims to specify the enhancements identified for NR NTN especially LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed.
According to the 3GPP TR 38.821 [2] changes to NR specification are required to support NTN due to long propagation delays, Doppler effects, and moving cells. One of the main challenges for NTN to operate is UL time and frequency synchronization. In this contribution aspects related to UL time and frequency synchronization are discussed considering principles identified in [1]. 
2. Discussion
At the previous RAN1 meetings [3, 4] it was agreed that NTN UE is required to support UE specific TA calculation and frequency pre-compensation based on its GNSS-acquired position and the serving satellite ephemeris in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED states. Thus, it is assumed that UE applies UE-specific autonomous TA and frequency offset pre-compensation for UL transmission to compensate delay and Doppler for the link between the satellite and the UE (service link). 
For transparent payload case where gNB is located near the gateway on the ground, UL signal received at the gNB has time and frequency offset which is common for all UEs corresponding to the delay and Doppler in the link between satellite and the gateway (feeder link). The time and frequency offset introduced in the feeder link can be post-compensated by the gNB or pre-compensated by the UE. For the compensation of feeder link delay, it was already agreed in [3] to support common TA indication which allows to enable deployment with aligned UL and DL timing at the gNB. In order to decrease the overhead of common TA reconfiguration for non-GEO satellite case indication of common TA drift rate is required. Furthermore, to decrease the overhead of common TA and common TA drift rate reconfiguration indication of common TA drift variation rate can be considered which is the second derivative of the common TA (as a function of time). 
Alternately, indication of reference point for pre-compensation can be supported. In this case UE can determine common TA based on the distance between satellite and reference point and update it autonomously. 

Proposal 1: 
· Support at least common TA drift rate indication
· Alternatively, broadcast of reference point for pre-compensation of feeder link delay can be considered to avoid frequent reconfiguration
At the last RAN1 meeting the need of TA margin was discussed. In our view there is no need to introduce separate configuration for TA margin since it can be considered within common TA.
Observation 1: 
· Separate configuration for TA margin is not needed since it can be considered within common TA
[bookmark: _Hlk61635717]DL synchronization procedure may be more complex for NTN comparing to terrestrial networks due to larger frequency uncertainty at the UE side introduced by Doppler shift in service link. This frequency uncertainty for DL synchronisation can be reduced by applying pre-compensation of cell-specific frequency offset for DL transmission at the gNB side. Such possibility for cell-specific frequency offset pre-compensation for DL should be considered for UL synchronization to avoid potential misalignment of UL carrier frequency expected at the gNB receiver. As it was shown in our contribution [5], it is not necessary to indicate the value of frequency offset for pre-compensation applied for DL transmission since this value is known at the gNB side and post-compensation for UL transmission can be applied at the gNB. However, the indication of cell-specific frequency offset is needed for handover and inter-cell measurements. Thus, we propose to support DL frequency compensation for the service link Doppler with indication of the applied frequency pre-compensation value. 
Proposal 2: 
· Support DL frequency pre-compensation for the service link Doppler
· Indication of the applied frequency pre-compensation value is required
For the frequency shift introduced in feeder link channel for transparent payload case, pre/post-compensation can be applied at the gateway without any impact on the NR specification. Compensation of feeder link Doppler shift by the UE may be problematic due to use of different bands for feeder link and service link.
Proposal 3: 
· It is assumed by RAN1 that compensation of feeder link Doppler shift is done at the gateway side for UL/DL
In [6] RAN2 provides LS to RAN1 with the following actions highlighted by italic font with comments from RAN1 perspective below each action.
1) RAN2 respectfully requests RAN1 to prioritize the TA pre-compensation work on: (i) whether and/or what parameters to broadcast for TA pre-compensation, and (ii) when broadcasted, how often the broadcasted parameters are expected to change over time. 
· More discussion in RAN1 is needed since the details of the common TA indication and common TA drift indication (if supported) are not defined yet. This topic is related to proposal 1 in this tdoc.
2) RAN2 respectfully requests RAN1 to provide input on: (i) how UE determines UE-gNB RTT, and (ii) what additional information needs to be broadcasted other than that for TA pre-compensation, if any.
· RAN1 should inform RAN2 that UE-gNB RTT is sum of the feeder link RTT and service link RTT, where feeder link RTT can be indicated by the gNB as common TA and service link RTT is determined by the UE based on GNSS information and satellite ephemeris broadcasted by the gNB.
3) RAN2 respectfully requests RAN1 to provide input on the exact content and frequency of UE reporting of information about the UE specific TA pre-compensation at least for uplink scheduling adaptation.
· More discussion in RAN1 is needed on this issue. In our view UE-specific TA reporting should be supported. However, in our view high accuracy is not required, e.g. accuracy of one slot should be enough. 
3. Conclusion
In this contribution aspects related to UL time and frequency synchronization were discussed. The following proposals and observations are made.
Proposal 1: 
· Support at least common TA drift rate indication
· Alternatively, broadcast of reference point for pre-compensation of feeder link delay can be considered to avoid frequent reconfiguration
Observation 1: 
· Separate configuration for TA margin is not needed since it can be considered within common TA
Proposal 2: 
· Support DL frequency pre-compensation for the service link Doppler
· Indication of the applied frequency pre-compensation value is required
Proposal 3: 
· It is assumed by RAN1 that compensation of feeder link Doppler shift is done at the gateway side for
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