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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
[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 [3], 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, since the value of frequency shift pre-compensation for UL at the UE is calculated based on absolute value of carrier frequency there is additional frequency error introduced for UL transmission if UE is not aware about the DL Doppler pre-compensation. 
Thus, indication of Doppler pre-compensation for DL is beneficial. However, there are some technical challenges to implement Doppler pre-compensation for DL in case of variable frequency shift (i.e. for non-GEO satellite deployments with fixed beams). For deployments with constant Doppler shift (GEO or non-GEO with moving beams) indication of Doppler pre-compensation with granularity of SSB SCS can be supported. In order to avoid unnecessary issues at the UE side additional constraint can be introduced to avoid abrupt change of pre-compensation value.
For scenarios with variable Doppler (non-GEO with fixed beams), in order to maintain DL synchronization without any issues, abrupt changes of DL central frequency shall be avoided. It can be achieved by updating pre-compensation value once per several milliseconds (e.g. with SSB periodicity). In order to support Doppler pre-compensation for this case without significant indication overhead, indication of reference point for Doppler pre-compensation can be considered.  Similar to the previous case, to avoid unnecessary issues at the UE side additional constraint can be introduced to avoid abrupt change of pre-compensation value.
Proposal 1: 
· For GEO or non-GEO with earth-moving beams, common Doppler pre-compensation for DL may be indicated in SIB
· Granularity of SSB SCS is used
· It is not expected by the UE that value of common Doppler pre-compensation is changed during connection time
· For earth-fixed beams (non-GEO), information about time-varying common Doppler pre-compensation for DL can be indicated in SIB
· Location of reference point for DL frequency compensation can be used
· It is not expected by the UE that the location of the reference point is changed during connection time
At the last RAN1 meeting the following agreement was made on reference time definition for satellite ephemeris.
	Agreement:
[bookmark: _Hlk86853063]Common TA Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.
· FFS: Whether this starting time is given by predefined rule or it is indicated by the Network
· Note: “implicitly known” means that UTC is not provided to define the Common TA epoch time.


In our view there is no need to indicate additional information for reference time for satellite ephemeris since it can be determined based on starting time of DL slot in which system information with satellite ephemeris is transmitted. Proposal 2: 
· Common TA Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame by using pre-defined rule without additional indication
3. Conclusion
In this contribution aspects related to UL time and frequency synchronization were discussed. The following proposals and observations are made.
Proposal 1: 
· For GEO or non-GEO with earth-moving beams, common Doppler pre-compensation for DL may be indicated in SIB
· Granularity of SSB SCS is used
· It is not expected by the UE that value of common Doppler pre-compensation is changed during connection time
· For earth-fixed beams (non-GEO), information about time-varying common Doppler pre-compensation for DL can be indicated in SIB
· Location of reference point for DL frequency compensation can be used
· It is not expected by the UE that the location of the reference point is changed during connection time
Proposal 2: 
· Common TA Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame by using pre-defined rule without additional indication
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