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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 last RAN1 meeting [3] it was agreed that NTN UE in is required to support UE specific TA calculation and frequency pre-compensation based on its GNSS-acquired position and the serving satellite ephemeris at least in RRC_IDLE and RRC_INACTIVE 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). If the gNB is located in the gateway (for transparent payload case), 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 feeder link can be post-compensated by the gNB or pre-compensated by the UE. Support of pre-compensation of feeder link time and frequency offset at the UE requires indication of the corresponding delay and Doppler values. 
Proposal 1: 
· The following alternatives are considered to handle time and frequency offset introduced in feeder link
· Alt 1: pre-compensation at the UE side
· Requires indication of the corresponding delay and Doppler values to the UE
· Alt 2: post-compensation at the gNB side
[bookmark: _Hlk61635717]DL synchronization procedure may be more complex for NTN comparing to terrestrial networks due to larger frequency uncertainty. This frequency uncertainty and UE complexity for DL synchronisation can be reduced by applying pre-compensation of beam-specific or cell-specific frequency offset for DL transmission at the gNB side. Such possibility for beam-specific or 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 submitted to the last RAN1 meeting [4], 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. 
Observation 1: 
· Compensation of common frequency offset for DL transmission can be done in order to decrease UE complexity for DL frequency synchronization
· Indication of frequency offset value pre-compensated for DL transmission at the gNB side is not necessary to achieve UL synchronization
The following agreement was made at the last RAN1 meeting. 
	Agreement:
· In NTN, the network may broadcast 
· A common timing offset value 
· FFS details of the common timing offset
· FFS: A common timing drift rate
· Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:

Where:
is derived from the User specific TA self-estimation
 is derived at least from the common timing offset value if broadcasted by the network. The granularity of  and whether  is indicated as a Timing Advance or as a Timing Offset value [unit] are FFS. Upon resolving the FFS, one of the X in the equation will be removed.
· depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.
·  is specified in TS 38.211 section 4.1. 
· Note: UE will not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.


Since the propagation delay between gateway and satellite is rapidly changing for non-GEO scenarios the common timing offset value requires frequent update. In order to decrease the update rate indication of common timing drift rate can be supported if common timing offset indication is used to compensate propagation delay corresponding to feeder link. 
Proposal 2: 
· If common timing offset indication is used to compensate propagation delay corresponding to feeder link, indication of common timing drift rate should be supported
[bookmark: _GoBack]As it was stated above, at the last RAN1 meeting [3] 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 at least in RRC_IDLE and RRC_INACTIVE states. For UEs in RRC_CONNECTED state, TA indication and maintenance is supported by using TA commands transmitted by the gNB for Rel. 15 NR specification. In our view for NTN for UEs in RRC_CONNECTED state both TA determination mechanisms should be supported assuming that sufficiently accurate autonomous TA calculation with smooth update is supported at the UE side. 
Proposal 3: 
· For TA update in connected mode, combination of the following timing advance (TA) determination methods shall be supported for NTN
· UE autonomous TA determination based on UE position and satellite ephemeris
· TA commands received by the UE
3. Conclusion
In this contribution aspects related to UL time and frequency synchronization were discussed. The following proposals and observations are made.
Proposal 1: 
· The following alternatives are considered to handle time and frequency offset introduced in feeder link
· Alt 1: pre-compensation at the UE side
· Requires indication of the corresponding delay and Doppler values to the UE
· Alt 2: post-compensation at the gNB side
Observation 1: 
· Compensation of common frequency offset for DL transmission can be done in order to decrease UE complexity for DL frequency synchronization
· Indication of frequency offset value pre-compensated for DL transmission at the gNB side is not necessary to achieve UL synchronization
Proposal 2: 
· If common timing offset indication is used to compensate propagation delay corresponding to feeder link, indication of common timing drift rate should be supported
Proposal 3: 
· For TA update in connected mode, combination of the following timing advance (TA) determination methods shall be supported for NTN
· UE autonomous TA determination based on UE position and satellite ephemeris
· TA commands received by the UE
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