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1 Introduction
The Non-Terrestrial Network (NTN) SID [1] has three main objectives related to NTN:

· Physical layer control procedures (e.g. CSI feedback, power control)

· Uplink Timing advance/RACH procedure including PRACH sequence/format/message

· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
One key issue studied in the previous NTN SI reported in TR 38.811[2] was the prevalence of very high Doppler shifts on non-geostationary orbit (NGEO) satellite NTN links. It was resolved during that study that most of this Doppler shift can be removed by Doppler compensation at either the transmitter or the receiver. The Doppler shift due to any movement of the UE can either be compensated or coped with dependent on the sub-carrier spacing configured for the transmissions.
In this contribution, we provide our views on the specification of doppler compensation.
2 Discussion
From TR 38.811[2], any transmissions between the UE and gNB in a NGEO satellite system suffer a significant Doppler shift due mainly to the orbital high speed movement of the satellite. With knowledge of the satellite ephemeris and the satellite’s current orbital position, the doppler shift can be calculated. In [3] we suggested that once calculated, this doppler shift can be removed by pre-compensation at the transmitter – that is doppler compensation for the DL at the gNB and doppler compensation for the UL at the UE. Doppler post-compensation can also be done wherein the doppler is compensated at the receiver - this means doppler compensation for the DL at the UE and doppler compensation for the UL at the gNB. 
From TR 38.811[2], there is also significant Doppler shift variation along the orbit of the NGEO satellite especially if the orbit is not circular. This means that calculation of the doppler shift due to the orbital speed may not be a simple exercise especially for low cost UEs. If this is taken into account and only frequency tracking is done in the UEs while all doppler compensation is done at the gNB, then the gNB will post-compensate the UL and pre-compensate the DL for doppler. This means that depending on the choices that are made in the system design, there are three possibilities for compensating the doppler due to the satellite’s orbital speed:
1. gNB pre-compensates the DL, UE pre-compensates the UL

2. gNB post-compensates the UL, UE post-compensates the DL

3. gNB pre-compensates the DL, gNB post-compensates the UL

It was mooted during the previous NTN SI that the use of doppler compensation has no specification impact. We think it has to be clear to every UE about to attach to a given NTN network what to assume with respect to which of the above doppler compensation schemes is in use. It may be possible to configure the UE, for example via MIB, on the doppler compensation scheme in use. However, this presupposes that the sub-carrier spacing being used for the SSBs in the DL is large enough to allow successful DL synchronisation and PBCH decoding without explicit doppler compensation for all UE classes. If not, then the UE configuration either has to be done outside of the system or specified in some way.
Proposal 1: RAN1 should either decide on an appropriate doppler compensation scheme for NGEO NTNs or a non-NTN dependent means of configuring the UE with information on the doppler compensation scheme in use.

3 Conclusions
In this contribution, we have discussed the use of doppler compensation either at the gNB or the UE to remove the doppler shift due to the circular movement of the NGEO satellite. From the analysis we propose as follows:
Proposal 1: RAN1 has to either decide on an appropriate doppler compensation scheme for NGEO NTNs or a non-NTN dependent means of configuring the UE with information on the doppler compensation scheme in use.
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