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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
In June 2018, the study item “Study on NR to support non-terrestrial networks” was completed. Potential impacts have been identified (see [1] for the full list) and solutions are currently investigated in the study item “Solutions on NR to support non-terrestrial networks”. From a RAN1 perspective, TUs have been allocated starting from April 2019 to November 2019. The following objectives for RAN 1 have been approved in [2] :
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· 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.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1].
This contribution focuses on the Doppler shift pre/post-compensation mechanism which can be applied at the satellite payload side. It consists in compensating the Doppler shift due to satellite mobility experienced at the centre of each beam. As Doppler shift pre/post-compensation was not considered in [1], maximal residual frequency error values due to both satellite and UE mobility after pre/post-compensation will be evaluated in this contribution.


2. Pre-compensated Doppler shift in LEO/MEO constellations
For LEO and MEO constellations, satellite mobility leads to frequency shift values that are currently not covered by current 5G specifications [1][2].


In this document, we introduce a simple solution to reduce the worst case Doppler shift values proposed in [1] in multi-beam satellite systems. The idea is to operate a “blind” frequency shift compensation on the satellite side. Based on the satellite ephemeris and the beam layout it is possible to predict precisely the relative radial velocity between the satellite and the center of each beam noted . Then, the Doppler frequency shift due to satellite mobility is compensated on board as if all the served UEs were at the beam center. 
Note that this approach is applicable for both DL (pre-compensation) and UL (post-compensation) transmissions. It is also applicable for both earth fixed-beams and moving beams scenario. In the first case, the pre-compensated value must be adjusted with time. In the second case, the same value is applied at all time for a given beam.
Proposal 1 : The pre/post Doppler shift compensation mechanism at the satellite side discussed above should be assumed as a baseline for LEO/MEO NTN scenarios.
An example is illustrated in the figure below for moving beams scenarios :
[image: ]
Figure 1 : Doppler pre/post compensation in a multi-beam satellite system
As a consequence, the Doppler shift due to satellite mobility is partially compensated inside the beam but perfect counterbalance can only be achieved at the beam center for a fixed UE. The residual frequency error can be computed based on the following formula :


Where :
· 
 denotes the relative radial velocity of the satellite in relation to the beam center (in blue on the figure).
· 
 denotes the relative radial velocity of the satellite in relation to the UE (in green on the figure).
· 
 denotes the light velocity.
· 
 denotes the carrier frequency.
Remaining Doppler shift after pre-compensation is therefore highest at the edge of the beam and depends on beam size.

Effectively, the maximal residual frequency error after pre/post-compensation will be experienced in beams characterized by high elevation angles. In the above example, maximal residual frequency error after pre-compensation will be observed at the edge of beam 0 coverage. Note also that  is null for beam 0.
In this contribution, maximal residual frequency error values  due to both satellite and UE mobility have been evaluated (cf. Table 1) assuming the discussed Doppler shift pre/post-compensation mechanism is applied. The following assumptions have been made :
· The earth curve has been taken into account in the computation. 
· The earth rotation has not been taken into account in the Doppler shift computation. In fact, it does not have any impact when polar orbits are considered. Generally speaking, polar orbits can be seen as a worst study case in terms of Doppler shift compared to inclined orbits because it is assumed that for inclined orbits satellites rotate in the “same” direction as the earth rotates on its polar axis[footnoteRef:1]. [1:  This design choice is driven by the expectation to maximize satellites visibility periods.] 

· Concerning transparent satellite scenarios, the Doppler shift experienced on the feeder link has been neglected. One can assume it can be almost perfectly compensated at the gateway station.
	Scenario
	Satellite altitude [km]
	Beam footprint diameter [km]
	UE velocity [km/h]
	Max Doppler shift residual error due to both satellite and UE mobility normalized by the carrier frequency [ppm]

	C & D
	600
	200
	1000
	+/-4,30

	C & D
	600
	200
	500
	+/-4,22

	C & D
	600
	200
	0
	+/-4,14

	C & D
	1200
	200
	1000
	+/-2,1

	C & D
	1200
	200
	500
	+/-2,05

	C & D
	1200
	200
	0
	+/-2,01


[bookmark: _Ref3366074]Table 1 : Maximal residual frequency error values due to both satellite and UE mobility
Proposal 2 : The maximal residual frequency error values due to both satellite and UE mobility presented in Table 1 should be captured in [3]  and assumed as a baseline in the system level and link level assumptions for LEO/MEO scenarios.
3. Conclusion
In this paper, the following proposals and observations  have been made :
Proposal 1 : The pre/post Doppler shift compensation mechanism at the satellite side discussed above should be assumed as a baseline for LEO/MEO NTN scenarios.
Proposal 2 : The maximal residual frequency error values due to both satellite and UE mobility presented in Table 1 should be captured in [3]  and assumed as a baseline in the system level and link level assumptions for LEO/MEO scenarios.
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