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1 Introduction

During RAN2 #111e meeting, the issue of whether UE specific pre-compensation is applied for all cases(LEO, GEO, HAPS) was discussed, and the email discussion rapporteur suggested the following working assumption:
UE-specific pre-compensation is baseline method for Rel-17 NTN for LEO and GEO (FFS if only common delay pre-compensation is sufficient for HAPS).
However, it was not agreed due to no consensus. In this contribution, we will address this issue for HAPS and ATG case.
2 Discussion
According to the NTN WID, enhancements for NTN should also cover HAPS and ATG(Air to Ground) case. For HAPS, TR38.821[1] lists its characteristics in table below:
Table 4.1-1: Types of NTN platforms

	Platforms
	Altitude range
	Orbit
	Typical beam footprint size

	Low-Earth Orbit (LEO) satellite
	300 – 1500 km
	Circular around the earth
	100 – 1000 km

	Medium-Earth Orbit (MEO) satellite
	7000 – 25000 km
	
	100 – 1000 km

	Geostationary Earth Orbit (GEO) satellite
	35 786 km
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point
	200 – 3500 km

	UAS platform (including HAPS)
	8 – 50 km (20 km for HAPS)
	
	5 - 200 km

	High Elliptical Orbit (HEO) satellite
	400 – 50000 km
	Elliptical around the earth
	200 – 3500 km


As marked in yellow, for HAPS, the altitude is around 20km with 5-200km beam footprint size. Then, the maximum distance difference would be around 100-20 = 80km, which can only be covered by preamble format 1 (the CP length can cover 100km cell radius). The preamble format with the second largest CP length is preamble format 2, which can over 25km cell radius. The drawback of preamble format 1 is that it is 2.3ms long, there are only 3 subframes in 10ms that preamble can be transmitted, limiting the number of RO. 
Observation:  For HAPS, current preamble format 1 can absorb the maximum time difference. However, preamble format 1 can only provide limited ROs (3 subframes per frame).

For HAPS, the orbit is stationary relative to earth, which means no frequency compensation for satellite movement is needed. However, the SCS of preamble format 1 is only 1.25kHz (corresponding maximum supported doppler shift is 2*SCS = 2.5kHz), it may not be able to support high speed UE (e.g. 500km/h) at frequency band higher than 6GHz due to large doppler shift(2.8kHz doppler shift for 6GHz frequency band and UE speed 500km/h).
From mobility point of view, location based cell selection/reselection/HO need to be considered for HAPS, which means UE needs to know the distance between the UE and the reference point of HAPS. Then, UE can easily perform UE specific TA pre-compensation based on the distance.
In sum, for HAPS, although current preamble format 1 can support the maximum differential delay, it would result in limited ROs and can not support high speed UE. UE specific TA pre-compensation can solve the problem with little additional requirement since UE anyway needs to acquire the distance between UE and reference point of HAPS for mobility purpose.
For ATG, there is no characteristics captured in TR38.821. As explained in RP-201629[1], ATG terminal is a special UE, aircraft to ATG gNB uses 5G air interface, and aircraft to passengers uses WiFi interface. The link between ATG and gNB is considered as service link. The cell size could be as large as 300km(diameter), and the flight speed could be up to 1200km/h [3].
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Figure 1 ATG scenario [2]
300km cell diameter cannot be supported by current preamble format as the maximum supported cell diameter is no large than 200km. UE specific TA pre-compensation can be used to solve the problem. And 1200km/h speed can result in very large doppler shift, which may be out of tracking ability. Frequency pre-compensation may be needed.
Proposal 1: For HAPS, UE specific TA pre-compensation is applied.
Proposal 2: For ATG case, UE specific TA pre-compensation is applied.

Proposal 3: A common UE pre-compensation solution is applied for GEO/LEO/HAPS/ATG case.
3 Conclusions  

Proposal 1: For HAPS, UE specific TA pre-compensation is applied.

Proposal 2: For ATG case, UE specific TA pre-compensation is applied.

Proposal 3: A common UE pre-compensation solution is applied for GEO/LEO/HAPS/ATG case.
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