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Introduction

In the previous RAN
-P and RAN4 meetings, there were extensive discussions on the support of ATG for 5G in Rel-17 and Rel-18. Given the latest RAN-P#95e preparation discussion for RAN4 Rel-18 package approval, in this contribution, we want to share more clarifications on the questions raised by interested companies to address the potential concerns.
Discussion              

2.1. ATG deployment scenario

Firstly, regarding the ATG deployment scenario, as illustrated in the following Figure 1, ATG BS is placed on the ground and ATG CPE is mounted on that aircraft and there is one direct radio communication link between ATG BS and ATG UE. 

For the scenario of ATG BS mounted on satellite node (connected with ground based BS via wireless feeder link similar as Rel-17 NTN satellite node) and ATG CPE is mounted on the aircraft especially for providing communication service across the pacific ocean or Atlantic ocean etc where it’s unlikely to deploy ATG BS on the ground, this is out of scope of this ATG WID in Rel-18.  
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Figure 1. the generic illustration of ATG deployment
Secondly, regarding the operating height of the civil aircraft should be between 3000m to 12000m and the flight routine of the civil aircraft is also well planned between the departure city and destination city. The flight speed of civil aircraft could be up to 800km/h to 1200km/h. 

Based on the above clarifications on practical ATG deployment, the following baseline assumptions for ATG WID could be summarized:
Observation 1: the baseline assumptions for ATG WID is summarized as following:
	ATG deployment
	ATG BS is placed on the ground and ATG CPE is mounted on that aircraft;

There is one direct radio communication link between ATG BS and ATG UE. 

	Aircraft height
	between 3000m to 12000m

	Aircraft speed
	800km/h to 1200km/h

	ISD of ATG cell
	100km to 200km and extreme case, the largest ISD could be up to 300km.

	Note : For the scenario of ATG BS mounted on satellite node (connected with ground based BS via wireless feeder link similar as Rel-17 NTN satellite node) and ATG CPE is mounted on the aircraft , this is out of scope of this ATG WID in Rel-18. 


2.2. The ephemeris information of ATG BS to ATG CPE 
During the Rel-17 NTN physical design, the following two ephemeris formats have been agreed to broadcast from satellite node to UE side and its detailed configuration parameters are agreed as following in RAN1#107-e meeting. It was confirmed again in RAN1#108-e meeting that PV ephemeris format (position and velocity state vector) for LEO/MEO/GEO may also be applied for HAPS/ATG.

Observation 2: the PV ephemeris information could be broadcast from ATG BS to ATG CPE.
Agreement(RAN1#107-e)
Confirm the working assumption made at RAN1#106-bis-e on serving satellite ephemeris bit allocations for LEO/MEO/GEO based non-terrestrial access network :

Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network.: 

Position and velocity state vector ephemeris format is 17 bytes payload. 

The field size for position (m) is 78 bits 

Position range is driven by GEO : +/- 42 200 km

The quantization step is 1.3m for position

The field size for velocity (m/s) is 54 bits 

Velocity range is driven by LEO@600 km: +/- 8000 m/s

The quantization step is 0.06 m/s for Velocity

Orbital parameter ephemeris format 18 byte payload 

Semi-major axis α (m) is 33 bits 

Range: [6500, 43000]km

Eccentricity e is 19 bits 

Range: ≤ 0.015

Argument of periapsis ω (rad) is 24 bits 

Range: [0, 2π]

Longitude of ascending node (Ω rad) is 21 bits 

Range: [0, 2π]

Inclination i (rad) is 20 bits 

Range: [- π/2 , + π/2]

Mean anomaly M (rad) at epoch time to is 24 bits 

Range: [0, 2π]

Conclusion(RAN1#108-e)
Confirm that the agreed position and velocity state vector ephemeris format for LEO/MEO/GEO may also be applied for HAPS/ATG.

2.3. Frequency pre-compensation 
Based on current specification, ATG CPE could estimate the Doppler shift based on ATG BS's ephemeris information including assumption on velocity and its own position/velocity and pre-compensate its frequency Doppler shift in UL transmission, which is similar as NTN (UE-satellite link). 

For DL, the DL frequency pre-compensation, whether relying on SSB/TRS detection and frequency correction or relying on the ephemeris information of ATG BS are left to implementation.

Observation 3: for frequency compensation of UL transmission, ATG CPE could utilize the ATG BS’s ephemeris information and its own position/velocity to estimate the Doppler frequency shift.
2.4. Timing pre-compensation 
Based on current specification, ATG CPE could estimate the TA based on ATG BS's ephemeris infomration and its own position in the similar way as NTN (UE-satellite link). The only difference between satellite and ATG is that no common TA is needed for ATG system. 
Observation 4: for timing compensation of ATG CPE UL transmission, ATG CPE could utilize the ATG BS’s ephemeris information and its own position/velocity to estimate the UL timing compensation.
Conclusions
In this contribution, we shared further consideration for ATG WID and some proposals are made as following:
Proposal 1: the baseline assumptions for ATG WID is summarized as following:
	ATG deployment
	TG BS is placed on the ground and ATG CPE is mounted on that aircraft;

There is one direct radio communication link between ATG BS and ATG UE. 

	Aircraft height
	between 3000m to 12000m

	Aircraft speed
	800km/h to 1200km/h

	ISD of ATG cell
	100km to 200km and extreme case, the largest ISD could be up to 300km.

	Note : For the scenario of ATG BS mounted on satellite node (connected with ground based BS via wireless feeder link similar as Rel-17 NTN satellite node) and ATG CPE is mounted on the aircraft , this is out of scope of this ATG WID in Rel-18. 


Observation 2: the PV ephemeris information could be broadcast from ATG BS to ATG CPE.

Observation 3: for frequency compensation of UL transmission, ATG CPE could utilize the ATG BS’s ephemeris information and its own position/velocity to estimate the Doppler frequency shift.
Observation 4: for timing compensation of ATG CPE UL transmission, ATG CPE could utilize the ATG BS’s ephemeris information and its own position/velocity to estimate the UL timing compensation.
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