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Introduction
In RAN4#106 meeting, the UE transmit timing requirements for R18 ATG were discussed and the achieved agreements have been captured in WF [1]. In this contribution, we will further discuss on the remaining open issues for R18 ATG timing requirements.
Discussion
For timing requirements, the following open issues in WF [1] are listed as follows:
	Issue 3-1-1: How to introduce UE based Timing pre-compensation
Agreement:
· UE-based timing pre-compensation for ATG network should be supported in case of 15KHz, 30kHz and 60kHz SCS.
· Network is expected to provide location information to assist UE-based timing pre-compensation for ATG network
· Option 1: Reuse SIB19 for ATG.
· Other options are not precluded
Issue 3-1-2: Initial transmit timing requirements Te
Agreement: 
· For Initial transmit timing requirements Te, UE pre-compensation timing error should be considered. 
· The GNSS accuracy is FFS.
· Option 1: 50m
· Option 2: 30m
· Others are not precluded.
Issue 3-1-3: Gradual timing adjustment
Agreement:
· Option 1: the Tq_ATG and Tp_ATG should be 5.5*64*Tc for all SCSs
· Option 2: For ATG, the Tq_ATG and Tp_ATG should be 9.5*64*Tc in FR1 and UL SCS 15kHz and 30kHz SCS. 
· Other options are not precluded.


RAN4 agreed to introduce UE-based timing pre-compensation for ATG network. The BS location information need to indicated to UE to perform UE specific TA estimation. For ATG network, BS location information is not UE specific and can be broadcasted to UE. How to design the signalling for indicating BS location information is RAN2’s work. There is no need to discussed whether to reuse SIB19 for ATG.
Proposal 1: For UE based timing pre-compensation in ATG network, it is suggested that the BS location information is broadcasted to UE, and the signalling design for BS location information is up to RAN2.
[bookmark: _Hlk126936800]Since RAN4 agreed to support UE-based timing pre-compensation for ATG networks, the UE initial transmit timing error requirements for ATG can be derived by the current UE initial transmit timing error requirements with adding the UE pre-compensation timing error. For ATG, UE can perform timing pre-compensation according to the propagation distance between BS location and UE location. BS location is indicated by network and UE location is based GNSS positioning. The UE pre-compensation timing error is from the GNSS positioning error. For ATG, it is suggested to assume the same GNSS accuracy for NTN UE, i.e. GNSS accuracy is assumed as 50m. Then, the timing error due to UE-based timing pre-compensation can be assumed as 10Ts.
Proposal 2: For UE pre-compensation timing error, GNSS accuracy is assumed as 50ms, and the UE initial transmit timing error requirements (Te_ATG) for ATG  can be defined as follows:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_ATG

	1
	15
	15
	22*64*Tc

	
	
	30
	20*64*Tc

	
	
	60
	20*64*Tc

	
	30
	15
	18*64*Tc

	
	
	30
	18*64*Tc

	
	
	60
	17*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]


For gradual timing adjustment, maximum aggregate timing adjustment rate is defined according to the time drift rate due to UE movement and frequency error. For ATG network, the flight speed is up to 1200km/h. Then, the required maximum autonomous timing adjustment step (Tq) for ATG network can be summarized as Table 2.
Table 2: maximum autonomous timing adjustment for AGT
	Parameters
	Values

	Frequency error
	±0.1 PPM

	Time drift due to frequency error per 200ms
	20 ns

	Time drift due to UE movement (1200km/h) per 200ms
	222.2 ns

	Total time drift (Unit: ns)
	242.2 ns (≈7.44Ts)

	UL SCS 
	15KHz
	30 KHz
	60 KHz

	Minimum Bandwidth of UL transmission
	5MHz
	5MHz
	10MHz

	Sample period of UL transmission
	4Ts
	4Ts
	2Ts

	Tq (without DigRF error)
	8Ts
	8Ts
	8Ts

	Tq (with 1.5Ts DigRF error)
	9.5 Ts
	9.5 Ts
	9.5 Ts

	Note: The time length of Ts equals to 1/30720000 second (≈ 32.55 ns)


Proposal 3: For ATG network, considering of up to 1200km/h flight speed, the requirements on Tp and Tq for gradual timing adjustment need to be defined as 9.5Ts.
Conclusions
In this paper we provided our analysis on timing requirements for ATG network. The followings are provided.
Proposal 1: For UE based timing pre-compensation in ATG network, it is suggested that the BS location information is broadcasted to UE, and the signalling design for BS location information is up to RAN2.
Proposal 2: For UE pre-compensation timing error, GNSS accuracy is assumed as 50ms, and the UE initial transmit timing error requirements (Te_ATG) for ATG  can be defined as follows:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_ATG

	1
	15
	15
	22*64*Tc

	
	
	30
	20*64*Tc

	
	
	60
	20*64*Tc

	
	30
	15
	18*64*Tc

	
	
	30
	18*64*Tc

	
	
	60
	17*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]


Proposal 3: For ATG network, considering of up to 1200km/h flight speed, the requirements on Tp and Tq for gradual timing adjustment need to be defined as 9.5Ts.
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