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Introduction
In RAN4#106bis-e 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 issues for R18 ATG timing requirements.
Discussion
For ATG timing requirements, RAN4 the following open issues in WF [1] are listed as follows:
	Issue 3-1-1: How to acquire reference location information (e.g. BS location information) 
Agreements:
· Wait the feedback from RAN2

Issue 3-1-2: GNSS error assumption for initial transmit timing requirements Te_ATG
Webinar offline Agreements:
· 40m for GNSS accuracy assumption
· Do not define 60KHz UL Te requirements

[bookmark: _Hlk133265185]Issue 3-1-3: Initial transmit timing requirements Te_ATG
Agreements:
· Exclude the 60 kHz SCS 
· Te, GNSS_error = 8x64xTc

[bookmark: _Hlk133265205]Issue 3-1-4: Gradual timing adjustment
Agreements: 
· Tq_ATG and Tp_ATG should be 9.5*64*Tc in FR1 and all SCSs


[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. In RAN2#121bis-e meeting, a LS [2] from RAN2 was sent to RAN4. It is mentioned that the exact base station’s location is sensitive information and not suitable to be indicated directly. The indicated BS location may be not aligned with the actual base station. It is up to network implementation on how to set the ATG ground station reference location, which does not rely on UE capability. We suggest that the UE specific TA is derived from the indicated BS location and the estimated UE location. The timing error due to the difference between the actual base station location and the indicated base station location is not taken into initial transmit timing error requirements.
Proposal 1: For ATG network, it is suggested that the ideal UE-specific TA is based on the indicated BS location and the actual UE location, where the UE pre-compensation timing error does not consider the timing error due to the misalignment between the indicated BS location and the actual BS location.
The UE pre-compensation timing error is from the GNSS positioning error. In last meeting, RAN4 has agreed to assume 40m GNSS positioning error for ATG UE, i.e. the timing error due to UE-based timing pre-compensation can be assumed as 8Ts.
Proposal 2: For ATG network, the UE initial transmit timing error requirements (Te_ATG) can be defined as follows:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_ATG

	1
	15
	15
	20*64*Tc

	
	
	30
	18*64*Tc

	
	
	60
	N/A

	
	30
	15
	16*64*Tc

	
	
	30
	16*64*Tc

	
	
	60
	N/A

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


For gradual timing adjustment, RAN4 achieved the agreement on the maximum aggregate timing adjustment step and the minimum aggregate timing adjustment rate. Since the case of SCS=60kHz is excluded for initial transmit timing requirements. Accordingly, the case of SCS=60kHz is also excluded for gradual timing adjustment requirements.
Proposal 3: For ATG network, the maximum autonomous time adjustment step (Tq_ATG) and the minimum aggregate adjustment rate (Tp_ATG) for gradual timing adjustment requirments can be defined as follows:
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_ATG
	Tp_ATG

	1
	15
	9.5*64*Tc
	9.5*64*Tc

	
	30
	9.5*64*Tc
	9.5*64*Tc

	
	60
	N/A
	N/A


In RAN2#121bis-e meeting, a LS [2] from RAN2 was sent to RAN4. It is mentioned that the exact base station’s location is sensitive information and not suitable to be indicated directly. RAN2 ask RAN4 to provide information on any required ATG ground station reference location accuracy. For UE-based timing pre-compensation, if there is position error between the actual base station location and the indicated base station location, then an additional timing error due to the base station location uncertainty will be introduced into AGT UE transmit timing error, which may impact the reception performance of uplink at base station side. How large the additional timing error can be handled relies on BS capability. Since the position error between the actual base station location and the indicated base station location is known for network, the additional timing error due to the base station location uncertainty can be predicted by network. It is up to network implementation on how to set the ATG ground station reference location accuracy.
Proposal 3: For ATG network, it is up to network implementation on how to set the ATG ground station reference location accuracy.
Conclusions
In this paper we provided our analysis on timing requirements for ATG network. The followings are provided.
Proposal 1: For ATG network, it is suggested that the ideal UE-specific TA is based on the indicated BS location and the actual UE location, where the UE pre-compensation timing error does not consider the timing error due to the misalignment between the indicated BS location and the actual BS location.
Proposal 2: For ATG network, the UE initial transmit timing error requirements (Te_ATG) can be defined as follows:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_ATG

	1
	15
	15
	20*64*Tc

	
	
	30
	18*64*Tc

	
	
	60
	N/A

	
	30
	15
	16*64*Tc

	
	
	30
	16*64*Tc

	
	
	60
	N/A

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


Proposal 3: For ATG network, the maximum autonomous time adjustment step (Tq_ATG) and the minimum aggregate adjustment rate (Tp_ATG) for gradual timing adjustment requirments can be defined as follows:
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_ATG
	Tp_ATG

	1
	15
	9.5*64*Tc
	9.5*64*Tc

	
	30
	9.5*64*Tc
	9.5*64*Tc

	
	60
	N/A
	N/A
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