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[bookmark: _Toc116995841]Introduction
In [1], the work item for Air-to-Ground communication was approved to discuss requirements for the deployments of ATG UEs. The discussions are intended to address the characteristics of ATG networks, such as extremely large inter-site distance, and the list of objectives for RRM discussion include  “considering the different nature of ATG UEs and their view of the network, increased cell sizes and other relevant aspects”. The work has been progressing in RAN4 since then, and in RAN4 #106, a Way-Forward on the topic was discussed and approved in [2]. The WF presents still some relevant open issues to be addressed in this Work Item. In this document we’ll focus our contributions on the open item regarding the location information for the serving base station and its necessity for UL timing synchronization. 

[bookmark: _Toc116995842]Discussion
In [3], RAN 2 has submitted a LS Reply to RAN4 indicating that they will provide assistance information for the BS, although it is still not decided whether this information will be provided in SIB19 or in other SIB. 
RAN2 has demonstrated that some companies might have raised concern in disclosing the accurate position of their transmitters: 
	RAN2 will address this and intends to find a solution for Rel-18 (via SIB19 or other SIB). Some companies in RAN2 think sharing exact base station’s location is sensitive. RAN2 kindly asks RAN4 to provide information on any required ATG ground station reference location accuracy (i.e., uncertainty in exact base station location).



 
And because of that they ask RAN4 to provide information on the accuracy of the information for the position of the ATG ground stations:
	[bookmark: _Hlk46227635]To RAN4 group.
ACTION:	RAN2 kindly asks RAN4 to provide information on any required ATG ground station reference location accuracy.




In this paper we discuss the required accuracy on the location information of the base station and its implications for the ATG UE. 


Accuracy of the ATG Ground Station Location on RACH
There are two types of preamble format in NR: long and short. When short preamble format is configured, there are different preamble types that can be adopted, each of its own duration and duration of cyclic prefix. The cyclic prefix can be as short as (format B1) or as long as (format C1). Considering The worst case scenario (30 kHz SCS), it corresponds respectively to 3.5 µs and 40 µs of cyclic prefix. 
As the UE is expected to perform pre-compensation before the RACH access, the delay uncertainty expected by the ATG ground station depends on a few parameters:
· Transmit timing error
· Time dispersion of the channel
· Dispersion of the ATG ground station position
The transmit timing error allowed in ATG deployments is expected to be equivalent to 18κ. Assuming the transmit timing error limit, Te is the absolute timing error, the receiving system must be prepared to receive one UE with transmit timing error equal to +Te and another UE with transmit timing error equal to –Te; the same goes for the dilution of precision of the ATG ground station. On top of that we should include the time dispersion of the channel (LOS), and that there has to be some margin for the implementation of the receiver. As such, let’s assume the combination of the transmit timing error and the dispersion of the ATG ground stations shall not go beyond 25% of the CP during RACH procedure when the smallest CP is used.  In the worst case scenario (format B1), this results in a total tolerated dispersion equivalent to 36 κ = 1.1 µs. A total dispersion of 175 meters can be accepted by the UE. A similar calculation can demonstrate that for the format C1 more than 2.5 kms of dispersion in position can be tolerated. 
For PRACH if 500 m of dilution of precision is utilized, then most of the short formats are still preserved. 

Accuracy of the ATG Ground Station Location on PUSCH
For PUSCH the calculation is more stringent, as the Cyclic Prefix is smaller (144k). In this case, the UE will have to rely on timing advance commands and autonomous adjustments to account for errors due to the dilution of precision after RACH. 
[bookmark: _Toc135090058]If MAC-CE TA commands and UE autonomous adjustments are used in combination with UE pre-compensation the UE may be capable to maintain UL synchronization 
[bookmark: _Toc135090059]Up to 500 m of dispersion can be tolerated by the ATG UE. If long PRACH format is used the dilution of the ATG position may be even larger

[bookmark: _Toc135090060]RAN4 to discuss how much dilution of precision on the position of the ATG ground stations can be supported for both long and short PRACH formats and for operation in PUSCH. 





[bookmark: _Toc116995848]Conclusion
In the paper, we analysed some of the open issues for ATG timing requirements. The following Observations and Proposals were made:

Observation 1: If MAC-CE TA commands and UE autonomous adjustments are used in combination with UE pre-compensation the UE may be capable to maintain UL synchronization
Observation 2: Up to 500 m of dispersion can be tolerated by the ATG UE. If long PRACH format is used the dilution of the ATG position may be even larger
Proposal 1: RAN4 to discuss how much dilution of precision on the position of the ATG ground stations can be supported for both long and short PRACH formats and for operation in PUSCH.
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