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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:
· ATG Timing Requirements

[bookmark: _Toc116995842]Discussion
In [2], several timing aspects for ATG operation were discussed. In this contribution we will focus on some of the key open issues on the cited WF. 
Very Large Round Trip Times
According to previous agreements, and the WID, ATG cells are expected to be very large, with extremely high ISD. RAN4 has previously agreed to consider cells as large as 200 kms. However, ATG exemplary bands in the WID include bands n78 and n79, which are TDD bands. This has led to an evaluation of the potential operational problems to be faced in ATG when combining such large cells with TDD bands [3]. The issue was further captured in the WF [2]:
	Issue 3-2-1: Guard period issue due to large TDD cell and coexistence demand
· Option 1: RAN4 to investigate remedies to large TDD cells and ATG and TN TDD coexistence like: TDD stand alone, surrendering slots or Full Duplex at ATG UE terminal.
· The cell radius can be more than 200 km for ISD 200km.
· The Guard period, TGUARD > 1.33 ms for a cell radius of 200 km.
· Large TDD cells are inefficient due to large GP, if we switch often.
· The largest cell radius will define the GP for all TDD cells and UL/DL configuration has to be the same for all coexisting (overlapping) TDD networks.
· If the gNB receives information on the propagation delay to the UE, then at least half of the GP could be removed.
· Other Options are not precluded.




The common guard period created in a TDD cell, must be at least as large as the largest RTT (due to timing advance) for a UE in this cell. This is exemplified on the Figure 1. In this Figure, if UE 1 was representative of the largest RTT to be experienced by an UE, one slot, or even slightly less would be required to be muted as guard period to allow the UE to connect to the cell. However, as UE 2 is the representative of the largest RTT, to avoid that UE2 starts UL transmission in a slot concurrent with DL reception, it is necessary to increase the common guard period in the cell.
[image: ]
[bookmark: _Ref131679114]Figure 1. Example of Required Guard Period for TDD operation for different UEs
[bookmark: _Toc131682167][bookmark: _Toc131893998][bookmark: _Toc131982965]In ATG, for cells of 200 kms, the minimum common guard period has to be equal to at least 1.33 ms.
This creates a problem of coexistence between TN and NTN cells sharing the same spectrum, as it becomes not feasible to manage the interference by smart allocation of the UL and DL slots. And this should be evaluate under the coexistence agenda. 
From the RRM point of view, the importance of the GP is that the larger it is, the more it will “blank” the frame structure, reducing the duty cycle of the system. Therefore, an efficient allocation of the GP is preferred. If the network can have information about the actual TA utilized by the UE, the NW will be capable of more efficient allocation of the GP in a dedicated manner. 
RAN2 has already provided the capability for TA reporting, which is commonly used for NTN and HAPS, is TS 38.306:
	uplink-TA-Reporting-r17
Indicates whether the UE supports UE reporting of information related to TA pre-compensation as specified in TS 38.321 [8]. UE indicating support of this feature shall also indicate support of uplinkPreCompensation-r17 for this band. This field is only applicable for bands in Table 5.2.2-1 in TS 38.101-5 [34] and HAPS operation bands in clause 5.2 of TS 38.104 [35].


 
Another option is to utilize LMF functions to enable the calculation of the optimum gap period at the network side by accessing the position of the aircraft. The uplink-TA-reporting depends on the indication by the network that the reporting is required. However, this depends on signalling that is commonly available only in SIB19. The usage of SIB19 is not yet agreed by RAN2 for the deployment of ATG. There is a likelihood that the information of the base station position will be provided in a different SI that does not re-use all the parameters present in SIB19. 
[bookmark: _Toc131682168][bookmark: _Toc131893999][bookmark: _Toc131982966]Utilize the LMF function for estimating the position of the aircraft and enable the calculation of the optimum gap period at the network side is preferred in relation to the uplink-TA-reporting.
GNSS Requirements
It was discussed in the WF that the GNSS requirements might include a margin for inaccuracy of the GNSS estimation. 
	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.



 
In special considering the aircraft might be travelling at speeds close to 1200 km/h (333 m/s). At such high velocities, it is difficult to estimate with precision the location of the aircraft, as it varies rapidly within the GNSS duty cycle.
[bookmark: _Toc131682169][bookmark: _Toc131894000][bookmark: _Toc131982967]It might be difficult to have a high-precision GNSS information for the ATG UE travelling at speeds close to 1200 km/h.
If inaccuracy of the GNSS estimation is introduced at the UE, it will be reflected on the initial transmit timing requirements. Similar discussion was observed during the specification phase for NTN in Release 17. As the timing advance corresponds to the double of the propagation delay, the relaxation considered the time for the signal to travel two times the inaccurate prediction. So, considering  as the relaxation time, and a total relaxation of 30 m

For simplifying the analysis, we will consider . Assuming the transmit timing error limit, Te_ATG = Te + Trelax, is the absolute timing error, the receiving system must be prepared to receive one UE with transmit timing error equal to +Te_ATG and another UE with transmit timing error equal to –Te_ATG. In other words, the delay budget reserved to absorb the impact of UE transmit timing inaccuracy is twice as large as Te_ATG. This alone would make it unfeasible for the operation with 60 kHz, as showed Table 1. In special considering that the timing requirement below is valid for the initial transmission, and might slightly drift for subsequent transmissions in burst, in special considering the high speed of the ATG UE. The ATG UE is moving at speeds up to 333m/s, which means a timing advance variation up to 2us/s on the estimated timing advance by the UE (68 /second).
[bookmark: _Ref129959122]Table 1. Impact on the delay budget of the relaxation of transmit timing error requirement
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	 [Ts]
	Te (terrestrial) [Ts]
	Trelax[Ts]
	Tcp –2( Te – Trelax )[Ts]

	15
	60
	36
	10
	6
	4

	30
	60
	36
	7
	6
	10




[bookmark: _Toc131682170][bookmark: _Toc131894001][bookmark: _Toc131982968]The remainder of the Cyclic Prefix when applying the delay budget for the timing pre-compensation of the UE is not sufficient to accommodate for the channel delay spread and other imperfections on the system. 

[bookmark: _Toc131682171][bookmark: _Toc131894002][bookmark: _Toc131982969][bookmark: _Toc116994711][bookmark: _Toc116994824][bookmark: _Toc116994896][bookmark: _Toc116994910][bookmark: _Toc116995099][bookmark: _Toc116995142][bookmark: _Toc116995898][bookmark: _Toc116995944][bookmark: _Toc116996073][bookmark: _Toc116996132][bookmark: _Toc116996432][bookmark: _Toc116996753][bookmark: _Toc116997066]In Rel-17, the inclusion of relaxed timing requirements due to GNSS and satellite position inaccuracies led to the exclusion of the 60 kHz of the FR1 operation since it would consume most of the delay budget. 
[bookmark: _Toc131682172][bookmark: _Toc131894003][bookmark: _Toc131982970]Exclude the 60 kHz SCS from the ATG deployments on the scope of this WI. 



[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: In ATG, for cells of 200 kms, the minimum common guard period has to be equal to at least 1.33 ms.
Proposal 1: Utilize the LMF function for estimating the position of the aircraft and enable the calculation of the optimum gap period at the network side is preferred in relation to the uplink-TA-reporting.
Observation 2: It might be difficult to have a high-precision GNSS information for the ATG UE travelling at speeds close to 1200 km/h.
Observation 3: The remainder of the Cyclic Prefix when applying the delay budget for the timing pre-compensation of the UE is not sufficient to accommodate for the channel delay spread and other imperfections on the system.
Observation 4: In Rel-17, the inclusion of relaxed timing requirements due to GNSS and satellite position inaccuracies led to the exclusion of the 60 kHz of the FR1 operation since it would consume most of the delay budget.
Proposal 2: Exclude the 60 kHz SCS from the ATG deployments on the scope of this WI.
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