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Introduction
RAN4 has been discussing the ATG UE RRM requirements for past few meetings and the WF [1] from RAN4#106 lists the latest agreements and open issues. In this meeting, we provide our views on timing related issues for RRM requirements.
Initial transmit timing requirements (Te)
During RAN4#106 meeting, it was agreed that UE based timing pre-compensation shall be supported and that the reference point for the UE initial transmit timing control requirement shall consider UE specific TA adjustment factor.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.
· 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.
· The reference point for the UE initial transmit timing control requirement and gradual timing adjustment requirement is,  

 
It was also agreed to consider UE pre-compensation timing error for specifying initial transmit timing requirements, Te for ATG UEs. In order to support UE based timing precompensation, UE needs to know it’s own location as well as gNb’s location. It was agreed that the network is expected to provide gNb location to assist UE-based timing precompensation and UE will calculate it’s own location based on GNSS. It’s quite obvious that there is an associated location estimation error with GNSS which leads to erroneous timing precompensation. During Rel-17 NTN, a GNSS accuracy of upto 50m was assumed for the UE and up-to 30m was assumed for the satellite. Although ATG UE is located on the plane and is operating while in the air, the location estimation error could still be the same as NTN UE. So, we think a GNSS accuracy of 50m shall be assumed for ATG UE for timing pre-compensation purposes.
Proposal 1: A GNSS accuracy of up-to 50m shall be assumed for ATG UE for timing pre-compensation purposes.
This leads to a RTT timing estimation error of 0.32us which is equivalent to 11x64xTc. This error should be added to the legacy Te requirements to derive the ATG Te requirements.
Proposal 2: Following NTN principles, add the timing inaccuracy (Te, location) due to GNSS based location estimation error to the legacy Te requirements to derive Te requirements for ATG.
· Te, location = 11x64xTc

	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te (TN)
	Te (ATG)
	Te (ATG)/CP ratio

	1
	15
	15
	12*64*Tc
	23*64*Tc
	0.15

	
	
	30
	10*64*Tc
	21*64*Tc
	0.28

	
	
	60
	10*64*Tc
	21*64*Tc
	0.56

	
	30
	15
	8*64*Tc
	19*64*Tc
	0.12

	
	
	30
	8*64*Tc
	19*64*Tc
	0.25

	
	
	60
	7*64*Tc
	18*64*Tc
	0.48

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



As analysed in the table above, this additional timing error leads to a very high Te/CP ratio for 60kHz SCS. Following the NTN principles, we can agree to not define Te requirements for 60kHz SCS.
Observation 1: Additional timing estimation error due to GNSS based location estimation leads to a very high Te/CP ratio (close to 50%) for 60kHz SCS. 
Proposal 3: Following the NTN principles, RAN4 shall not define Te requirements for 60kHz UL SCS for ATG UEs.
Conclusion
Proposal 1: A GNSS accuracy of up-to 50m shall be assumed for ATG UE for timing pre-compensation purposes.
Proposal 2: Following NTN principles, add the timing inaccuracy (Te, location) due to GNSS based location estimation error to the legacy Te requirements to derive Te requirements for ATG.
· Te, location = 11x64xTc

Observation 1: Additional timing estimation error due to GNSS based location estimation leads to a very high Te/CP ratio (close to 50%) for 60kHz SCS. 
Proposal 3: Following NTN principles, RAN4 shall not define Te requirements for 60kHz UL SCS for ATG UEs.
References
[1] R4-2303226, “WF on NR ATG RRM requirements”, CMCC, RAN4#106
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