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1. Introduction
In last meeting, RAN4 has spread general discussion around RRM aspects in ATG case. The following agreements were achieved in [1] around timing and frequency adjustment:
	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.
Issue 3-1-4: The reference point for the UE initial transmit timing control requirement and gradual timing adjustment requirement
Agreement:
· 
Issue 3-1-5: The mechanism of Koffset
Agreement
· Introduce the mechanism of Koffset in ATG system, whether and how to configure Koffset is up to network implementation.
Issue 3-1-6: Timing advance adjustment delay requirement
Agreement: 
· The koffset mechanism need to be introduced into timing advance adjustment delay requirement.
Issue 3-1-7: deriveSSB-IndexFromCell and deriveSSB-IndexFromCell-inter tolerance 
Agreement:
· It is up to network to decide whether to enable ‘deriveSSB-IndexFromCell’ and ‘deriveSSB-IndexFromCell-inter’ or not based on DL SCS and ISD.
· For ATG TDD deployment, ‘deriveSSB-IndexFromCell’ and/or ‘deriveSSB-IndexFromCell-inter’ are not always applicable
· Further discuss whether assistance information is needed.


Multiple timing related issues has been identified in last meeting, large progress was achieved. In this document, we will provide some further analysis on the remaining issues around timing of ATG based on the characteristics of ATG scenario. 
2. Discussion
Based on the characteristics of ATG system, the following key points should be noted:
· Extremely large ISD, e.g. about 100km to 200 km
· Extremely high flight speed, e.g. up to 1200km/h
· Utilizing same frequency for deploying both ATG and TN(terrestrial network), e.g. n1, n78, n79 -- So only focus on FR1
· Much powerful on-board ATG terminal capacity
· R18 only focuses on SA mode and single connectivity with operation in a single band. DC, FR2, inter-RAT are not applicable to ATG. CA is possible in future release depending on demands
· Height of CPE: 3km--10km
We provide our analysis for multiple RRM aspects given all the above key points of ATG system.
Around all the timing requirements, the assumption of maximum distance between CPE and BS is the foundation of discussion. Here we cite the observations about this maximum distance in our another document[2]:
	Observation 1: Under the assumption of traditional TN deployment, considering the ISD of 100-200 km, the maximum distance between CPE and BS is 68-134 km or 58-115 km.
Observation 2: Under the assumption of horizon beam coverage deployment, considering the ISD of 100-200 km, the maximum distance between CPE and BS is 120-220 km for non sub-array case and 150-250 km for sub-array case.


Based on such observation, we can discuss from the following issues:
· How to identify the NW location information
· Initial transmit timing requirements Te
· Gradual timing adjustment
How to identify the NW location information
So as to realize the UE based timing pre-compensation for ATG which has been approved to introduce in last meeting, UE needs to know the NW location, then based on the NW location and GNSS capability, UE can identify the exact OL TA to compensate the PRACH transmission timing and the legacy CL TA mechanism. So how to derive the NW location, which is important for the UE based timing pre-compensation mechanism.
SIB19 has been introduced in R17 NTN so as to identify the NW location if the UE is accessing NR via NTN access. Here the SIB 19 can be used for ATG CPE to derive the exact value of timing pre-compensation adjustment. It is straightforward and feasible. 
Proposal 1: The SIB 19 can be used for ATG CPE to identify the NW location so as to derive the exact value of timing pre-compensation adjustment. It is straightforward and feasible.

Initial transmit timing requirements Te
Since additional UE based timing pre-compensation adjustment is approved to introduce, so the UE pre-compensation timing error within such additional timing adjustment should be considered in the determination of Te. During the discussion of Te, one related issue i.e. the GNSS accuracy is referred to. Companies have a common assumption of GNSS accuracy as 50 m for R17 NTN. While for the ATG CPE, since it is not the hand-held terminal, so advanced capability than NTN UE is expected, more accurate GNSS can be assumed for ATG CPE, such as 30 m. Based on such GNSS accuracy assumption, we do not prefer to reuse the requirement of Te in R17 NTN.   
Observation 1: Companies have a common assumption of GNSS accuracy as 50 m for R17 NTN.
Proposal 2: Advanced capability of ATG CPE is expected compared with hand-held NTN terminal, so more accurate GNSS than 50 m can be assumed. Based on such GNSS accuracy assumption, we prefer not to reuse the UE initial transmit timing error requirement Te in R17 NTN.
Regarding to the exact Te for ATG CPE, on top of legacy R16 Te, additional UE pre-compensation timing error can be considered. So the UE initial transmit timing error requirements Te for ATG CPE can be derived by the legacy R16 UE initial transmit timing error requirements Te with adding the UE pre-compensation timing error.
Proposal 3: The UE initial transmit timing error requirements Te for ATG CPE can be derived by the legacy R16 UE initial transmit timing error requirements Te with adding the UE pre-compensation timing error.

Gradual timing adjustment
Regarding to this issue, the following options were captured in [1] in last meeting:
	· 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.


When determining the value of gradual timing adjustment Tp and Tq, at the high speed moving of up to 1200 km/h, the time drift due to frequency error per 200ms is 20 ns, and the time drift due to UE movement per 200ms is about 222 ns, so the most challenge of ATG scenario compared with the legacy case is the larger time drift due to high speed moving. If applying the gradual timing adjustment Tp and Tq to trace such larger time drift, the requirements of Tp/Tq need some enhancement to support ATG scenario. With the consideration of all these factors, Option 2 is more preferred than others.
Proposal 4: Due to high speed moving of up to 1200 km/h, a larger time drift is leaded to. For ATG, the Tq_ATG and Tp_ATG should be 9.5*64*Tc in FR1 and UL SCS 15kHz and 30kHz SCS.
3. Conclusion
In this contribution, we have the following proposals for the consideration of timing adjustment aspects for ATG system:
Proposal 1: The SIB 19 can be used for ATG CPE to identify the NW location so as to derive the exact value of timing pre-compensation adjustment. It is straightforward and feasible.
Observation 1: Companies have a common assumption of GNSS accuracy as 50 m for R17 NTN.
Proposal 2: Advanced capability of ATG CPE is expected compared with hand-held NTN terminal, so more accurate GNSS than 50 m can be assumed. Based on such GNSS accuracy assumption, we prefer not to reuse the UE initial transmit timing error requirement Te in R17 NTN.
Proposal 3: The UE initial transmit timing error requirements Te for ATG CPE can be derived by the legacy R16 UE initial transmit timing error requirements Te with adding the UE pre-compensation timing error.
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