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1. Introduction
In RAN plenary 96 meeting, a revised WID[1] for Rel-18 was approved to study the air-to-ground for NR. The objective of this WID is as follows.
	The core part of this work item includes
· Specify features to core specifications for ATG BS and UE [RAN4]
· Scenario: 
· BS on the ground, and the CPE type of UE mounted in the aircraft
· A direct radio link between BS on the ground and CPE type of UE mounted in the aircraft
· Note: The deployment characteristics described in the justification section shall be taken as a basis for the technical discussion.
· Specify core requirements for coexistence between ATG and IMT terrestrial network
· Example bands include n1, n78 and n79.
· Perform FR1 co-existence evaluation for ATG network (e.g. ACLR, ACS)
· Identify key characteristics where it is necessary to differentiate ATG ground-based BS and UEs from conventional ground based BS and UEs
· Aim to reuse existing requirements for BS and UE where possible, e.g.,
· Reuse TN BS requirements for ATG BS
· Specify RF requirements for ATG UE/BS
· Considering the results of co-existence simulations in terms of impact on emissions and RX requirements, cell sizes and link budgets, technology capabilities, likely BS and UE architectures and other relevant aspects.
· Taking into account identified differences between ATG and fully ground based systems
· Consider BS type 1-C/1-H/1-O and specify the requirements
· Consider conductive requirements for UE
· Specify RRM core requirements for ATG UE
· Taking into account identified differences between ATG and fully ground based systems
· Considering the different nature of ATG UEs and their view of the network, increased cell sizes and other relevant aspects
· Specify new UE/BS type(s) for ATG network if necessary


In last meeting, RAN4 has spread general discussion around RRM aspects in ATG case. The following agreements were achieved in [2] around timing and frequency adjustment:
	General issues:
Issue 3-1-1: The mechanism of Koffset and Kmac
· For Kmac, No need to consider Kmac in ATG network
Issue 3-1-2: Frequency offset tracking
· The solution of frequency offset tracking in NTN system can be considered as reference for ATG system when SSB+TRS is not sufficient for some combination of frequency and SCS. 
· UE transmit frequency pre-compensation could be considered in ATG
· No RRM core requirements impaction.

Timing and frequency pre-compensation by UE:
Issue 3-2-2: Whether to introduce UE based Frequency pre-compensation
· UE based frequency pre-compensation similar as in NTN can be reused in ATG, however, no RRM impact. Details can be further evaluated in RF session.

Timing requirements:
Issue 3-3-3: Cell phase synchronization accuracy
· Reuse the legacy TN requirement for cell phase synchronization accuracy


Still multiple issues are suspending. In this document, we will provide some further analysis on timing adjustment of ATG based on the multiple new characteristics of ATG compared with traditional fully ground based systems. 
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--12km
We provide our analysis for multiple RRM aspects given all the above key points of ATG system.
2.1 General issues
The mechanism of Koffset and Kmac
In NTN system, Koffset and Kmac were introduced to overcome the UL timing issue. 
Kmac is the time between reference point and gNB, which belongs to the feeder link and can be transparent to UE. While in ATG, not any feeder link existence, so we can not see the usage of Kmac for ATG. During last meeting, is has been approved that no need to consider Kmac in ATG network. So no need further discussion.

Referring to Koffset, aims to avoid the out-of-order between DCI receiving the scheduled PUSCH transmission due to large RTT, Koffset was introduced into NTN so that the timing line between DCI and scheduling PUSCH is no longer n+k, but n+k+Koffset. In ATG, the RTT for cell edge UE can be calculated based on the approved assumption of 100-200km ISD. The cell radius equals to, so the cell radius is within the scope of 58-115km. When the radius is larger than 75km, the RTT for the cell edge UE is larger than 0.5ms. For the SCS of 15kHz, which is not larger than slot length, while under the SCS of 30kHz, which is beyond the slot length. So maybe the existing scheduling time line of n+k is not sufficient. 
Proposal 1: For Koffset, considering the RTT for cell edge UE, for the case of 30kHz, maybe existing scheduling time line of n+k is not sufficient. While for the case of 15kHz, since the maximum RTT would not beyond one slot, the necessity of Koffset is not obvious.
BS location 
RAN4 has approved in 104 meeting that ATG CPE is GNSS capable. ATG CPE can derive the location information of gNB through SIB 19(PositionVelocity-r17), based on all these information, then ATG CPE is capable of frequency pre-compensation. So we believe the BS location info is useful.
	· Option 1: PositionVelocity-r17 in TS 38.331can be used to signal path of BS relative to ATG UE 
· Option 1-1: the location should be in geodetic coordinate, not relative to ATG UE


So we are fine with Option 1. UE can identify the path between BS and itself, then based on the path to perform frequency pre-compensation. We are not sure the meaning of “geodetic coordinate” in Option 1-1.
Proposal 2: PositionVelocity-r17 in TS 38.331can be used to signal path of BS relative to ATG UE. Then UE can perform frequency pre-compensation based on the path between BS and itself.
2.2 Timing and frequency pre-compensation by UE
Whether to introduce UE based Timing pre-compensation
Respect to PRACH design, current preamble format design can support as much as 100 km cell coverage. Based on our analysis, under the assumption of 100-200km ISD achieved in last meeting, the cell radius is within the scope of 58-115km. So it seems that current PRACH design is enough to cover ATG scenario since 115km is not much larger than 100km. We do not need to consider the extreme case of as large as 300 km cell coverage any more, so for PRACH or MsgA transmission, additional UE based timing pre-compensation is possible not necessary. 
Proposal 3: Based on the assumption of 100-200km ISD, UE based timing pre-compensation for PRACH or MsgA transmission is possible not necessary for ATG CPE.
Whether to introduce UE based frequency pre-compensation
In NTN system, frequency pre-compensation at UE side was introduced. For GNSS capable UE, UE can estimate and pre-compensate the frequency offset based on position and moving velocity. Such process in NTN network can be used for ATG network, i.e. the ATG CPE can identify its position and moving velocity and do the compensation of transmit frequency based on relative moving velocity and distance between ATG CPE and gNB. 
RAN4 has approved in last meeting that ATG CPE is GNSS capable. ATG CPE can derive the location information of gNB through SIB 19, so ATG CPE is capable of frequency pre-compensation.
Proposal 4: UE based frequency pre-compensation similar as in NTN can be reused for ATG CPE.
2.3 Timing requirements
UE transmit timing
	Initial transmit timing requirements Te
· Option 1: The initial transmit timing requirement Te need to be defined for ATG UE, and the requirements for NTN UE can be used as baseline. 
· Option 2: Reuse the legacy R15 TN requirement for initial transmit timing requirement Te with the assumption of ISD 100-200km. The issue should be reviewed after receiving the conclusion about ISD and cell radius from RF session.

	Gradual timing adjustment
· Option 1: The requirements of gradual timing adjustment for TN or NTN in Rel-17 can be used as baseline if UE TA pre-compensation is used, otherwise Tp and Tq may be need updated. (CATT)
· Option 2: Tp and Tq shall be updated. (HW, CMCC, Ericsson, ZTE)
· Option 2-1: For ATG, the Tq_ATG and Tp_ATG should be 9.5*64*Tc in FR1 and UL SCS 15kHz and 30kHz SCS. (CMCC, Ericsson, HW)



In our view, the initial transmit timing requirement Te can reuse the legacy R15 TN requirements based on the already approved 100-200km ISD assumption. Regarding to the gradual timing adjustment Tp and Tq value, the time drift due to frequency error per 200ms, time drift due to UE movement per 200ms and some margin should be considered. So the legacy Tp and Tq values need some enhancement.
Proposal 5: Considering the time drift due to frequency error per 200ms, time drift due to UE movement per 200ms and some margin, the legacy Tp and Tq values need some enhancement.
deriveSSB-IndexFromCell and deriveSSB-IndexFromCell-inter tolerance
Whether the IE deriveSSB-IndexFromCell and deriveSSB-IndexFromCell-inter are applicable to ATG UE, it was discussed in last meeting. The following options were kept in the WF[2]:
	· Option 1: Legacy TN requirement can be reused 
· Option 1-1: It is up to network to decide whether to enable ‘deriveSSB-IndexFromCell’ and ‘deriveSSB-IndexFromCell-inter’ or not, based the real deployment scenario, such as ISD 
· Option 2: it is proposed to further study Alt 1~3 for cell phase timing misalignment
· Alt 1: a new offset shall be added on top of deriveSSB-IndexFromCell. deriveSSB-IndexFromCell is enabled/true, but the target cell for measurement shall be offset by the propagation time difference between serving and target cell. 
· Alt 2: if propagation time difference between serving and target is unknown, all the case shall be treated as deriveSSB-IndexFromCell=disabled
· Alt 3: new signaling is introduced for cell phase timing misalignment, the time difference is indicated by using difference IEs
· Option 3: Due to longer propagation delay, deriveSSB-IndexFromCell is not valid for ATG FR1 TDD. RAN4 can further discuss whether the applicability of deriveSSB-IndexFromCell according to the propagation delay information is valid. 
· Option 4: FFS 


The two IEs are both indicated to UE by NW. If indicated as ‘enable’, which means UE can derive the SSB index of neighbour cell from serving cell. Then the latency of SSB Index obtaining can be skipped. In our opinion, whether indicate deriveSSB-IndexFromCell as ‘enable’ or ‘disable’, which depends on the network deployment, so it should be up to NW decision, not need to add additional restriction.
Proposal 6: Whether indicate deriveSSB-IndexFromCell/deriveSSB-IndexFromCell-inter as ‘enable’ or ‘disable’, which depends on the network deployment, so it should be up to NW decision, not need to add additional restriction.
3. Conclusion
In this contribution, we have the following proposals for the consideration of timing adjustment aspects for ATG system:
Proposal 1: For Koffset, considering the RTT for cell edge UE, for the case of 30kHz, maybe existing scheduling time line of n+k is not sufficient. While for the case of 15kHz, since the maximum RTT would not beyond one slot, the necessity of Koffset is not obvious.
Proposal 2: PositionVelocity-r17 in TS 38.331can be used to signal path of BS relative to ATG UE. Then UE can perform frequency pre-compensation based on the path between BS and itself.
Proposal 3: Based on the assumption of 100-200km ISD, UE based timing pre-compensation for PRACH or MsgA transmission is possible not necessary for ATG CPE.
Proposal 4: UE based frequency pre-compensation similar as in NTN can be reused for ATG CPE.
Proposal 5: Considering the time drift due to frequency error per 200ms, time drift due to UE movement per 200ms and some margin, the legacy Tp and Tq values need some enhancement.
[bookmark: _GoBack]Proposal 6: Whether indicate deriveSSB-IndexFromCell/deriveSSB-IndexFromCell-inter as ‘enable’ or ‘disable’, which depends on the network deployment, so it should be up to NW decision, not need to add additional restriction.
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