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Introduction
In this contribution, we provide our views on RRM core issues for ATG UE based on the agreed WF [1].
 
Discussion
General
TDD impact on RRM requirements
For ATG network deployment, the extremely large ISD such as up to 300km is considered and both TDD and FDD frequency bands are the example band. 


Figure 1 Example of ATG network deployment
If 300km ISD is considered, the propagation delay between ATG UE and gNB could be up to 667us which is larger than one slot for 30Hz SCS. In Figure 2 under assumption 500us propagation delay, ATG UE applies a large TA value for slot N+1, and DL signal for slot N-1 from gNB would be received at slot N due to propagation delay. If gNB has no propagation delay information, DL for slot N-1 and UL for slot N+1 signal could be scheduled. Therefore, gNB should be aware of the propagation delay between gNB and ATG UE. If not, scheduling availability should be defined.
· Proposal 1: The propagation delay information between gNB and ATG UE should be known by gNB since TDD operation can be affected by the propagation delay which can be up to one slot duration depending on the ATG UE position.


Figure 2 Example of Tx and Rx timing due to long propagation delay (e.g., 500us)
UE and NW assistance information
In RAN4#104e meeting, following WF is approved [1].
	Issue 1-2-3: UE assistance information
· RAN4 further study ATG UE assistance information
· such as altitude, location, propagation delay difference, flight path, speed, velocity etc., or change in any of these parameters.



There are various types of information and it can be used in timing, measurement or mobility. For further discussion, we think RAN4 can categorize the above UE assistance information into RRM requirement: measurement, timing and mobility
· Proposal 2: For further discussion, RAN4 can categorize UE assistance information into RRM requirement: measurement, timing and mobility. For example,
Measurement triggering/relaxation condition: altitude, distance between UE and BS, speed, velocity, etc.
Measurement window configuration: propagation delay difference, propagation delay estimation, etc.
Timing: propagation delay difference, speed, velocity, propagation delay estimation, etc.
Handover: location, flight path, etc.
XXX: yy, zz, etc.

UE assistance information for distance between UE and BS and propagation delay difference can be calculated using ATG UE location and ATG BS location. ATG UE information can be obtained by GNSS since ATG UE should be capable of GNSS measurement as agreed in last meeting, but, there is no discussion for the ATG BS location. We think ATG BS location is the NW assistance information and it can be provided by the NW as like the reference location and ephemeris information in Rel-17. So, we think RAN4 needs to study NW assistance information such ATG BS location. 
· Proposal 3: RAN4 needs to study NW assistance information such as ATG BS location, etc.

Mobility in RRC_IDLE/INACTIVE
Cell re-selection measurement requirements
In the last meeting, RAN4 discussed whether legacy R15 requirements of intra-frequency and inter-frequency measurement can be reused and agreed to discuss it as the starting point. In general, the legacy requirement for cell re-selection measurements can be reused. However, depending on the position not meeting Srxlev/Squal condition, the measurement and evaluation for intra- and inter-frequency cells cannot be performed within the legacy measurement requirements due to ATG speed which is up to 1200km/h. Therefore, additional condition for measurement triggering for intra- and inter-frequency cell needs to be considered such as distance based triggering. 
· Proposal 4: Introduce distance based triggering as an additional condition for intra- and inter-frequency cell measurement considering ATG UE speed.

Small Data Transmissions (SDT)
In the ATG scenario, the use case of small data transmission is not clear, so no SDT requirements for ATG is preferred in this release.
· Proposal 5: RAN4 is not going to define ATG specific requirements

Timing and frequency adjustment 
UE based Timing pre-compensation
The existing max TA for RAR is 1ms for 30kHz SCS, and it could cover 300km distance. TA adjustment for MAC-CE could also handle the ATG UE speed (up to 1200km/h). Even if extremely large cell coverage and high speed are considered in ATG, the existing TA adjustment procedure could be applicable. However, ATG UE is GNSS capable UE, and timing pre-compensation could be performed. So, if the timing pre-compensation is introduced, signaling overhead might be reduced, and other gains need to be investigated further.
· Proposal 6: Existing TA adjustment procedure can be reused for ATG, but other benefits such as signaling overhead reduction need to be investigated further by introducing timing pre-compensation.

deriveSSB-IndexFromCell
For NR FR1 TDD, deriveSSB-IndexFromCell is always enabled, so UE can assume that the neighbor cell is synchronous with the serving cell. However, since a longer propagation delay for ATG NR FR1 TDD would be observed as mentioned in the previous sub-section, deriveSSB-IndexFromCell cannot be always enabled. To avoid acquiring the index of the SSB being measured, ATG UE might consider the applicability of deriveSSB-IndexFromCell according to the propagation delay information. For example, if the propagation delay difference from serving and neighbor cell is less than a certain time, ATG UE could assume that deriveSSB-IndexFromCell is valid.
· Proposal 7: 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. 

Cell phase synchronization accuracy
	Issue 3-3-4: Cell phase synchronization accuracy
· Cell phase synchronization accuracy will be defined for ATG, the legacy TN requirement can be the baseline
· FFS whether to tighten the requirements or not



For the cell phase synchronization accuracy, above WF is agreed. We think the cell phase synchronization accuracy does not need to be tightened due to the long propagation delay. In our understanding, about 500us delay is expected at UE side in ATG NW. Thus, even if less than 3us is assumed to be used as cell phase synchronization accuracy for ATG NW, UE will experience larger delay difference compared than legacy NR network. So, legacy cell phase synchronization accuracy can be reused.
· Proposal 8: Reuse legacy cell phase synchronization accuracy.


Conclusion 
In this contribution, we provide our views on RRM core issues for ATG UE, and we propose
· Proposal 1: The propagation delay information between gNB and ATG UE should be known by gNB since TDD operation can be affected by the propagation delay which can be up to one slot duration depending on the ATG UE position. 
· Proposal 2: For further discussion, RAN4 can categorize UE assistance information into RRM requirement: measurement, timing and mobility. For example,
Measurement triggering/relaxation condition: altitude, distance between UE and BS, speed, velocity, etc.
Measurement window configuration: propagation delay difference, propagation delay estimation, etc.
Timing: propagation delay difference, speed, velocity, propagation delay estimation, etc.
Handover: location, flight path, etc.
XXX: yy, zz, etc.
· Proposal 3: RAN4 needs to study NW assistance information such as ATG BS location.
· Proposal 4: Introduce distance based triggering as an additional condition for intra- and inter-frequency cell measurement considering ATG UE speed.
· Proposal 5: RAN4 is not going to define ATG specific requirements
· Proposal 6: Existing TA adjustment procedure can be reused for ATG, but other benefits such as signaling overhead reduction need to be investigated further by introducing timing pre-compensation.
· Proposal 7: 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. 
· Proposal 8: Reuse legacy cell phase synchronization accuracy.
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