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1	Introduction
In this contribution we discuss the open issues of IDLE mode and CONNECTED mode mobility requirements based on the outcome of last meeting which were summarized in [1]. 
[bookmark: _Ref178064866]2	Discussion
2.1	Mobility in RRC_IDLE/INACTIVE

IDLE/INACTIVE mode neighbour cell measurements
Regarding the neighbour cell measurements, following options were identified at last meeting [1]:

	Issue 2-1-1-1: Cell re-selection mechanism
· Option 1: Introduce distance-based triggering as an additional condition for intra- and inter-frequency cell measurement as NTN, whether and how to configure the feature is up to network implementation 
· If Srxlev > S(non)IntraSearchP and Squal > S(non)IntraSearchQ, and the distance between UE and serving cell reference location is smaller than distanceThresh if distanceThresh is configured and UE has location information, then the UE shall search for inter/intra-frequency layers of higher priority.
· If Srxlev ≤ S(non)IntraSearchP or Squal ≤ S(non)IntraSearchQ, or the distance between UE and serving cell reference location is larger than distanceThresh if distanceThresh is configured and UE has location information, then the UE shall search for and measure inter/intra-frequency layers of higher, equal or lower priority in preparation for possible reselection
· Option 2: RSRP measurement can be ignored by ATG UE when the distance satisfies a specific condition.
· The UE is allowed to not perform neighbour cell measurements based on the distance between the aircraft and a reference location, details are of the reference location is FFS.
· For cell reselection, the A2G UE should resume the neighbor cell measurement in normal manner without any relaxation when the condition on distance between the aircraft and the reference location is no longer met.
· Option 3: further consider the trade-off between the workload and performance gain brought by the new cell re-selection mechanisms.
· The distance, altitude or speed based triggered cell re-selection may not be necessary unless there is an obvious motivation.



It shall be noted that the legacy IDLE/INACTIVE state neighbour cell measurement procedures were designed for classical terrestrial network which has important differences compared to the ATG network. For example, the ATG cell size is significantly larger compared to classical terrestrial cell size and also the UE mobility behaviour is also different (e.g. the aircraft typically follows a predefined path while a handheld devices moves with a less speed and in any direction). Therefore reusing the legacy neighbour cell mechanism may lead to unnecessary complication and redundancy. Thus, we share the view with other companies that the there is no need to frequently measure on the neighbour cells as cell changes may not happen frequently as in classical terrestrial operation. The measurements can be skipped based on the received or detected assistance information or based on the distance between the reference location of the serving cell and the position of the UE (note that ATG UE is GNSS capable). This way the ATG operation can be simplified a lot. We therefore support option 2. 

The UE is allowed to not perform neighbour cell measurements based on the distance between the aircraft and a reference location.

[bookmark: _Toc118706610]For cell reselection, the A2G UE should resume the neighbor cell measurement in normal manner without any relaxation when the condition on distance between the aircraft and the reference location is no longer met. 

Assistance information for IDLE/INACTIVE mode neighbour cell measurements
The discussions on UE/network assistance information for cell reselection mechanism has been ongoing for last several meetings. The outcome of last meeting is shown below [1]:
	Issue 2-1-1-2: UE/network assistance information for Cell re-selection
· Option 1: ATG UE velocity information can be used as deciding margin for distance threshold in location-based cell re-selection. 
· Option 2: Assistance information related to unpredictable changes in flight operation mode is introduced. 
· Assistance information comprises at least changes in the UE altitude, flight path and speed, remaining service time for serving cell and side conditions can be FFS.
· Other Options are not precluded.



First of all, we would like to point out that this topic of assistance information has been brought up by multiple companies for several meetings, but the progress has still been limited especially given that topic was not given much online time. It is noted that it is related to the previously discussed topic on cell reselection mechanism in IDLE/INACTIVE state since both aim to simplify the legacy neighbour cell measurement mechanism for ATG is different from the legacy mechanism was designed for classical terrestrial operation. Although the power consumption may not be an issue for an ATG UE, we still think that simplification of the current neighbour cell mechanism is needed as it is unnecessarily complicated and redundant for ATG for the reasons explained above (e.g. large cell size and different mobility pattern of ATG UE compared to classical handled MBB UE). 
Observation 1: Clarify the previous SDT agreement as: The Rel-17 SDT requirements apply for ATG, but RAN4 is not going to define ATG specific enhancements in Rel-18.  


It shall be clarified that this assistance information can be two ways: 
1) detected by the UE and informed to the ground base station
2) detected by the ground base station and informed to the UE

In 1) the assistance information comprises the UE detecting changes in its operation mode (such as changes in flight path, speed, altitude or any other abnormal changes. Under stable flight operation mode, the current neighbour cell mechanism can be simplified by allowing the UE to not perform the neighbour cell measurements. It is also noted that the typical cell size considered in ATG scenario is very large compared to the cell sizes of the typical terrestrial MBB network and thus not expected to perform frequent cell changes, hence the UE can be allowed to measure only on the serving cell until any unpredictable change in its flight operation mode is detected in the UE. We also believe that informing the ground base station (NW) about the detected changes in the UE can be very useful and therefore UE can for example report it when it switches to the CONNECTED state. Details can be further discussed. 
In 2) our intention is that critical information related to the flight operation mode can also be provided to the UE by the ground base station which it may have obtained from other nodes. We believe it would be useful to have mechanism for the NW to signal such information upon which UE may revert to normal operation which in this case would mean that UE reverting to normal measurement mode, i.e. measuring on all detected neighbour cells on all carriers etc. 
About how to determine or define unpredictable change in flight operation mode, we understand that this might be challenging question as change in multiple parameters can be considered as critical or unpredictable. Although we are open to consider changes in multiple parameters, we believe at least changes in altitude, flight path, and speed shall be considered. Also, one needs to agree on how much it should change in order to consider it as unpredictable or critical change in flight operation mode. Another way is to have a single indicator whether the UE shall revert to normal measurement mode upon detecting any abnormal changes in flight operation. We have listed few indicators to be used in the assistance information, but we are open to discuss other options also. 
[bookmark: _Toc118706606]The UE is allowed to skip IDLE/INACTIVE mode neighbour cell measurements under stable flight operation mode which is defined as the time when UE does not detect any changes in [altitude, speed or flight path]. 
Assistance information is related to changes in the UE [altitude, flight path and speed] is introduced for ATG. 

Cell reselection measurement requirements
It was agreed to define two set of requirements for ATG as follows [1]:
	Issue 2-1-1-3: Cell re-selection measurement requirements
Agreement
· Define two set of requirements for ATG 
· Set 1: legacy R15 cell-reselection requirement 
· Set 2: R16 HST cell-reselection requirement
· Details of signalling, associated UE capabilities and how to switch between the two sets of requirements are FFS


 
RAN4 needs to discuss the criteria associated with first and second set of requirements in the above agreements, e.g. under what conditions is the ATG UE required to meet the set 1 requirements and set 2 requirements respectively. Another issue that needs discussions is the signalling need. 

Our interpretation of the above agreements is that UE speed is used to differentiate between set 1 and set 2 requirements. More specifically, ATG UE operating at a speed below a certain threshold (e.g. X km/h) is required to meet the set 1 requirements but a ATG UE operating at a speed greater than X km/h is required to meet the set 2 requirements. But it is still not clear how this to differentiate between those in terms of speed, e.g. is the UE expected to determine its speed or is the NW expected to signal some indicator. This needs more discussions and clarification. 
The difference between the set 1 and set 2 requirements is that set 2 requirements are more stringent than set 1 requirements, e.g. UE would need to identify, measure and evaluate much faster in set 2 compared to set 1 since the UE is moving at high speed. 
In the legacy NR requirements, a high-speed indicator (highSpeedMeasFlag-r16) is transmitted by the NW to the UE based on which the UE meets the high-speed requirements. Examples of questions that need discussions is why the ATG UE under high speed is required to meet stringent requirements compared to ATG UE not operating under high-speed? In the former case, since the UE is flying over a predefined path with relatively fixed speed it may be sufficient to measure on the serving cell and initiate the neighbour cell measurements in set 1. Following the similar method, RAN4 needs to discuss the need for an ATG indicator informing the UE about which set of requirements to meet. 
Proposal 5: RAN4 to define the conditions associated with set 1 and set 2 requirements.
Proposal 6: In set 2 cell reselection measurement requirements, no need to meet the neighbour cell measurement requirements.  
Proposal 7: UE to meet the more stringent requirements (e.g. HST without neighbour cell measurements) when an ATG indicator is received from the NW. Otherwise, the UE shall meet the Rel-15 cell reselection requirements. 

Small data transmission (SDT)
SDT was discussed at previous RAN4 meeting where following agreement was reached [1]:
	Issue 2-1-2: SDT 
Agreements:
· RAN4 is not going to define ATG specific requirements in R18.



This agreement needs clarification as there is an ambiguity whether the legacy SDT requirements can still apply for ATG but no ATG specific enhancements are done within this WI or whether SDT feature itself is not supported. Our understanding of the agreement is the former case and thus we suggest to clarify the agreement as:
Proposal 8: Clarify the previous SDT agreement as: The Rel-17 SDT requirements apply for ATG, but RAN4 is not going to define ATG specific enhancements in Rel-18.  


2.1	Mobility in RRC_CONNECTED

Condition handover
Conditional handover for ATG was discussed at previous meeting which resulted in following outcome [1]:
	Issue 2-2-2: Conditional Handover
Agreement: 
· Introduce legacy CHO for ATG
· The legacy R16 CHO delay requirements can be reused. 
· Optional feature for ATG
· FFS on location-based CHO for ATG
· The procedure and signalling from R17 NTN (RSRP+ location- based CHO) could be reused, while the location-based CHO delay requirements should be revisited in ATG scenario.
· Clarification on reference location is needed
· Optional feature for ATG




It remains open whether conditional handover shall be supported for ATG as follows [1]:
	Issue 2-2-2: Conditional Handover
· Option 1: Not to consider conditional handover for ATG UE at least in Rel-18 (CATT (preferred))
· Option 2: Introduce legacy CHO for ATG (CATT (tolerable), CMCC)
· Option 2-1: The legacy R16 CHO delay requirements can be reused. (CATT (tolerable), CMCC)
· Option 3: Introduce location-based CHO for ATG (CMCC, Apple, LGE)
· Option 3-1: The logic and signalling from R17 NTN could be reused, while the location-based CHO delay requirements should be revisited in ATG scenario. (CMCC)
· Option 3-2: reuse legacy CHO requirement framework (Apple)
· Option 4: CHO is supported for A2G in Rel-18, and CHO requirements for ATG is FFS. (Ericsson) 



At last meeting it was agreed to introduce the legacy Rel-16 conditional handover feature for ATG, but whether to support location based conditional handover remain open. Our view is that location based conditional handover can be useful for ATG scenario, where the UE can be configured to trigger a handover based on certain conditions configured by the NW. Especially given that the ATG cells are large, operated at high altitude and high speed and on a dedicated network and may follow certain type of deployment mode, it may be beneficial to introduce requirements for location-based conditional handover. Details of the requirements can be further discussed after RAN4 reaches a conclusion on whether to support CHO.

[bookmark: _Toc118706613]Proposal 9: Location based CHO is supported for A2G in Rel-18, and details of requirements are FFS  


Conclusion
In this contribution we have discussed the open issues of mobility requirements of ATG. Based on the discussions we have made following observation and proposals:

1. The UE is allowed to not perform neighbour cell measurements based on the distance between the aircraft and a reference location.

For cell reselection, the A2G UE should resume the neighbor cell measurement in normal manner without any relaxation when the condition on distance between the aircraft and the reference location is no longer met. 

Observation 1: Clarify the previous SDT agreement as: The Rel-17 SDT requirements apply for ATG, but RAN4 is not going to define ATG specific enhancements in Rel-18.  
The UE is allowed to skip IDLE/INACTIVE mode neighbour cell measurements under stable flight operation mode which is defined as the time when UE does not detect any changes in [altitude, speed or flight path]. 
Assistance information is related to changes in the UE [altitude, flight path and speed] is introduced for ATG. 
RAN4 to define the conditions associated with set 1 and set 2 requirements.
In set 2 cell reselection measurement requirements, no need to meet the neighbour cell measurement requirements.  
UE to meet the more stringent requirements (e.g. HST without neighbour cell measurements) when an ATG indicator is received from the NW. Otherwise, the UE shall meet the Rel-15 cell reselection requirements. 
Clarify the previous SDT agreement as: The Rel-17 SDT requirements apply for ATG, but RAN4 is not going to define ATG specific enhancements in Rel-18.  
Location based CHO is supported for A2G in Rel-18, and details of requirements are FFS  
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