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[bookmark: _Ref165266342]Introduction
In RAN2#113bis-e meeting, the following agreements on connected mode were reached [1]:
Agreements:
1.	Timing information in CHO execution triggering for NTN describes the time after which the UE is allowed to execute CHO to the candidate target cell.
[bookmark: OLE_LINK3]2.	Working assumption: the timing information for CHO execution triggering in NTN is defined in the form of a timer/timers. This can be revised and a solution based on UTC/system frame number can be considered if problems are found (e.g. if the timer lacks accuracy due to RTT in NTN).
3.	The location in location-based CHO execution triggering for NTN describes the distance between the UE and the reference location of the cell (serving cell or the target cell). FFS what the reference location of the cell is (e.g cell center or other) and how this is provided to the UE
4. For Rel-17 NTN, Rel-17 NR operation is enhanced (e.g. the SMTC configuration and UE measurement gap configuration) aiming to address the issues associated with the different/larger propagation delays, and the satellites (considering e.g. their deployment, mobility, height, minimum elevation and prioritizing typical NTN scenarios).
5. Rel-17 NTN will not rely only on network implementation to address the issue explained in agreement 1.
6. Enhancements of the SMTC configuration is supported for Rel-17 NTN.
7. Optional new UE assistance is defined in Rel-17 NTN for network to properly (re)configure the SMTC and/or measurement gap
8. For Rel-17 NTN, one or more SMTC configuration(s) associated to one frequency can be configured. FFS solution details.
-	The SMTC configuration can be associated with a set of cells (e.g., per satellite or any other suitable set per gNB determination).
-	The multiple SMTC configurations are enabled by introducing different new offsets in addition to the legacy SMTC configuration. FFS how the offsets will be managed/signalled.
FFS the following open questions: 
	(a) can the UE be configured with multiple SMTCs per carrier and use them all in parallel?
	(b) How the NW knows which SMTC (incl. offsets/periodicity, etc.) is relevant for a particular UE? 
	(c) Is there any validity: in time or for certain location only, foreseen in such multiple SMTC configuration?
	(d) What is the potential impact on the signalling, assuming this delay is a dynamic value?
	(e) What about the feeder link delay? Is it considered anywhere?
9. The configuration of one or multiple offsets is left up to the network implementation.
10. It is up to network to update the SMTC configuration of the UE to accommodate the different propagation delays.
11. Measurement gaps enhancements should be supported. FFS on the details

In this contribution, we will discuss some issues about connected mode for NTN and provide some suggestions.
[bookmark: OLE_LINK1]Discussion
CHO
Time-based CHO triggering event
In RAN2#113bis-e meeting, RAN2 clarify the time information in CHO triggering event should be later than the time when the UE is allowed to execute CHO to the candidate target cell. Firstly, network need to know the accurate time when the UE can execute CHO to the candidate target cell. Except for some special scenarios, such as feeder link switch and service link switch, network needs to know the accurate UE location information to calculate the time when UE can execute CHO to the candidate target cell. 
Observation 1: In some scenarios, such as earth-moving cell scenario, network needs the accurate UE location information to configure the time-based CHO triggering event.
In the scenario of feeder/service link switch, the feeder/service link switch timing can be predicted by network based on ephemeris information and the location information of ground GW, and the target cell is same for all UEs in the same serving satellite. 
Observation 2: The feeder/service link switch timing can be predicted by network based on ephemeris information and the location information of ground GW in the scenario of feeder/service link switch.
Observation 3: Time-based CHO triggering event is more suitable for the scenario of feeder/service link switch, where UE location information is not needed to configure trigger time.
Based on the target cell information and the feeder/service link switch timing, network can confirm whether the target cell can provide radio coverage at a certain time. So, standalone time-based CHO triggering event is enough for the scenario of feeder/service link switch.
[bookmark: OLE_LINK12]Proposal 1: For the scenario of feeder/service link switch, time-based CHO triggering event can be configured without RSRP/RSRQ related event.
The timing information in time-based CHO triggering event has been defined in the form of a timer/timers in last meeting. So the trigger timer/timers can be configured by network based on the feeder/service link switch timing, which can be predicted by network.
Proposal 2: The trigger timer/timers can be configured based on the feeder/service link switch timing.

Location-based CHO triggering event
In last meeting, RAN2 has agreed to define the location information in CHO triggering event as the distance between the UE and the reference location of the cell (serving cell or the target cell), which may be more suitable for satellite cells with regular shape, such as a circle. For cells with irregular shape, the distance between UE and the reference location of the cell cannot be used to confirm whether the UE moves in (or moves out) the cell coverage.
Observation 4: Triggering event based on the distance between UE and the reference location of the cell may be not suitable for satellite cells with irregular shape.
Location information in CHO triggering event can also be defined as a geographical area scope referring to the cell coverage information to apply for satellite cells with irregular shape. The method use a geographical area scope to describe the cell coverage information and UE can make sure whether it is in the coverage of the cell based on the geographical area scope.
Proposal 3: Location based CHO triggering event can be configured based on a geographical area scope referring to the cell coverage information for satellite cells with irregular shape.

CHO candidate cells
In R16 CHO procedure, network selects candidate cells based on UE measurement report and network environment. But, the near-far effect is not pronounced in NTN system. There is a small difference in signal strength between cell center and edge. So, network may have difficulty to determine suitable candidate cell list based on UE measurement report. Considering UE privacy, network cannot get UE location information based UE report. So, network cannot predict whether a cell can provide coverage to UE in the future.
Therefore, network may select improper neighbour cells as CHO candidate cells, which cannot provide coverage to UE in the future. In the case, for network, the radio resource of improper neighbour cells will be sacrificed, because candidate gNBs need to reserve resources for the UE. For UE, UE need to evaluate whether the CHO triggering event corresponding to the improper candidate cell is fulfilled, which influence the performance of UE and even cause incorrect handover.
Based on cells/satellites coverage information (including coverage area and movement information) and UE location, UE can predict whether the cell can provide coverage to itself and the information when the cell is going to start and stop serving the UE. According to the predictive information, UE can confirm which neighbour cells can be configured as candidate cells, and these cells can be included in the recommended neighbour cell list. As shown in Figure 1, network cannot know the accurate UE location, so it need to select CHO candidate cells for UE 1 and UE 2 from the neighbour cell list which is {Cell 1, Cell 2, Cell 3, Cell 4, Cell 5, Cell 6}. But, UE 1 can predict that Cell 2 and Cell 3 may be able to provide coverage to itself in the future based on cells/satellites coverage information and its own location. Similarly, UE 2 can confirm Cell 3 and Cell 4 can be configured as CHO candidate cells. If UE report the recommended neighbour cell list to network, network will only need to selected CHO candidate cell from the list. For UE 1 and UE 2, recommended neighbour cell lists are {Cell 2, Cell 3} and {Cell 3, Cell 4}, respectively. So, it is beneficial for network to select proper CHO candidate cells that UE can report neighbour cells related assistance information, which can be the recommended neighbour cell list.


Figure 1. Deployment of the NTN system
Observation 5：Based on cells/satellites coverage information and UE location, UE can predict which neighbour cells can be configured as candidate cells.
Proposal 4：UE can report neighbour cells related assistance information to help network select CHO candidate cells. 
Proposal 5: The recommended neighbour cell list, including Cell IDs which are suitable as candidate cells, can be defined as the assistance information. How to acquire the recommended neighbour cell list can be left to the UE implementation.
Measurement enhancement
Measurement initiation condition
In R16, connected mode UE based on s-MeasureConfig to perform measurements on non-serving cells, which is the threshold for NR SpCell RSRP measurement. But in the NTN system, the near-far effect is not pronounced. So, UE cannot make sure whether itself is in the serving cell center or edge based on serving cell measurement result. If UE trigger non-serving cell measurements based on the serving cell RSRP, UE may measure non-serving cells too early or too late.
Observation 6: Criterion based on signal strength of serving cell for measurements on non-serving cells is inadequate in the NTN system as the near-far effect is not pronounced. 
Considering the deterministic movement of satellites and satellite cells, UE can estimate whether itself is in the cell center or edge based on the satellite cell and UE location information. So, RAN2 should study measurement initiation condition for non-serving cells based on the serving cell and UE location information.
Proposal 6: RAN2 should study measurement initiation condition for non-serving cells based on location information, the following options can be considered.
Option 1: UE can perform measurements on non-serving cells based on the distance between UE and the serving satellite.
Option 2: UE can perform measurements on non-serving cells based on the distance between UE and the reference location (e.g cell center) of the serving cell.
Option 3: UE can perform measurements on non-serving cells based on a geographical area scope referring to the coverage information of the serving cell.

Measurement gap configuration
In the offline discussion [2], RAN2 has discussed some potential solutions for measurement gap configuration as following.
Option 1: Extended measurement gap window.
Option 2: Up to UE implementation.
Option 3: Multiple measurement gap patterns.
Option 1 will limit the resource that a UE can use for data transmission and reception. Option 2 will result in unpredictable UE behavior which may cause UE miss the next transmission window of the serving cell. Option 3 is a flexible way and can solve the problem of option 1 and 2 with appropriate configuration. How to configure multiple properly measurement gaps for different satellites with different propagation delay can be determined by network implementation.
Proposal 7: Multiple measurement gap patterns should be supported in NR NTN.

UE assistance
RAN2 has supported one or more SMTC configuration(s) associated to one frequency and introduce new UE assistance for network to properly (re)configure the SMTC and/or measurement gap. For multiple SMTC or measurement gap configurations, network need accurate propagation delay difference between serving cell and neighbour cells to (re)configure the SMTC/measurement gap windows. Considering UE privacy, UE location report may have some risk. So, network cannot obtain the accurate propagation delay difference based on the UE location information, but it can be obtained by UE report. So UE should report propagation delay related information to help network configure SMCT/measurement gap.
Considering security, the location of GW is unknown to UE, so the propagation delay of feeder link is unknown to UE. Therefore, according to UE location information and ephemeris information, UE can only calculate the service link propagation delay difference. The feeder link propagation delay difference can be acquired by network to assist SMTC/measurement gap configuration.
Observation 7: The feeder link propagation delay difference can be acquired by network to assist SMTC/measurement gap configuration.
Proposal 8: UE can report the service link propagation delay difference between serving satellite and neighbor satellites as the assistance information for SMTC/measurement gap configuration.
However, in non-GEO system, UE has to frequency report the propagation delay difference due to the movement of satellites, which may lead to high signalling overhead. 
For the configuration of SMTC/measurement gap, UE can report the neighbor Cell ID or the corresponding frequency whose SSB burst cannot be detected in NTN system. According to the Cell ID or the corresponding frequency information reported by UE, network only need to update the SMTC/measurement gap configuration of the reported cell or frequency and UE only need to report propagation delay difference between serving cell and the neighbor satellite of the reported cell or frequency, even if propagation delays of other neighbor cells have changed a lot. The way can reduce the frequency of SMTC/ measurement gap reconfigurations and signalling overhead.
[bookmark: OLE_LINK17]Proposal 9: UE can report the neighbour Cell ID or the corresponding frequency whose SSB burst cannot be detected as UE assistance information, which may be helpful for the network to update SMTC/Measurement Gap configuration. 
Conclusions 
In this contribution, the following observations and proposals are given based on the discussion in section 2:
Observation 1: In some scenarios, such as earth-moving cell scenario, network needs the accurate UE location information to configure the time-based CHO triggering event.
Observation 2: The feeder/service link switch timing can be predicted by network based on ephemeris information and the location information of ground GW in the scenario of feeder/service link switch.
Observation 3: Time-based CHO triggering event is more suitable for the scenario of feeder/service link switch, where UE location information is not needed to configure trigger time.
Proposal 1: For the scenario of feeder/service link switch, time-based CHO triggering event can be configured without RSRP/RSRQ related event.
Proposal 2: The trigger timer/timers can be configured based on the feeder/service link switch timing.
Observation 4: Triggering event based on the distance between UE and the reference location of the cell may be not suitable for satellite cells with irregular shape.
Proposal 3: Location based CHO triggering event can be configured based on a geographical area scope referring to the cell coverage information for satellite cells with irregular shape.
Observation 5：Based on cells/satellites coverage information and UE location, UE can predict which neighbour cells can be configured as candidate cells.
Proposal 4：UE can report neighbour cells related assistance information to help network select CHO candidate cells. 
Proposal 5: The recommended neighbour cell list, including Cell IDs which are suitable as candidate cells, can be defined as the assistance information. How to acquire the recommended neighbour cell list can be left to the UE implementation.
Observation 6: Criterion based on signal strength of serving cell for measurements on non-serving cells is inadequate in the NTN system as the near-far effect is not pronounced. 
Proposal 6: RAN2 should study measurement initiation condition for non-serving cells based on location information, the following options can be considered.
Option 1: UE can perform measurements on non-serving cells based on the distance between UE and the serving satellite.
Option 2: UE can perform measurements on non-serving cells based on the distance between UE and the reference location (e.g cell center) of the serving cell.
Option 3: UE can perform measurements on non-serving cells based on a geographical area scope referring to the coverage information of the serving cell.
Proposal 7: Multiple measurement gap patterns should be supported in NR NTN.
Observation 7: The feeder link propagation delay difference can be acquired by network to assist SMTC/measurement gap configuration.
Proposal 8: UE can report the service link propagation delay difference between serving satellite and neighbor satellites as the assistance information for SMTC/measurement gap configuration.
[bookmark: _GoBack]Proposal 9: UE can report the neighbour Cell ID or the corresponding frequency whose SSB burst cannot be detected as UE assistance information, which may be helpful for the network to update SMTC/Measurement Gap configuration. 
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