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In RAN2 115-e meeting, the CHO aspect issue and TN-NTN mobility were discussed. RAN2 agreed the definition of CHO time trigger event and location trigger event, and they will be used with the RSRP event. In this contribution, we will further discuss the CHO left issues. 
Agreements in RAN2#114e via email (from offline 108 - second round)
1. RAN2 will work on a solution to ensure that the CGI constructed by NG-RAN can correspond to a fixed geographical area comparable with a TN cell with a radius of ~2km or more.
2. Send an LS to RAN3, SA2, SA3 and SA3-LI to inform them of RAN2 decision and check whether it's consistent with their requirements
RAN2#115e agreements via email - from offline 103:
3. The following event is supported: condEvent L4: Distance between UE and the PCell’s reference location becomes larger than absolute threshold1 AND the distance between UE and the Conditional reconfiguration candidate becomes shorter than absolute threshold2. FFS other options
4. Specify hysteresis and time to trigger for the location event for RRM and CHO
5. Timing information from RRCReconfiguration message in RRC running CR is removed
6. UE is allowed to perform HO only during T1 to T2
7. Agree to limit to A or B and continue discussion between options A and B
		Option A: UTC time + duration/timer, e.g. 00:00:01 + 40s
		Option B: Two UTC time to indicate the start (T1) and end time (T2) of the candidate cell, e.g. 00:00:01 + 00:00:41
Agreements via offline 102:
1. If SA3 replies with concern on reporting UE location with any granularity during initial access, RAN2 will revisit agreement/solution for reporting UE location during initial access.
2. UE coarse location information refers to coarse GNSS coordinates (FFS on the details, e.g. X MSB bits out of 24 bits of longitude/latitude or GNSS coordinates with ~2km accuracy). FFS if any enhancements to validate the UE’s coarse location information is needed. FFS whether this is only used in initial access or also in connected
3. If SA3 has no concern reporting coarse location during initial access, the coarse location information is reported in Msg5, i.e., via RRCSetupComplete/RRCResumeComplete message.
4. For coarse UE location reporting during initial access, the location granularity is not indicated to UE via SIB
5. Enhancements to validate the UE ’s coarse location information is not needed from RAN2 perspective. Whether this is needed by the network is up to other WGs.
6. After AS security is established, gNB can obtain a GNSS-based location information from the UE using existing signalling method, i.e., by configuring includeCommonLocationInfo in the corresponding reportConfig. It is up to SA3 to decide whether User Consent is required before NW acquires location information from the UE in NTN. RAN2 discuss whether to send LS to SA3
7. Aperiodic location reporting (e.g., via DCI) is not supported.
Discussion
CHO time and location based trigger condition has been supported in the last few RAN2 meetings. But the using scenarios are still not clear. We will further discuss the using scenarios of CHO time and location based trigger condition in this contribution.
In earth moving beam.
In earth-moving cell scenario, cell is always moving by the satellite. Considering the different location of the UE, the time duration of the candidate cell is different for each UE. Thus, it requires high computing capability for the network to calculate the time information for each UE in time trigger event CHO configurations. NW should calculate the time information per UE. Considering the limitation on the network computing capability, Time trigger event may not be configured for each UE when implemented.
Observation 1: It requires high computing capability for the network to calculate the time information for each UE in time trigger event CHO configurations.
Observation 2: Considering the limitation on the network computing capability, Time trigger event may not be configured for each UE when implemented.
In the last few meetings, RAN2 has discussed the issues of CHO aspect with most of the time. CHO requires the candidate cells reserving the resource for each potential UE. The number of UE under the NTN cell is much more than under the TN cell and UE under the NTN cell always switches regularly. It will waste more resources in candidate cell that CHO need reserve resources for potential UE. Considering the limitation of resources, CHO may not be configured for each UE when implemented.
Observation 3: Considering the limitation of resources, CHO may not be configured for each UE when implemented.
In legacy handover, only one target cell needs to reserve the resource for UE with shorter retention period of resource. Compared with the Conditional handover, legacy handover has higher resource utilization. It is suggested that RAN2 consider the enhancement based on the legacy handover procedure in NTN system. 
Proposal 1: RAN2 can consider the enhancement based on the legacy handover procedure in NTN system.
RAN2, RAN3 and SA2 has been discussed the location report for few meetings. And get some agreement in the last meeting:
Agreements in RAN2#114e via email (from offline 108 - second round)
1. RAN2 will work on a solution to ensure that the CGI constructed by NG-RAN can correspond to a fixed geographical area comparable with a TN cell with a radius of ~2km or more.
2. Send an LS to RAN3, SA2, SA3 and SA3-LI to inform them of RAN2 decision and check whether it's consistent with their requirements

Agreements in RAN2#115e via offline 102:
1. If SA3 replies with concern on reporting UE location with any granularity during initial access, RAN2 will revisit agreement/solution for reporting UE location during initial access.
2. UE coarse location information refers to coarse GNSS coordinates (FFS on the details, e.g. X MSB bits out of 24 bits of longitude/latitude or GNSS coordinates with ~2km accuracy). FFS if any enhancements to validate the UE’s coarse location information is needed. FFS whether this is only used in initial access or also in connected
3. If SA3 replies with concern on reporting UE location with any granularity during initial access, RAN2 will revisit agreement/solution for reporting UE location during initial access.
4. UE coarse location information refers to coarse GNSS coordinates (FFS on the details, e.g. X MSB bits out of 24 bits of longitude/latitude or GNSS coordinates with ~2km accuracy). FFS if any enhancements to validate the UE’s coarse location information is needed. FFS whether this is only used in initial access or also in connected
Base on the agreement from the last meeting [3], RAN2 can assume that the network can know the coarse location information of UE. 
Observation 4: RAN2 can assume that the network can know the coarse location information of UE based on the location report. 
Based on the above observation, if network can know the coarse location information of UE, We could assume the gNB could deduce the coverage of the cell. NTN can trigger the HO procedure for the UE which is going out of the serving NTN cell  based on the location report. It has benefit than CHO that it can avoid the excessive resource reservation in CHO. 
~2km radius is much less than the cell radius which is about 50km-1000km. The ~2km location report is enough to be the Handover trigger condition by network. Thus, it is suggested that RAN2 consider the HO procedure trigger by the location report with a guaranteed accuracy of an area of ~2km radius, e.g. NTN can trigger the HO procedure for the UE which is going out of the cell based on the coarse location information.
Proposal 2: RAN2 consider the HO procedure trigger by the location report with a guaranteed accuracy of an area of ~2km radius, e.g. NTN can trigger the HO procedure for the UE which is going out of the cell based on the coarse location information.
In earth fixed beam.
The discussion on how the legacy and assistance CHO trigger conditions work together has discussed in the last few meeting. In RAN2#114e meeting, the joint configuration of ‘location+RSRP’ and ‘time+RSRP’ has been agreed. But no agreements were made about the joint configuration of ‘location+time’. 
RAN2#114e agreements:
For CHO, joint configuration of location and RSRP as well as time and RSRP triggers are supported.
The NTN cell is fixed with territory in earth fixed cell. The movement of UE cannot be ignored in NTN cell switch. RAN2 the two reasons of UE handover in NTN system are UE moving and satellite moving. 
For example, in earth fixed cell, when UE is moving out of the cell coverage, handover should be trigger based on the location trigger event rather than time trigger event. When the cell is moving to cover another area, handover should be executed based on the time trigger event rather than location trigger event. Thus, location trigger event is more applicable to the handover caused by UE moving, and time trigger event is more applicable to the handover caused by satellite moving.
Observation 5: In the earth fixed cell, the movement of UE cannot be ignored in NTN cell switch. Location trigger event is more applicable to the handover caused by UE moving, and time trigger event is more applicable to the handover caused by satellite moving.
As the agreement in RAN2#115 meeting, RAN2 can assume that the network can know the coarse location information of UE with a guaranteed accuracy of an area of ~2km radius. UE can aware whether the UE is in the center or edge of the cell. If the UE is in the center of the cell, network may not configure the location trigger event for the UE. If the UE is in the edge of the cell, it is better to configure the location trigger event and (location+time) trigger event for the UE. 
For an example, in earth fixed cell as the following figure, A2 is the cell which is going to cover the area currently covered by cell A. B is the neighbor cell of cell A. B2 is the cell which is going to cover the area currently covered by cell B. Based on the above observation, the CHO trigger condition for A2 can be configured with the time trigger event. The CHO trigger condition for B can be configured with the location assistant event.


Figure 1. Candidate cell configuration in earth fixed cell
[bookmark: _GoBack]In the boarder case, it’s beneficial to configure cell B2 as the target cell of the CHO. We considering one case, when UE is going to the edge of the cell and the satellite need to adjust the beam to cover next area. If UE select cell A2, the UE is moving out of the area covered by cell A or A2. If UE select the cell B, the UE may also miss the cell cover of B because the cell B2 is coming to cover area of cell B. Thus, whatever UE select the cell A2 or cell B, UE may occur the handover failure. In this case, there will be fewer handover failures if UE can select the cell B2 directly. So the CHO trigger condition for B2 is better configured with the joint configuration of location and time trigger event.
The CHO trigger condition for B2 can be configured with the joint location and timer based trigger event. When location event and time event are both fulfilled, UE should execute the RRC reconfiguration complete to the cell B2.
Proposal 3: RAN2 can support the joint location and timer based trigger for NTN CHO trigger condition.
Conclusion
[bookmark: OLE_LINK60][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the discussion, we get below observations:
Observation 1: It requires high computing capability for the network to calculate the time information for each UE in time trigger event CHO configurations.
Observation 2: Considering the limitation on the network computing capability, Time trigger event may not be configured for each UE when implemented.
Observation 3: Considering the limitation of resources, CHO may not be configured for each UE when implemented.
Observation 4: RAN2 can assume that the network can know the coarse location information of UE based on the location report. 
Observation 5: In the earth fixed cell, the movement of UE cannot be ignored in NTN cell switch. Location trigger event is more applicable to the handover caused by UE moving, and time trigger event is more applicable to the handover caused by satellite moving.
According to the discussion, we get below proposals:
Proposal 1: RAN2 can consider the enhancement based on the legacy handover procedure in NTN system.
Proposal 2: RAN2 consider the HO procedure trigger by the location report with a guaranteed accuracy of an area of ~2km radius, e.g. NTN can trigger the HO procedure for the UE which is going out of the cell based on the coarse location information.
Proposal 3: RAN2 can support the joint location and timer based trigger for NTN CHO trigger condition.
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