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1. Introduction
In this contribution, we share some consideration on the mobility enhancement in NTN, mainly focus on CHO, mobility configuration enhancement and UE location report.
2. [bookmark: _Toc12718547]Discussion
2.1. CHO
In NR R16, the CHO procedure has been introduced to improve the handover robustness. CHO is executed by the UE when one or more CHO execution conditions are met. The UE starts evaluating the execution condition(s) upon receiving the CHO configuration, and stops evaluating the execution condition(s) once a handover is executed (legacy handover or conditional handover execution).
The CHO configuration contains the configuration of CHO candidate cell(s) generated by the candidate gNB(s) and execution condition(s) generated by the source gNB. An execution condition may consist of one or two trigger condition(s) (CHO events A3/A5). 
The following CHO events have been defined for CHO:
CondEvent A3: Conditional reconfiguration candidate becomes amount of offset better than PCell/PSCell;
CondEvent A5: PCell/PSCell becomes worse than absolute threshold1 AND Conditional reconfiguration candidate becomes better than another absolute threshold2.
Thus, an execution condition for a CHO candidate cell can be A3, A5, A3+A3, A3+A5, or A5+A5.
For the location/timer/timing advance/elevation angle based execution conditions proposed during the NTN SI phase [1],   they all require UE location information. For UE without GNSS support, only the NR R16 measurement based execution condition can be applied.
In addition, the location/timer/timing advance/elevation angle based execution conditions are not quite reliable as the the coverage may not be consistent with varying channel conditions. Configuring one of these conditions alone may cause more CHO failure. Thus, even for UE with GNSS, the NR R16 measurement based CHO execution condition are also useful to ensure a robust CHO.
Proposal 1: NR R16 CHO procedure and execution conditions (A3/A5/A3+A5/A3+A3/A5+A5) should be taken as a baseline in NTN.
For the location/timer/timing advance/elevation angle based execution conditions proposed during the SI phase, considering the timer/timing advance/elevation angle based execution conditions are all evaluated based on the UE location and satellite position, there is no need to support all of them.
Proposal 2: Select one from the following execution conditions in addition to NR R16 CHO execution condition:
· Solution 1: Location-based execution condition
· Solution 2: Time/Timer based execution condition
· Solution 3: Timing advance based execution condition
· Solution 4: Elevation angle based execution condition
2.2. Mobility configuration enhancement
The following signaling optimization for HO command has been proposed during the SI phase:
· Broadcast common signaling in the HO configuration (e.g. T304 and spCellConfigCommon) via system information and provide the dedicated part via HO command.
· Define typical HO configuration associated with index and provide the index with or without the delta part in HO command. The typical HO configuration can be broadcast to UE or pre-configured to UE and get updated via NAS signaling.
The benefits of broadcasting the common signaling in system information are not justified as it is not clear how many UEs will share the common configuration and how frequent the modification is required for the common signaling.
In our understanding, the benefits for defining typical HO configuration associated with index are quite straightforward as more than one typical configuration can be pre-configured and index along with delta part in HO command offers sufficient flexibility and reduces the signaling overhead by replacing the typical configuration part with a index.
Proposal 3: Typical HO configuration associated with index should be defined and pre-configured to UE. The index associated with one typical configuration with or without delta configuration is configured to UE in Handover Command.
2.3. UE location report
A non-terrestrial network may provide global, or multi-country coverage. NTN cell id may not provide sufficient accuracy to the network to ensure that the right, country-specific policies can be applied. UE location information, if available at network side, can be used as assistance information to help network apply the country-specific policies. In addition, network can take the UE location information into consideration to decide an appropriate HO target.
Observation 1: UE location information, if available at network side, can be used as assistance information to help network apply the country-specific policies and decide an appropriate HO target in mobility handling.
In R16, includeCommonLocationInfo-r16 has been introduced for UE supporting MDT to report its location information via MeasurementReport message --> measResults -->locationInfo-r16. 
For UE with GNSS support, similar mechanism can be applied. However, the UE location information is a kind of private information, an LS should be sent to SA2 to ask if some kind of authorization from the User is needed before collecting the UE location information based on the positioning techniques.
Proposal 4a: An LS should be sent to SA2 to ask if some kind of authorization from the User is needed before collecting the accurate UE location information acquired via GNSS and report to network.
If User is not willing to expose its accurate location information due to privacy concern, another option can also be considered to acquire coarse-grained UE location information without invasion of User privacy.
As shown in Figure 1, both TN and NTN cells may be deployed in the same geographical area. 


Figure 1. An example of TN and NTN cells within the same area
When UE camps on a NTN cell, it can still perform measurements on neighboring TN cells based on the configuration received from the camped NTN cell and tries to receive system information (including PLMN identity, TAI, NCGI and so on) from a TN cell. 
PLMN-Id consists of Mobile Country Code (MCC) and Mobile Network Code (MNC).
-	PLMN-Id = MCC || MNC
Such TN cell information (e.g. PLMN identity, TAI and NCGI) can show coarse-grained UE location information. At least which country the UE is in can be reflected by such information.
UE can then report such TN cell information (e.g. PLMN identity, TAI and NCGI) to the serving NTN cell via RRC message to help network apply right, country-specific policies to this UE.


Figure 2. Report TN cell information to NTN network to show UE location
A comparison table is given below to show the pros and cons of the methods that may be useful to help decide and apply country-specific policies in NTN:
Table 1. Pros and cons of all the methods to help apply country-specific policies in NTN
	
	Pros
	Cons

	Method 1: UE location report with GNSS based positioning
	· Accurate UE location can be reported to NTN network.
	· Only applicable to UE with GNSS support.
· Authorization from the User is needed before UE collect the location information and report to network.

	Method 2: UE acquire neighboring TN cell information and report to the camped NTN cell
	· Applicable to UE with and without GNSS support.
· No Authorization from the User is needed.
	· The UE location is coarse -grained.


Proposal 4b: For UE without GNSS capability or UE with GNSS capability but not allowing acquisition of its accurate location information, it should acquire neighboring TN cell information (e.g. PLMN identity, NCGI, TAI and so on) and report to the serving NTN cell.
Another issue we need to consider is how often the location information will be sent from UE to network. Too frequent location reporting will not only consume network radio resources but also deplete UE power while infrequent location reporting may not be sufficient to apply country specific policy especially taking the fast moving LEO satellites and long propagation delay into account.
One straightforward solution to reduce the unnecessary location reporting is to limit that UE only send location report when it moves out of a pre-configured area. For the case when the tracking area is earth fixed, a TAI list can be configured to UE as a reference area and UE will only report its location information or neighboring TN cell information when it moves out of this TAI list. 
Proposal 4c: For the case when the TA is earth fixed, a TAI list should be configured to UE as a reference area and UE will only report its location information or neighboring TN cell information when it moves out of this TAI list.
3. Conclusion and proposals
With the above analysis, we have the following conclusions and proposals:
CHO
Proposal 1: NR R16 CHO procedure and execution conditions (A3/A5/A3+A5/A3+A3/A5+A5) should be taken as a baseline in NTN.
Proposal 2: Select one from the following execution conditions in addition to NR R16 CHO execution condition:
· Solution 1: Location-based execution condition
· Solution 2: Time/Timer based execution condition
· Solution 3: Timing advance based execution condition
· Solution 4: Elevation angle based execution condition
Mobility configuration enhancement
Proposal 3: Typical HO configuration associated with index should be defined and pre-configured to UE. The index associated with one typical configuration with or without delta configuration are provided to UE in Handover Command.
UE location report
Observation 1: UE location information, if available at network side, can be used as assistance information to help network apply the country-specific policies and decide an appropriate HO target in mobility handling.
Proposal 4a: An LS should be sent to SA2 to ask if some kind of authorization from the User is needed before collecting the accurate UE location information acquired via GNSS and report to network.
Proposal 4b: For UE without GNSS capability or UE with GNSS capability but not allowing acquisition of its own accurate location information, it should acquire neighboring TN cell information (e.g. PLMN identity, NCGI, TAI and so on) and report to the serving NTN cell.
Proposal 4c: For the case when the TA is earth fixed, a TAI list should be configured to UE as a reference area and UE will only report its location information or neighboring TN cell information when it moves out of this TAI list.
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