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1 Introduction

In this contribution, we discuss CHO enhancement and how to design location reporting in NTN.
2 Discussion
In RAN2#112-e meeting, following agreements were made in connected mode discussion:
Agreements

1. Reconfiguration with sync is the baseline for connected mode mobility in NTN (the use of legacy RLF and re-establishment mechanism are not excluded)

2. The CHO can be used in NTN for both moving cell and fixed cell scenarios, and the CHO procedure and execution condition defined in Rel-16 is the baseline for NTN CHO. 

3.
NTN specific CHO execution condition can be further discussed.
4.
The existing measurement framework (e.g. measurement configuration, execution and reporting) is the baseline, and all the existing measurement criteria and event can be used in NTN. Support for new measurement is not excluded.

5.
Legacy SSB periods (as in TN) shall be supported in NTN

Agreements via email - offline 105:

1. Time or timer based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario.  FFS on how to configure the time or timer based CHO triggering event. Also FFS how to consider the feeder/service link switch timing.

2. DAPS HO for NTN is de-prioritized in this release.

3. Location based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario. FFS on how to configure the location based CHO triggering event. FFS if location based CHO triggering event only (not in combination with other events) can also be considered.

4. The Location-based measurement event, in combination with the existing measurement event in NR, should be supported in NTN for both moving cell and fixed cell scenarios. FFS on how to configure the location based measurement event.

In RAN2#113-e meeting, it was agreed to support A4 event for triggering event of NTN CHO as following:
Agreements:

1. Support A4 event for NTN CHO. FFS whether other triggers need to be combined with this.

2.1 New triggering condition for NTN CHO
Currently, two types of new triggering conditions for CHO is being discussed – time-based condition and location-based condition.
An NTN cell on LEO satellite covers certain area on the ground for a certain time period (normally 15~20 minutes for every appearance). In every appearance, because of near-far-effect, the cell quality measured at center of cell coverage and boundary of cell coverage are not different much, as depicted in the figure below [1].
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Figure 7.3.2.1.3-1: A sketch of near-far effect in different scenarios: (a) Terrestrial Network; (b) NTN

 Therefore, so long as RSRP/RSRQ triggering condition of CHO is satisfied (i.e. measured cell quality is higher than configured threshold), it will not matter how high the measured cell quality is.
 For LEO satellites with on-board earth-fixed beam, once the beam steers to a coverage area, it serves the area for a period time, and then steers to the next coverage area. Therefore, if service time of a CHO candidate cell expires soon, UE should not perform handover to the cell because it will disappear soon and the UE changes the cell again. In another case, if service time of connected serving cell expires soon, also the UE should move to other cell. Therefore, service time of each satellite should be considered in NTN CHO in order to avoid unnecessary or frequent handover.
 For LEO satellites with on-board earth-moving beam, as the beam coverage sweeps on the ground, beam coverage changes much rapidly compared with that of earth-fixed beam. It means that the service time of the cell may expire quicker than that of earth-fixed beam, so unnecessary handover may occur more frequently if service time of each cell is not considered in the CHO configuration.
Observation 1: For both earth-fixed beam and earth-moving beam cases, UE can avoid unnecessary handover if service time of each satellite is considered in CHO execution condition.
Therefore, for both earth-fixed beam and earth-moving beam on LEO satellite case, service time period of each CHO candidate cell should be provided in the CHO configuration in order to inform the UE how long each cell can provide NTN service to the UE. In earth-fixed beam on LEO satellite case, the service time information will represent until when the cell will serve the area in which UE is located, and then steer to the next serving area. In earth-moving beam on LEO satellite case, as the network knows location information of connected mode UE, the service time information will represent until how long the UE will be covered while the moving beam sweeps on the ground.
The service time period can be expressed as absolute time period (e.g. UTC) or timer. When the service time period is provided, the UE executes CHO to the candidate cell if remaining service time of the candidate cell is longer than a configured time threshold. Then, minimum service time is guaranteed after the handover so that the UE can avoid frequent cell change.
Proposal 1: As time-based CHO triggering condition, for both earth-fixed beam and earth-moving beam cases, provide service time period of each CHO candidate cell. The service time period represent the time information until when each cell can provide NTN service to the UE. The service time period can be expressed as absolute time period (e.g. UTC) or timer.
Proposal 2: 
UE executes CHO to a candidate cell if remaining service time of the cell is longer than a configured time threshold.
 Another candidate triggering condition of NTN CHO is location-based condition. The location-based condition may be based on UE location, or center of cell coverage, or reference point, or satellite position. If location-based condition is introduced for triggering condition of NTN CHO, the UE may execute CHO if location-based condition (e.g., distance between UE and satellite, or distance between UE and center of cell coverage) is satisfied. However, as the network is already aware of positioning of UE, cell coverage, reference point, and satellite, these location information can be considered by the network when the network provides the CHO configuration with service time of each satellite.
For example, if the network wants UE to execute CHO to a cell with shortest distance between UE and center of cell coverage, the network can calculate when each cell coverage is expected to get close to the UE. SO the network can provide appropriate time-based condition in the CHO configuration.
Observation 2: As the network is aware of positioning of UE, cell coverage, reference point, and satellite, these location information will be already considered by the network when the network provides CHO configuration with time-based condition to the UE.
Moreover, the location-based condition may be more complex to calculate and will bring more power consumption.
 Firstly, if satellite location is included in the location-based condition, it will be very complex and need much more power consumption to calculate distance from moving satellite in the space which moves few kilometers per second.
Secondly, especially in moving-beam case, the UE should continuously calculate position of center of cell coverage or reference point, and then calculate the distance from the UE. It will continuously consume the UE power. 
Thirdly, in fixed-beam case, whenever the beam steers to the new serving area, the UE should update the position of cell coverage or reference point should be updated, though the cell may not be CHO candidate cell anymore.
Observation 3: Even if location-based condition is introduced for triggering condition of NTN CHO, it may be complex to calculate and bring more power consumption of UE.
Proposal 3: Location-based condition is not introduced for triggering condition of NTN CHO. 

 If time condition is introduced for triggering condition of NTN CHO, how to combine with the existing cell quality condition should be discussed. There may be three combinations of triggering condition, if cell quality condition and time-based condition are introduced:
1. Cell quality condition is configured, but time-based condition is not configured.

2. Cell quality condition is not configured, but time-based condition is configured.

3. Both cell quality condition and time-based condition are configured.

Even if a candidate cell satisfies time condition such that enough service time is guaranteed, it is no use if its measured cell quality is bad. Therefore, regardless of existence of time condition, the cell should satisfy the cell quality condition to execute CHO to the cell. In other words, cell quality condition should be mandatorily configured in the CHO configuration.
Proposal 4: In the NTN CHO configuration, cell quality condition should be mandatorily configured in the CHO triggering condition. In other words, one of A3/A4/A5 is mandatorilybe configured for the CHO triggering condition.
In addition to the cell quality condition, time condition can be optionally configured. If time is configured, the candidate cell should satisfy both cell quality condition and time condition. If the time condition is absent, then the UE executes CHO to the candidate cell if the cell quality condition is satisfied.
Proposal 5: In addition to the cell quality condition, time condition can be optionally configured. If time condition is configured, the candidate cell should satisfy both cell quality condition and time condition to execute CHO to the cell.
2.2 Location reporting in NTN
 In RAN2#112 meeting, reporting of UE location information was also discussed:

	Proposal 3.1: Permission from UE is needed for the network to collect the UE location information for the purpose other than SON/MDT. If the UE location information is collected for other purpose, the UE consent for SON/MDT cannot be reused and a similar but independent procedure for permission should be considered.

· Nokia thinks this is not needed (RAN2 will not work on this) and we don't need to spend time to discuss this.  

· Ericsson also thinks we cannot agree this.

Proposal 3.2: The UE  location information report should be supported in NTN 

· Apple would like to make this optional.


Based on the offline discussion, the purpose of the UE location reporting may be, from network’s perspective, mobility and service continuity handling, measurement configuration, registration area management and paging, enforce country-specific policies, and scheduling. As basic purpose of measurement reporting is also provide mobility configuration or CA/DC setup to UEs, it seems desirable that the UE location information is piggybacked to the measurement reporting message. Then no additional signaling message needs to be newly designed.
Proposal 6: For UE location reporting to the network, the UE location information is piggybacked to the measurement report message.

As purpose of the location reporting is to inform the UE location information to the network, UE location-based location reporting may be considered. For example, UE triggers location reporting when UE location is changed more than a configured threshold distance from the lastly reported location. However, NTN cell coverage size is very big and the satellites moves few kilometers per seconds, it can be assumed that the UE mobility is ignorable. Therefore, UE location-based location reporting is not necessary and periodic reporting seems enough. The network can acquire enough accurate UE location information if the network configures periodic timer to trigger UE location reporting.
Observation 4: UE location-based condition for location reporting (e.g. trigger location reporting based on UE location change) seems not necessary because UE mobility is ignorable compared with NTN cell coverage size and LEO satellite movement speed. If periodic timer for UE location reporting is configured, the network can acquire enough accurate UE location information.
Proposal 7: Do not introduce new UE location-based condition for UE location reporting.
Simple approach to design triggering condition of UE location reporting may be, in each measurement reporting configuration, the network indicates whether the UE needs to include the UE location information upon measurement reporting. Based on this approach, the UE location information may be piggybacked to the measurement reporting which is triggered periodically or when cell quality of certain cell becomes better or worse than a threshold. Additionally, in order to avoid too frequent UE location reporting, minimum guard time may be considered so that the UE does not include the UE location information in the measurement reporting if more than the guard time has not elapsed since the last UE location reporting. This UE location information request may be configured as per-measObject, or per-reportConfig, or per-measId. This granularity can be discussed further.
Proposal 8: For UE location reporting, the network configures to include the UE location information in the measurement reporting configuration.
However, if the UE location information is only piggybacked to the measurement reporting, the UE location information can be only reported if measurement reporting is triggered. Therefore, if the network wants immediate UE location reporting, explicit request may be needed. Then, explicit request could be considered in such as UEInformationReq message so that the UE includes the UE location information in the UEInformationResponse message.
Observation 5: The network may want immediate UE location reporting, rather than waiting for UE location information included in the measurement reporting message.
Proposal 9: Discuss whether explicit request by the network to immediately report UE location information is needed, in such as UEInformationReq message.
In addition to existing GNSS positioning reporting procedure (e.g. LPP procedure), what kind of NTN-specific UE location information should be included in the UE location reporting. It seems not RAN2 discussion scope, so LS to other group can be considered.
Proposal 10: Discuss what kind of NTN-specific UE location information should be included in the UE location reporting. Consider sending LS to other WG to discuss contents of the UE location information for NTN.
3 Conclusion
In conclusion, we propose the followings:
· New triggering condition for NTN CHO
Observation 1: For both earth-fixed beam and earth-moving beam cases, UE can avoid unnecessary handover if service time of each satellite is considered in CHO execution condition.
Proposal 1: As time-based CHO triggering condition, for both earth-fixed beam and earth-moving beam cases, provide service time period of each CHO candidate cell. The service time period represent the time information until when each cell can provide NTN service to the UE. The service time period can be expressed as absolute time period (e.g. UTC) or timer.

Proposal 2: 
UE executes CHO to a candidate cell if remaining service time of the cell is longer than a configured time threshold.
Observation 2: As the network is aware of positioning of UE, cell coverage, reference point, and satellite, these location information will be already considered by the network when the network provides CHO configuration with time-based condition to the UE.
Observation 3: Even if location-based condition is introduced for triggering condition of NTN CHO, it may be complex to calculate and bring more power consumption of UE.
Proposal 3: Location-based condition is not introduced for triggering condition of NTN CHO. 

Proposal 4: In the NTN CHO configuration, cell quality condition should be mandatorily configured in the CHO triggering condition. In other words, one of A3/A4/A5 is mandatorilybe configured for the CHO triggering condition.
Proposal 5: In addition to the cell quality condition, time condition can be optionally configured. If time condition is configured, the candidate cell should satisfy both cell quality condition and time condition to execute CHO to the cell.

· UE location reporting in NTN
Proposal 6: For UE location reporting to the network, the UE location information is piggybacked to the measurement report message.

Observation 4: UE location-based condition for location reporting (e.g. trigger location reporting based on UE location change) seems not necessary because UE mobility is ignorable compared with NTN cell coverage size and LEO satellite movement speed. If periodic timer for UE location reporting is configured, the network can acquire enough accurate UE location information.
Proposal 7: Do not introduce new UE location-based condition for UE location reporting.

Proposal 8: For UE location reporting, the network configures to include the UE location information in the measurement reporting configuration.

Observation 5: The network may want immediate UE location reporting, rather than waiting for UE location information included in the measurement reporting message.

Proposal 9: Discuss whether explicit request by the network to immediately report UE location information is needed, in such as UEInformationReq message.
Proposal 10: Discuss what kind of NTN-specific UE location information should be included in the UE location reporting. Consider sending LS to other WG to discuss contents of the UE location information for NTN.
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