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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.

2.1 CHO enhancements in NTN
It was agreed that R16 CHO is the baseline for NTN CHO and NTN specific CHO execution condition can be further discussed. After the offline discussion, in addition to the existing cell quality condition in R16 eMOB CHO, two types of CHO triggering event were agreed – time or timer based, and location based.
An NTN cell with LEO satellite covers certain area for a certain time period (normally 15~20 minutes). 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

So, if measured cell quality is above a configured threshold, how much the cell quality is higher than the threshold may not be important that much.

By the way, when the earth-fixed beam steers to the next coverage area, the cell will disappear from the UE. Therefore, even if measured cell quality is good, the UE should not perform handover to the cell if the NTN cell will disappear from the area soon. If the UE performs the handover, soon the UE should perform handover to another cell again.
Observation 1
If time condition is considered in CHO execution condition, the UE can avoid unnecessary handover.

Therefore, for both earth-fixed beam and earth-moving case, the service time period of each candidate cell should be provided in order for the UE to know how long each cell will be visible. This service time period can be expressed as absolute time period (e.g. UTC) or timer. If the service time period is provided, the UE can execute CHO to the cell if remaining service time of the candidate cell is longer than a configured time threshold. Then, after moving to the target cell, enough time is guaranteed to keep connection to the cell so that the UE does not need to move to another cell for a while.
Proposal 1
Provide service time period of each CHO candidate cell in order for the UE to know how long each cell will be serviceable. The time period can be expressed as absolute time period (e.g. UTC) or timer.
Proposal 2
UE can execute CHO to a candidate cell if remaining service time of the cell is longer than a configured time threshold.
If time condition is considered in CHO execution condition, how to combine with the existing cell quality condition should be discussed. Even if an NTN cell will be visible for a long time, it is no use if measured cell quality is bad. Therefore, regardless of time condition, existing cell quality condition should be the baseline. In other words, cell quality condition should be mandatorily configured in the CHO configuration. It is FFS whether to introduce new event in addition to A3/A5.
Proposal 3
In the CHO configuration in NTN, cell quality condition is mandatory in the CHO execution condition. FFS whether to add new event condition.
In addition to the cell quality condition, time condition can be optionally configured. If the network knows accurate UE location information so that service time is expected, the network may not provide the time condition.

Proposal 4
In the CHO configuration in NTN, time condition is optional in CHO the execution condition.
2.2 Location reporting in NTN
Basic purpose of measurement reporting is to provide mobility configuration or CA/DC setup to UEs. Also purpose of UE location reporting in NTN is to provide UE mobility configuration. Therefore, it seems desirable to piggyback the UE location information to the measurement reporting message. If then, no additional signaling message needs to be designed.
Proposal 5
For UE location reporting to the network, the UE location information is piggybacked to the measurement report message.

As the purpose of the location reporting is to inform the UE location information to the network, new event for the location reporting can be considered – trigger location reporting based on UE location change. For example, if UE location changes more than a distance from the lastly reported location, the UE triggers location reporting. However, as NTN cell coverage size is very big and the satellites moves few kilometers per second, it can be assumed that the UE mobility is ignorable. Therefore, the UE location-based location reporting is not necessary. Rather than reporting the UE location based on the UE location change, periodic reporting will be triggered more frequently.
Observation 2 UE location-based condition for location reporting (e.g. trigger location reporting based on UE location change) may not be necessary because UE mobility is ignorable compared with NTN cell coverage size and LEO satellite speed.

Proposal 6
Do not introduce UE location-based condition for UE location reporting.
Simple approach to design the UE location reporting is that, in each measurement reporting configuration, the network indicates whether the UE needs to provide UE location information upon measurement reporting. Based on this approach UE may provide its location information periodically, or cell quality of certain cell become better or worse. To avoid frequent UE location reporting, minimum guard time may be considered. This request may be configured as per-measObject, or per-reportConfig, or per-measId.
Proposal 7
For UE location reporting, the network configures to include the UE location information in the measurement reporting configuration.
In addition to piggybacking the UE location information to the measurement report message, sometimes the network may want immediate location reporting. Then explicit request could be considered via such as UEInformationReq message.
Proposal 8
Discuss whether explicit request by the network to report UE location information is needed.

2.3 Measurement window enhancements in NTN
The measurement window, i.e. SMTC and measurement gap, is configured based on the timing of PCell. Since NTN cells on the same frequency, that have different orbit, can have different propagation delay, the SSB burst of neighbour NTN cell may be invisible within the measurement window configured based on the timing of serving cell. To avoid UE missing the SSB burst of neighbour NTN cell, RAN2 discussed enhancement for measurement window and concluded followings:

	1.
RAN2 understanding that UE shall not be forced to detect the SSB burst outside the corresponding configured SMTC window in NTN, just like the principle in TN.
1.
SMTC and gap configuration in NTN are configured based on the timing of PCell

2.
RAN2 can first identify the scenarios and discuss how serious the impact is before addressing any enhancement for SMTC configuration in NTN.

3.
RAN2 can’t assume that the network will always have UE accurate location info for SMTC window configuration in NTN
4.
UE along with the network in NTN should also have the same understanding of the timing, including the timing for measurement gap, to avoid any un-synchronized scheduling between UE and the network, just like the way we have in TN


The potential enhancements can be categorized into NW based approach and UE based approach. In the UE based approach, UE derives real timing of SSB burst on UE side by taking the transmission delay into account, and performs the SSB measurement using the derived measurement window, i.e. even outside the configured measurement window. However, according to the previous RAN2 agreements (highlighted in yellow), UE based approach is excluded from enhancements for SMTC and measurement gap.

The NW based approach also can be classified into two options, as follows:
Option 1: Extending window size, i.e. SMTC duration or measurement gap length.
Option 2: Configuring multiple measurement windows without extending window size, e.g. SMTC/measurement gap per cell/cell group.

Two options have the same purpose that is to make SSB bursts transmitted from NTN cells that having different propagation delay appear within the enhanced measurement window.
In option 1, network configures a long measurement window in order for SSB bursts transmitted by NTN cells on the same frequency to appear within an extended measurement window. If there is large difference in propagation delay among NTN cells on the same frequency, there may be some idle period that would not be available for measurements within the extended measurement window.
For instance, there are two NTN cells to measure on a neighbour frequency. The SMTC duration for each NTN cell is 5ms and the propagation delay difference between cells is 2ms. If the periodicity of the measurement window is 20ms, the length of the measurement window should be at least 12ms, and there is an idle period for 2ms as shown in figure below.
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Figure 2 Comparison between an extended measurement window and multiple measurement windows
The idle period is no problem for intra-frequency measurement, because the transmission/reception of data can be done in the measurement window for intra-frequency, i.e. SMTC window. However, since the data transmission/reception is unavailable in measurement gap, such idle period in inter-frequency measurement results in throughput degradation in serving cells.

On the contrary, in the same situation, if multiple measurement windows are configured per cell, there is no idle period.
Observation3
If we stick to legacy principles, one SMTC per frequency, one measurement gap per FR or per UE, in NTN, idle period could appear within the enhanced measurement window, which causes unnecessarily degradation of throughput in the serving cell.
To avoid the throughput degradation caused by idle period, measurement windows should be configured per cell/group of cells.

Proposal 9
SMTC can be configured per NTN cell or group of NTN cells, not per frequency.

Proposal 10
Measurement gap can be configured per NTN cell or group of NTN cells, not per UE or FR.

The network based approach can work well only when the network is able to precisely calculate the propagation delay between neighbour NTN cell and UE. Therefore, the network is also required to know the precise UE location
However, in the previous meeting, it was concluded that RAN2 can’t assume that the network will always have UE accurate location info for SMTC window configuration in NTN. There would be an error in the propagation delay calculated by network. When the propagation delay of an NTN cell is about 500ms, the miscalculation with 1% error (=5ms) will make the SSB burst entirely invisible within the configured measurement window. 
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Figure 3 Measurement failure due to configuration error
Even though the measurement window is precisely configured without any errors, based on the UE location and the ephemeris information, the propagation delay can change dynamically according to the movement of UE or satellite. Therefore, it would be almost impossible that the network updates the accurate measurement window according to the continually changing propagation delay for all UEs.
If the inaccuracy needs to be considered for the measurement window configuration in NTN, UE should be able to determine whether the neighbour NTN cell is properly measured within the configured measurement window, and it should inform gNB of the measurement failure along with the information required to reconfigure the proper measurement window when the measurement failure is detected so that the gNB can update the measurement window for the UE.
Proposal 11
When UE cannot properly measure a NTN cell that the UE should measure within the configured measurement window, the UE reports information required to reconfigure the proper measurement window.
3 Conclusion
In conclusion, we propose the followings:
Observation 1
If time condition is considered in CHO execution condition, the UE can avoid unnecessary handover.

Proposal 1
Provide service time period of each CHO candidate cell in order for the UE to know how long each cell will be serviceable. The time period can be expressed as absolute time period (e.g. UTC) or timer.

Proposal 2
UE can execute CHO to a candidate cell if remaining service time of the cell is longer than a configured time threshold.

Proposal 3
In the CHO configuration in NTN, cell quality condition is mandatory in the CHO execution condition. FFS whether to add new event condition.

Proposal 4
In the CHO configuration in NTN, time condition is optional in CHO the execution condition.
Proposal 5
For UE location reporting to the network, the UE location information is piggybacked to the measurement report message.

Observation 2
UE location-based condition for location reporting (e.g. trigger location reporting based on UE location change) may not be necessary because UE mobility is ignorable compared with NTN cell coverage size and LEO satellite speed.

Proposal 6
Do not introduce UE location-based condition for UE location reporting.

Proposal 7
For UE location reporting, the network configures to include the UE location information in the measurement reporting configuration.

Proposal 8
Discuss whether explicit request by the network to report UE location information is needed.

Observation3
If we stick to legacy principles, one SMTC per frequency, one measurement gap per FR or per UE, in NTN, idle period could appear within the enhanced measurement window, which causes unnecessarily degradation of throughput in the serving cell.
Proposal 9
SMTC can be configured per NTN cell or group of NTN cells, not per frequency.

Proposal 10
Measurement gap can be configured per NTN cell or group of NTN cells, not per UE or FR.

Proposal 11
When UE cannot properly measure a NTN cell that the UE should measure within the configured measurement window, the UE reports information required to reconfigure the proper measurement window.
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