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1 Introduction

In this contribution, we discuss remaining connected mode issues in NTN.
2 Discussion
In RAN2#115-e meeting, following agreements were made in the NTN CHO discussion:
Working Assumptions:

1. Combination of serving and target cell reference location is supported for location report trigger event and for CHO location trigger

2. Specify that measurement reports can be configured to be piggybacked with location report when location based event triggers it

Agreements via email - from offline 103:

1. 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

2. Specify hysteresis and time to trigger for the location event for RRM and CHO

3. Timing information from RRCReconfiguration message in RRC running CR is removed

4. UE is allowed to perform HO only during T1 to T2

5. 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 email - from offline 103 second round:

1. RAN2 adopts Option 1: UTC time + duration/timer, e.g. 00:00:01 + 40s for representing T1 and T2 for CHO time event.

2.
RAN2 adopts options C: location and RRM and D: time and RRM to be configuration options for CHO

3.
RAN2 down priorities further enhacnements for connected mode for Rel-17 for TN-NTN mobility


4.
RAN2 continue discussing the exact solution for TN priorization over NTN for idle mode


2.1 How to discard CHO candidate cell
In the existing CHO procedure, upon receiving CHO configuration, UE performs CHO evaluation to the candidate cells and perform CHO if the CHO triggering condition is met. Additionally, while CHO is configured, if RLF is detected and selected cell is the CHO candidate cell, the UE performs CHO instead of re-establishment procedure. The CHO configuration is valid until the network discards.
In NTN, it was agreed that upon receiving CHO configuration with time duration [t1, t2], the UE is only allowed to perform HO to the candidate cell during [t1, t2]. The difference from the existing CHO is that the UE cannot perform HO to the candidate cell after t2. So it may be reasonable to discard the candidate cell from the CHO configuration at t2, but even after t2, the candidate cell may be still serviceable because the time point t2 does not mean the cell will disappear from the UE because the UE should be connected to the cell for a while even if the HO is performed right before the time point t2. Thus, after t2, we can consider allowing execution CHO to the candidate cell only for the purpose of RLF recovery. We also understand that keeping the CHO configuration until the network discards is inefficient way because it requires additional signalling, so we propose to introduce another time point t3 until which the UE can CHO to the candidate cell for the RLF recovery and the CHO candidate cell is discarded from the CHO configuration at the time point t3. Then, the allowed UE procedure is as follows.
1. CHO candidate cell with time point t1, t2, and t3 is configured.
2. During [t1, t2], the UE is allowed to perform CHO to the candidate cell. If RLF occurs and the candidate cell is selected, the UE performs CHO to the cell.

3. During [t2, t3], the UE only can perform CHO to the cell if RLF occurs and the candidate cell is selected.

4. At t3, the candidate cell is discarded.

Proposal 1: RAN2 to discuss how to discard CHO configuration after time period [t1, t2] during which the UE is allowed to perform CHO, based on following three alternatives:

- Discard CHO configuration of the candidate cell after t2.

- Introduce new time point t3 and the CHO candidate cell is discarded at the t3. During [t2, t3], the UE is only allowed to perform CHO to the cell when RLF occurs and the candidate cell is selected.
- Follow the existing CHO mechanism. (CHO candidate cell is discarded by network command). After t2, the UE can perform CHO to the cell when RLF occurs and the cell is selected.
2.2 If multiple cells satisfy the CHO triggering condition 
It was agreed that the CHO of NTN cell can be executed within time duration [t1, t2]. According to Rel-16, if multiple CHO candidate cells satisfy CHO execution condition simultaneously, the selection of a target cell is up to UE implementation. If multiple NTN CHO candidate cells satisfy the CHO execution conditions simultaneously, some UEs may select a candidate cell floating upon low altitude to reduce power consumption, based on the information of the altitude of cell already known to the UE [1]. In this case, the cell selected by the UE may have a shorter remaining service time than the other candidate cell(s). It would cause the UE to execute another CHO shortly, incurring unnecessary signaling overhead and service interruption during the HO. Given that there are many UEs under one NTN cell, the amount of unnecessary HOs and resulting signaling overhead may not be trivial. To prevent such undesirable side-effects, if multiple CHO candidate cells satisfy CHO execution conditions in NTN, UE is required to select the target cell having the longest remaining serving time. 

Proposal 2: For NTN CHO, if multiple CHO candidate cells satisfy CHO execution conditions simultaneously, the UE performs CHO to the CHO candidate cell with the longest remaining service time.
2.3 Combination of NTN CHO triggering condition
It was agreed that two options are introduced in NTN CHO - location and RRM, and time and RRM. So the RRM condition is mandatory configured, and location condition and time condition can be optionally configured in the NTN CHO triggering condition. Then the last combination to discuss is whether RRM and location and time can be configured together. If the network wants to configure both time condition and location condition and UE can perform CHO if either of condition is met, then the network will configure the triggering conditions separately. If the network wants to configure CHO triggering condition that both time condition and location condition are met, then the triggering condition should be configured in one CHO triggering condition.
Observation 1: If the network wants to configure CHO triggering condition that both time condition and location condition should be satisfied, it should be configured in one CHO triggering condition.

Proposal 3: RAN2 to clarify whether RRM, and time, and location condition can be configured together in a single CHO triggering condition.
2.4 SMTC and measurement gap enhancements
During e-mail discussion [AT116-e][103], RAN2 discussed which assistance information to support between propagation delay and UE location for SMTC/MG configuration, and concluded to choose once SA3 feedback on user consent is received. 

In [1], SA3 replied that the requirement for handling of user consent for UE location information for NTNs may need to be complemented, and SA3 has not yet studied how this user consent handling can be used specifically for the NTN use case.

	SA3 is currently introducing new requirements to TS 33.501 for user consent handling. Although such requirements are generic, they may need to be complemented in order to cover the different use cases, such as, in this context, the handling of user consent for UE location information for NTNs. SA3 has not yet studied how this user consent handling can be used specifically for the NTN use case.


We have a lot of issues that can be sorted out after deciding what information to report as proposed below, and this issue should be concluded without further delay. Therefore, we propose to support the propagation delay as an UE assistance information for SMTC/MG configuration in this release.

Proposal 4: UE reports the propagation delay difference between PCell and a neighbour cell to assist network in SMTC/MG configuration.

If RAN2 decides to support the propagation delay reporting, then the next issue to discuss is how to configure the propagation delay measurement. RAN2 assumes that UE can measure the propagation delay using the ephemeris of PCell/neighbour cell and the UE location, because the propagation delay is proportional to the distance between a cell and the UE. Furthermore, since the ephemeris information can be broadcast per cell, UE also can know which neighbour cell to measure while being camped on the serving cell. This means that EU can acquire all information required to measure the propagation delay, including which neighbour cell to measure, from the ephemeris information. 
However, if there are so many neighbour cells around the serving cell, the network may want to reduce the number of UE reporting for efficient management of uplink resource. If so, UE only needs to measure and report the propagation delay difference only for neighbour cells indicated by the network Therefore, further information other than ephemeris information and a white cell list is not required to enable to UE to measure the propagation delay. 

Proposal 5: No further information other than ephemeris information and a white cell list is needed to configure the propagation delay measurement.

Proposal 6: A white cell list can be provided in the propagation-delay reporting configuration, and UE measures and reports the propagation delay difference only for white cells.

When an UE enters RRC_CONNECTED, the network would configure the propagation delay reporting for initial SMTC/MG configuration for the UE. Therefore, UE needs to report the propagation delay difference for all white cells upon receiving the propagation-delay reporting configuration from network.

Proposal 7: UE initiate the propagation delay reporting upon receiving the propagation-delay reporting configuration, and reports the propagation delay difference for all white cells.

Regarding the reporting of the UE assistance information, RAN2 agreed to support the event-triggered reporting. If the propagation delay difference between PCell and a neighbour cell is not changed, the SMTC/MG doesn’t need to be re-configured for the neighbour cell. In other words, for a white cell, i.e. a neighbour cell that needs to be reported by UE, if the propagation delay difference between PCell and the white cell is changed, the SMTC/MG needed to measure the white cell should be re-configured.

Considering that the offset for SMTC/MG is configured in millisecond, if the propagation delay difference is increased or reduced by 1ms, it is desirable that the offset for SMTC/MG is also increased/reduced by 1ms. However, if the length of the SSB burst of the neighbour cell is much smaller than the SMTC window/MG length, then UE may be allowed to report the propagation delay difference only when it is increased/reduced by more than 2ms. If the threshold (in ms) can be configured by network, the frequency of the UE reporting would be controlled efficiently. Therefore, it is proposed that network configures a threshold and UE initiates the propagation delay reporting, if the difference between the current propagation delay difference and the previously reported propagation delay difference becomes larger than a threshold configured by network. In this case, UE only needs to report the propagation delay difference for cell that triggers the propagation delay reporting.

Proposal 8: UE initiates the propagation delay reporting, if the difference between the current propagation delay difference and the previously reported propagation delay difference becomes larger than a threshold configured by network, and reports the propagation delay difference only for cell that triggers the propagation delay reporting.

The network-based SMTC adjustment cannot be used for IDLE/INACTIVE, and RAN2 agreed to adopt the UE-based SMTC adjustments. Though the SMTC adjustment for CONNECTED mentioned above consists of UE reporting and NW re-configuration, it can be done without these steps, if the network and UE don’t need to have the same understanding on this. For instance, if the serving cell configures the SMTC offset based on its timing, UE can increase the SMTC offset as much as the propagation delay difference between PCell and a neighbour cell. Therefore, the last proposal is that UE in IDLE/INACTIVE increases/decreases the SMTC offset provided via system information as much as the propagation delay difference between the serving cell and the neighbour cell.

Proposal 9: UE in IDLE/INACTIVE increases/decreases the SMTC offset provided via system information by the propagation delay difference between the serving cell and the neighbour cell.

3 Conclusion
In conclusion, we propose the followings:
Proposal 1: RAN2 to discuss how to discard CHO configuration after time period [t1, t2] during which the UE is allowed to perform CHO, based on following three alternatives:

- Discard CHO configuration of the candidate cell after t2.

- Introduce new time point t3 and the CHO candidate cell is discarded at the t3. During [t2, t3], the UE is only allowed to perform CHO to the cell when RLF occurs and the candidate cell is selected.
- Follow the existing CHO mechanism. (CHO candidate cell is discarded by network command). After t2, the UE can perform CHO to the cell when RLF occurs and the cell is selected.
Proposal 2: For NTN CHO, if multiple CHO candidate cells satisfy CHO execution conditions simultaneously, the UE performs CHO to the CHO candidate cell with the longest remaining service time.
Observation 1: If the network wants to configure CHO triggering condition that both time condition and location condition should be satisfied, it should be configured in one CHO triggering condition.

Proposal 3: RAN2 to clarify whether RRM, and time, and location condition can be configured together in a single CHO triggering condition.
Proposal 4: UE reports the propagation delay difference between PCell and a neighbour cell to assist network in SMTC/MG configuration.

Proposal 5: No further information other than ephemeris information and a white cell list is needed to configure the propagation delay measurement.

Proposal 6: A white cell list can be provided in the propagation-delay reporting configuration, and UE measures and reports the propagation delay difference only for white cells.

Proposal 7: UE initiate the propagation delay reporting upon receiving the propagation-delay reporting configuration, and reports the propagation delay difference for all white cells.

Proposal 8: UE initiates the propagation delay reporting, if the difference between the current propagation delay difference and the previously reported propagation delay difference becomes larger than a threshold configured by network, and reports the propagation delay difference only for cell that triggers the propagation delay reporting.

Proposal 9: UE in IDLE/INACTIVE increases/decreases the SMTC offset provided via system information by the propagation delay difference between the serving cell and the neighbour cell.
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