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1 Introduction to the Connected Mode Enhancements for an NTM
RAN2 has studied various aspects of connected mode procedures for an NTN. This contribution summarizes our preliminary observations and proposals for selected aspects of the connected mode mobility enhancements discussed in RAN2 [1] [2]. 
The mobility management in the RRC_CONNECTED mode (referred as simply “connected mode” here) is quite complex in an NTN due to several challenges. A brief summary of these challenges is given below. 
· User Traffic Interruption. There could be significant user traffic interruption due to long propagation delays of overall handover signaling. For example, the user traffic interruption time could be about 2 Round Trip Times (RTTs) for the downlink and about 1.5 RTTs for the uplink [2].
· Measurement Validity. Due to long signaling delays arising from long propagation delays, a measurement report from the UE quantifying the radio environment may or may not be valid. Since measurements could be outdated, there is a possibility of late handover.

· Massive Handover. In case of moving NTN cells, a large number of users may need to be handed over from one cell to another in a relatively short time period. 
· Measurement Window. The propagation delay difference between the serving satellite and the neighboring satellite may be large. Hence, a UE may not be able to make measurements of a neighboring cell if the SS/PBCH block Measurement Timing Configuration (SMTC) does not create a suitable measurement gap.
Solutions to address the challenges mentioned above need to be developed in normative specifications. 
2  Discussion
We would like to offer some observations and related proposals on selected aspects of the connected mode mobility management below to facilitate the discussions toward normative specifications that are customized for an NTN.

2.1 Mobility Scenarios

The WID RP-201256 identifies the following scenarios to be within the RAN2 scope of the NTN work in Release 17.

· GEO satellites with a transparent payload
· LEO satellites with (i) continuously-moving cells and (ii) cells that are Earth-fixed for a finite time period created using steerable beams.

If RAN2 believes that only one of the scenarios could be handled for LEO satellites, these scenarios can be evaluated early on so that a suitable priority can be given to the mobility management for a given scenario. Furthermore, interests from service providers in these scenarios can also be taken into account.
Observation 1. LEO satellites with both (i) moving cells and (ii) Earth-fixed cells for a finite time are within the RAN2 scope in Release 17. 
Proposal 1. Evaluate the performance for both moving-cells and Earth-fixed cells for LEO satellites to help prioritize mobility management in case there is a time crunch is expected.  
2.2 Triggering of Measurement Reporting and Measurement Reports
In a typical TN approach, the network configures the UE with measurement events such as A3, where RSRP is used as a trigger for measurement reporting. For example, the UE is configured to send a Measurement Report when Event A3 occurs, which corresponds to the condition that a neighboring cell measurement becomes better than the serving cell measurement by a certain amount. RAN2 is considering to enhance such triggering, where conditional triggering of measurement reporting makes use of following quantities: (i) traditional measurements such as RSRP, (ii) UE location relative to a reference location, (iii) timer or timer, and (iv) satellite elevation angles. One or more combinations of these quantities can also be combined to create a trigger for measurement reporting. 
While RSRP has been a reliable trigger for a TN, RSRPs from different NTN cells in the cell-overlapping areas may be similar, reducing the reliability of RSRP as a sole trigger. reliability of new triggers Hence, additional quantities being considered by RAN2 would led to a more reliable handover decision-making at the gNB. Furthermore, multiple triggering thresholds can be defined so that the gNB gets multiple measurement reports as supported in R16. Such approach, while expensive from a signaling perspective, could provide an earlier indication of impending handover to compensate for the long propagation delays. For example, a negative offset (already supported in R16) for Event A3 can be configured by the serving cell so that the gNB can get a measurement report even before a neighboring cell becomes better than the currently serving cell. Such approach can accelerate the overall handover. Efficient structures for configuring multiple triggers with a single quantity or multiple quantities may help reduce the overall amount of downlink signaling. Furthermore, since the reliability of (i) an individual trigger quantity or (ii) a given combination of two or more quantities may not be known prior to actual NTN deployments, adequate flexibility should be built in normative specifications. 
The Measurement Report message from the UE can include the traditional R16 quantities such as RSRP, RSRQ, and SINR and newer quantities being considered as triggers. Inclusion of a history of measurements in a configurable time period would enable the gNB to make a better handover decision. 

RAN2 is considering the inclusion of location information in the measurement report to facilitate handover decision-making at the gNB. The R16 RRC signaling framework already supports the reporting of the UE location. Hence, when the gNB can configured the UE to report the UE location when the UE can reliably estimate its location.

Observation 2. RAN2 is considering the addition of new quantities such as UE location, timer, and elevation angles for an NTN to trigger measurement reporting in an NTN. 
Proposal 2. Enhance the basic R16 configuration framework of event-based measurement reporting (including negative offsets) by adding support for newer quantities individually or as flexible combinations and a history of measurements.  
Observation 3. RAN2 finds the inclusion of UE location in the measurement report useful for an NTN. 
Proposal 3. Include quantities such as UE location and elevation angles in a measurement report along with a history of measurements.  
2.3 Mobility Configuration for Handover Signaling
To support massive handover, handover signaling needs to be efficient. If the R16 framework is used as is, there could be a significant adverse impact on the amount of radio resources available for user traffic, the overall handover delay, and user traffic interruption. RAN2 is exploring options such as broadcast signaling to efficiently convey mobility configurations to UEs. 

Handover signaling is dedicated to a UE in the traditional approach. Hence, when broadcast signaling is used, the factors such as common vs. dedicated information, time required to obtain the broadcast information, applicability of signaling to the number of UEs, applicability of signaling to specific geographic areas in the cell, and the use of indexes to predefined handover configurations need to be carefully evaluated. has not yet found any issues with SI reliability even in case of moving cells [2].

In addition to unicast signaling of UE-specific information and broadcast signaling of cell-based information, multicast signaling for groups of users can be considered. For example, a multicast signaling message can be applicable to a group of UEs that share similar attributes. Furthermore, just like NB-IoT has created separate RRC signaling messages to meet the low-complexity requirements, certain high-impact messages from 5G Release 16 (e.g., a compact RRC Reconfiguration message in support of handover) can be customized and made more compact to meet the efficiency needs of an NTN.
Observation 4. Broadcast signaling and pre-defined handover configurations can be explored to increase signaling efficiency in support of massive handovers in an NTN.
Proposal 4. Exploit compact unicast signaling, multicast signaling, and broadcast signaling to efficiently support massive handovers.
2.4 User Traffic Interruption
As mentioned in Section 1, RAN2 has found that the user traffic interruption time could be about 2 RTTs for the downlink and about 1.5 RTTs for the uplink in the typical handover approach due to the need for a set of handover signaling messages. Hence, the overall user traffic interruption could be tens of milliseconds for LEO satellites and hundreds of milliseconds for GEOs. Considering the ability of a 5G system to send information within a millisecond, such long user traffic interruption is like an eternity!
RAN2 can explore various means to reduce the user traffic interruption for both the traditional 4-step random access procedure and the R16-defined 2-step random access procedure. The existing mechanisms such as configured scheduling and semi-persistent scheduling can be exploited to reduce the user traffic interruption. In particular, the PUSCH transmission with suitable guard time and guard band prior to the reception of the Random Access Response can significantly reduce the uplink user traffic transmission. The PDSCH transmission in the target cell prior to the reception of the RRC Reconfiguration Complete message can reduce the downlink user traffic interruption.

Observation 5. There could be significant user traffic interruption in an NTN due to long propagation delays when the traditional handover approach is used.
Proposal 5. Enable transmission and reception of user traffic in the target cell before the RRC Reconfiguration procedure is completed.
3 Conclusion

Samsung looks forward to collaborating with the NTN WI participants to create a flexible, effective, and long-lasting NTN framework. This framework can provide a strong foundation upon which further enhancements can be built in Release 18 and beyond. We have reiterated our preliminary proposals on the connected mode mobility management below.
Proposal 1. Evaluate the performance for both moving-cells and Earth-fixed cells for LEO satellites to help prioritize mobility management in case there is a time crunch is expected.  
Proposal 2. Enhance the basic R16 configuration framework of event-based measurement reporting (including negative offsets) by adding support for newer quantities individually or as flexible combinations and a history of measurements.  
Proposal 3. Include quantities such as UE location and elevation angles in a measurement report along with a history of measurements.  
Proposal 4. Exploit compact unicast signaling, multicast signaling, and broadcast signaling to efficiently support massive handovers.
Proposal 5. Enable transmission and reception of user traffic in the target cell before the RRC Reconfiguration procedure is completed.
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