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1 Introduction

In RAN#86, a new work item on solutions for NR to support NTN [1] has been approved. In the WID, one of the objectives is to enhance control plane procedures for connected mode UE, shown as below.
	· Connected mode

· Enhancement necessary to take into account location information (UE & Satellite/HAPS) and/or ephemeris in determining when to perform hand-over, in order to have a high degree of hand-over control for hand-over robustness and coverage management.

· Enhancement to existing measurement configurations to address absolute propagation delay difference between satellites (e.g. SMTC measurement gap adaptation to the SSB/CSI-RS measurement window) [RAN2/4].


In this contribution, we provide our further views to mobility management for connected mode UE in NTN.
2 Discussion 
2.1 Intra-NTN handover scenarios

According to the WID, Rel-17 NTN WI will focus on scenarios based on transparent payload only. This means that satellites behave simply as NR-Uu repeaters between feeder link and service link and do not have any gNB functionalities. Depending on different network deployments, intra-NTN inter-satellite mobility scenarios may fall into following categories:

· Scenario 1: intra-DU mobility
In this scenario, different satellites connect to the same DU located on the earth ground. These satellites may belong to the same cell, e.g. by connecting to different RRHs of the same cell, or they belong to different cells under the same DU. For the former case, it can be modelled as intra-cell mobility and handled by beam management. The latter case can be modelled as inter-cell mobility, which can be handled by intra-DU handover procedure.
· Scenario 2: intra-CU inter-DU mobility

This scenario corresponds to the case where different satellites connect to the different DUs under the same CU. Inter-satellite mobility can be handled by intra-CU inter-DU handover procedure.
· Scenario 3: inter-CU mobility
In this scenario, different satellites connect to the different CUs (and DUs) on the earth ground. They of course belong to different cells and inter-satellite mobility can be handled by inter-CU handover procedure.
Proposal 1 RAN2 clarify that intra-NTN handover includes below three mobility scenarios. 
•
Scenario 1: intra-DU mobility
•
Scenario 2: intra-CU inter-DU mobility
•
Scenario 3: inter-CU mobility
2.2 Handover triggers
In RAN2#112-e, some agreements have been made on handover trigger enhancements.
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.
While location-based CHO triggering event and measurement event have been agreed, it is still not clear what exactly the location-based measurement is. In our understanding, it can be the UE’s distance with each NTN cell’s center. The observed longer distance with the serving satellite and the shorter distance with the neighbour satellite may imply that UE is moving towards the neighbour satellite’s coverage, and this can be used to trigger handover via a new measurement report. To reduce the reporting overhead, RAN2 can consider A5-like or A3-like event, e.g. event-Axx (serving satellite distance becomes longer than threshold1 and neighbour satellite distance becomes shorter than threshold2). Once receiving the report, serving gNB can trigger handover by considering also other input such as RSRP measurement report.
Proposal 2 For location-based measurement, measurement quantity can be the calculated UE distance with each satellite’s cell center.
2.3 Handover signalling overhead

LEO satellites are typically featured as high-speed moving. Considering scenarios C/D in [2], the relative speed of LEO satellite w.r.t. the earth can be as high as 7.56 km per second (i.e. 27216 km/h), which is in the level of 100x times compared to high-speed train. No matter whether UE is moving or stationary, this means that in the LEO scenario, almost all UEs in the same cell may encounter frequent handovers in very short period. If existing handover signaling is adopted, this would result in a lot of signaling overhead and especially these signalling will happen in a burst, since handover command is now carried in dedicated RRC signaling. 
To solve the signaling burst issue, one option is to use CHO. CHO can enable network to distribute all UE’s HO command evenly in time domain, since gNB does not have to wait for the exact time point to deliver the HO command (in order to avoid too-late / too-early HO). On the other hand, if network still wants to command HO, it can select one target cell in the configured CHO configurations. To this end, a simple activation command (e.g. MAC CE) would be sufficient and signaling of total HO command can be avoided. Note that this approach was also discussed in Rel-16 mobility enhancement WI.  
Proposal 3 RAN2 consider CHO enhancement in NTN by introducing CHO activation command. 
Even though CHO can resolve the signaling burst issue, it still does not reduce the overall signaling overhead for all UEs in the cell. Looking at the content of HO command, the IE ReconfigurationWithSync includes some configurations (e.g. t304 and spCellConfigCommon) that can be common to all UEs, which is certainly up to network’s implementation. If this is the case, then these configurations can be signalled to the UE in a broadcast manner, i.e. to put them in SIB. For other configurations in the IE ReconfigurationWithSync, they are still carried in dedicated RRC signaling. In this way, the signaling overhead related to those common configurations in HO command can be reduced in dedicated RRC signaling. 
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Proposal 4 To reduce HO signalling overhead, some common configurations, e.g. t304 and spCellConfigCommon, can be delivered to UEs in a broadcast manner.

2.4 Measurement configuration

In terrestrial NR network, propagation delay between UE and different (serving and neighbour) base stations does not vary a lot. Due to this, NR measurement mechanism mainly adopts one SMTC configuration per frequency carrier, and the configured SMTC is intended to serve for all neighbour cell measurement on that frequency. In NTN scenario with transparent payload, gNB, which transmits SSB/CSI-RS, is located on the earth ground. Due to different propagation delay of feeder link and service link among different satellites, SSB burst transmitted in different cells may reach the UE at very different time point. RAN2#112-e has agreed 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. This will make SMTC configuration rather challenging in NTN, since a single SMTC can no longer accommodate SSB burst measurements for all neighbour cells on that frequency. A simple solution is to configure SMTC per neighbour satellite, and network configures the offset of the measurement window by taking into account the propagation delay difference between serving satellite and neighbour satellite.
Proposal 5 Separate SMTC can be configured per neighbour satellite, each corresponding to a separate offset of the measurement window.
For each neighbour cell’s SMTC configuration, to configure the proper offset of the measurement window, serving gNB may need to know the propagation delay difference between different cells, observed from UE’s perspective. This may require UE to report the propagation delay difference. So far, what UE can calculate, by utilizing UE location information and ephemeris, is only about the propagation delay difference in service link. For feeder link propagation delay difference, it can be acquired by the gNB and taken into account when configuring the offset value.
Proposal 6 UE can be configured to report service link propagation delay difference between serving satellite and neighbor satellite.
The above propagation delay difference issue also has impact on measurement gap configuration. So far, a NR UE can be configured with a single per-UE gap and the gap pattern generated by this single gap configuration may not be sufficient to cover SMTC of all neigbhour cells. A simple solution is to increase the measurement gap length. However, this would also increase the data interruption and is not good for user experience. Another solution could be to configure multiple gaps, among which each gap configuration corresponds to a different satellite. UE can use these gaps to perform neigbhour cell measurement related to different satellites. 
Proposal 7 Multiple gaps can be configured to the UE for different neighbour cell’s measurement.
3 Conclusion
Based on the discussion in section 2 we have following proposals: 
Proposal 1
RAN2 clarify that intra-NTN handover includes below three mobility scenarios.
•
Scenario 1: intra-DU mobility
•
Scenario 2: intra-CU inter-DU mobility
•
Scenario 3: inter-CU mobility
Proposal 2
For location-based measurement, measurement quantity can be the calculated UE distance with each satellite’s cell center.
Proposal 3
RAN2 consider CHO enhancement in NTN by introducing CHO activation command.
Proposal 4
To reduce HO signalling overhead, some common configurations, e.g. t304 and spCellConfigCommon, can be delivered to UEs in a broadcast manner.
Proposal 5
Separate SMTC can be configured per neighbour satellite, each corresponding to a separate offset of the measurement window.
Proposal 6
UE can be configured to report service link propagation delay difference between serving satellite and neighbor satellite.
Proposal 7
Multiple gaps can be configured to the UE for different neighbour cell’s measurement.
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