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1 Introduction

On connected mode mobility management, RAN2#112e meeting made following agreements.

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.
And RAN2#113e made following agreements.
Agreements:

1. Support A4 event for NTN CHO. FFS whether other triggers need to be combined with this.
In this contribution, we provide our further views to mobility management for connected mode UE in NTN.
2 Discussion 
2.1 Location-based measurement event

As mentioned above, even though location-based CHO triggering event and measurement event have been agreed in RAN2#112e, it is still unclear 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 1 For location-based measurement, measurement quantity can be the calculated UE distance with each satellite’s cell center.
The motivation of introducing location-based measurement event is to mitigate the accuracy issue of RSRP/RSRQ measurement results in NTN. When such location measurement is reported to the gNB, it is supposed to be considered by the gNB, together with RSRP/RSRQ measurement result, to make the handover decision. Ideally, when location-based measurement event and RSRP-based measurement event are triggered at the same time, location measurement result and RSRP measurement result would be able to reach the gNB almost at the same time and they will perfectly serve the purpose for gNB’s handover decision making. However, due to the measurement inaccuracy and the difficulty of configuring proper measurement event parameters, it would be a rare case when both measurement events are triggered simultaneously at the UE side. This means that gNB has to wait to make handover decision until it has received both measurement reports, which may lead to too late handover. To solve this issue, measurement report can be enhanced to include both location and RSRP results for the best knowledge of gNB, no matter which measurement event is triggered. Note that this is similar to the TN case where trigger quantity can only be one of RSRP/RSRQ/SINR, but report quantity can be RSRP, RSRQ, and SINR.
Proposal 2 Location-based measurement and RSRP/RSRQ measurement can be reported in the same RRC message to the network, no matter which measurement event is triggered.
During offline discussion [106] of RAN2#113e meeting, an issue was raised on how to configure the CHO execution condition when considering location-based event. The options are:
· Option 1: Location-based event is always configured together with RSRP/RSRQ-based event, and CHO is executed when both events are fulfilled;
· Option 2: Location-based event is configured together with RSRP/RSRQ-based event, and CHO is executed when either event is fulfilled;
· Option 3: location-based event alone can be configured as CHO execution condition.
In our understanding, location-based event is to mitigate the accuracy issue of RSRP/RSRQ measurement, and location measurement as such cannot reliably reflect the radio condition. Therefore, if CHO execution is based on location-based event, it may cause some performance issue, e.g. CHO failure. For better performance, we prefer location-based event to be always configured together with RSRP/RSRQ-based event.
Proposal 3 Location-based event is always configured together with RSRP/RSRQ-based event, and CHO is executed when both events are fulfilled.
2.2 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 4 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 5 To reduce HO signalling overhead, some common configurations, e.g. t304 and spCellConfigCommon, can be delivered to UEs in a broadcast manner.

3 Conclusion
Based on the discussion in section 2 we have following proposals: 
Proposal 1
For location-based measurement, measurement quantity can be the calculated UE distance with each satellite’s cell center.
Proposal 2
Location-based measurement and RSRP/RSRQ measurement can be reported in the same RRC message to the network, no matter which measurement event is triggered.
Proposal 3
Location-based event is always configured together with RSRP/RSRQ-based event, and CHO is executed when both events are fulfilled.
Proposal 4
RAN2 consider CHO enhancement in NTN by introducing CHO activation command.
Proposal 5
To reduce HO signalling overhead, some common configurations, e.g. t304 and spCellConfigCommon, can be delivered to UEs in a broadcast manner.
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