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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.
RAN2#113e made following agreements.
Agreements:

1. Support A4 event for NTN CHO. FFS whether other triggers need to be combined with this.
RAN2#113bis-e made following agreements.

Agreements:

1. For Rel-17 NTN, Rel-17 NR operation is enhanced (e.g. the SMTC configuration and UE measurement gap onfiguration) aiming to address the issues associated with the different/larger propagation delays, and the satellites (considering e.g. their deployment, mobility, height, minimum elevation and prioritizing typical NTN scenarios).

2. Rel-17 NTN will not rely only on network implementation to address the issue explained in agreement 1.

3. Enhancements of the SMTC configuration is supported for Rel-17 NTN.

4. Optional new UE assistance is defined in Rel-17 NTN for network to properly (re)configure the SMTC and/or measurement gap

Agreements - via email (from offline [106])

1. For Rel-17 NTN, one or more SMTC configuration(s) associated to one frequency can be configured. FFS solution details.

-
The SMTC configuration can be associated with a set of cells (e.g., per satellite or any other suitable set per gNB determination).

-
The multiple SMTC configurations are enabled by introducing different new offsets in addition to the legacy SMTC configuration. FFS how the offsets will be managed/signalled.

FFS the following open questions: 

(a) can the UE be configured with multiple SMTCs per carrier and use them all in parallel?


(b) How the NW knows which SMTC (incl. offsets/periodicity, etc.) is relevant for a particular UE? 

(c) Is there any validity: in time or for certain location only, foreseen in such multiple SMTC configuration?


(d) What is the potential impact on the signalling, assuming this delay is a dynamic value?

(e) What about the feeder link delay? Is it considered anywhere?
2. The configuration of one or multiple offsets is left up to the network implementation.
3. It is up to network to update the SMTC configuration of the UE to accommodate the different propagation delays.

Agreements online:

1. Measurement gaps enhancements should be supported. FFS on the details

Agreements:

1.
Timing information in CHO execution triggering for NTN describes the time after which the UE is allowed to execute CHO to the candidate target cell.

2.
Working assumption: the timing information for CHO execution triggering in NTN is defined in the form of a timer/timers. This can be revised and a solution based on UTC/system frame number can be considered if problems are found (e.g. if the timer lacks accuracy due to RTT in NTN).

3.
The location in location-based CHO execution triggering for NTN describes the distance between the UE and the reference location of the cell (serving cell or the target cell). FFS what the reference location of the cell is (e.g cell center or other) and how this is provided to the UE
RAN2#114e made following agreements.

Agreements via email (from offline 104):

1. Support CHO location trigger as the distance between UE and a reference location which may be configured as the serving cell reference location or the candidate target cell reference location. FFS if combination can be allowed.

2. The reference location for the event description is defined as cell center.

Agreements online:

1. For CHO, joint configuration of location and RSRP as well as time and RSRP triggers are supported.

2. For idle mode reselection, based on configuration NTN UE can prioritise TN over NTN. Configuration details FFS
Agreements via email (from offline 104 - second round):

1. CHO time trigger event is defined as time duration [t1, t2] associated for each CHO candidate cell. The UE shall execute CHO to that candidate cell during the time duration, if all other configured CHO execution conditions will apply and there is only one triggered candidate cell.

2. Same CHO trigger conditions and RRM events can be used within NTN and NTN-TN mobility provided these are supported by the UE. NTN-TN means both “from NTN to TN (hand-in)” and “from NTN to TN (hand-in) and from TN to NTN (hand-out)". FFS for enhancements.
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

While quite some good progress has been made on CHO in recent RAN2 meetings, one should not misunderstand that CHO is the only handover procedure supported in NR NTN. Actually, back to RAN2#112e meeting, it has been agreed that reconfiguration with sync is the baseline for connected mode mobility in NTN. This means that in NTN, measurement report triggered handover procedure would still be used as in TN. This is also confirmed by the below RAN2#112e agreements.
Agreements via email - offline 105:

5. 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.
6. DAPS HO for NTN is de-prioritized in this release.

7. 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.

8. 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.

For the detailed configuration for location based measurement event, we think it can almost reuse the agreements made on CHO execution condition. For example, the measurement quantity is the distance between UE and a reference location which may be configured as the serving cell reference location or the neighbour cell reference location, and the reference location for the event description is defined as cell center.
Proposal 1 For location-based measurement event, measurement quantity is the distance between UE and a reference location which may be configured as the serving cell reference location or the neighbour cell reference location, and the reference location for the event description is defined as 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 very challenging to ensure that 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 (e.g. location-based or RSRP) measurement event is fulfilled.
2.2 CHO execution condition

In RAN2#114e, it is agreed that for CHO, joint configuration of location and RSRP as well as time and RSRP triggers are supported. However, it is still open whether configuration of location or time alone is supported or not.
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 time-based execution condition, time can only tell when the target cell may be available for serving the UE. However, availability as such is not sufficient to provide good radio quality. Instead, it simply means that the target cell is available for SSB and broadcast signals to transmit. Without RSRP-based execution condition, it would be unreliable for UE to execute CHO towards the target cell. Therefore, we think that configuration of location or time alone for CHO execution should not be supported.
Proposal 3 For CHO, configuration of location or time alone as execution condition is not supported.
2.3 Measurement configuration

To handle different propagation delay between UE and different (serving and neighbour) cells in NTN, RAN2#113bis-e has agreed that one or more SMTC configuration(s) associated to one frequency can be configured, and each SMTC configuration can be associated with a set of cells (e.g., per satellite or any other suitable set per gNB determination). The multiple SMTC configurations are enabled by introducing different new offsets in addition to the legacy SMTC configuration. However, how to manage the new offsets are still FFS. We think that to configure the proper offset, serving gNB needs 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 4 For network to configure proper SMTC and/or measurement gaps, UE can be configured to report service link propagation delay difference between serving satellite and neighbor satellite.
For measurement gap in NTN, RAN2#113bis-e has agreed to do enhancement. Some companies proposed to stick to one measurement gap and increase the measurement gap length. However, this will increase the data interruption and is not good for user experience. Multiply gaps would be more efficient as each gap configuration can correspond to a different satellite. The detailed gap design can then be consorted to RAN4. 
Proposal 5 More than one gap can be configured for different neighbour cell’s measurement.
2.4 Handover signalling overhead

LEO satellites are typically featured as high-speed moving. Considering scenarios C/D in TR 38.821, 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 CHO  execution command (e.g. MAC CE) would be sufficient and signaling of total HO command can be avoided since only the condReconfigId would be needed in the MAC CE. Note that this approach was also discussed in Rel-16 mobility enhancement WI.  
Proposal 6 RAN2 consider CHO enhancement in NTN by introducing a new CHO execution command MAC CE and only condReconfigId needs to be carried in the new MAC CE. 
3 Conclusion
Based on the discussion in section 2 we have following proposals: 
Proposal 1
For location-based measurement event, measurement quantity is the distance between UE and a reference location which may be configured as the serving cell reference location or the neighbour cell reference location, and the reference location for the event description is defined as 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 (e.g. location-based or RSRP) measurement event is fulfilled.
Proposal 3
For CHO, configuration of location or time alone as execution condition is not supported.
Proposal 4
For network to configure proper SMTC and/or measurement gaps, UE can be configured to report service link propagation delay difference between serving satellite and neighbor satellite.
Proposal 5
More than one gap can be configured for different neighbour cell’s measurement.
Proposal 6
RAN2 consider CHO enhancement in NTN by introducing a new CHO execution command MAC CE and only condReconfigId needs to be carried in the new MAC CE.
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