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[bookmark: _Ref165266342]Introduction
In RAN2#112 e-meeting, the following agreements were reached for C-plane connected mode [1]:
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.

Agreements via email - offline 106:
1. RAN2 understanding 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.

Agreements:
1. SMTC and gap configuration in NTN are configured based on the timing of PCell
2. RAN2 can first identify the scenarios and discuss how serious the impact is before addressing any enhancement for SMTC configuration in NTN.
3. RAN2 can’t assume that the network will always have UE accurate location info for SMTC window configuration in NTN
4. UE along with the network in NTN should also have the same understanding of the timing, including the timing for measurement gap, to avoid any un-synchronized scheduling between UE and the network, just like the way we have in TN

In this contribution, we will discuss some issues on mobility management in NTN and provide some suggestions.
Discussion
[bookmark: OLE_LINK1]CHO triggering event
Location based CHO triggering event
[bookmark: OLE_LINK6]In RAN2#112 e-meeting [1], RAN2 has introduced location based CHO triggering event, in combination with the existing R16 CHO measurement based event for both moving cell and fixed cell scenario. And there are two FFS in RAN2#112 agreements. 
· 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.
About how to configure the location based CHO triggering event, some potential options have been proposed in [2]:
Option 1: Based on the distance between UE and satellites.
[bookmark: OLE_LINK5]Option 2: Based on cell coverage information (such as the distance between UE and cell center or cell pattern information).
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]For Option 1, UE only need its own location and ephemeris data to determine whether location based triggering event is satisfied. But, option 1 may only be feasible for inter-satellite handover because the distance between UE and satellite is the same for intra-satellite handover.
For Option 2, UE can trigger CHO based on location when UE moves out of the source cell coverage or moves in the target cell coverage, which is suitable for inter and intra satellite HO scenarios. UE need its own location and cell coverage information to determine whether location based triggering event is satisfied. 
Proposal 1：For location based CHO triggering event, cell coverage information should be provided to UE in the intra-satellite HO scenario.
Regarding the option 2, there are also two options to indicate the cell coverage information.
Option 1: The position of reference point(s), such as cell center.
Option 2: The reference area scope(s), such as the cell pattern information.
For option 1, UE can calculate the distance between UE and reference point(s) to evaluate the event fulfilment or trigger CHO. For option 2, UE can evaluate the event fulfilment or trigger CHO when UE moves in (or moves out) the reference area scope.
Proposal 2: RAN2 should discuss how to indicate the cell coverage information and the following options can be considered:
Option 1: The position of the reference point(s).
Option 2: The reference area scope(s).
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Considering the deterministic movement of satellites and corresponding cells, the target cell for a UE can be predict based on its location and whether the UE is in the coverage of the serving/target cell can also be judged based on its location. So, UE can trigger suitable handover, even if it is only based on location information. Therefore, location based CHO triggering event only (not in combination with other events) can also be considered, which can reduce the complexity of CHO execution conditions.
Proposal 3: Location based CHO triggering event only (not in combination with other events) should also be considered in NTN.
Time or timer based triggering event
In RAN2#112 e-meeting [1], RAN2 has introduced time or timer based CHO triggering event, in combination with the existing R16 CHO measurement based event for both moving cell and fixed cell scenario. And there are two FFS in RAN2#112e agreements. 
· FFS on how to configure the time or timer based CHO triggering event. 
· FFS how to consider the feeder/service link switch timing.
Network can infer the time information about when a cell is going to start and stop serving for a UE based on UE location. According to this time information, network can configure the suitable time (as UTC time) or timer to UE, and UE based on the time or timer to trigger CHO.
[bookmark: OLE_LINK4]Proposal 4: Network can configure the time or timer based CHO triggering event based on UE location.
In the email discussion of POST RAN2#111-e [3], it has indicated that many connected mode UEs need to be handed over/moved to next cell within the duration of the feeder/service link switch. For the issue in the scenario of feeder link switch, a potential solution for the feeder link switch which is based on accurate time control has been proposed in TR [4]. Similarly, the solution can also be suitable for the service link switch. Because the timing of feeder link switch and service link switch can be predicted by network based on ephemeris information and the location of ground GW. So, time or timer based CHO triggering event is suitable for the scenario of feeder/service link switch, and network can configure the trigger time or timer based on the feeder/service link switch timing.
Proposal 5: Time or timer based CHO triggering event can be configured based on the feeder/service link switch timing.
The TR indicates that it might be an extremely difficult problem for source gNB to send HO commands to a large number of UEs respectively in a short time because of the large cell size of NTN, which result in high HO signalling overhead and radio link failure of some UEs. In the duration of service/feeder link switch, all UEs will be handed over from the same source gNB to the same target gNB. It is an efficient way to broadcast the common handover parameters and the common trigger time information and it will effectively reduce the signalling overhead.
Observation 1: Broadcasting the common handover parameters and trigger time information can effectively reduce signalling overhead for feeder link switch.
[bookmark: OLE_LINK9]Proposal 6: For service/feeder link switch, broadcasting the common handover parameters and trigger time information to UE should be supported.
All connected mode UEs will execute handover at the same time with using the common trigger time or timer. Consequently a large number of UEs will initiate access to the target gNB since all UEs perform handover at the same time, which may lead to network congestion and signalling storm.
In order to avoid all UEs initiate access to the target gNB at the same time, UE’s access should be distributed sparsely in time domain. So, UE should delay a certain time to initiate access to target gNB after the trigger time. The delay time could be controlled by a timer. 
Proposal 7: RAN2 should consider to introduce a timer to distribute the time when UE initiates access to the target gNB. 
It’s possible for gNB to configure different timer to each UE by dedicated signaling. However, a large amount of signaling would be required. Another alternative is to configure a common timer to all UEs. But, in the scenario of the service link switch, the timing of service link switch for different UEs in the same cell are different, which is related to the location information. So, UE can scale the timer based on location information to make UE access the target gNB at the right time.
On the contrary, in the scenario of the feeder link switch, the timing of feeder link switch for different UEs in the same cell are the same. Considering the delay access would result in delayed service, UEs with low latency service requirement should be configured with a shorter timer. So, UE can scale the timer based on service requirement to make UE get better performance experience. UE can also scale the timer randomly, which is a simple way.
Proposal 8: A common timer can be configured to UE in a broadcast manner, and the timer can assist the UE in accessing the target gNB.
Proposal 9: UE could scale the common timer based on location for the service link switch and scale the common timer based on service requirement or randomly for the feeder link switch.
Measurement enhancement
Location based measurement event
[bookmark: OLE_LINK10]In RAN2#112 e-meeting [1], location based measurement event has been introduced, in combination with the existing measurement event in NR, for both moving cell and fixed cell scenario. FFS on how to configure the location based measurement event.
About the configuration of location based measurement event, a measurement report will be triggered when UE moves out of or moves in the area scope configured. Regarding how to configure the area scope, the following alternatives have been discussed in [2]:
[bookmark: OLE_LINK11]Alt1: A relative area scope, in which case the area scope will change as the movement of satellite.
· Alt1-1: The area scope is configured as the relative distance between UE and satellite.
· Alt1-2: The area scope is configured as the relative distance between UE and the center of a cell.
Alt2: An absolute area scope, in which case the area scope will not change unless new configuration is received.
· Alt2-1: The area scope can be expressed as single reference location (represented by location coordinates) and a radius associated to the reference location.
· Alt2-2: A list of location coordinates. 
· Alt2-3: A list of TAI (PLMN + TAC) of TN cells.
In [2], majority prefer Alt1 for moving cell scenario and Alt2 for fixed cell scenario Actually, Alt1-2 and Alt2-1 are basically the same if we consider that network broadcasts the cell center periodically. So, the area scope can be expressed as the distance between UE and cell center. 
Proposal 10: RAN2 should support the location based measurement event which is configured based on the distance between UE and cell center for both moving cell and fixed cell.
SMTC and measurement gap enhancement
In TN, the propagation delay between UE and different gNBs is little difference. But, in NTN system, the propagation delay difference between serving cell and neighbor cells is quite larger than that in TN system. As shown in Figure 1, Cell 1 is associated with satellite SA1 and gateway GW1 and Cell 2 is associated with satellite SA2 and gateway GW2, and UE in the coverage overlapping area of Cell 1 (serving cell) and Cell 2 (neighbour cell). For transparent payload scenario, the propagation delay is included two part: service link (, ) delay and feeder link (, ) delay. The path lengths between GW1 and GW2 to UE are  and  respectively, and the length difference between  and  may be quite large. So, the propagation delay difference between the serving cell and the neighbour cell may be quite larger than the length of SMTC window/ measurement gap.


Figure 1 the propagation delay difference between two cells 
If the SMTC/Measurement gap configuration did not consider the propagation delay difference between the serving cell and neighbor cells, UE may miss the SSB burst signal generated by neighbour cells with high possibility. The issue has been captured in the email discussion of RAN2#112e [5]. 
To solve this issue, some potential solutions for SMTC/measurement gap configuration are considered in the email discussion of RAN2#112e [5]:
For SMTC configuration:
· Option1: Extend the measurement window to cover all the possible SSB period in NTN.
· Option2: Reuse current signaling for SMTC configuration. It is up to UE to derive the real timing on UE side.
· Option3: Extend the SMTC configuration based on the max propagation delay difference between satellites. 
· Option4: NW provides SMTC configuration for each neighbour cell with different offset value, while taking different transmission delay into account. 
· Option5: NW provides a list of cells that need +/- offset to the SMTC configured by smtc1.
For measurement gap configuration:
· Option1: Extend the length of the measurement gap to ensure that the length is larger than or equal to the SSB periodicity.
· Option2: Reuse the current signaling for measurement gap configuration (i.e. configure measurement gap per frequency), and the timing of measurement gap configured refer to the timing on satellites or on NTN GW. With the configured measurement gap, it is up to UE/NW to derive the measurement gap on UE side based on its location and the ephemeris of candidate satellites. Since the real timing of SMTC window on UE side for cells in other satellites will change from time to time based on the movement of satellites, the NW need to derive the real timing of measurement gap on UE side based the location of UE and the ephemeris of candidate satellites. Note: In this alternative, the measurement gap is maintained per satellite.
· Option3: Configure multiple measurement gaps per frequency and the timing of measurement gap configured refer to the timing of PCell on UE side.
· Option4: Extend the length of the measurement gap based on the max propagation delay difference between serving and neighbour satellite to avoid UE missing the SSB burst of neighbour satellites.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Considering the SMTC and measurement gap configuration options mentioned in [5] have many similarities, we divide them into the following three categories:
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Solution 1: Extend the length of the SMTC window/measurement gap (such as option 1/option 3 for SMTC configuration and option 1/option 4 for MG configuration).
Solution 2: Reuse current signaling for SMTC configuration. It is up to UE to derive the real timing on UE side (such as option 2 for SMTC configuration and option 2 for MG configuration).
Solution 3: NW configures multiple SMTC window/measurement gap per UE or frequency (such as option 4/option 5 for SMTC configuration and option 3 for MG configuration).
Solution 1 will limit the resource that a UE can use for data transmission and reception. Solution 2 will result in unpredictable UE behavior which may cause UE miss the next transmission window of the serving cell. Solution 3 can solve the problem of solution 1 and 2, but it need frequently update SMTC/measurement gap configuration due to the change of the delay difference along with the moving of the satellite. Furthermore, NW need accurate propagation delay difference between serving cell and neighbor cell to update the configuration of SMTC/measurement gap. 
In RAN2#112 e-meeting [1], “RAN2 can’t assume that the network will always have UE accurate location info for SMTC window configuration in NTN” has been agreed. So, for solution 3, NW cannot obtain the accurate propagation delay difference based on the UE location information, but it can be obtained by UE report, which will lead to high signalling overhead.
Observation 2: Network requires the propagation delay difference between serving cell and neighbor cells to update SMTC/measurement gap configuration. 
Considering security, the location of GW is unknown to UE, so the propagation delay of feeder link (as  and  in figure 1) is unknown to UE. Therefore, according to UE location information and ephemeris information, UE can only calculate the service link propagation delay difference. The feeder link propagation delay difference can be acquired by network to assist SMTC/measurement gap configuration.
Observation 3: The feeder link propagation delay difference can be acquired by network to assist SMTC/measurement gap configuration.
Proposal 11: UE should report the service link propagation delay difference between serving satellite and neighbor satellites to assist SMTC/measurement gap configuration.
[bookmark: _GoBack]For solution 3, UE can report the neighbor Cell ID or the corresponding frequency whose SSB burst cannot be detected in NTN system. According to the Cell ID or the corresponding frequency information reported by UE, even if the propagation delay difference does vary a lot, network only need to update the SMTC/Measurement Gap configuration of the cell or frequency and UE only need to report service link propagation delay difference between serving and neighbor satellite of the cell or frequency to reduce the frequency of SMTC/ Measurement Gap configuration updates and signalling overhead.
[bookmark: OLE_LINK17]Proposal 12: Based on the report from UE about the neighbor Cell ID or the corresponding frequency whose SSB burst cannot be detected, network can update the corresponding SMTC/Measurement Gap configuration. 
Conclusions 
In this contribution, the following observations and proposals are given based on the discussion in section 2:
Proposal 1：For location based CHO triggering event, cell coverage information should be provided to UE in the intra-satellite HO scenario.
Proposal 2: RAN2 should discuss how to indicate the cell coverage information and the following options can be considered:
Option 1: The position of the reference point(s).
Option 2: The reference area scope(s).
Proposal 3: Location based CHO triggering event only (not in combination with other events) should also be considered in NTN.
Proposal 4: Network can configure the time or timer based CHO triggering event based on UE location.
Proposal 5: Time or timer based CHO triggering event can be configured based on the feeder/service link switch timing.
Observation 1: Broadcasting the common handover parameters and trigger time information can effectively reduce signalling overhead for feeder link switch.
Proposal 6: For service/feeder link switch, broadcasting the common handover parameters and trigger time information to UE should be supported.
Proposal 7: RAN2 should consider to introduce a timer to distribute the time when UE initiates access to the target gNB. 
Proposal 8: A common timer can be configured to UE in a broadcast manner, and the timer can assist the UE in accessing the target gNB.
Proposal 9: UE could scale the common timer based on location for the service link switch and scale the common timer based on service requirement or randomly for the feeder link switch.
Proposal 10: RAN2 should support the location based measurement event which is configured based on the distance between UE and cell center for both moving cell and fixed cell.
Observation 2: Network requires the propagation delay difference between serving cell and neighbor cells to update SMTC/measurement gap configuration. 
Observation 3: The feeder link propagation delay difference can be acquired by network to assist SMTC/measurement gap configuration.
Proposal 11: UE should report the service link propagation delay difference between serving satellite and neighbor satellites to assist SMTC/measurement gap configuration.
Proposal 12: Based on the report from UE about the neighbor Cell ID or the corresponding frequency whose SSB burst cannot be detected, network can update the corresponding SMTC/Measurement Gap configuration. 
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