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Since last few RAN3 meetings discussion happened on whether signalling based approach (Uu Cell ID) or R17 defined OAM configuration-based approach (Mapped Cell ID) should be used for NTN handover and XN interface messages, without any conclusion. In the last RAN3#118 meeting, there was a progress made to agree on a WA that Uu cell ID is used in HO signalling. In this paper we discuss the EMC case and open issues from the previous meetings.

	[bookmark: _Hlk110858480]RAN3#118:
WA: Uu Cell ID is used in HO signaling.
FFS on what’s the TAC to be used when using Uu cell ID in Xn setup and configuration update procedures.
The earth moving cell scenario described in Section 3.1 of R3-226859 is valid. 
Continue discussion on:
How to support this EMC case?
Any other impacts, in addition to the support for transferring {T1, duration} over NGAP?
Other issues if any



Discussion

EMC Scenario

In the last RAN3#119 meeting companies agreed that the EMC scenario (also shown below) described in R3-226859 is valid. Our proposal is that Uu Cell ID solves the issue raised in EMC scenario. 
Below diagram from R3-226859 - 


FIG 1
A UE in Mapped Cell ID at Time T1 + 10 will see two Uu Cells (1 and 2) and UE needs to be handed over to Uu Cell 2 from Uu Cell ID 1. This is one of the most probable scenario, which can happen due to earth moving cells.
In this scenario, if Mapped Cell ID is sent over XN in Handover Request, then the target NG-RAN cannot identify to which Uu Cell ID UE needs to be handed over. The deployment could be much dense as below as well which causes confusion while using Mapped Cell ID. 
[image: ]
FIG 2
Observation 1: When one Mapped Cell ID is associated to more than one Uu Cell ID due to earth moving cells, it is not possible for the target NG-RAN node to identify the target cell based on Mapped Cell ID.
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FIG 3

Alternate option - The same geo location is covered by two Uu Cell IDs from different gNBs and each gNB provides different Mapped Cell ID to the same geo location as in FIG3. Then both the neighbouring gNBs have to maintain a strict time mapping of mapped cell ID Vs Uu Cell ID vs Time. 
Rule1: At Time T1, if HO from Uu Cell ID1 to Uu Cell ID 2 then use Mapped Cell ID 1 to Mapped Cell ID 2 in XN HO Request. 
Rule 2: At time T2, if HO from Uu Cell ID1 to Uu Cell ID 2 then use Mapped Cell ID 3 to Mapped Cell ID 4 in XN HO Request.
Disadvantage with the above approach:
· The entire geolocation needs to be mapped into equal number of mapped cells among the neighbouring gNBs which is not feasible.
· Time sensitive and complex rules needs to be maintained which is prone to errors which there is a time mismatch between gNBs and also if there is UE mobility during satellite movement.
· In the FIG2 case, it is tough for the source node to find out which of the mapped cell within the overlapping region the UE is moving.
· More such rules should be maintained in the gNBs for all the cells in the coverage area for a satellite.
NG based Handover: 
In case of NG based Handover, if there is no XN connectivity between the gNBs, the source gNB may not be aware of the mapped cell ID configuration of the target. Hence source gNB may only provide the Uu Cell ID for NG based Handover, or time sensitive OAM co-ordination is needed to make the NG based handover happen between the source and the target.
Observation 2: Time sensitive complex rules needs to be maintained in gNBs for EMC scenario, if Mapped Cell ID needs to be used for NTN Handovers.
Observation 3: Even if time sensitive complex rules needs are maintained in gNBs for EMC scenario, the handover may fail, if there is a UE mobility along with the satellite movement. 
Observation 4: For NG based handovers, source gNB may only provide the Uu Cell ID as the target gNB is unknown at source or time sensitive OAM co-ordination is needed to make it happen
All the above issues can be solved by keeping the solution simple and sticking to legacy by using Uu Cell ID for NTN Handovers.
Proposal 1: To solve the NTN handover issues, use Uu Cell ID as Target Cell ID for NTN handovers over XN and NG interface.
Proposal 2: Convert the WA “Uu Cell ID is used in HO signaling” to RAN3 Agreement and endorse CR in R3-230485

Multiple TAC

It is a known fact that NTN cells are associated with more than one TAC as they cover large area. It is also known that TAC of the neighbouring cells is needed to adhere to mobility restriction list (MRL). If the source knows only a subset of the TACs supported by NTN cells, then source may handover a UE to a target even if the target supports a TAC which is listed as restricted TAC for mobility by CN. In order to comply with the mobility restriction list from CN, the source needs to know all the TACs supported by neighbouring NG-RANs.
Based on the above Proposal 1, if Uu Cell ID is exchanged over XN Setup and Config Update message, then Uu Cell ID will be associated with multiple TACs. Along with the Uu Cell ID all the TACs supported by Uu Cell ID can be exchanged over XN Setup and Config Update messages. 
During XN setup or Config Update procedure, the possible neighbours due to satellite movement and its corresponding TACs can be exchanged in one shot to avoid frequent signalling. 
Multiple TACs can be exchanged as extended TAC similar to TAI support list for slices send over XN. 
Corresponding CR is provided in R3-230488.
Observation 5: Knowledge of TACs supported by neighbouring NG-RANs is needed at the source to comply with mobility restriction list from Core.
Observation 6: All possible neighbours with TAC list can be exchanged over XN one shot to avoid frequent signalling. 
Proposal 3: To use Uu Cell ID over XN Setup and Config Update messages for unambiguously identification of the target based on measurement report from UE which contains Uu Cell ID.
Proposal 4: Similar to TAI support list for slices, extended TAC list can be exchanged over XN Setup and Config Update messages.
Proposal 5: Endorse CR for TS 38.423 for addition of extended TAC to Served Cell Information in R3-230488

Time based HO over NG

The Tdoc R3-226412 introduced time parameters HO start time and HO duration in the source to target transparent container IE for NG based HO similar to XN based CHO. However, it was unclear on how these IEs will map to RRC configuration of the UE for HO for NTN.
The issues with this Time based HO approach are –
· The target node does not know whether it is supposed to configure time-based CHO for UEs in RRC Reconfiguration based on the received new T1 and T2 IEs or legacy HO.
· Since the RRC behaviour of the target node is undefined for the new T1 and T2 IEs, target may send normal (legacy) RRC Reconfig to UE and not time-based CHO. In this case the usage of T1 and T2 at the target is irrelevant and not needed.
· Whether source will send Handover Request to multiple other targets for the same UE like XN based CHO for NG as well is unclear
· Whether early data forwarding is needed is unclear.
Observation 7: Source/Target does not know if time-based CHO needs to be configured to the UE in HO Command with the addition of T1 and T2 IEs to source to target transparent container IE for NG based HO.
If time-based CHO configuration is needed for the UEs from the target for a NG based HO, then the target must be informed that time-based CHO should be configured. 
For NTN handovers we see the need to introduce CHO over NG. Hence our proposal is to introduce CHO over NG with end to end signalling defined. 
Proposal 6: The new TI and T2 IEs should be added to “Conditional Handover Information Request” in source to target transparent container for NG based HO and discuss data forwarding aspects for NG based CHO
Proposal 7: Clarify in TS 38.300 that CHO is allowed over NG and Send LS to SA2 if RAN3 agrees to introduce CHO over NG
Proposal 8: If CHO over NG is not preferred, then provide appropriate stage 2 behaviour of the source and target upon receiving T1 and T2 IEs

Serving Cell Coverage Stop Time

In RAN3#117bis-e meeting exchange of Coverage Stop time for NTN cells over XN setup was discussed but couldn’t conclude. CRs R3-225989 to provide T1 and T2 for time-based CHO over Xn was agreed. In order to provide the coverage stop time (T2) for time based CHO configuration, the serving node needs to know prior to the time-based CHO configuration, the target node’s coverage stop time. This can be achieved in 2 ways – OAM or via XN Setup. 
Observation 8: To provide Start Time (T1) and duration (T2) for time-based CHO as per agreed CR R3-225989, the coverage stop time of neighbouring NTN cells should be known at the source node prior to handover initiation of time-based CHO.
	
Agree to add time information for time-based CHO, which includes a start time T1 and time duration T2, in Xn Handover Request message, taking R3-225580 as the starting point.




OAM option is available by default. However, in order to allow dynamicity of the NTN cells (especially earth moving cells) and inter vendor operability, our proposal is to share the Serving Cell Coverage Stop time for NTN Cells via XN Setup and Configuration Update procedure. The Serving Cell Coverage Stop time also assist in Feeder Link switch over to know when the gateway change happens. The source can prepare the UEs based on the serving cell coverage stop time. Corresponding CR is provided in R3-230488.

Proposal 9:  Serving Cell Coverage Stop Time shall be exchanged via XN Setup procedure and Config Update procedure between the neighbouring gNBs for NTN cells to assist time-based CHO configuration. Endorse CR in R3-230488


Summary 

Based on the discussion, we have following observations and proposals: 

EMC Scenario
Observation 1: When one Mapped Cell ID is associated to more than one Uu Cell ID due to earth moving cells, it is not possible for the target NG-RAN node to identify the target cell based on Mapped Cell ID.
Observation 2: Time sensitive complex rules needs to be maintained in gNBs for EMC scenario, if Mapped Cell ID needs to be used for NTN Handovers.
Observation 3: Even if time sensitive complex rules needs are maintained in gNBs for EMC scenario, the handover may fail, if there is a UE mobility along with the satellite movement. 
Observation 4: For NG based handovers, source gNB may only provide the Uu Cell ID as the target gNB is unknown at source or time sensitive OAM co-ordination is needed to make it happen
Proposal 1: To solve the NTN handover issues, use Uu Cell ID as Target Cell ID for NTN handovers over XN and NG interface.
Proposal 2: Convert the WA “Uu Cell ID is used in HO signaling” to RAN3 Agreement and endorse CR in R3-230485
Multiple TAC
Observation 5: Knowledge of TACs supported by neighbouring NG-RANs is needed at the source to comply with mobility restriction list from Core.
Observation 6: All possible neighbours with TAC list can be exchanged over XN one shot to avoid frequent signalling. 
Proposal 3: To use Uu Cell ID over XN Setup and Config Update messages for unambiguously identification of the target based on measurement report from UE which contains Uu Cell ID.
Proposal 4: Similar to TAI support list for slices, extended TAC list can be exchanged over XN Setup and Config Update messages.
[bookmark: _Hlk127520953][bookmark: _Hlk127520961]Proposal 5: Endorse CR for TS 38.423 for addition of extended TAC to Served Cell Information in R3-230488

Time based HO over NG
Observation 7: Target does not know if time-based CHO needs to be configured to the UE in HO Command with the addition of T1 and T2 IEs to source to target transparent container IE for NG based HO.
Proposal 6: The new TI and T2 IEs should be added to “Conditional Handover Information Request” in source to target transparent container for NG based HO and discuss data forwarding aspects for NG based CHO
Proposal 7: Clarify in TS 38.300 that CHO is allowed over NG and Send LS to SA2 if RAN3 agrees to introduce CHO over NG
Proposal 8: If CHO over NG is not preferred, then provide appropriate stage 2 behaviour of the source and target upon receiving T1 and T2 IEs

Serving Cell Coverage Stop Time
Observation 8: To provide Start Time (T1) and duration (T2) for time-based CHO as per agreed CR R3-225989, the coverage stop time of neighbouring NTN cells should be known at the source node prior to handover initiation of time-based CHO.
Proposal 9:  Serving Cell Coverage Stop Time shall be exchanged via XN Setup procedure and Config Update procedure between the neighbouring gNBs for NTN cells to assist time-based CHO configuration. Endorse CR in R3-230488
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