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1 Introduction

NR NTN WI is concluded in RAN3, but RAN2 is currently discussing CHO (Conditional Handover) for NR NTN, and this topic has RAN3 impacts. For this reason, depending on the outcome in RAN2 it is possible that RAN3 may have to discuss this in the future, possibly as a correction or an enhancement. This contribution is then provided for information.
2 Discussion
One of the main challenges with mobility involving NTN and moving cells are frequent and unavoidable handovers of a potentially large number of UEs due to feeder link switch in a non-geostationary satellite constellation. A possible mitigation is to leverage the CHO functionality, extending the trigger conditions as defined in Rel-16.
In terrestrial networks, there is a significant difference in RSRP between cell center and cell edges; in NTN deployments, on the other hand, this difference is small due to the link geometry. Then, in a feeder link switch scenario where the “old” and the “new” cell overlap, a UE may experience a small difference in signal strength between the two. This may lead to suboptimal UE behavior (including e.g. ping-pong mobility between the two cells).
Observation 1: Due to the different link geometries in NTN, RSRP difference between cell center and cell edges is typically small; this may lead to suboptimal UE behavior during feeder link switch.
RAN2 has already agreed, among other things, a new time-based trigger condition for CHO, defining a time window for handover to a given candidate target cell. Such condition can be defined as the time duration associated to a candidate target cell, given as a UTC time and/or a timer value (e.g. 20 s). Once configured by the serving gNB, the UE may only hand over to the candidate target cell in the time window defined (provided the legacy signal strength/quality criteria are also met)
.  This time-dependent CHO seems especially useful for the quasi-Earth fixed beam scenario: the availability of successive cells over a given area can be predicted by the NTN control center, and so it is beneficial to inform UEs about the time window when handover should take place.
Observation 2: RAN2 has agreed a new time-based trigger condition for CHO, defined as a time window (UTC time / timer value) for the UE to execute handover to a candidate target cell.

2.1 Relation to Current CHO Agreements in RAN3

CHO has been discussed and specified in RAN3 for terrestrial networks. For NTN there are some notable differences with respect to CHO scenarios in terrestrial networks, such as:

· Due to the geometry of NTN scenarios, there are far fewer potential candidate cells for CHO in NTN than in the terrestrial case (a handful, as opposed to dozens).

· Related to the above point, for NTN the potential candidate target nodes for CHO are very few (no more than 1-2 for the Rel-17/18 NTN architecture).

· Mobility is much more predictable for NTN than in the terrestrial case (and in NTN this results from the satellite motion, which is periodic and predictable).

· The reasons that led to the decision to limit CHO support to XnAP excluding NGAP (e.g. limiting the signaling impact to likely candidate targets, avoiding massive signaling on transport links toward the core network) are less relevant to the NTN case, at least in Rel-17/18: there will be a very limited number of NTN gNBs covering the same geographical area, and it is likely that there will be no Xn deployed between them.

Observation 2bis: In general, CHO scenarios for NTN should be less demanding and do not seem to break any principles established for terrestrial CHO. 
2.2 RAN3 Signaling Impacts

The introduction of a time-based trigger condition for CHO has RAN3 impacts in terms of radio resource allocation in all the potential candidate cells and in terms of network signaling. Configuration of multiple candidate target cells in inter-node CHO may imply an increased inter-node signaling. This applies not only to the Handover Preparation but also to the HANDOVER CANCEL message(s) sent to any candidate target node(s) with cells not selected by the UE.
The possible increase in inter-node signaling will be even greater if there is no Xn interface between the source and candidate target nodes, as may be the case with the transparent NTN architecture in Rel-17/18. NG handover has then to be used, thereby involving core network nodes in the inter-node signaling exchange.

Furthermore, for time-dependent CHO, a target cells needs to allocate radio resources for the duration of the CHO time window, after which it can release them if the UE did not connect there.

Observation 3: In a time-dependent CHO a target cell needs to allocate radio resources for the duration of the CHO time window, after which it can release them if the UE did not connect.
Because of the above, it seems beneficial to signal the CHO time window parameters to the target NG-RAN node. Upon receiving these parameters, if the UE did not connect to the prepared cell, the target NG-RAN node can free up resources immediately after the expiration of the time window. In principle, it might not even need to wait for e.g. a HANDOVER CANCEL message. A UE might attempt a CHO just before the time window expires, so depending on node implementation the candidate target node might need to add some margin to the indicated time window before releasing the resources.
Proposal 1: It seems beneficial to signal the CHO time window parameters to the target node so that, if the UE did not connect to the prepared cell, the target node can free up resources immediately after the expiration of the time window.
For the feeder switch scenario, it may be highly beneficial to also signal to the target node the estimated stop time for the serving cell. This information is currently included in the RAN2 running CR for TS 38.331, and it is defined as the time when the serving (source) cell in a quasi-Earth-fixed cell scenario, stops serving the current coverage area. The target can use it as basis for the decision to release any resources which were previously reserved. In other words, if a handover from that source cell did not complete before the corresponding stop time, there is no need to keep waiting for it.
Proposal 2: It may be highly beneficial to signal to the target node the estimated serving cell stop time; the target can use it as basis for the decision to release previously reserved radio resources.

To support time-based triggered CHO in RAN3 for NTN as discussed above, at least 3 IEs (Handover Window Start, Handover Window Stop, Serving Cell Stop Time IEs – encoding should correspond to the equivalent RRC IEs and depends on RAN2) should be included in the Source NG-RAN Node to Target NG-RAN Node Transparent Container IE (Sec. 9.3.1.29 of TS 38.413).

Proposal 3: To support time-based triggered CHO in RAN3 for NTN as discussed above, at least 3 IEs (Handover Window Start, Handover Window Stop, Serving Cell Stop Time IEs – encoding should correspond to the equivalent RRC IEs and depends on RAN2) should be included in the Source NG-RAN Node to Target NG-RAN Node Transparent Container IE in NGAP.

In case we envisage an Xn interface between source and target, we might consider supporting this feature also in XnAP; this could be the case if, in a future release, 3GPP decides to specify a regenerative architecture for NTN. In this case, the above IEs would be added to the XnAP HANDOVER REQUEST message (Sec. 9.1.1.1 of TS 38.423).
Proposal 4: In case Xn is envisaged between source and target (e.g. potential NTN regenerative architecture in a future release), the above IEs should be added to the HANDOVER REQUEST message in XnAP.
3 Conclusions and Proposals
Our proposals are summarized below. Due to the fact that this issue depends on RAN2 progress, given the current situation (NTN WI already closed in RAN3), there is no immediate action for RAN3 at this time.
Observation 1: Due to the different link geometries in NTN, RSRP difference between cell center and cell edges is typically small; this may lead to suboptimal UE behavior during feeder link switch.

Observation 2: RAN2 has agreed a new time-based trigger condition for CHO, defined as a time window (UTC time / timer value) for the UE to execute handover to a candidate target cell.

Observation 2bis: In general, CHO scenarios for NTN seem to be less demanding and do not seem to break any principles established for terrestrial CHO. 

Observation 3: In a time-dependent CHO a target cell needs to allocate radio resources for the duration of the CHO time window, after which it can release them if the UE did not connect.
Proposal 1: It seems beneficial to signal the CHO time window parameters to the target node so that, if the UE did not connect to the prepared cell, the target node can free up resources immediately after the expiration of the time window.
Proposal 2: It may be highly beneficial to signal to the target node the estimated serving cell stop time; the target can use it as basis for the decision to release previously reserved radio resources.

Proposal 3: To support time-based triggered CHO in RAN3 for NTN as discussed above, at least 3 IEs (Handover Window Start, Handover Window Stop, Serving Cell Stop Time IEs – encoding should correspond to the equivalent RRC IEs and depends on RAN2) should be included in the Source NG-RAN Node to Target NG-RAN Node Transparent Container IE in NGAP.

Proposal 4: In case Xn is envisaged between source and target (e.g. potential NTN regenerative architecture in a future release), the above IEs should be added to the HANDOVER REQUEST message in XnAP.
� In case HO was not triggered in the given time, the UE could either discard the CHO configuration or keep it for a potential RLF recovery procedure. Details are pending RAN2.





