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1 Introduction

The issue of whether and how to support CHO over NG was introduced at the last RAN3 meeting [1]
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[2]. The items for continued discussion are [3]:
· Whether to support CHO over NG?

· Whether to liaise SA2?

· Any other impacts, in addition to the support for transferring (T1, duration) over NGAP?

In this contribution we will provide some further analysis on the above points and propose a way forward.
2 Discussion
2.1 Background – Whether to Support
Time-based CHO support in XnAP has been agreed by RAN3 and is now part of the current BL CR for NR NTN [4]. With the current NTN payload architecture, Earth stations (NTN GWs) terminate Xn. Current and foreseen NTN deployments involve Earth GWs located tens, if not hundreds, of km apart (an example was given in [5]); such a long path is arguably a “novel” scenario for Xn, and at least in some cases it might be considered impractical. So, for added flexibility, a number of companies expressed their support to also have this functionality in NGAP [6].

NGAP support for CHO was discussed at length for the terrestrial case, and it was not agreed due to the potential complexity and limited benefit. But in general, CHO scenarios for NTN are less demanding and do not break any principles established for terrestrial CHO [7]. There are far fewer potential candidate target cells and nodes for CHO in NTN than in the terrestrial case (a handful of cells instead of dozens; no more than 1-2 nodes instead of several).

In any case, not all the CHO conditions may make sense for NTN. Time-based and location-based trigger conditions are listed in the NTN section (Sec. 16.14.2.2) of [10]; here we are only considering the time-based case. To avoid repeating past discussions, it should be clarified that we should not challenge past decisions on CHO and NGAP.

Proposal 1: We should not challenge past decisions on CHO and NGAP.
t1-threshold and duration as defined in RRC identify the handover time window in which the UE is expected to appear in the target cell. According to the current endorsed XnAP BL CR [4], when these two parameters are signaled from the source to the target gNB at handover preparation, the target may use this information to allocate the necessary resources for the UE. This includes constructing the appropriate RRC command for the UE
. If the UE does not appear in the target cell within the indicated time window, the target shall consider the CHO as canceled [4].
The time-based condition, then, provides a natural “expiration” and cancellation condition for the handover and enables a more efficient resource allocation at the target. This is beneficial to support  also when no Xn is present.
Observation 1: The time-based condition as currently captured in the XnAP BL CR, provides a natural “expiration” and cancellation condition for the HO, which is also beneficial when no Xn is present.

2.2 Foreseen NGAP Impacts

Signaling t1-threshold and duration from source to target over NGAP and replicating the same target node behavior as in the XnAP BL CR, would leverage such benefit. We should not change any other aspect of legacy NG HO.

Proposal 2: Signaling the handover window start and duration from source gNB to target gNB over NGAP would leverage the benefit of the natural handover “expiration” and cancellation; we should not change any other aspect of legacy NG HO. 
By adding the handover window start and duration IEs to the NGAP Source NG-RAN Node to Target NG-RAN Node Transparent Container IE (Sec. 9.3.1.29 of [8]), we ensure that there is no impact on the AMF. The corresponding receiver node behavior should be ported from the XnAP BL CR [4]. See the proposed NGAP CR [9].
Proposal 3: Add the handover window start and duration IEs to the NGAP Source NG-RAN Node to Target NG-RAN Node Transparent Container IE, and port the corresponding receiver node behavior from the XnAP BL CR; see the proposed NGAP CR [9].
2.3 Whether to Liaise SA2?

If the new IEs are added to the NGAP Source NG-RAN Node to Target NG-RAN Node Transparent Container IE as proposed, this does not impact AMF behavior in any way. There does not seem to be any impact on SA2 at this time, hence no LS seems needed.

Proposal 4: As the additional information to be signaled is in the transparent container, AMF behavior is not impacted and no LS seems needed at this time.
2.4 Any Additional Potential Impacts?
At least two additional potential aspects were mentioned in the offline discussion at the last RAN3 meeting, with no agreement [6]:
1) Any potential impact on data forwarding between source and target?

2) Any possible stage 2 impact? 

2.4.1 Data Forwarding
In CHO, the source NG-RAN node behavior changes depending on whether early or late data forwarding is applied (Secs. 9.2.3.4.3-4 of [10]). It does not seem necessary to modify legacy NG HO behavior on data forwarding. If anything, knowing a specific time window for the expected handover will enable the target node to prepare the necessary UP resources only when needed.
Proposal 5: There does not seem to be any impact on data forwarding; if anything, knowing the specific time window for the expected handover will enable the target to prepare the necessary UP resources only when needed.
2.4.2 Stage 2 Impacts
CHO for NTN is specified in Sec. 16.14.3.2.2 of [10], which references Sec. 9.2.3.4 of [10] (which specifically mentions XnAP procedures). It seems beneficial to describe the time-based NGAP HO at the end of Sec. 16.14.3.2.2 without affecting Sec. 9.2.3.4. Such a text proposal, to start the discussion, is provided in the Annex.
Proposal 6: Further discuss how to capture time-based NG HO in stage 2.
3 Conclusions and Proposals
Our observations and proposals are summarized below.
Proposal 1: We should not challenge past decisions on CHO and NGAP.

Observation 1: The time-based condition as currently captured in the XnAP BL CR, provides a natural “expiration” and cancellation condition for the HO, which is also beneficial when no Xn is present.

Proposal 2: Signaling the handover window start and duration from source gNB to target gNB over NGAP would leverage the benefit of the natural handover “expiration” and cancellation; we should not change any other aspect of legacy NG HO. 
Proposal 3: Add the handover window start and duration IEs to the NGAP Source NG-RAN Node to Target NG-RAN Node Transparent Container IE, and port the corresponding receiver node behavior from the XnAP BL CR; see the proposed NGAP CR [9].
Proposal 4: As the additional information to be signaled is in the transparent container, AMF behavior is not impacted and no LS seems needed at this time.
Proposal 5: There does not seem to be any impact on data forwarding; if anything, knowing the specific time window for the expected handover will enable the target to prepare the necessary UP resources only when needed.
Proposal 6: Further discuss how to capture time-based NG HO in stage 2.
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Annex – TP for TS 38.300 v. 17.3.0

16.14.3.2.2
Conditional Handover
The same principle as described in 9.2.3.4 applies to NTN unless hereunder specified.

NTN supports the following additional trigger conditions upon which UE may execute CHO to a candidate cell, as defined in TS 38.331 [12]:

-
The RRM measurement-based event A4;

-
A time-based trigger condition;

-
A location-based trigger condition.

A time-based or a location-based trigger condition is always configured together with one of the measurement-based trigger conditions (CHO events A3/A4/A5) as defined in TS 38.331 [12].

It is up to UE implementation how the UE evaluates the time- or location-based trigger condition together with the RRM measurement-based event.
When configuring a time-based trigger condition for a candidate cell, the source gNB may signal the corresponding parameters to the target gNB using NGAP handover signaling.
� In RAN2 scope, CHO is an RRC reconfiguration by the target cell, which includes CHO parameters. How such parameters are provided to the target node (XnAP, NGAP, static OAM configuration, …) does not impact RAN2.





