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Introduction
The last RAN3-105 (Ljubljana) discussed about CHO modification, but could not agree if such modification is needed and how to handle it [1]. This contribution provides our views on CHO modification over X2/XnAP.
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Discussion
The modification of the prepared CHO resources/commands can be triggered by a source or a candidate target.
2.1     Source-initiated CHO modification

RAN2-107 (Prague) has agreed the following:

RAN2-107 Agreements

1
As part of CHO configuration to be sent to the UE, RRC container is used to carry target cell configuration and source cell is not allowed to alter any content of configuration from the target cell.

2
Use add/mod list + release list to configure multiple CHO candidate cells. CHO execution condition can be updated by modifying the existing CHO configuration, Target cell configuration can be updated by modifying the existing CHO configuration.
3
Reuse the RRCReconfiguration/RRCConnectionReconfiguration procedure to signal CHO configuration to UE.
4
A RRC complete message is required for UE to confirm receipt and proper comprehension of CHO configuration (execution condition, FFS target cell configuration) to the source eNB/gNB. 
FFS whether the UE is required to check the compliance of the target cell configuration within CHO configuration upon reception or whether it is allowed to check upon execution.
FFS whether different RRC processing requirements are defined for the reconfiguration with CHO command.

5
After CHO configuration has been sent to the UE, source configuration can be updated.
FFS whether CHO commands need to be updated after source reconfiguration.

6
Delta configuration for CHO commands is based on latest source configuration
7
Allow having multiple triggering conditions (using “and”) for CHO execution of a single candidate cell. Only single RS type per CHO candidate is supported. At most two triggering quantities (e.g. RSRP and RSRQ, RSRP and SINR, etc.) can be configured simultnaeously. FFS on UE capability.

8
TTT is supported for CHO condition (as per legacy configuration)

Considering the above highlights together, it looks like that the source sends the updated source configuration so that a candidate target can update its target cell configuration (if anything needs to be changed) based on the latest source configuration provided. At least, these agreements seem to say that the source needs to trigger CHO modification to the target, if delta configuration was used to generate CHO command.

Further discussion is on-going in RAN2 (see email discussion [107#30]), expecting to be further clarified and concluded in the next RAN2 meeting.

However, regardless of RAN2 discussions, we believe that some form of a source-initiated CHO modification should be in place for X2AP and XnAP: During CHO, source connection is maintained until CHO is executed. In the meantime, a new E-RAB or PDU session could be setup or an existing E-RAB or PDU session could be modified or released over NGAP, which leads addition/modification/release of DRBs or QoS flows for a UE [2]. Such E-RAB or PDU session configuration change should be re-admitted by the target, otherwise configuration mismatch or service interruption would happen.
Proposal 1: RAN3 to support the source-initiated CHO modification, at least for the case when re-admission is required due to E-RAB or PDU session configuration change.
Regarding how to support, so far there has been two camps in RAN3: (1) define new class-1 CHO MOD REQ/ACK; (2) re-use the existing HO REQ/ACK 
Both has pros and cons, but we prefer to go with the existing HO REQ/ACK and enhance them if necessary. The reasons are as follows:

·  If change of source configuration requires re-admission by a candidate target, then this is effectively the same as re-doing HO preparation. Re-using HO REQ/ACK is well suited.
·  A typical scenario expected in CHO is that, after one candidate cell is prepared, another candidate cell can be added later. The source will trigger HO REQ for new candidate cell but may also need to trigger modification for the cell already prepared (recall RAN2 agreements). If this new cell is under the same target node, then both HO REQ and CHO modification needs to be triggered to the same target, which can be done by a single message if we re-use the existing HO REQ/ACK for modification. 

Proposal 2: For the source-initiated CHO modification, RAN3 to re-use HO REQ/ACK.
Since a target cell ID is used as an identifier for parallel transactions, we believe no more enhancement is necessary. If a candidate target receives a HO REQ addressed to a target cell ID for which CHO preparation was completed before but has not received HO CANCEL, then the target can know that the received HO REQ is for modification.
Proposal 3: No more enhancement is necessary for a candidate target to differentiate whether the received HO REQ is for CHO initiation or modification.
2.2     Target-initiated CHO modification

Unlike source-initiated, a motivation for target-initiated is not clear:

·  A change of already prepared target cell resources/configurations is rare. [2] mentioned that a target may want to modify RACH resources, but this is still under the condition that the UE has not been accessed for a certain time and there has been no HO Cancel from the source, which is rare. 
·  Even if we assume such thing happens, most likely the case would be that the UE is on the way to access another target or re-establishing, and thus HO cancellation will follow anyway.
·  If due to a load situation change, CHO Cancel is the right one to trigger, not modification.

A lack of solid motivations shows concerns for a need to have a full-fetched new class-1 modification procedure initiated by a candidate target. 

Instead, we can consider CHO Cancel with re-triggering CHO preparation if necessary. This requires much less work and spec impacts. In fact, this approach is better than having a new class-1:

·  For the above scenario in [2] as an example, let’s assume that a target sent CHO Cancel. In case the UE accessed another node or re-established, then the source does not have to say anything (the target assumes CHO cancelled). But if CHO has not been executed yet, then the source can re-trigger CHO preparation, for which the target can send the updated CHO command to the UE. Using CHO Cancel is more opportunistic. 

·  RAN2 agreed that Delta configuration for CHO commands is based on latest source configuration. This means that delta target cell configuration, if to be changed, may have to be re-based. But the target cannot say for sure, unless source always updates candidate targets whenever source configuration is changed. The target should inquire the latest source configuration, which necessitates another roundtrip from the source, for the target to send updated/re-based delta CHO command. A class-1 from target is not enough. On the other hand, CHO Cancel with re-triggering CHO preparation is well-suited.

Therefore, we propose to go with CHO Cancel + re-trigger CHO preparation (if necessary). Moreover, RAN3 should not consider a new target-initiated class-1 modification, unless a clear motivation comes up to do so. 
Proposal 4: For the target-initiated CHO modification, RAN3 to re-use CHO Cancel, with re-triggering CHO preparation if necessary.
Proposal 5: Do not consider new target-initiated class-1 modification procedure, unless a clear motivation comes up to do so. 
Then, CHO Cancel should be able to tell whether re-triggering CHO preparation is expected or not. A simple indication would suffice. But following conventions, defining a new cause seems better for this purpose.

Proposal 6: Add a new Cause value, so that a candidate target can indicate that re-trigger of CHO preparation is expected from the source.
CHO Cancel currently allows partial cancellation (i.e. per candidate target cell), but currently there is only one mandatory Cause IE in the structure [3]. Together with the optional Candidate Cells To Be Cancelled List IE, it is not sure whether the intention was to apply the same cause value for all the listed to-be-cancelled candidate cells, or just following the structure of HO Cancel message. But we think that, for target-initiated cancellation, a reason could be different for each candidate cell (e.g. load situation could be different per cell). To be consistent with what we proposed for HO FAILURE [4], we propose to include an accompanying cause value as optional in the Candidate Cells To Be Cancelled List IE. The mandatory Cause IE can apply if not included.
Proposal 7: In CHO Cancel, add an optional cause in the Candidate Cells To Be Cancelled List IE, to allow different reason for different cell. The mandatory Cause IE shall apply if not included.
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Conclusion

Based on the discussion in the present contribution we propose: 

Proposal 1: RAN3 to support the source-initiated CHO modification, at least for the case when re-admission is required due to E-RAB or PDU session configuration change.
Proposal 2: For the source-initiated CHO modification, RAN3 to re-use HO REQ/ACK.

Proposal 3: No more enhancement is necessary for a candidate target to differentiate whether the received HO REQ is for CHO initiation or modification. 

Proposal 4: For the target-initiated CHO modification, RAN3 to re-use CHO Cancel, with re-triggering CHO preparation if necessary.

Proposal 5: Do not consider new target-initiated class-1 modification procedure, unless a clear motivation comes up to do so. 
Proposal 6: Add a new Cause value, so that a candidate target can indicate that re-trigger of CHO preparation is expected from the source.

Proposal 7: In CHO Cancel, add an optional cause in the Candidate Cells To Be Cancelled List IE, to allow different reason for different cell. The mandatory Cause IE shall apply if not included.
The corresponding TPs for BL CRs for TS 36.423 and TS 38.423 can be found in [5] and [6].

For your information, the latest overall CHO procedures in TS 38.300 is excerpted from RAN2 Running Stage-2 CR (R2-1911559) and provided in the Annex.
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Annex

9.2.3.2a.1
C-plane handling

As in intra-NR RAN handover, in intra-NR RAN CHO, the preparation and execution phase of the conditional handover procedure is performed without involvement of the 5GC; i.e., preparation messages are directly exchanged between gNBs. The release of the resources at the source gNB during the conditional handover completion phase is triggered by the target gNB. The figure below depicts the basic conditional handover scenario where neither the AMF nor the UPF changes: 
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Figure 9.2.3.2.1-1a: Intra-AMF/UPF Conditional Handover

0/1.
Same as step 0, 1 in Figure 9.2.3.2.1-1 of section 9.2.3.2.1.

2.
The source gNB decides to use CHO.

3.
The source gNB issues a CHO Request message to  one or more candidate gNBs.

Editor’s note: FFS on the details of CHO Request message, and whether multiple candidate gNBs are allowed. RAN3 scope.
4.
Same as step 4 in Figure 9.2.3.2.1-1 of section 9.2.3.2.1.

5.
The candidate gNB sends CHO response including configuration of CHO candidate cell to the source gNB.

Editor’s note: FFS on the details of CHO response message. RAN3 scope.
6.
The source gNB sends a RRCReconfiguration message to the UE, containing CHO the configuration of CHO candidate cell(s) and CHO execution condition(s).

7.
UE sends an RRCReconfigurationComplete message to the source gNB.

8.
UE maintains connection with source gNB after receiving CHO configuration, and starts evaluating the CHO execution conditions for the candidate cell(s). If at least one CHO candidate cell satisfies the corresponding CHO execution condition, the UE detaches from the source gNB, applies the stored corresponding configuration for that selected candidate cell and synchronises to that candidate cell.
9.
Same as step 8 in Figure 9.2.3.2.1-1 of section 9.2.3.2.1.

Editor’s note: FFS how to perform data forwarding, RAN3 scope.

Editor’s note: FFS whether the procedure can be combined with ‘simultaneous connectivity handover.

