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1. Introduction

In this contribution, we discuss necessary corrections for CHO with LTE-DC/MR-DC in Rel-16, applied to MN to eNB/gNB Change scenarios in TS 36.300 [1] and 37.340 [2]. 

2. Discussion
2.1.   Problem description

In Rel-16, Conditional Handover (CHO) with DC operation (LTE DC/MR-DC) was supported, see TS 36.300 [1] Section 10.1.2.8.5 and TS 37.340 [2] Section 10.8. The following figure depicts the case when the MN of MR-DC with 5GC is handover to the target in a conditional way (TS 37.340 Section 10.8.2): 
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10.8.2
MR-DC with 5GC

The MN to ng-eNB/gNB Change procedure is used to transfer UE context data from a source MN/SN to a target ng-eNB/gNB. Both the cases where the source MN and the target node belong to the same RAT (i.e. they are both ng-eNBs or both gNBs) and the cases where the source MN and the target node belong to different RATs are supported.

NOTE 0:
Inter-system HO from ng-eNB/gNB MN to eNB is also supported.
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Figure 10.8.2-1: MN to ng-eNB/gNB Change procedure

Figure 10.8.2-1 shows an example signalling flow for the MN to ng-eNB/gNB Change procedure:

1.
The source MN starts the MN to ng-eNB/gNB Change procedure by initiating the Xn Handover Preparation procedure, including both MCG and SCG configuration.

NOTE 1:
The source MN may trigger the MN-initiated SN Modification procedure (to the source SN) to retrieve the current SCG configuration and to allow provision of data forwarding related information before step 1.
2.
The target ng-eNB/gNB includes the field in HO command which releases the SCG configuration, and may also provide forwarding addresses to the source MN.

3.
If the resource allocation of target ng-eNB/gNB was successful, the MN initiates the release of the source SN resources towards the source SN including a Cause indicating MCG mobility. The SN acknowledges the release request. If data forwarding is needed, the MN provides data forwarding addresses to the source SN. Reception of the SN Release Request message triggers the source SN to stop providing user data to the UE and, if applicable, to start data forwarding.

NOTE 1a:
In case the handover is a conditional handover, step 3a and step 3b are performed after the source MN receives an indication that the UE has successfully accessed one of the potential target ng-eNB/gNB as described in TS 38.300 [3], (i.e. after step 6)

NOTE 1b:
In case the handover is a conditional handover, the step 3c is executed right after step 2. The Xn-U Address Indication message notifies conditional handover to the source SN, for which it may decide to perform, if applicable, early data forwarding for SN-terminated bearers, together with the sending of an EARLY STATUS TRANSFER message to the source MN. If applicable, the normal data forwarding and SN STATUS TRANSFER message would follow from the source SN once it receives the SN Release Request message of the step 3a that is performed after step 6. In case the step 3c Xn-U Address Indication procedure is rejected by the source SN, the source MN re-sends it after the step 3b that is performed after step 6.
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When the MN decides CHO, it does not release the SN immediately after CHO preparations. Instead, it sends data forwarding addresses and notify CHO to the SN, so that early data forwarding for SN-terminated bearers can be performed by the SN. If performed, the SN sends the Early Status Transfer message to the MN (to be forwarded to the target) as described the NOTE 1b above. 

In principle, the source (i.e. MN in LTE-DC/MR-DC) can prepare CHO to the UE with multiple target nodes (e.g. candidate cell 1 with a target gNB 1 and candidate cell 2 with a target gNB 2). If CHO is prepared with multiple candidate target nodes, then data forwarding addresses, if applicable, would be different for different target nodes. 
Observation 1: CHO can be prepared with multiple candidate target nodes. If so, data forwarding addresses would be different for different target nodes.
When we have different candidate target nodes (and thus different forwarding addresses), currently early data forwarding from the SN does not work properly. In terms of simply tossing forwarding addresses to the SN, the MN may be able to send multiple X2AP Data Forwarding Address Indication or XnAP Xn-U Address Indication messages (each with different forwarding addresses) to the SN at no problem. But the key is on when the SN decides early data forwarding. If the SN decides early data forwarding for multiple candidate target nodes and sends the corresponding Early Status Transfer messages to the MN, then the MN has to relay those Early Status Transfer messages to the right target nodes. However, currently there is no way for the MN to differentiate which one corresponds to which. If the MN relays Early Status Transfer to the wrong target node, early data forwarding from the SN would not work as expected. 
Observation 2: When having different candidate target nodes, currently, early data forwarding from the source SN does not work properly in CHO with LTE-DC/MR-DC. 

This is certainly not the case when the source side is not configured with LTE-DC or MR-DC. A source eNB or gNB during CHO (described in TS 36.300 or TS 38.300) can decide early data forwarding to multiple candidate target nodes simultaneously. However, when the source is configured with LTE-DC/MR-DC, early data forwarding from the source SN cannot work for multiple candidate target nodes. 
Observation 3: When the source side is not configured with LTE-DC/MR-DC, there is no problem of doing early data forwarding toward multiple candidate target nodes simultaneously. 

Moreover, the prepared CHO can be modified or cancelled, for which the early data forwarding that has been initiated can be cancelled accordingly. This full-fetched operation is possible when the source side is NOT configured with LTE-DC or MR-DC, however, currently not possible for the source with LTE-DC/MR-DC as the MN simply tosses forwarding addresses for early data forwarding from the SN. 
For example, the UE, after multiple CHO are prepared and configured, may stay in the source without executing CHO. All the prepared CHOs may be cancelled. In those cases, if the SN decided early data forwarding beforehand, then the MN should save the poor SN from keeping forwarding data. However, currently no such mechanism exists for CHO with LTE-DC/MR-DC.
Observation 4: Moreover, the prepared CHO can be modified or cancelled, for which early data forwarding that has been initiated can be cancelled accordingly. 

Observation 5: However, this full-fetched operation is not possible for the source with LTE-DC/MR-DC as the source MN simply tosses forwarding address for early data forwarding from the source SN.
Observation 6: The source SN who decided early data forwarding may end up keeping forwarding data even if all the prepared CHOs are cancelled. 
Therefore, a full-fetched CHO operation and early data forwarding is not possible in these MN to eNB/gNB change scenarios, which is certainly not our intention when we developed during Rel-16. 

Observation 7: A full-fetched CHO operation and early data forwarding are not possible in MN to eNB/gNB change scenarios, which is certainly not our intention when we developed during Rel-16.
Proposal 1: RAN3 to correct and support full-fetched CHO operation and early data forwarding from the source SN in the MN to eNB/gNB change scenarios.
2.2.   Solution description

The key is that the source MN should be able to associate multiple forwarding addresses (prepared by different candidate target nodes) tossed to the source SN, with the corresponding Early Status Transfer messages returned from the source SN.

The subjected procedures are all class-2 (i.e. X2AP Data Forwarding Address Indication message, XnAP Xn-U Address Indication message, and X2AP/XnAP Early Status Transfer message).
Observation 8: For solution, the source MN should be able to associate multiple forwarding addresses (prepared by different candidate target nodes) tossed to the source SN, with the corresponding Early Status Transfer messages returned from the source SN. 
Observation 9: The subjected procedures are all class-2 (i.e. X2AP Data Forwarding Address Indication, XnAP Xn-U Address Indication, and X2AP/XnAP Early Status Transfer).
The association can be achieved by sharing the same identifier between those class-2 procedures from the MN to the SN (i.e. X2AP Data Forwarding Address Indication or XnAP Xn-U Address Indication) and from the SN to the MN (i.e. X2AP/XnAP Early Status Transfer). 

Moreover, since the UE-association has been already established between the source MN and the source SN (note that LTE-DC/MR-DC has been operational in the source side), the same UE-association should be maintained when considering parallel operations of those class-2 procedures between them. 

Observation 10: The association can be achieved by sharing the same identifier between those class-2 procedures from the MN to the SN (i.e. X2AP Data Forwarding Address Indication or XnAP Xn-U Address Indication) and from the SN to the MN (i.e. X2AP/XnAP Early Status Transfer).
Observation 11: The UE-association between the source MN and the source SN that has been operational should be maintained when considering parallel operations of those class-2 procedures between them. 

A typical Transaction ID could work. But we believe a pair of source/target UE X2/XnAP IDs is better as an identifier for parallel operation between the source MN and the source SN. When CHO is prepared with multiple candidate target nodes, X2AP or XnAP UE-associated signalling between the source and the target can be differentiated by this pair of UE X2AP/XnAP IDs. Moreover, in case of 5GC, the target NG-RAN node can be CP-UP separated and different candidate cells under the same target NG-RAN node can be associated with different target CU-UP entities. In this case, we already agreed to separate UE-associated signalling connection over Xn interface for each target CU-UP, see TS 38.401 Section 8.9.4:
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8.9.4
Inter-gNB handover involving gNB-CU-UP change
Figure 8.9.4-1 shows the procedure used for inter-gNB handover involving gNB-CU-UP change. Overall inter-gNB handover procedure is specified in TS 37.340.
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Figure 8.9.4-1: Inter-gNB handover involving gNB-CU-UP change

1.
The source gNB-CU-CP sends HANDOVER REQUEST message to the target gNB-CU-CP. In case of Conditional Handover, the target gNB is regarded as a candidate gNB which is only accessed by the UE when the CHO condition(s) are fulfilled.

2-4.
Bearer Context Setup procedure is performed as described in Section 8.9.2. 

5.
The target gNB-CU-CP responds the source gNB-CU-CP with an HANDOVER REQUEST ACKNOWLEDGE message. 

NOTE:
In case of Conditional Handover, it is up to target gNB-CU-CP implementation to make sure that the EARLY STATUS TRANSFER information is forwarded to the right gNB-CU-UP (e.g. separate UE-associated signalling connection over Xn interface for each gNB-CU-UP).
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Since the UE-associated signalling connection between the source and the target can be separated over X2 or Xn interface during CHO whenever forwarding to the target is addressed in different entities, we propose to use this pair of  source/target UE X2/XnAP IDs as an identifier for parallel operations between the source MN and the source SN. 

Observation 12: The UE-associated signalling connection between the source and the target is separated over X2 or Xn interface during CHO when forwarding is addressed in different entities.
Proposal 2: Use the pair of CHO source/target UE X2/XnAP IDs as an identifier for parallel operations of class-2 procedures from the source MN to the source SN (i.e. X2AP Data Forwarding Address Indication or XnAP Xn-U Address Indication) and from the source SN to the source MN (i.e. X2AP/XnAP Early Status Transfer).
For the solution of enabling cancellation of already initiated early data forwarding from the source SN, an indicator to stop and which DRBs to stop are required. Since the existing X2AP Data Forwarding Address Indication and XnAP Xn-U Address Indication procedures provide forwarding addresses for SN-terminated DRBs, we can simply re-use these existing messages and use those info as for which DRBs terminated in the source SN to stop. Adding a simple indicator to stop early data forwarding would suffice. 

Proposal 3: Add a simple indicator to the existing X2AP Data Forwarding Address Indication and XnAP Xn-U Address Indication messages to enable stopping of already initiated early data forwarding for DRBs terminated in the source SN. 
2.3.   Minor Clarification, Editorial Corrections

Regarding the NOTE 1b of TS 37.340 [2] Section 10.8.2, 
NOTE 1b:
In case the handover is a conditional handover, the step 3c is executed right after step 2. The Xn-U Address Indication message notifies conditional handover to the source SN, for which it may decide to perform, if applicable, early data forwarding for SN-terminated bearers, together with the sending of an EARLY STATUS TRANSFER message to the source MN. If applicable, the normal data forwarding and SN STATUS TRANSFER message would follow from the source SN once it receives the SN Release Request message of the step 3a that is performed after step 6. In case the step 3c Xn-U Address Indication procedure is rejected by the source SN, the source MN re-sends it after the step 3b that is performed after step 6.

the above highlighted seems misleading as the intention is not based on the source SN’s rejection of the class-2 Xn-U Address Indication message from the source MN. The rejection of a class-2 procedure may imply triggering an Error Indication message, but here the intention is certainly not doing something based on receiving the Error Indication message from the source SN. 

If early data forwarding is performed by the source SN, the source MN receives the corresponding Early Status Transfer message. Not receiving this message means that the source SN did not perform early data forwarding. We thus propose to add a clarification that here the rejection is determined by not receiving the corresponding Early Status Transfer message from the source SN.  

Proposal 4: Clarify the term “rejected” in the NOTE 1b of TS 37.340 Section 10.8.3, by not receiving corresponding Early Status Transfer message from the source SN.  

The corresponding stage-3 changes to the X2AP Data Forwarding Address Indication, XnAP Xn-U Address Indication, and X2AP/XnAP Early Status Transfer messages in TS 36.423 and TS 38.423 can be found in [3] and [4]. Additional editorial corrections are also performed for those class-2 messages. 

The corresponding stage-2 changes for TS 36.300 and TS 37.340 can also be found in [5] and [6].  

Proposal 5: Agree the corresponding CRs for 36.423, 38.423, 36.300, and 37.340 in [3], [4], [5], and [6].
3. Conclusion
In the present contribution we make the following observations:
Observation 1: CHO can be prepared with multiple candidate target nodes. If so, data forwarding addresses would be different for different target nodes.
Observation 2: When having different candidate target nodes, currently, early data forwarding from the source SN does not work properly in CHO with LTE-DC/MR-DC. 

Observation 3: When the source side is not configured with LTE-DC/MR-DC, there is no problem of doing early data forwarding toward multiple candidate target nodes simultaneously. 

Observation 4: Moreover, the prepared CHO can be modified or cancelled, for which early data forwarding that has been initiated can be cancelled accordingly. 

Observation 5: However, this full-fetched operation is not possible for the source with LTE-DC/MR-DC as the source MN simply tosses forwarding address for early data forwarding from the source SN.
Observation 6: The source SN who decided early data forwarding may end up keeping forwarding data even if all the prepared CHOs are cancelled. 
Observation 7: A full-fetched CHO operation and early data forwarding are not possible in MN to eNB/gNB change scenarios, which is certainly not our intention when we developed during Rel-16.
Observation 8: For solution, the source MN should be able to associate multiple forwarding addresses (prepared by different candidate target nodes) tossed to the source SN, with the corresponding Early Status Transfer messages returned from the source SN. 

Observation 9: The subjected procedures are all class-2 (i.e. X2AP Data Forwarding Address Indication, XnAP Xn-U Address Indication, and X2AP/XnAP Early Status Transfer).
Observation 10: The association can be achieved by sharing the same identifier between those class-2 procedures from the MN to the SN (i.e. X2AP Data Forwarding Address Indication or XnAP Xn-U Address Indication) and from the SN to the MN (i.e. X2AP/XnAP Early Status Transfer).
Observation 11: The UE-association between the source MN and the source SN that has been operational should be maintained when considering parallel operations of those class-2 procedures between them. 

Observation 12: The UE-associated signalling connection between the source and the target is separated over X2 or Xn interface during CHO when forwarding is addressed in different entities.
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Based on the discussion in the present contribution and the observations above we propose: 

Proposal 1: RAN3 to correct and support full-fetched CHO operation and early data forwarding from the source SN in the MN to eNB/gNB change scenarios.
Proposal 2: Use the pair of CHO source/target UE X2/XnAP IDs as an identifier for parallel operations of class-2 procedures from the source MN to the source SN (i.e. X2AP Data Forwarding Address Indication or XnAP Xn-U Address Indication) and from the source SN to the source MN (i.e. X2AP/XnAP Early Status Transfer).
Proposal 3: Add a simple indicator to the existing X2AP Data Forwarding Address Indication and XnAP Xn-U Address Indication messages to enable stopping of already initiated early data forwarding for DRBs terminated in the source SN. 
Proposal 4: Clarify the term “rejected” in the NOTE 1b of TS 37.340 Section 10.8.3, by not receiving corresponding Early Status Transfer message from the source SN.  

Proposal 5: Agree the corresponding CRs for 36.423, 38.423, 36.300, and 37.340 in [3], [4], [5], and [6].
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