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1
Introduction

At RAN3#114-e meeting, the following were agreed on MRO for CHO.

	For CHO: 
There is no ambiguous CHO failure across two CHO configurations.

Reuse the legacy MRO detection mechanism with extensions for CHO in stage 2 (i.e. separate failure type detection is not supported unless there is any failure case that can’t be covered).


The following issues are open for further discussion:

Clarify whether RAN2 agreed RLF-report for CHO is sufficient for MRO purpose before discussing network-based solution;

Whether CHO Cell CGI is needed in HANDOVER REPORT message;

Whether explicit Handover Report Type is needed in HANDOVER REPORT message for CHO;

Whether new initiating condition is needed in FAILURE INDICATION message for CHO;

Whether CHO recovery cell ID is needed in FAILURE INDICATION message;

Whether to reuse the existing one UE RLF Report Container in the FAILURE INDICATION message or HANDOVER REPORT message to transfer failure related information for CHO.
This contribution discussed some open issues. Based on the analysis, the TPs for stage 2 and stage 3 were provided.
2
Discussion

2.1
Whether RAN2 agreed RLF-report for CHO is sufficient for MRO purpose
In RAN2#113bis-e, RAN2 made the following agreement on the list of candidate cells IDs:

2
Include in the RLF report for CHO the following information:

a.
Indication of whether a measured neighbour cell included in the existing measResultNeighCells was a CHO candidate cell or not.

b.
List of candidate cells IDs.
Inclusion of a) and b) are subject to the RAN3 reply to the RAN2 LS R2-2102149
And it was confirmed in RAN2#115

Agreements in 113bis are confirmed as:

1
Include in the RLF-report for CHO the following:

a.
Configured CHO execution condition(s) (A3 and/or A5 event configuration, TTT values)

c.
Latest radio measurement results of the candidate target cells
Try to reuse existing mechanism as much as possible.

Agreement a. can be revisited if RAN3 has further progress on it.
Based on above, we could have the following observations:

Observation 1: List of candidate cells IDs are not agreed by RAN2.

Observation 2: RAN2 agreement can be revisted based on RAN3 progress.

With agreement “c. Latest radio measurement results of the candidate target cells”, the network CANNOT get all the candidate cells in some scenarios e.g. not all the candidate cells are included in the neighbour cell measurement results. In this case, the network may not perform appropriate optimisation.
Observation 3: With the current RAN2 agreement, the network CANNOT get all the candidate cells in some scenarios.

To overcome the above problem, network based solutions was discussed at last RAN3 meeting i.e. source node sends the candidate cell list to the target node. Target node uses this as assistance information for detection. Target nodes transmits the information back to the source node in Handover Report message. The source node use the info for failure reason confirmation and optimisation. 
There are two concerns for network based soluiton. One is that that the candidate cell list have to be sent to all the candidate target nodes. The other one is that the information may be not up to date e.g. the source node may update the candidate cell list after the first RRC Reconfiguration (Handover Command) message. 
Here we would like to clarify that the network based solution has no such issues. The source node sends the candidate cell list and CHO execution condition(s) latestly configured to the UE to the target after receiving Handover Success (step 8a) message e.g. with SN Status Transfer  or a new message. So the information is sent to the target node only (not to all candidates target nodes). And the information is the same as those configured to the UE. 
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Figure 1: CHO handover procedure
Observation 4: For network based solution, the candidate cell list and CHO execution condition(s) are sent to the target only (not all candidate target nodes) and the information is up to date (the same as recently configured to the UE).

And there is principle that for those information the network can get, network based solution should be used. Network based solution has less UE impact and reduce the load of Uu. Therefore network based solution is preferred.
Proposal 1: Agree the network bases solution i.e. the source node sends candidate cell list to the target after receiving Handover Success message and the target transmits the info back to the source in Handover Report message.

For the network based solutions, two alternatives are on the table:
Alternative 1:  Add candidate cell list IE in the XnAP messages.
Alternative 2:  Use the Mobility Information (a container, the coding is implementation issue) to transmit candidate cell list.
The problem of Alternative 2 is that the last serving node cannot identify the candidate cell list within Mobility Information. Because Mobility Information is a container from the source node. The Mobility Information also includes other mobility related parameters e.g. handover trigger, UE group. 
RAN3 has agreement that the last serving node is responsible for failure reason detection and sends the Handover Type to the source node which trigger the last handover. With Alterantive 1, the last serving node can use candidate cell list to detect whether the failure is due to inproper candidate cell list configuration or inproper handover trigger (e.g. too early, too late), therefore have appropriate failure reason detection. If Alternative 2, the last serving node may not exclude inproper candidate cell list configuration from the inproper handover trigger.
Furthermore, Mobility Information has been defined as a container and the coding is implementation issue, because handover trigger is implementation related. It is not easy to have it in standard way. But candidate cell list is different. It is already transmitted over the air interface. Therefore, explict IE has benefit for inter-vendor scenario.

Observation 5: If using Mobility Information, the last serving node can not exclude unproper candidate cell list configuration from the unproper handover trigger.

Proposal 2: Agree the network based solution Alternative 1 i.e. add candidate cell list IE in the XnAP messages.
The source node can transmit candidate cell list to the target with SN Status Transfer message or a new message. The TP based on a SN Status Transfer message is provided in [3]. If the group prefer a new message, it could be easily adapted.

Proposal 3: The source node sends candidate cell list to the target in SN Status Transfer message. The target sends it back to the source in Handover Report message.
With the same reasoning, CHO execution conditions can also be transmitted in the same way as candidate cell list.
Proposal 4: The source node sends CHO Execution Conditions to the target in SN Status Transfer message. The target sends it back to the source in Handover Report message.

Since RAN2 “Agreement a. can be revisited if RAN3 has further progress on it.”, it is proposed to send LS to RAN2 on this RAN3 agreement.

Proposal 5: Send LS to RAN2 on RAN3 agreement.

2.2
Other Information in Failure Indication and Handover Report message
At last RAN3 meeting, other information in Failure Indication and Handover Report message were discussed. The following is still open:
Whether explicit Handover Report Type is needed in HANDOVER REPORT message for CHO;

Handover Type IE is already included in the HANDOVER REPORT message. The open point is whether new value is needed.

RAN3 has agreement that the last serving node is responsible for failure reason detection and sends the Handover Type to the source node which triggered the last handover. For CHO handover, the last serving node may detect that the failure reason is inapproriate candidate cell list configuration, not too late handover, too early handover or handover to wrong cell.
E.g. the source node configured Cell-1, Cell-2, Cell-4 to the UE with CHO configuration. CHO execution failure happened. The UE establish/re-establishs to Cell-3 successfully. In this case, it is necessary for the last serving node to send inappropriate configuration of a CHO candidate cell to the source node which triggerd the last handover. 

Proposal 6: Add Handover Report Type value “Inappropriate Configuration of a CHO candidate cell” in Handover Report message.

If the failure reason is handover trigger configuration, there are two alternative to inform the source node which triggered the last handover. One alternative is to reuse the exising Handover Report Type value e.g. “HO too early”, “HO to wrong cell”. Another laternative is to defind new Handover Report Type value “Too Early CHO Execution”, “CHO Execution to Wrong Cell”. Either way works. New value will be clearer. Anyway, the IE is needed.

Observation 6: To nofity the source node the failure reason in case of too early or wrong cell handover, exising Handover Report Type value e.g. “HO too early”, “HO to wrong cell” can be used. New value e.g. Too Early CHO Execution and CHO Execution to Wrong Cell will be clearer.
Another open issue: 
Whether to reuse the existing one UE RLF Report Container in the FAILURE INDICATION message or HANDOVER REPORT message to transfer failure related information for CHO.
RAN2 has agreed to use the existing RLF-report to transmit all failure related information. Therefore, the xisting one UE RLF Report Container seems enough.
 Agreements:

1
The following signalling model for the RLF-Report of CHO:


Use separate IEs within the existing RLF-report to represent the second failure, and the first failure can be represented by reusing as much as possible existing IEs
Observation 7: The existing one UE RLF Report Container in the FAILURE INDICATION message or HANDOVER REPORT message seems enough to transfer failure related information for CHO.

2.2
Stage 2

For CHO handover, too late handover, too early handover and handover to wrong cell are still valid handover type which results failure. In legacy handover, the UE will perform handover execution once reciving handover command message. For CHO handover, the UE is still staying in the source cell before CHO execution. So for CHO handover, to be more specific, the handover type is Too Late CHO Execution, Too Early CHO Execution and Handover execution to Wrong cell.

To make things clear, the following sentence can be added to stage 2 for clarification:

For CHO, the Too Late Handover, Too Early Handover and Handover to Wrong Cell means Too Late CHO Execution, Too Early CHO Execution and CHO Execution to Wrong Cell.

Proposal 7: It is proposed to add the following clarification to TS 38.300 15.5.2.2.2:

For CHO, the Too Late Handover, Too Early Handover and Handover to Wrong Cell means Too Late CHO Execution, Too Early CHO Execution and CHO Execution to Wrong Cell seperatly.

For the detection mechanism, it was agreed to reuse the legacy MRO detection mechanism in stage 2. If needed, new text could be added.
Reuse the legacy MRO detection mechanism with extensions for CHO in stage 2 (i.e. separate failure type detection is not supported unless there is any failure case that can’t be covered).

For too early handover and too late handover, CHO failure reason and detection are similar to normal handover i.e. the handover trigger is too early or too late. But for Handover to Wrong cell, there is some difference for CHO and normal handover. For example, the following two cases should be differenciated:
Case 1: Candidate cell list (Cell-1, Cell-2 and Cell-3) is configured to the UE. CHO execution to cell-2 is failure. CHO recovery or RRC re-establish success in Cell-3. This scenario is similar to handover to wrong cell in normal handover. The CHO Execution Conditions configured to Cell-2 and Cell-3 are not proper which should be adjusted in order to avoid the failure.
Case 2: Candidate cell list (Cell-1, Cell-2 and Cell-3) is configured to the UE. CHO execution to cell-2 is failure. CHO recovery or RRC re-establish success in Cell-4. The main reason of the failure is inapporiate candidate cell configuration, not CHO Exectuion Condition configuration.
Therefore, the above two cases should be differenciated in the detection part for CHO.

Proposal 8: To describe inappropriate candidate cell list configuration in the detection part for CHO in stage 2.

3
Conclusion
This contribution discussed some open issues. We have the following observations and proposals. It is proposed to agree the proposals and the TPs in annex and in [3].
Observation 1: List of candidate cells IDs are not agreed by RAN2.

Observation 2: RAN2 agreement can be revisted based on RAN3 progress.

Observation 3: With the current RAN2 agreement, the network CANNOT get all the candidate cells in some scenarios.

Observation 4: For network based solution, the candidate cell list and CHO execution condition(s) are sent to the target only (not all candidate target nodes) and the information is up to date (the same as recently configured to the UE).

Proposal 1: Agree the network bases solution i.e. the source node sends candidate cell list to the target after receiving Handover Success message and the target transmits the info back to the source in Handover Report message.

Observation 5: If using Mobility Information, the last serving node can not exclude unproper candidate cell list configuration from the unproper handover trigger.

Proposal 2: Agree the network based solution Alternative 1 i.e. add candidate cell list IE in the XnAP messages.

Proposal 3: The source node sends candidate cell list to the target in SN Status Transfer message. The target sends it back to the source in Handover Report message.

Proposal 4: The source node sends CHO Execution Conditions to the target in SN Status Transfer message. The target sends it back to the source in Handover Report message.

Proposal 5: Send LS to RAN2 on RAN3 agreement.

Proposal 6: Add Handover Report Type value “Inappropriate Configuration of a CHO candidate cell” in Handover Report message.

Observation 6: To nofity the source node the failure reason in case of too early or wrong cell handover, exising Handover Report Type value e.g. “HO too early”, “HO to wrong cell” can be used. New value e.g. Too Early CHO Execution and CHO Execution to Wrong Cell will be clearer.

Observation 7: The existing one UE RLF Report Container in the FAILURE INDICATION message or HANDOVER REPORT message seems enough to transfer failure related information for CHO.

Proposal 7: It is proposed to add the following clarification to TS 38.300 15.5.2.2.2:

For CHO, the Too Late Handover, Too Early Handover and Handover to Wrong Cell means Too Late CHO Execution, Too Early CHO Execution and CHO Execution to Wrong Cell seperatly.

Proposal 8: To describe inappropriate candidate cell list configuration in the detection part for CHO in stage 2.
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3
TP for stage 2

15.5.2.2
Connection failure

15.5.2.2.1
General

For analysis of connection failures, the UE makes the RLF Report available to the network.

The UE stores the latest RLF Report, including both LTE and NR RLF report until the RLF report is fetched by the network or for 48 hours after the connection failure is detected.

The UE only indicates RLF report availability and only provides the RLF report to the network if the current RPLMN is a PLMN that was present in the UE's EPLMN List or was the RPLMN at the time the connection failure was detected. In case RLF happens in an E-UTRA cell, the UE makes the LTE RLF Report available to NG-RAN nodes and eNB(s), and in case RLF happens in an NR cell the UE makes the NR RLF Report available to gNB(s).

If the LTE RLF Report is reported to a NG-RAN node, and the last serving node is an E-UTRAN node, the NG-RAN node may transfer it to the E-UTRAN node by triggering the Uplink RAN configuration transfer procedure over NG and the E-UTRAN node can take this into account as defined in TS 36.300 [2].

15.5.2.2.2
Connection failure due to intra-system mobility

One of the functions of Mobility Robustness Optimization is to detect connection failures that occur due to Too Early or Too Late Handovers, or Handover to Wrong Cell. These problems are defined as follows:

-
Intra-system Too Late Handover: an RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection in a different cell.
-
Intra-system Too Early Handover: an RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell.

-
Intra-system Handover to Wrong Cell: an RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
In the definition above, the "successful handover" refers to the UE state, namely the successful completion of the RA procedure.

In case of CHO, the Too Late Handover, Too Early Handover and Handover to Wrong Cell in the definition above means Too Late CHO Execution, Too Early CHO Execution and CHO Execution to Wrong Cell separately.
Detection mechanism

A failure indication may be initiated after a UE attempts to re-establish the radio link connection at NG-RAN node B after a failure at NG-RAN node A. NG-RAN node B may initiate the Failure Indication procedure towards multiple NG-RAN nodes if they control cells which use the PCI signalled by the UE during the re-establishment procedure. The NG-RAN node receiving this selects the UE context that matches the received Failure Cell ID and C-RNTI, and, if available, uses the shortMAC-I to confirm this identification, by calculating the shortMAC-I and comparing it to the received IE.

A failure indication may also be sent to the node last serving the UE when the NG-RAN node fetches the RLF REPORT from UE by triggering:

-
The Failure Indication procedure over Xn;

-
The Uplink RAN configuration transfer procedure and Downlink RAN configuration transfer procedure over NG.

The detailed detection mechanisms for too late handover, too early handover and handover to wrong cell are carried out through the following in the NG-RAN node that served the UE before the reported connection failure:

-
Intra-system Too Late Handover: there is no recent handover for the UE prior to the connection failure e.g. the UE reported timer is absent or larger than the configured threshold (e.g. Tstore_UE_cntxt), or if CHO is configured but the CHO execution is not initiated for the UE prior to the connection failure, or if DAPS HO is configured but an RLF is detected in the source cell with successful DAPS HO.
-
Intra-system Too Early Handover: there is a recent handover for the UE prior to the connection failure e.g. the UE reported timer is smaller than the configured threshold (e.g. Tstore_UE_cntxt), and the first re-establishment attempt cell/the cell UE attempts to re-connect is the cell that served the UE at the last handover initialisation or fall back to the source cell configuration in case of DAPS HO.

-
Intra-system Handover to Wrong Cell: there is a recent handover for the UE prior to the connection failure e.g. the UE reported timer is smaller than the configured threshold (e.g. Tstore_UE_cntxt), and the first re-establishment attempt cell/the cell UE attempts to re-connect/the cell UE attempts CHO recovery is neither the cell that served the UE at the last handover initialisation nor the cell that served the UE where the RLF happened or the cell that the handover was initialized toward. If the first re-establishment attempt cell/the cell UE attempts to re-connect is not in the candidate cell list configured to the UE, the root case of the failure is inappropriate candidate cell configuration. 
The "UE reported timer" above indicates the time elapsed since the last handover initialisation until connection failure or the time elapsed since the CHO execution until connection failure.

In case of Too Early Handover or Handover to Wrong Cell, the NG-RAN node receiving the failure indication may inform the NG-RAN node controlling the cell where the mobility configuration caused the failure by means of the Handover Report procedure over Xn or the Uplink RAN Configuration Transfer procedure over NG. This may include the RLF report.

Retrieval of information needed for problem analysis

In order to retrieve relevant information collected at the network side as part of the UE context, the UE provides C-RNTI used in the last serving cell. If the cause for the failure is identified as a "Too Early HO" or a "HO to Wrong Cell", the NG-RAN node controlling the last serving cell shall, include in the HANDOVER REPORT message the C-RNTI used in the source cell of the last completed handover before the failure. If the NG RAN node controlling that source cell provided the Mobility Information, it is also included in the HANDOVER REPORT message. If used, the Mobility Information is prepared at the source NG RAN node of a handover and may refer to or identify any handover-related data at this NG RAN node.
Handling multiple reports from a single failure event
In case the RRC re-establishment fails and the RRC connection setup succeeds, MRO evaluation of intra-RAT mobility connection failures may be triggered twice for the same failure event. In this case, only one failure event should be counted.
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