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1
Introduction

In last RAN3 meeting, it was agreed to support SON Enhancements for CHO (i.e MRO for CHO). The following initial agreements were achieved on MRO for CHO.

FFS whether CHO specific failure types are needed. The existing definitions of too late handover /too early handover/ handover to wrong cell are the starting point for further study. 

From RAN3 point of view, in order to support MRO for CHO, more information is needed from UE. (FFS on the details).

Study the contents of the RLF INDICATION or HANDOVER REPORT message to support MRO enhancements for CHO. In order to progress in this area it is necessary to converge on the CHO failure case definition.

This contribution discussed the definition, the scenarios and the overall solutions.
2
Discussion

2.1 The definitions

The following definitions on intra-system MRO were captured in TS38.300:
-
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.

For CHO handover, too late handover, too early handover and handover to wrong cell are valid handover type which results failure. For legacy handover, the UE will perform handover execution once reciving RRC Reconfiguration including handover command from the source base station. For CHO handover, the UE is still staying in the source cell before CHO execution even after RRC Reconfiguration including CHO configuration is received. So for CHO handover, to be more specific, the above handover type is Too Late CHO Execution, Too Early CHO Execution and Handover execution to Wrong cell.
For legacy handover, the UE can recover from the failure via RRC Reestablishment procedure or RRC Setup procedure. But we don't differenciate this in the definion. Instead we differenciate these two cases in the detection part. Similarly, we don’t need to have detail description on the recovery for CHO in the definition part. This can be left for detection description.
Therefore, we don’t need to have additional definitions for CHO. 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 1: It is proposed to add the following clarification to TS38.300 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.

2.1 Scenarios and Solutions

The first discriminative factor for Too Late CHO Execution and Too Early CHO Execution/CHO Execution to Wrong Cell is whether CHO execution is performed. For Too late, CHO execution is not performed. For Too Early CHO Execution/CHO Execution, CHO execution is performed, it could be success (RLF) or failure (CHO failure). However, if RLF occurs after long time of CHO execution, failure event would be not Too Early CHO Execution/CHO Execution. Therefore, the timer from CHO execution to the failure is an important criterial for failure type detection.
Observation 1: Timer from CHO execution to the failure is important for failure type detection.

The current timeConnFailure can be used to indicate the above timer or a new timer is defined for CHO handover. 
The typical scenarios, information reported from the UE and detection mechanism were summarized in the table below.
	No.
	Scenario
	Information reported from UE
	Detection mechanism
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Handover Execution is not performed. Two cases:
CHO configuration is not received.

CHO configuration is received without execution yet.
	previousPCellId: Cell A
failedPCellId: Cell A

TimerFrCHOexeToFail: absent or big
reestablishmentCellId/

reconnectCellId: Cell X, any cell in Target BS or a third BS
connection Failure Type: RLF
	TimerFrCHOexeToFail is absent or bigger that a pre-defined threshold (not recent CHO execution).
Source BS knows CHO preparation.
· Too Late CHO Execution
To further decides whether CHO candidate cell list is configured appropriated, the source cell decides this by checking whether the reestablishmentCellId/reconnectCellId is in the candidate cell list. 
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	previousPCellId: Cell A

failedPCellId: Cell B
TimerFrCHOexeToFail: small
reestablishmentCellId/

reconnectCellId: Cell X: any cell in a third BS or S-BS
connection Failure Type: HOF
	TimerFrCHOexeToFail is smaller than the configured threshold
Cell X = Cell A: => Too Early CHO Execution 

Cell X =! Cell A =! Cell B and Cell C => CHO Execution to Wrong Cell
S-BS has UE context in this scenario and can further check whether candidate cell list is configured properly.
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	previousPCellId: Cell A

failedPCellId: Cell B
TimerFrCHOexeToFail: small
reestablishmentCellId/

reconnectCellId: Cell X: any cell in a third BS or S-BS
connection Failure Type: RLF
	TimerFrCHOexeToFail is smaller than the configured threshold
Cell X = Cell A: => Too Early CHO Execution 

Cell X =! Cell A =! Cell B => CHO Execution to Wrong Cell
S-BS or T-BS needs to know wehther Cell X is within the candidate cell list in order to know whether candidate cell list is configured properly. T-BS doesn’t know this. S-BS already released UE context in this scenario. This issue will be discussed below [Issue 1].
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	Two reporting methods from UE:
1) Includes two failure cell id and two sets of timer relatd with failure e.g TimerFrCHOexeToFail
2) Two RLF Report

This will be discussed below. 
	Based on above detection mechasim, Too Early CHO Execution or CHO Execution to Wrong Cell will be decided using UE RLF Report. The same result will be detected no matter which sets of reporting is used.
Comparing with scenario 2, the main differences is the optimisation in order to avoid the failure.


From above table, it can be confirmed that TimerFrCHOexeToFail needs to be reported from the UE in RLF report. If defining a new IE for this timer, the existence of this IE implicitly indicates that the RLF report is corresponding to a CHO handover, and if the timer is small, it means there is recent CHO execution. So explicit CHO handover indication or CHO execution indication are not needed.
If using timeConnFailure to indicate TimerFrCHOexeToFail, then an indication to indicate CHO is needed. If the timer is small, it means there is recent CHO execution. So explicit CHO execution indication are not needed.
Based on this analys, it seems to define a new timer for TimerFrCHOexeToFail is better. Then the existing timer timeConnFailure can be used to indicate the receiving of RRC Reconfiguraiton message to the failure. This is inline with the existing definion of timeConnFailure.

Proposal 2: The UE includes a new timer TimerFrCHOexeToFail in UR RLF Report.

Proposal 3: In case of CHO, timeConnFailure is used to indicate timer elapsed from receiving RRC Reconfiguraiton message including CHO configuration to the failure.

For issue 1, the UE context in the source node is already released for the failure occurs shortly after successfully handover. The source node which triggered the un-proper handover needs to know whether the failure is due to CHO execution conditions or due to candidate cell list. In order to do so, the soure node needs to know the candidate cell list. There are two alternatives:
Alternative 1: UE includes candidate cell list in RLF Report.

Alternative 2: Source nodes sends the info 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. The source node use this for failure reason confirmation and optimisation.

Alternative 2 has less UE impact and reduce the load of Uu. Therefore alternative 2 is preferred.

Proposal 4: The source node sends candidate cell list to the target and the target transmit the info back to the source.

The CHO execution condition(s) is also important for the source in order to do the optimisaiton but doesn’t know in case of failure shortly after successful handover. Similar to candidate cell list, the CHO execution condition(s) can be sent to the target and the target transmit the info back to the source.
Proposal 5: The source node sends CHO execution condition(s)to the target and the target transmit the info back to the source.

Regarding whether two failure cell id and two sets of timer relatd with failure or Two RLF Report for scenario 4, this can be decided by RAN2.
Proposal 6: Let RAN2 to decide whether to include two failure cell id and two sets of timer relatd with failure in RLF Report or to define Two RLF Report.

Handover Report value Too Early CHO Execution and CHO Execution to Wrong Cell needs to be defined in Handover Report message.

Proposal 7: Add Handover Report value Too Early CHO Execution and CHO Execution to Wrong Cell in Handover Report message.

Proposal 1 and the detection mechanism in the above table should be captured in stage 2. The TP is provided in the annex. 
Proposal 4, proposal 5 and Proposal 7 have XnAP impacts. The TP is provided in R3-206022.
Proposal 2, proposal 3 and proposal 6 are related with RAN2. The draft LS is in R3-206023.

3
Conclusion
This contribution discussed the definion, the scenarios and the overall soluton on MRO for CHO. We have the following observation and proposals:
Proposal 1: It is proposed to add the following clarification to TS38.300 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.

Observation 1: Timer from CHO execution to the failure is important for failure type detection.

Proposal 2: The UE includes a new timer TimerFrCHOexeToFail in UR RLF Report.

Proposal 3: In case of CHO, timeConnFailure is used to indicate timer elapsed from receiving RRC Reconfiguraiton message including CHO configuration to the failure.

Proposal 4: The source node sends candidate cell list to the target and the target transmit the info back to the source.

Proposal 5: The source node sends CHO execution condition(s)to the target and the target transmit the info back to the source.

Proposal 6: Let RAN2 to decide whether to include two failure cell id and two sets of timer relatd with failure in RLF Report or to define Two RLF Report.

Proposal 7: Add Handover Report value Too Early CHO Execution and CHO Execution to Wrong Cell in Handover Report message.

4
TP for TS38.30
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 seperatly.
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).

-
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.

-
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 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.

The "UE reported timer" above indicates the time elapsed since the last handover initialisation 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.

Detection mechanism for CHO
-
CHO Execution Too Late: there is no recent CHO Execution for the UE prior to the connection failure e.g. the UE reported timer TimerFromCHOexecutionToFailure is absent or larger than the configured threshold (e.g. Tstore_UE_cntxt).

-
CHO Execution Too Early: there is a recent handover for the UE prior to the connection failure e.g. the UE reported timer TimerFromCHOexecutionToFailure 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.

-
CHO Execution to Wrong Cell: there is a recent handover for the UE prior to the connection failure e.g. the UE reported timer TimerFromCHOexecutionToFailure 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 where CHO recovered successful 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. For problem analysis and optimisaiton the cell that served the UE at the last handover initialisation also needs to detect whether the first re-establishment attempt cell/the cell UE attempts to re-connect is in the candidate cell list in order to further classify the problem is also related with the configuration of the candidate cell list.
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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