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Discussion and decision
1 Introduction

In RAN2#105bis, following agreements were made. 
Agreements

1: The CHO command contains at least the configuration information of target cell(s) and triggering conditions.
1  Existing Ax measurement events can be used for executing CHO. FFS which Ax events can be used.

2  Conventional handover overrides any configured conditional handover command

3  The network can inform the UE to release CHO configurations (e.g. candidate cells) by RRC signaling.

=> FFS who decides the triggering conditions (source, target or source+target)

=> FFS on transparent containers.

=> FFS on the Stage-3 details

=> FFS how “CHO cmd” is formulated in Stage-3 signalling 

=> FFS whether UE continues to receive source cell while executing CHO cmd. 

=> FFS what UE does if it receives HO cmd while executing CHO cmd. 

=> FFS what UE does if NW removes CHO cmd while executing the same CHO cmd. 

=> FFS whether UE stores CHO commands in failure cases

=> FFS whether CHO candidates can be released via other means.

In this contribution, we discuss the details on handling the conditional handover failure cases. 
2 Discussion
In legacy handover, timers T310 and T312 are stopped and T304 is started when UE receives the HO command from source node. This indicates that there will be no RLM monitoring in the source cell as UE disconnects the source. Therefore, there is no such RLF declaration during the legacy HO. What UE declares is the HO failure if UE is unable to connect to the target cell until timer T304 expires.

However in conditional HO, source is not aware when UE would execute a CHO command after delivering the CHO command to UE successfully. The source can still send DL data to UE until it explicitly becomes aware that UE has executed the CHO command or disconneced from the source. However, UE would disconnect from the source (no RLM monitoring in source) to begin synchronization to the target once its CHO execution condition is satisfied. 
Observation 1. Unlike in legacy HO, UE still maintains connection to source upon reception of CHO command. Therefore, the stop condition of T310 and T312 and start condition of T304 need to be changed for CHO.

Therefore, the timer T310 and T312 can be stopped and timer T304 can be started each time the UE executes conditional handover for a target cell. But the UE should not stop T310/T312 and start T304 upon receiving CHO command.
Proposal 1. The timers T310 and T312 are stopped and timer T304 is only started each time the UE executes conditional handover for a target cell. UE shall not stop T310 and T310 and shall not start T304 when it receives CHO command.
Then RLF failure could occur before the CHO execution condition is satisfied. For this scenario, legacy reestablishment should be performed considering prepared target cell is not good enough. 

Proposal 2. Reestablishment is performed if RLF to the source link occurs before the CHO execution condition is satisfied.

Since RLF does not occur while timer T304 is running after the CHO execution, HO failure occurs when T304 expires (i.e., UE fails to establish connection to target). As in legacy, upon expiry of the timer T304, UE can revert back to the configuration used in the source PCell and initiates RRC connection reestablishment procedure. 

However, in conditional HO, there could be multiple prepared target cells and different optimizations can be considered.

1. UE chooses another prepared cell having UE context to send RRC connection reestablishment request.

2. UE chooses the best prepared cell that satisfies the S criteria and directly sends HO complete message.
The both optimization requires that source cell provide the UE context to the candidate cells. In addition, UE also needs to know the prepared cell has it’s UE context. Both options requires UE maintain valid multiple HO commands, i.e., the exit condition for the HO command has not been met yet. 
Observation 2. In conditional HO when multiple prepared cells are configured, UE has option to retry another prepared cell in case of a CHO failure. UE can either try to restablish RRC connection or send the HO complete message.

In option #1, the prepared cell chosen may not be the best cell. Therefore, option # 2 is more efficient as the cell is prepared best cell and HO complete message is sent directly to it. However it is possible that the execution condition for any other candidate cell is not met while UE moves back to source cell. Therefore in option # 2, UE should also include source cell if the source cell is still the best cell based on the existing cell reselection rules.
Proposal 3. If the UE has multiple valid HO commands upon expiry of T304, the UE selects the best prepared candidate cell from a set of cells that satisfy the existing S criteria for cell selection. The set of cells can include the source cell and prepared candidate cells, but excludes the cell which resulted in the T304 expiry..
Proposal 4. If a candidate target cell is selected, CHO command is executed and HO complete message is sent. If the source cell is selected, RRC connection reestablishment request is sent.
If UE does not have valid multiple HO commands or the prepared cells do not satisfy the S criterial for cell selection, it is simple to follow the legacy procedure and select the suitable cell according to existing cell reselection rules to send the RRC reestablishment request. 
Proposal 5. If UE does not have valid multiple HO commands or the prepared cells do not satisfy the S criterial for cell selection UE follows the legacy procedure to send RRC reestablishment request upon expiry of T304.
Another point to consider is whether the UE keeps or deletes a valid CHO command if T304 expires (i.e., UE fails to access the target cell and HO failure occurs) after its execution but it is still valid. It is possible that even though the CHO failure occurs, the target cell is not aware of it and continues to reserve the resource for it. However, as described above, it is more power efficient if UE tries to access another prepared target cell. Once UE successfully accesses a prepared target cell or re-establishes connection with a prepared cell or goes into IDLE mode, all the CHO commands can be released.

Observation 3. Once UE successfully accesses a target cell or re-establishes connection with a cell or goes into IDLE mode, all the CHO commands can be released.

Proposal 6. All the conditional HO commands are released if UE successfully accesses a target cell or re-establishes connection with a cell or goes into IDLE mode.

Therefore, UE can delete the CHO command for a candidate cell if it meets the execution condition but fails to access that cell as it is unlikely that UE would retry the execution of same CHO command that failed previously.
Proposal 7. UE deletes the CHO command regardless of its validity for a candidate cell if T304 expires for a CHO to that cell ( i.e., it fails to access that cell).
If simultaneous connectivity is used together with conditional handover, UE would not need to initiate the RRC reestablishment procedure and it maintains the RRC connection with source node. But the details (e.g., start/stop condition for T310 and T312) can be discussed once CHO and simultaneous connectivity is clear. However, it is clear that if UE has no valid CHO commands stored for other candidate cells (i.e., no prepared cells) after a CHO failure, it follows the simultaneous HO procedure to indicate HO failure to source node.
Proposal 8. If UE has no valid CHO commands stored for other candidate cells after the CHO failure, it follows the simultaneous connectivity HO procedure, if supported (e.g., indicating HO failure to source node instead of re-establishment).
3 Conclusion

The observations captured are the following:
Observation 1.
Unlike in legacy HO, UE still maintains connection to source upon reception of CHO command. Therefore, the stop condition of T310 and T312 and start condition of T304 need to be changed for CHO.
Observation 1.
In conditional HO when multiple prepared cells are configured, UE has option to retry another prepared cell in case of a CHO failure. UE can either try to restablish RRC connection or send the HO complete message.
Observation 2.
Once UE successfully accesses a target cell or re-establishes connection with a cell or goes into IDLE mode, all the CHO commands can be released.

The followings are proposed:
Proposal 1.
The timers T310 and T312 are stopped and timer T304 is only started each time the UE executes conditional handover for a target cell. UE shall not stop T310 and T310 and shall not start T304 when it receives CHO command.
Proposal 2.
Reestablishment is performed if RLF to the source link occurs before the CHO execution condition is satisfied.
Proposal 3.
If the UE has multiple valid HO commands upon expiry of T304, the UE selects the best prepared candidate cell from a set of cells that satisfy the existing S criteria for cell selection. The set of cells can include the source cell and prepared candidate cells, but excludes the cell which resulted in the T304 expiry..
Proposal 4.
If a candidate target cell is selected, CHO command is executed and HO complete message is sent. If the source cell is selected, RRC connection reestablishment request is sent.
Proposal 5.
If UE does not have valid multiple HO commands or the prepared cells do not satisfy the S criterial for cell selection UE follows the legacy procedure to send RRC reestablishment request upon expiry of T304.
Proposal 6.
All the conditional HO commands are released if UE successfully accesses a target cell or re-establishes connection with a cell or goes into IDLE mode.
Proposal 7.
UE deletes the CHO command regardless of its validity for a candidate cell if T304 expires for a CHO to that cell ( i.e., it fails to access that cell).
Proposal 8.
If UE has no valid CHO commands stored for other candidate cells after the CHO failure, it follows the simultaneous connectivity HO procedure, if supported (e.g., indicating HO failure to source node instead of re-establishment).
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