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1	Introduction
Different with the traditional handover, a Conditional Handover (CHO) is defined as a handover that is executed by the UE when one or more handover execution conditions are met in Rel-16. RAN2 also agreed a new recovery procedure for RLF/HO failure/CHO failure: when initial CHO execution attempt fails or HO fails, the UE performs cell selection, and if the selected cell is a CHO candidate and if network configured the UE to try CHO after HO/CHO failure, then the UE attempts CHO execution once, otherwise re-establishment is performed. In this paper, RLF report for CHO failure type detection is discussed.
2	Discussion
For analysis of connection failures, the UE makes the RLF Report available to the network. As specified in TS 38.331, the UE only stores and reports the latest radio link failure information or handover failure information in VarRLF-Report.

	[bookmark: _Toc46439142][bookmark: _Toc46443979][bookmark: _Toc46486740][bookmark: _Toc36756713][bookmark: _Toc36836254][bookmark: _Toc36843231][bookmark: _Toc37067520]5.3.5.5.2	Reconfiguration with sync
1>	if this procedure is executed for the MCG:
2>	if timer T316 is running;
3>	stop timer T316;
3>	clear the information included in VarRLF-Report, if any;
2>	resume MCG transmission, if suspended.
….
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The UE shall:
…
4>	store the following radio link failure information in the VarRLF-Report by setting its fields as follows:
5>	clear the information included in VarRLF-Report, if any;
…



Observation 1	Currently, the UE only stores the latest radio link failure information or handover failure information in VarRLF-Report.
According to the TS 38.331, if the UE has radio link failure or handover failure information available, the UE includes the rlf-InfoAvailable in the RRCSetupComplete message for state transition from RRC_IDLE to RRC_CONNECTED, in the RRCReconfigurationComplete message after handover, in the RRCReestablishmentComplete message after RRC Reestablishment, in the RRCSetupComplete message for state transition from RRC_INACTIVE to RRC_CONNECTED.
Observation 2	Currently, if the UE has radio link failure or handover failure information available, the UE includes the rlf-InfoAvailable:
· in the RRCSetupComplete message for state transition from RRC_IDLE to RRC_CONNECTED, or
· in the RRCReconfigurationComplete message after handover, or
· in the RRCReestablishmentComplete message after RRC Reestablishment, or
· in the RRCSetupComplete message for state transition from RRC_INACTIVE to RRC_CONNECTED.
However, taking into both CHO and CHO fast recovery into account, there are more use cases. Four examples are listed as blow. 


Figure 1. Case A: CHO Failure without CHO Recovery
Case A: RLF/HO Failure/CHO Failure without CHO Recovery. Taking CHO failure as an example. The CHO is configured, and the CHO is executed but fails. After the CHO fails, the UE initiates re-establishment and perform cell selection. If the selected cell is not configured with CHO configuration, UE performs the normal RRC Connection Re-establishment procedure. After successful re-establishment, the UE may send the RLF-Report IE to the network. Based on observation 1 and observation 2, UE stores the sufficient failure information in Case A.


Figure 2. Case B: CHO Failure with CHO Recovery Success
Case B: RLF/HO Failure/CHO Failure with CHO Recovery Success. Taking CHO failure as an example. After initial CHO execution attempt fails, the UE initiates re-establishment and perform cell selection. If the selected cell is CHO candidate cell, UE performs CHO instead of re-establishment. After the CHO recovery is successful, the UE may send the RLF-Report IE to the network. the RLF-Report should include the CHO failure information, and the UE indicates rlf-InfoAvailable in the RRCReconfigurationComplete message after CHO recovery. Based on observation 1 and observation 2, UE stores the sufficient failure information in Case B.


Figure 3. Case C: CHO Failure with CHO Recovery Success followed by an RLF
Case C: RLF/HO Failure/CHO Failure with CHO Recovery Success followed by an RLF. Taking CHO failure as an example. After initial CHO execution attempt fails, the UE initiates re-establishment and perform cell selection. If the selected cell is CHO candidate cell, UE performs CHO instead of re-establishment procedure. After the successful CHO recovery, RLF may happen after a short time since the second cell is selected just based on the S criteria. After RRC Connection Re-establishment, the UE may send the RLF-Report IE to the network. Based on observation 1 and observation 2, the first CHO failure information is not included in the RLF-Report currently.
Observation 3	In case C, the RLF/HO Failure/first CHO failure information is not stored in the VarRLF-Report and the UE does not sends the first CHO failure information to gNB according to existing specifications.


Figure 4. Case D: CHO Failure with CHO Recovery Failure
Case D: RLF/HO Failure/CHO Failure with CHO Recovery Failure. Taking CHO failure as an example. After initial CHO execution attempt fails, the UE initiates re-establishment and perform cell selection. If the selected cell is CHO candidate cell, UE performs CHO instead of re-establishment procedure. We assume the second CHO fails as well. After the second CHO failure, the UE performs the normal RRC Connection Re-establishment procedure. After RRC Connection Re-establishment, the UE may send the RLF-Report IE to the network. Based on observation 1 and observation 2, only the second CHO failure information is stored and reported to gNB currently.
Observation 4	In case D, only the second CHO (CHO recovery) failure information is stored and reported to gNB according to existing specifications.
One of purpose of RLF report is for Mobility Robustness Optimisation (MRO) and MRO aims at detecting and enabling correction of connection failure due to mobility. It makes sense to report the all failure cases during mobility e.g. to report the first CHO failure so that the network can adjust the CHO trigger conditions for the first failed cell. 
UE stores and reports multiple failures information (both RLF/HO failure/first CHO failure and CHO recovery failure) not only the latest failure information for CHO to network should be supported
As specified in Rel-16, the failure information is provided in RLF-Report IE which may include failed Cell ID, reestablishment Cell ID, time since failure, time of connection failure (UE reported time), connection Failure Type and etc. If multiple failures information are reported, some failure information may need to be re-defined for each failure, e.g. how to define the time of connection failure of the first CHO failure. 
If multiple failures information are reported, it could be better to include per failure information in a separate RLF-Report IE because the failure information may be forwarded to different neighbour gNBs for failure types detection in the network. Taking above case D as an example. For example, the serving cell for the UE before a CHO is Cell A of gNB1, the target cell selected by the UE in the first CHO is Cell B of gNB2, the cell for a second CHO is Cell C of gNB3, and the UE re-establish to gNB 4 (Cell D) due to a second CHO failure. The UE may send two RLF reports, i.e., RLF-Report 1 and RLF-Report 2 to gNB4.  The UE also includes the first CHO failure with the first CHO failure cell information (e.g. the first failed cell ID, e.g. NCGI) and the second CHO failure with the RLF cell information (e.g.  the second failed cell ID, e.g. NCGI). Based on the first CHO failure cell information, gNB4 forwards the RLF-Report 1 to gNB2. Based on the RLF cell information, gNB4 forwards RLF-Report 2 including the one or more above UE reported time and the time since failure regarding the second CHO failure to gNB3. gNB2 and gNB3 perform handover failure type detection for the first CHO failure and the second CHO failure respectively (e.g. too early CHO or too late CHO). 


Figure 5. An example of multiple failures information reporting
Separate RRC Container (RLF-Report) for each failure information is preferred.
Failure cell information corresponding to each failure are needed from UE.
3	Conclusion
In this contribution, the issues on RLF report for CHO failure type detection is discussed. The following proposals are proposed:
1. UE stores and reports multiple failures information (both RLF/HO failure/first CHO failure and CHO recovery failure) not only the latest failure information for CHO to network should be supported.
1. Separate RRC Container (RLF-Report) for each failure information is preferred.
1. Failure cell information corresponding to each failure are needed from UE.
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