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1. Introduction
In RAN2#111e the following four scenarios were selected for further investigations, while other scenarios were not excluded.
0. Success CHO but inefficient configurations 
0. Unsuccessful CHO due too late CHO execution
0. Unsuccessful CHO after CHO execution
0. Successful or Unsuccessful  CHO after unsuccessful CHO or HOF

In this contribution we try to clarify certain aspects and provide some first considerations on these scenarios.
1. Clarification of scenarios description and scope
The selected scenarios should be first of all clarified in order to reach a common understanding on what the problem is. Clarifications are needed regarding the actual scenario and underlying assumptions. Here we mainly refer to:
· Type of MRO solution: immediate vs offline 
· Environment assumption: multi vendor or not
Depending on what is desired, the solution, messages, message contents can significantly vary.  For example, when talking about immediate MRO, the Source cell has lots of information available on a particular UE and therefor the UE does not need to log lots of information. 
Proposal 1: RAN2 is requested to clarify the scenario description, type of MRO and environment assumed.
In the following we will discuss each scenario according to our current understanding of it.
1. Scenario 1 -Success CHO but inefficient configurations
As this scenario assumes the CHO was successful and no failure occurred, it should be treated with lower priority than the other scenarios which deal with failure cases.
Observation 1: Since CHO was successful, Scenario 1 should be treated with lower priority.
However, since CHO can take longer time to be completed compared to legacy HO and multiple targets can be prepared, wastage of resources and increased signalling overhead can occur. Thus, several optimizations could be discussed, covering the following cases:
1. Preparing the correct Target cell and optimally timed data forwarding:  since CHO is prepared earlier than regular HO, there is a higher uncertainty about which of the prepared cells the UE will actually use and when the UE will access it. This means resources are blocked in serval cells for longer time and data from Source cell may be forwarded to these cells as well (rather earlier than later). Hence, figuring out which cells to prepare and when to start data forwarding could minimize resource wastage. An analysis can be carried out based on information like: CHO configuration, list of targets cells that were prepared and which of these was finally picked by UE, time it took for the CHO to be executed, etc. Based on this information, the Source cell can figure out when and to which Target cell(s) to forward data to. This information is either already present at the Source cell or can be retrieved form the UE/ Target cell after CHO completion.

1. Earlier CHO preparation/execution: in some cases, T310 may be running at the time a CHO is completed successfully. Although this does not affect the current CHO, information about the T310 state/value could be used by the Source cell to adjust the CHO preparation and/or execution condition parameters such that CHO happens earlier and thus avoids possible RLFs for future CHOs.

1. Beam level optimization: even though the UE is handed over between cell, it is actually being served by beams. So finer granularity MRO (beam-to-beam rather than cell-to -cell as in legacy) makes sense in the context of NR. To achieve this, the Source cell may keep track of beam combinations associated with CHOs and their status (success or failure). This information can be used, for example, for better allocation of RACH resources by the Target cell. However, this information can not be assumed to be known by the Source node as there may be a temporal gap between sending the CHO command and the CHO being executed by the UE.
In order to cover the above cases, the Successful HO report could be enhanced with the related information.
Proposal 2: Include the following information in the Successful HO report in order to make CHO more efficient: time between receiving the CHO command and CHO execution, T310 state/value, last beam serving the UE in the Source cell.

1. Scenario 2 - Unsuccessful CHO due too late CHO execution 
To our understanding, this scenario refers to a UE being prepared for CHO with one or multiple targets (e.g. B and C) but experiencing RLF in the Source cell (e.g. cell A) before CHO can be executed.  The UE will then re-establish to a cell.
Depending on which cell the UE re-establishes on, we can distinguish the following two cases:
1. The re-establishment cell is a prepared cell (e.g. B): in this case, the root cause is too late CHO which can mean too late preparation and/or too late execution. In order to determine which CHO parameters need to be adjusted, extra information is needed from the UE, e.g added to the RLF report: 
0.  time between the UE receiving the CHO command and RLF on the serving cell and/or
0.  time between CHO execution condition TTT start and CHO command received at UE.


1. The re-establishment cell is a not prepared cell (e.g. D): in this case, the wrong cell(s) were prepared for CHO (wrong cell CHO). This can be handled same as in legacy.
Proposal 3: in order to aid root cause analysis of too late CHO execution with re-establishment to prepared cell, RLF report should include time between the UE receiving the CHO command and RLF on the serving cell and/or  time between CHO execution condition TTT start  and CHO command received at UE.
1. Scenario 3 - Unsuccessful CHO after CHO execution
In this scenario, we assume that the UE is connected to cell A, has been configured with CHO and has multiple cells prepared (e.g. B and C). The UE attempts CHO to cell B but fails (T304 expiry). The UE will then re-establish to a cell.
Depending on which cell the UE re-establishes on, we can distinguish the following two cases:
a) The re-establishment cell is a prepared cell (e.g. C): in this case, the root cause is too early CHO execution. 

i. if the UE is configured with CHO recovery, the re-establishment will actually look like a successful CHO to the Target cell C. In this case, in order for the too early execution to be detected and corrected by the Source cell, the Successful HO report should contain the UE RLF report. This can be currently retrieved from the UE via the RRCReconfigurationComplete message. 
ii.  If CHO recovery is not configured for the UE, the root cause analyse can be carried out similar to legacy.

b) The re-establishment cell is a not prepared cell (e.g. D): in this case, the wrong cell(s) were prepared for CHO (wrong cell CHO). This can be handled same as in legacy.
Proposal 4: In order to correctly identify too early CHO execution with subsequent CHO recovery, the RLF report should be retrieved from the UE via RRCReconfigurationComplete message and included in the Successful HO report.
1. Scenario 4  - Successful or Unsuccessful  CHO after unsuccessful CHO or HOF
This scenario refers to a UE connected to cell A, configured with CHO with multiple prepared targets (e.g. cells B and C) and CHO recovery. The first HO/CHO attempt (e.g. to cell B) fails and they recovery is attempted to prepared cell C.
Here we distinguish between the following two cases:
a) [bookmark: _Ref24024267]CHO recovery to cell C is successful: this will be treated as a successful CHO by the Target cell C.  In this case, following today’s behaviour, no RLF report is sent although the failure related information is stored inside the UE (as no legacy reestablishment was eventually triggered). We believe that the RLF report could be valuable in this case as well, i.e. RAN2 should specify that RLF report is sent in case of successful CHO recovery. Moreover, the  CHO failure information and the failure type shall be separated from legacy LTE HO failure type.

Proposal 5: In case of unsuccessful HO/CHO followed by successful CHO recovery, the RLF report should be retrieved from the UE via RRCReconfigurationComplete message and included in the Successful HO report.
Proposal 6: RLF-report shall contain the CHO failure information and the failure type shall be separated from legacy LTE HO failure type.

b) CHO recovery to cell C fails: in this case, the UE will have experienced two RLFs. The current specifications however only allow the UE to log one, i.e. the latest RLF in VarRLFReport. As such, the relevant information pertaining to the first failure will be lost. In order to capture all relevant information and make the correct adjustments, both RLFs should be captured in the RLF report, via for example separate entries.

Proposal 7: In case of unsuccessful HO/CHO followed by unsuccessful CHO recovery, the RLF report should contain information relating to both failure events, e.g via separate entries.

1. Conclusion
Proposal 1: RAN2 is requested to clarify the scenario description, type of MRO and environment assumed.
Observation 1: Since CHO was successful, Scenario 1 should be treated with lower priority.
Proposal 2: Include the following information in the Successful HO report in order to make CHO more efficient: time between receiving the CHO command and CHO execution, T310 state/value, last beam serving the UE in the Source cell. 
Proposal 3: in order to aid root cause analysis of too late CHO execution with re-establishment to prepared cell, RLF report should include time between the UE receiving the CHO command and RLF on the serving cell and/or  time between CHO execution condition TTT start  and CHO command received at UE.
Proposal 4: In order to correctly identify too early CHO execution with subsequent CHO recovery, the RLF report should be retrieved from the UE via RRCReconfigurationComplete message and included in the Successful HO report.
Proposal 5: In case of unsuccessful HO/CHO followed by successful CHO recovery, the RLF report should be retrieved from the UE via RRCReconfigurationComplete message and included in the Successful HO report.
Proposal 6: RLF-report shall contain the CHO failure information and the failure type shall be separated from legacy LTE HO failure type.
Proposal 7: In case of unsuccessful HO/CHO followed by unsuccessful CHO recovery, the RLF report should contain information relating to both failure events, e.g via separate entries.



















