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1
Introduction

During RAN3#112-e, the Successful Handover Report (SHR) was discussed, and the following agreements were made:
Inter-RAT aspects for SHR could be considered after conclusion of intra-RAT, reusing as much as possible. 

The use of UP information to optimize DAPS HO in the source and target node is of benefit but it is up to RAN2 to make the final analysis and decision.

Change the current chair notes:

FFS whether to study the information of SHR which can optimize the selection of candidate target cells in CHO.

To be continued...
Ericcson in [1] and InterDigital in [2] continue to discuss the issue that successful CHO can further be optimized, and this paper will look to further discuss the use of SHR to optimize the selection of candidate target cells in CHO. 
2
Discussion
In Conditional Handovers (CHO), the RAN instructs UEs with a set of target cells and associated conditions, via event condEventA3 (Conditional reconfiguration candidate cell becomes amount of offset better than PCell/PSCell) and event condEventA5 (PCell/PSCell becomes worse than absolute threshold1 AND/OR Conditional reconfiguration candidate cell becomes better than another absolute threshold2).
The RAN provides these instructions to UEs via RRC signalling, a process that happens some time before the actual CHO takes place. At the moment of instructing the UE, the RAN node prepares a set of candidate cells and conditions based the information (e.g., radio link quality, load conditions, etc) it has available at that moment. That information originates partially from available network planning, partially from measurement reporting from UEs and is available to the source RAN node, to which the UE is connected. 
The information related to network planning that is available to the source RAN node is static. All RAN nodes should be aware of their neighboring relations and those do not change unless there are changes on the planning made by the MNO (Mobile Network Operator). For that reason, in a CHO improvement process, this information will not play a relevant role in optimizing a CHO configuration and improving the outcome of the CHO (HO success or HO failure).

Observation 1: Network planning and neighboring relations are static information and for that reason will not play a relevant role in the improvement of a CHO configuration and outcome.
The information that is reported by the UE can be more useful. The UE has a set of cells that it monitors regularly, according to the measurements configured by the source RAN node. These air interface measurements are very useful, as the source RAN node can receive from the UE measurements of the air interface that were performed after the CHO was configured and evaluate if the current CHO candidate cells still hold as the best targets for the handover or not. This provides the source RAN node with very useful information that help it to derive some conclusions on, amongst others, the UE trajectory and radio signal related metrics, especially radio quality indicators. The first can be very useful to decide if the current general CHO criteria and the candidate cells are still suitable. The latter can be used to assess if the radio planning related information that leads to the creation of HO triggering conditions (condEventA3 and/or condEventA5) is the best. This assessment is useful regardless of the outcome of the CHO procedure. The information will be useful to prevent future CHO failures and also prevent sub-optimal handovers, even if the CHO procedure ends successfully.

Observation 2: A UE configured with CHO can still provide air interface measurements via measurement reporting regarding a group of cells (CHO candidate cells and non-candidate cells) and the source RAN node can use this information to improve the general CHO configuration, including the candidate cells, the triggering criteria, and when to provide the CHO configuration timing.
Even when the CHO is concluded successfully, it can be quite sub-optimal. For example, by the time the CHO criteria are met for a given candidate cell and the handover is performed towards it, the UE may already be under the coverage of a non-candidate cell that has better radio conditions than the target cell. This is especially true at cell edges, where radio conditions could be quite unstable. 
As an example, Fig.1 shows a timeline of a UE in mobility that starts at cell A. The RAN node from cell A has provisioned the UE with a CHO configuration. Cells B, C and D are all neighbors of cell A, but only cell B and C are part of the CHO configuration. 
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Fig. 1 - CHO configured UE timeline 
In this timeline scenario, the UE get the CHO configuration at (1). This configuration includes cells B and C only. The UE maintains a trajectory moving away from cell A and getting closer to coverage from neighbor cells C and D. At (2), the UE enters an area where the radio conditions of cell D are better suited than those of cell A. But because cell D is not part of the CHO configuration, the UE does not trigger a HO to cell D. This is particularly an issue if as shown in the timeline above, the UE stays in those circumstances (between times (2) and (3)) for a longer period of time, creating a longer situation where the mobility process is not optimal, and increasing the risk of failures. At (3), the UE is in an area with overlapping coverage from cells A, C and D. The CHO criteria for cell C are fulfilled and the UE performs the HO to cell C, even though the radio conditions of cell D are, at moment, about as favourable as for cell C. Finally, from (3) to (4), the UE moves in an area with overlapping coverage from cells C and D. During this time, the radio conditions of cell D become better than those of cell C. In this example, the CHO configuration should have included cell D and the UE should have performed the HO to it. 
If this timeline was to occur within the framework of a legacy (or normal) HO, at (2), the UE would report that cell D has the highest signal strength, causing the network to instruct the UE to handover to cell D, and potential HO failures wouldn’t be experienced.
This timeline exposes three problems with current CHO configuration design. On one hand, the RAN node may be configuring UEs with a suboptimal set of CHO candidate cells. This can happen because the Radio Network planning information is not completely accurate or because the UE trajectory has been predicted and the prediction was inaccurate, and the RAN node chooses the group of candidate cells poorly based on the assumption the UE will move within a certain path or trajectory. The UE is able to detect whether there are more suitable cells for CHO candidates based on its measurement reporting configuration. It can be argued that the reporting configuration can be used to improve the set of candidate cells and eventually cause the RAN node to derive a new CHO configuration. But even this configuration is derived from the radio network planning information. Hence, if this information is not accurate, the RAN node will still not get information related to the radio conditions the UE experiences. 

Observation 3: A first identified problem with CHO configuration and HO, is that the set of candidate cells is based on measurement information that can become obsolete and thus may be sub-optimal. When this happens, there is a high probability the RAN node does not have enough contextual information from the sent UE measurement reports. Moreover, the measurement reports may not contain information from all relevant cells.

Observation 4: There is a need to investigate how to leverage UE’s radio monitoring abilities to provide RAN nodes with more information from their radio experience for all relevant cells from a time before a CHO is triggered so that RAN nodes can ultimately assess the CHO candidate list. 

On the other hand, a second problem with current CHO configuration design is that the UE should have moved to cell D via CHO configuration at (2), and no other mobility procedures would be required in this case. Moreover, the UE would have experienced an equivalent coverage from cell D that would then improve during the entire timeline after (2). This clearly implies that the triggering criteria configured in the UEs is suboptimal.
The triggering criteria for each configured cell is composed by the thrsholds set for condEventA3 and/or condEventA5, and a validity for those thrsholds, via TimeToTrigger parameter from the CondTriggerConfig IE:
TimeToTrigger ::= ENUMERATED {ms0, ms40, ms64, ms80, ms100, ms128, ms160, ms256, ms320, ms480, ms512, ms640, ms1024, ms1280, ms2560, ms5120}

For any of the values that can be configured, the UE only considers the CHO criteria was fulfilled for the applicable cells for all measurements after layer 3 filtering taken during the corresponding timeToTrigger. UEs will perform HOs mostly at cell edges and one of the main problems of a cell edge is the instability of radio conditions. As a result, the higher the timeToTrigger value configured for a conditional reconfiguration, the higher the probability that the HO fails because the UE experiences unstable radio conditions but does not consider the criteria fulfilled early enough. This is a paradox to what the RAN would want to achieve – a better understanding of when a UE moves and in what kind of radio environment, to attain the ability to provision UEs with higher timeToTrigger values associated with a CHO configuration. This would reduce signalling and a broader set of benefits in terms of resource usage. 
It can be argued that, to avoid this problem, the TimeToTrigger values could be reduced. This is however impractical as it would increase the signalling required for consecutive new CHO configurations sent to UEs. As a result, under unstable radio conditions, the RAN node has a very limited visibility over the UE experienced radio conditions, except for the one configured in measurement reports. 
A third problem identified is after the CHO criteria is met and the UE performs the HO. HOs are not instantaneuous and there are defined requirements for how long the process can last for. The CHO maximum HO delay is given by:

DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution

The accurate HO delay time is dependant on multiple factors, including UE capabilities, RRC procedure delay and SSB configuration at the target cell. The latter element can be configured with values: 5ms, 10ms, 20ms, 40ms, 80ms, 160ms. This can result in an HO procedure that takes more than 200ms to be completed. A CHO HO time this high increases the probability of a failure under unstable radio conditions. And just like identified with problems 1 and 2, RAN nodes will only have information available to them that comes from the UE measurement reporting that was received earlier before the CHO is configured and will have no way to understand what kind of radio environment the UE is currently experiencing. 
Therefore, RAN nodes will be limited in terms of optimizing the triggering criteria, both if the HO fails or succeeds, because the information they receive from UEs is older than is encountered during regular handover since the handover decision is made on a current measurement. .
Observation 5: During “TimeToTrigger”, the UE monitors the air interface and makes a HO triggering decision based on cells that may be suboptimal. After “TimeToTrigger”, UEs can have a long interruption time that will not allow them to record measurements to deliver to RAN nodes. Hence, up until the trigger of the suboptimal CHO, RAN nodes are limited to what is delivered to them in the measurement reports. 
Observation 6: Between the triggering of the suboptimal CHO and its completion), the UE can experience radio conditions that would be important to convey to the RAN nodes. 

In the last RAN2 meeting, as a result of an offline discussion, included in the summary in [3] the following proposal was agreed: 

Cat a Proposal 35: Include in the SHR, the latest radio link quality of neighbour cells before HO execution for all HO types.
The RAN2 discussion will continue, and a reasonable baseline is that the neighbours will be reported in a similar manner as for RLF report. However, based on the observations above it can be shown that that more than just measurements at the time of HO execution are needed. In our example above it is clear that if the SHR contained neighbour measurements immediately before HO execution, measurements at HO execution, and measurements at periods while the HO is being executed would be a more complete and accurate solution. 
Proposal 1: Send a LS to RAN2 with this use case to investigate how to leverage UE’s radio monitoring abilities to provide RAN nodes with more contextual information from their radio experience, especially under unstable radio conditions, before CHO, but also when the CHO is being evaluated and executed.
3
Conclusion
In this contribution the Successful Handover Report for CHO has been discussed, and the following observations and proposals have been made:
Observation 1: Network planning and neighboring relations are static information and for that reason will not play a relevant role in the improvement of a CHO configuration and outcome.
Observation 2: A UE configured with CHO can still provide air interface measurements via measurement reporting regarding a group of cells (CHO candidate cells and non-candidate cells) and the source RAN node can use this information to improve the general CHO configuration, including the candidate cells, the triggering criteria, and when to provide the CHO configuration timing.
Observation 3: A first identified problem with CHO configuration and HO, is that the set of candidate cells is based on measurement information that can become obsolete and thus may be sub-optimal. When this happens, there is a high probability the RAN node does not have enough contextual information from the sent UE measurement reports. Moreover, the measurement reports may not contain information from all relevant cells.

Observation 4: There is a need to investigate how to leverage UE’s radio monitoring abilities to provide RAN nodes with more information from their radio experience for all relevant cells from a time before a CHO is triggered so that RAN nodes can ultimately assess the CHO candidate list. 

Observation 5: During “TimeToTrigger”, the UE monitors the air interface and makes a HO triggering decision based on cells that may be suboptimal. After “TimeToTrigger”, UEs can have a long interruption time that will not allow them to record measurements to deliver to RAN nodes. Hence, up until the trigger of the suboptimal CHO, RAN nodes are limited to what is delivered to them in the measurement reports. 

Observation 6: Between the triggering of the suboptimal CHO and its completion), the UE can experience radio conditions that would be important to convey to the RAN nodes. 
Proposal 1: Send a LS to RAN2 with this use case to investigate how to leverage UE’s radio monitoring abilities to provide RAN nodes with more contextual information from their radio experience, especially under unstable radio conditions, before CHO, but also when the CHO is being evaluated and executed.
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