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Introduction
[bookmark: _Toc242573354]In the work item for Even further Mobility Enhancements in E-UTRAN [1], one objective is to improve the robustness at handover. In RAN2#104 it was agreed that conditional handover is one solution that should be considered for improving the handover robustness. The following agreements were made:
Agreements
1	RAN2 will consider a conditional handover: This is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 
2	Usage of conditional handover is decided by network. UE evaluates when the condition is valid.
=>	FFS on the exact details of the procedures


Agreements
1	Support configuration of one or more candidate cells for conditional handover.
=>	FFS how many candidate cells (UE and network impacts should be clarified).

In this contribution the configuration of conditional handover is discussed.
Discussion
Conditional Handover
In conditional handover the network configures the UE with triggering conditions for when a handover should be executed. When the conditions are fulfilled, the UE executes the handover without any further order from the network. The advantage of the procedure is that the HO Command is sent to the UE at an earlier stage before the radio conditions have become poor, which increases the chance of a successful transmission of the message. The basic procedure for conditional handover is shown in Figure 1.
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[bookmark: _Ref463051822]Figure 1: Conditional handover execution 

Figure 1: Conditional handover

Addition of conditional handover configuration
In RRC_CONNECTED, mobility is network controlled. Hence, in LTE a handover from a source to a target cell is decided by the source node where the UE is connected to. That decision may be assisted by measurements. The network typically configures the UE to transmit measurement reports according to an A3 event to indicate that a neighbour cell becomes an offset better than the source (e.g. based on RSRP or RSRQ). 
It seems a natural assumption that the decision to configure conditional handover for a given UE is taken by the source network. That may also be assisted by measurement reports, triggered when conditions are still quite good so that the provision of the conditional handover configuration is reliable, even though that early measurement configuration is not part of the conditional handover procedure itself. It also seems reasonable that the source eNB defines the conditions for when the handover should be executed, as the UE is still connected to the source eNB and the source eNB has the best knowledge about potential new target cells for the UE.
Proposal 1: Source eNB decides to configure conditional handover possibly assisted by measurement reports.
Proposal 2: Source eNB defines the conditions for when the handover should be executed.
It is the target eNB that has information about the UE configuration to be applied after the handover has been executed. For conditional handover the target eNB may generate the RRC message and the source eNB may forward it to the UE in the same way as in legacy. The drawback with this approach is that a separate RRC message needs to be sent with the conditions for the handover as those are known by the source eNB, and the UE will also receive multiple RRC messages if multiple target cells are configured. 
It would be better if the amount of signalling could be more optimized. It could be enough that source eNB only sends one RRC message. Information about the target UE configuration could be sent from the target eNB to source eNB by network signalling. The information could be either in terms of IEs understandable to source eNB or just a bit string for the UE. The source eNB can include the conditions and target UE configuration for several eNBs in one RRC message and send it to the UE. If more target cells are added later on another RRC message needs to be sent, but one message could be enough. 
Proposal 3: Source eNB sends the RRC message with the conditions and the target UE configuration.
The conditional handover configuration should enable the UE to start monitoring triggering conditions and execute a handover when a given condition is triggered. Hence, that conditional handover configuration should consist of triggering condition, an A3 like event configuration (detailed discussion provided in [2]), and the target configuration for each target candidate cell. 
The way the conditional handover configuration is provided to the UE can be decided during stage 3 discussions, but a first natural choice would be to enhance the existing RRCConnectionReconfiguration message. However, the requirement of enabling multiple target cell candidates may lead to extending the existing message quite much and may make procedure text a bit cumbersome as the structure of the current message currently don’t support multiple target configurations, so a new message could also be considered.

Removal of conditional handover configuration
It is assumed that the UE clears all stored conditional handover configurations when it executes the handover. The potential target cells are most likely different in the new cell and a new evaluation needs to be done by the new cell. Also, the transfer of different conditional handover configurations to other nodes as part of the UE context seems complex and increases the signalling load. A solution where the conditional handover configuration is not part of the UE context transferred to other eNBs is simpler and causes less signalling. When a handover occurs, the network needs to inform the other target eNBs that the UE is no longer configured with conditional handover with that eNB as a target, but that is a RAN3 discussion.
Proposal 4: The UE clears all stored conditional handover configurations when it successfully executes a conditional handover.
A legacy handover may occur when conditional handover has been configured. The network may e.g. have predicted the UE to move in a different direction than it actually did. As the legacy handover reflects the reality and the conditional handover only a prediction, a legacy handover should be executed when triggered independently of any conditional handover configuration. The stored conditional handover configurations need to be cleared also at this type of handover as a new evaluation needs to be done in the new cell also for this case.
Proposal 5: The UE clears all stored conditional handover configurations when it successfully executes a legacy handover.
Proposal 6: A legacy handover shall be executed when triggered even if conditional handover has been configured.
In legacy handovers, the target node that accepts an incoming handover for a given UE expects that UE to perform random access in the order of hundreds of milliseconds, in the normal case (depending on inter-node latency, RACH, etc.). Hence, resources are expected to be used within a short time (e.g. C-RNTI, contention free RACH resources, etc.). However, in conditional handover it is not certain when the UE will access the target. And, in the case the network configures multiple targets it is not even certain that the UE would ever try to access it, which may be problematic in terms of resource efficiency from the perspective of a potential target accepting CHOs.
To solve that problem, it has been discussed to introduce a novel timer to be provided to the UE in conditional handover configuration. Upon expiry the UE would autonomously release the conditional handover configuration and stop monitoring the conditional handover conditions without informing the network. 
If such a timer is defined, it is not clear how each target would set its own value since the reason to not accept an incoming UE would be due to an unexpected load increase. Also, each target would set its own timer value and the source would have to understand these values so that it would know the validity of each conditional handover configuration provided to the UE. Hence, the consequence would be that the source would have to maintain a timer for each conditional handover configuration provided to a UE. That may be quite complex as the UE conditional handover configuration may change over time when these different timers start to expire at different moments. Such a solution seems quite complex and there would be a risk of mismatch of the configuration in the UE and in the network.
As the resources are reserved in the network, there need to be ways for the network to cancel the conditional handover configuration and that is not possible if only timers are used. The traffic in a certain cell may e.g. increase more than expected and the network may need the resources that were reserved for the conditional handover to other UEs, and in such cases the network needs to have the possibility to cancel the conditional handover.
In the RRC specification the use of lists to add, modify or remove configurations is used for other types of (re)configurations. The same structure could be used to add, modify and also delete conditional handover configurations. The use of RRC reconfiguration message to remove conditional handover configurations is flexible and decreases the risk of mismatch between the configuration in the UE and the network. 
RRCConditionalReconfiguration-IEs {
    condReconfigurationToAddModList    CondReconfigurationToAddModList 	OPTIONAL,   -- Need NN
    condReconfigurationToRemoveList    CondReconfigurationToRemoveList 	OPTIONAL    -- Need ON
}

Proposal 7: Conditional handover configurations can be added, modified or removed by an RRC reconfiguration message.
With an RRC reconfiguration message, it is the network that initiates the cancellation of conditional handover. Some information from the UE could help the network to make the right decision about which cells are most suitable to remove from the conditional handover configuration. It is a common understanding that the UE is configured to send a MeasurementReport when it approaches another cell and it is a suitable time for the network to configure conditional handover, see also [2]. The same could also apply in the other direction, that the UE sends a MeasurementReport when it moves away from another cell and it might be suitable to remove the cell from the conditional handover configuration.
Proposal 8: The network can configure the UE to send MeasurementReport both with the purpose of configuring conditional handover and also with the purpose of removing a conditional handover configuration.

Number of target cells for conditional handover
In RAN2#104 it was agreed that it should be possible to configure multiple target cells for conditional handover. The exact number to be configured is FFS. The exact number is better decided when the stage 3 CR is done and it is known how the rest of the concept will work. It doesn’t give any extra value to decide it early, and there only is a risk for a bad decision when it is now clear exactly how the feature will be designed.
Proposal 9: Decide the maximum number of potential target cells for conditional handover when stage 3 is done. 

Action when multiple target cells fulfil the condition
As it has been agreed that the UE may be configured to monitor multiple cells for conditional handover, in the same manner as multiple neighbour cells may trigger a condition for a measurement report like A3, multiple cells may also fulfil conditional handover triggering conditions in a given measurement period. In these cases, there needs to be a cell selection function in place.
A natural step could be to mimic the cell sorting function, which is based on the highest trigger quantity. In other words, if multiple cells fulfil the conditional handover condition, the UE selects the one with the highest trigger quantity. As that somehow depends on how triggering conditions are defined, it seems reasonable to wait for the detailed discussions. 
Proposal 10: Define a target cell selection mechanism for conditional handover execution in the case of multiple triggering cells.

[bookmark: _Hlk535588508]Handling of subsequent reconfigurations
It may happen that other reconfigurations are made after the UE has been configured with conditional handover, but before any handover has taken place and it needs to be clear how to handle these reconfigurations. 
With a structure to add, modify or remove conditional handover configurations, the network has full flexibility about what to do in such a case. It can keep the conditional handover configuration, modify it or delete it. If the target cells are in the same eNB, the eNB knows if the configuration needs to be modified and can make a correct decision on its own. If the target cells are in a different eNB, the source eNB can ask the target eNB about a new target configuration and in such case modify the conditional handover configuration or simply delete the conditional handover configuration.
It is assumed that it is a rare case that the configuration changes between the conditional handover configuration and the execution of the handover and in those few cases it can be an implementation choice by the network what to do depending on the number of target cells configured, if the cells are in the same eNB or not and what type of configuration change it is. 
Observation 1: Reconfigurations between the configuration of conditional handover and execution of the handover is a rare case which can be handled by Proposal 7 and network implementation.
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss the following proposals and observation:
[bookmark: _Hlk528334907]Proposal 1: Source eNB decides to configure conditional handover possibly assisted by measurement reports.
Proposal 2: Source eNB defines the conditions for when the handover should be executed.
Proposal 3: Source eNB sends the RRC message with the conditions and the target UE configuration.
Proposal 4: The UE clears all stored conditional handover configurations when it successfully executes a conditional handover.
Proposal 5: The UE clears all stored conditional handover configurations when it successfully executes a legacy handover.
Proposal 6: A legacy handover shall be executed when triggered even if conditional handover has been configured.
Proposal 7: Conditional handover configurations can be added, modified or removed by an RRC reconfiguration message.
Proposal 8: The network can configure the UE to send MeasurementReport both with the purpose of configuring conditional handover and also with the purpose of removing a conditional handover configuration.
Proposal 9: Decide the maximum number of potential target cells for conditional handover when stage 3 is done. 
Proposal 10: Define a target cell selection mechanism for conditional handover execution in the case of multiple triggering cells.
Observation 1: Reconfigurations between the configuration of conditional handover and execution of the handover is a rare case which can be handled by Proposal 7 and network implementation.
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