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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. The WID lists different proposed solutions that should be studied and one of them is conditional handover which is discussed in this contribution.
Discussion
Conditional Handover
Handovers are normally triggered when the UE experiences poor radio conditions. If the UE enters poor radio conditions quickly the conditions may already be so poor that the actual handover procedure may be hard to execute. If the UL is already bad it may lead to that the network is not able to detect the Measurement Report transmitted by the UE and hence cannot initiate the handover procedure. DL problems may lead to that the Handover Command cannot successfully reach the UE. In poor radio conditions the DL message is more often segmented, which increases the risk of retransmissions with an increased risk that the message doesn’t reach the UE in time. Failed transmission of Handover Command is a common reason for unsuccessful handovers.
To avoid sending of the RRC messages when the radio conditions are bad, it would be beneficial to send the RRC message containing the Handover Command to the UE earlier when the radio conditions are better. The likelihood of successful transfer of the message is then much higher. The RRC message may include conditions for when the UE should execute the handover and when the conditions are fulfilled the UE executes the handover in accordance with the Handover Command. 
What type of conditions that should be possible to configure can be further studied, but examples of such conditions can e.g. be that the UE detects out-of-synch for a configurable amount of time after sending the Measurement Report or that the quality of the target cell becomes X dB stronger than the serving cell. The threshold used in a preceding measurement reporting event should be chosen lower than the one in the handover execution condition. This allows the serving cell to prepare the handover upon reception of an early measurement report and provide the RRCConnectionReconfiguration at a time when the radio link to the UE is still stable. The execution of the handover is done at a later point in time (and threshold) which is considered optimal for the handover execution. 
Proposal 1: Introduce the possibility to configure conditions for when a handover should be executed.
The procedure for such a conditional handover is shown in Figure 1.
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[bookmark: _Ref463051822]Figure 1: Conditional handover execution 

Figure 1: Conditional handover

Handling of multiple configurations
Figure 1 shows an example of one serving cell and one target cell. In practice, there may often be many cells which the UE reports as possible candidates for handover. RAN should then have the possibility to configure conditional handover command for several cells and the configuration of the conditions may be different for different cells. 
One possible issue with configuring multiple cells for conditional handover may be that the RRC message may become quite large. However, if only the delta compared to current configuration is signalled, the amount of information is in most cases limited as a lot of the configuration is the same also after the handover, especially if the handover is within the same eNB. Bearer configuration, RACH configuration etc will in most cases be the same after the handover. Also, transmission of large RRC messages is not considered as a problem if the radio conditions are good, which should be the case for conditional handover when the RRC message is transmitted earlier. Additional configuration information may be sent in a reconfiguration procedure after the handover, which is already a common case in legacy. 
If delta signalling is considered complex and a large HO Command is still not desired, there could be a possibility to provide very limited configuration information to the UE at configuration of conditional handover, e.g. a list of cells and the RACH configuration to the new cell which is basically static information. The UE could in such case trigger Resume in the new cell instead, and the full configuration could be provided in the target cell instead. This doesn’t add any extra RRC procedure as an RRC reconfiguration procedure is normally done after the handover anyway. The difference is that the full configuration is provided in the target cell where the radio conditions are good instead of the source cell. This possibility could be beneficial when there are multiple target cells for the conditional handover and providing all information to the UE already when the conditional handover is configured would lead to a very large HO Command. The target cell may be prepared with the UE configuration via S1/X2 signalling when the conditional handover is configured or the UE context may be retrieved at the handover (leading to longer interruption time). It is important though that the UE only is allowed to choose one of the target cells indicated by the network as there may be network reasons for why other cells are not suitable, e.g. high load in certain cells.
A comparison can be made with timer T312 is used to perform a faster re-establishment in a new cell, but in that case the UE starts all over by a re-establishment, which means a certain interruption time. With conditional handover the interruption time can be much shorter, see also [2]. 
Proposal 2: Support configuration of multiple cells for conditional handover.
Proposal 3: Study the triggering of Resume in target cell at conditional handover.

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. 
If the UE receives the complete UE reconfiguration information (or a delta compared to existing configuration) in HO Command (current behaviour) the target cell configuration only needs to be updated if the reconfiguration message contains mobilityControlInfo, otherwise it is enough to update the current configuration in source eNB. If the reconfiguration message contains mobilityControlInfo, the UE can determine the new target cell configuration based on the stored target cell configuration and the delta received in the HO Command.
If only limited information is configured when the conditional handover is configured and Resume is triggered in target eNB instead, the handling of subsequent reconfigurations can be limited to possibly updating potential target eNBs by means of network signalling or no updates are needed at all (if the UE context is fetched at the handover). 
Observation 1: The handling of reconfigurations between configuration of conditional handover and execution of the handover can be done be signalling a delta to the UE. If Resume is supported in target eNB, no signalling to the UE due to such reconfigurations is necessary.

Modification of conditional handover configurations
It is assumed that the UE clears all stored conditional handover configurations when it executes the handover. 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. The existing network signalling for cancelling of handovers can most likely be used, but that is a RAN3 discussion. 
If the configuration for conditional handover needs to be modified or cleared it is preferred that it is done by another reconfiguration message. The use of timers in this case will only increase the risk of a mismatch between the configuration in the UE and the network and should thus be avoided.
Proposal 4: The UE clears all stored conditional handover configurations when it executes a handover.
Proposal 5: Conditional handover configurations can be modified or cleared by an RRC reconfiguration message.

Evaluation
Simulations for conditional handover have been made, see the results in [3].
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss the following observations and proposals:
[bookmark: _Hlk528334907]Proposal 1: Introduce the possibility to configure conditions for when a handover should be executed.
Proposal 2: Support configuration of multiple cells for conditional handover.
Proposal 3: Study the triggering of Resume in target cell at conditional handover.
Proposal 4: The UE clears all stored conditional handover configurations when it executes a handover.
Proposal 5: Conditional handover configurations can be modified or cleared by an RRC reconfiguration message.
Observation 1: The handling of reconfigurations between configuration of conditional handover and execution of the handover can be done be signalling a delta to the UE. If Resume is supported in target eNB, no signalling to the UE due to such reconfigurations is necessary.
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