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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. It has been agreed that conditional handover is one solution that should be considered for improving the handover robustness. In this contribution deconfiguration 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
Configuration of conditional handover is discussed in [2]. In Athens, deconfiguration of conditional handover was discussed and two options were proposed, explicit deconfiguration and a validity timer. Those two options are further elaborated below.

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 1: 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 2: The UE clears all stored conditional handover configurations when it successfully executes a legacy handover.
Proposal 3: 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.
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. It is essential for the network to be able to remove a conditional handover configuration at any time if the resources are needed for other users which are actually accessing the cell. This is fundamental functionality which is needed in order not to impact other users in the network. 
RRCConditionalReconfiguration-IEs {
    condReconfigurationToAddModList    CondReconfigurationToAddModList 	OPTIONAL,   -- Need NN
    condReconfigurationToRemoveList    CondReconfigurationToRemoveList 	OPTIONAL    -- Need ON
}

Proposal 4: Conditional handover configurations can be added, modified or removed by an RRC reconfiguration message.
Another solution that was discussed in Athens is that the UE is provided with a validity timer for 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. 
One problem with a validity timer is that it is not only one timer, but many. The timer value needs to be set by the target eNB (or at least with input from the target eNB) as the resources are reserved in the target. As RAN2 has agreed that multiple target cells can be configured, there will also be multiple timers, one by each target. The handling (start/running/expiry) of the timers needs to be done by source eNB though, as the UE is still connected to source eNB and source eNB needs to know which potential target cells are currently configured for conditional handover. The multiple timers can be handled in two different ways, either one timer for each target cell is sent to the UE which maintains multiple timers or source eNB merges all timers into one and sends one timer value to the UE. 
Observation 1: The values of validity timers need to be set by (or with input from) target eNB, but the handling of the timers needs to be done by source eNB. 
It source eNB merges timers from all target cells into one, the smallest value of all timers need to be taken into account as the target node with the shortest value will not reserve resources any longer than it has set the timer value to. When the source eNB has defined the merged timer value it needs to inform other potential target eNBs that the timer value they set is not valid, but instead the merged timer value. That is necessary so that there is no mismatch between the timer value in the UE and the timer value in the eNB and so that the potential target eNBs can release the resources when the UE releases the conditional handover configuration. This is a first source of increased network signalling caused by validity timers. 
Another source of increased signalling is if the timer is about to expire and no handover has occurred. The source eNB then needs to ask all potential target eNBs if the timer value can be prolonged and all target nodes need to reply to source eNB with new timer values and the procedure with merging of timers needs to be repeated. A new configuration message also needs to be sent to the UE just to inform that the timer value has been prolonged. 
Also, if the network wants to add a cell in the conditional handover configuration, more signalling is needed. When a new cell is added, the timer for existing target cells might be close to expiry and it may be of little use to add a cell with a very short timer value. Source eNB then needs to ask all potential target eNBs if the timer value could be extended and all target eNBs need to reply to source eNB, which will send a new timer value to the UE. 
These cases of prolonging the timer cause both increased network signalling and increased signalling to the UE. 
Another problem with a validity timer is that it is very hard for the network to know what value to set the timer to. The eNB would both need to make an estimate of in which direction the UE would move and how fast and also an estimate of how the load in the network could change. As described above it is the target eNB that needs to define the timer value and the target eNB could possibly make an estimation of the future load in the cell even though that is also hard to predict. However, it is impossible for the target eNB to make an estimate of how the UE would move as the UE is still connected to source eNB. It is the source eNB that could possibly make such an estimation. As the target eNB has no possibility to make an estimation of how the UE might move, source eNB needs to send some information to target eNB that could help target eNB in defining a good timer value. Such information could e.g. be probability of the UE coming to that target cell and an estimate of the time. This is yet another source for increased network signalling. 
Observation 2: It is difficult for the network to estimate good values of validity timers.  
A consequence of eNB not knowing which value to set the timer to is that eNB would most likely set the timer value rather low to avoid reserving resources unnecessarily long. That means that the risk of timer expiry before any handover has occurred is rather high. In those cases eNB has to make a new configuration for conditional handover which leads to increased signalling towards the UE. It could be argued that eNB can set a high value as the resources can anyhow be released with explicit signalling, but then one can question what the use case of a timer is. In general, the benefits of validity timers need to be clarified.
It can be assumed that it is more common that the network does not have to release the resources reserved for conditional handover before a handover is executed and then the resources are released anyhow. That means that if only explicit deconfiguration is used, it would in most cases lead to no extra signalling. Validity timers on the other hand cause a lot of network signalling and some extra UE signalling as described above. 
Observation 2: Validity timers cause a lot of network signalling.
Observation 3: Validity timers are likely to cause more signalling towards the UE than if only explicit deconfiguration is used.
Observation 4: The use case of a validity timer is unclear.
Another problem with a validity timer is that there is a very high risk for mismatch between the timer in the UE and in the network. The timer values need to be exchanged between network nodes, possibly back and forth a couple of times as described above, and also sent to the UE. It is likely that the end result is that the timer value in the UE and in the network are slightly different which could lead to failed handovers if the network has already released the resources which the UE think are still reserved.
Observation 5: There is a risk of mismatch of the timer value in the UE and in the network, which may lead to unsuccessful handovers.
Due to the reasons and observations described above it is proposed that RAN2 agrees that it is sufficient with explicit deconfiguration of conditional handover configurations.
Proposal 5: Explicit deconfiguration of conditional handover configurations is sufficient (i.e. RAN2 does not introduce UE autonomous release of CHO).
With RRC reconfiguration messages, 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 [3]. 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.
Observation 6: 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.
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss the following observations and proposals:
Observation 1: The values of validity timers need to be set by (or with input from) target eNB, but the handling of the timers needs to be done by source eNB.
Observation 2: It is difficult for the network to estimate good values of validity timers.  
Observation 3: Validity timers cause a lot of network signalling.
Observation 4: Validity timers are likely to cause more signalling towards the UE than if only explicit deconfiguration is used.
Observation 5: The use case of a validity timers is unclear.
Observation 6: 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 1: The UE clears all stored conditional handover configurations when it successfully executes a conditional handover.
Proposal 2: The UE clears all stored conditional handover configurations when it successfully executes a legacy handover.
Proposal 3: A legacy handover shall be executed when triggered even if conditional handover has been configured.
Proposal 4: Conditional handover configurations can be added, modified or removed by an RRC reconfiguration message.
Proposal 5: Explicit deconfiguration of conditional handover configurations is sufficient (i.e. RAN2 does not introduce UE autonomous release of CHO).
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