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Introduction
[bookmark: _Toc242573354]In the work item for NR Mobility Enhancements [1], one objective is to improve the robustness at handover. In RAN2#105 it has been agreed to support Conditional handover (CHO):
Agreements
1	We will study at least conditional handover as one solution for handover robustness improvements. 
2	We should consider how solutions work in FR2.

In this contribution we discuss the structure of the CHO configuration containing triggering conditions and dedicated RRC configuration(s).
Discussion
Configuration of 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 may be provided 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. 
In RRC_CONNECTED, mobility is network controlled. Hence, in NR 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 gNB defines the conditions for when the handover should be executed, as the UE is still connected to the source gNB and the source gNB has the best knowledge about potential new target cells for the UE.
Proposal 1: Source gNB decides to configure conditional handover possibly assisted by measurement reports.
Proposal 2: Source gNB defines the conditions for when the handover should be executed.
In NR, when the source gNB decides to trigger a handover (reconfiguration with sync), source gNB provides the target gNB with the UE’s current configuration in a HO Request over Xn. If the target gNB accepts the incoming handover, it prepares a target configuration to be provided to the UE in the handover command. This is basically the configuration the UE shall apply when it executes the handover. 
Similar principles should be adopted for CHO i.e. the source gNB provides a potential target candidate gNB with the with the UE’s current configuration in a HO Request over Xn. And, based on that configuration and other information exchanged during CHO preparation, a target candidate gNB generates a configuration to be used by the UE in case the CHO is executed. 
Applying the same principles of legacy handover, the source node provides the UE’s configuration to each target node with a candidate cell and, each target node candidate prepares a UE configuration to be applied if CHO is executed.
Proposal 3: Source gNB provides each target node with UE’s current configuration.
Proposal 4: Each potential target gNB prepares a UE configuration to be applied if CHO is executed.
The message(s) sent to the UE for configuring conditional handover will consist of two parts. One part is the triggering conditions and the other part is the target UE configuration. The triggering conditions are defined by source gNB and is separated from the UE target configuration as the UE should start monitoring the triggering conditions immediately when conditional handover is configured, whereas the target configuration should be applied upon execution of the conditional handover. 
Proposal 5: The CHO configuration message consists of triggering conditions defined by source gNB and the UE target configuration defined by target gNB.
One aspect to consider is whether the UE should acknowledge the CHO configuration when conditional handover is configured. In legacy handover the UE executes the handover immediately when the RRCReconfiguration with reconfigurationWithSync is received and the complete message is sent in the target node when the handover is completed. However, in conditional handover the UE only executes the configuration of the conditional handover when the message is received and perhaps not the actual handover. The configuration of conditional handover could be seen as configuration of CHO measurements done in one procedure and the execution of the handover is another procedure. The question is whether the UE should acknowledge the successful configuration of the measurements with an RRCReconfigurationComplete message to source gNB.
If the handover is executed very quickly after the configuration of conditional handover the Complete message should preferably not be sent as it is better that the UE performs the handover quickly. If, on the other hand, it takes a while before the handover is executed it is a bit strange to keep the procedure open for a long time without any acknowledgement to the network. There are also UE performance requirements to reply within a certain time which will not be fulfilled in such a case. A way to take both of these aspects into account would be that the UE sends a Complete message to source gNB to confirm the successful configuration of conditional handover, if the handover is not executed right away. But if the handover occurs almost immediately upon configuration of conditional handover, the UE has the option to omit the Complete message and instead only send the Complete message to the HO Command in target gNB. Already in legacy handover the UE has the option to omit layer 2 acknowledgements to the HO Command and omitting the Complete message to the CHO configuration is similar to that behaviour. Also, the UE should be allowed to omit layer 2 acknowledgements to the CHO configuration message in the same way as omitting it to the HO Command in legacy. The source gNB will anyhow get information from the target gNB that the handover has occurred.
Proposal 6: The UE sends an RRCReconfigurationComplete message to source gNB as response to the CHO configuration if the handover does not occur immediately.
Proposal 7: The UE omits the RRCReconfigurationComplete if a handover is executed immediately.
Proposal 8: The UE is allowed to omit layer 2 acknowledgement to the RRCReconfiguration message containing the CHO configuration if a handover is executed immediately.

Conditional handover configuration message
If the source node prepares multiple candidate cells for CHO, the UE may need to receive an RRC configuration for each target cell candidate. That would basically be the content of an RRCReconfiguration message containing an spCellConfig with a reconfigurationWithSync for each target cell candidate. Associated to each of these configurations, the UE receives a triggering condition configuration (e.g. like an A3 event configuration in ReportConfigNR). Hence, the signalling for the CHO configurations needs to consider the possibility to configure multiple target cell candidates.
One approach to configure CHO could be to enhance the existing RRCReconfiguration message with CHO-specific fields/IEs for the target cell candidate, such as the inclusion in the RRCReconfiguration with reconfigurationWithSync and the triggering condition configurations, to distinguish a conditional HO from a legacy handover. Upon reception, the UE shall not apply the message until the triggering condition is fulfilled. A first potential implication to be discussed for this option is the impact on the procedure text e.g. in the actions upon reception of an RRCReconfiguration. In current procedure text the UE performs the actions when receiving the message, whereas for conditional handover only some of the actions should be executed immediately and others when the conditional handover is executed. This type of behaviour does not exist in the current structure. 
Another possible implication is the need to provide the UE with multiple RRCReconfiguration messages for the same conditional handover procedure, and the fact that these messages will not be received and processed at the same time. Imagine that the UE reports a set of triggered cells (i.e. cells that could be CHO target candidates, like cells 1, 2 and 7). Then, the network prepares these cells and decides to configure the UE with CHO. If for each of them, an RRCReconfiguration is to be provided, the UE will process message by message, i.e., it will start to monitor the trigger condition for the first message, then for the second, and so on. Hence, as the monitoring may lead to the fulfilment of triggering condition, the UE may execute a CHO even before it receives all intended messages, i.e. for all cell candidates, from the network. This implication may not necessarily lead to a conditional handover failure, but the UE may end up executing CHO to a candidate cell that is not the best, which may lead to a subsequent handover. Also, it the handover is not executed immediately the UE will end up sending several Complete messages which causes unnecessary signalling.
Another approach that seems to be simpler is to define one message (e.g. RRCConditionalReconfiguration) carrying one or multiple bit string RRCReconfiguration(s) and trigger condition configurations associated to each target cell candidate. This seems to be a cleaner approach to solve the potential issues described above. In addition, it may also simplify the procedure text in the specification. Also, if only one reconfiguration message is sent, only one Complete message needs to be sent if the handover does not occur immediately, which reduces the amount of signalling. However, it may require the creation of a new message.
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Both approaches work, so we suggest RAN2 to discuss these implications and the two solutions. 
[bookmark: _Hlk2874068]Proposal 9: Discuss the two alternatives for configuring CHO:
i. RRCReconfiguration;
ii. RRCConditionalReconfiguration;

[bookmark: _Hlk535588508]Handling of subsequent reconfigurations
One more aspect needs to be considered when deciding how the CHO configuration will be signalled. 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 gNB, the gNB 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 gNB, the source gNB can ask the target gNB 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 not the most typical 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 gNB or not and what type of configuration change it is.
Hence, from RRC perspective, one only needs to define an efficient signalling allowing the network to add, modify and remove CHO configurations i.e. dedicated RRC configurations for target cell candidates. 
[bookmark: _Hlk4161633][bookmark: _Hlk1023792][bookmark: _Toc242573360]Proposal 10: Conditional handover configurations can be added, modified or removed per target cell candidate. 
Notice that both approaches described in proposal 9 may achieve what is being proposed i.e. possibility to add, remove and modify CHO configuration. However, there may be different implications for the different solutions. In the case of enhancing the existing RRCReconfiguration with reconfigurationWithSync, the removal may be done by adding a flag and/or defining appropriated need codes for the field/IEs associated to conditional handover e.g. absence of certain fields indicating that the UE shall stop the monitoring the condition for the associated cell and remove the stored RRC configuration. In our view, this seems complicated as most fields in the RRCReconfiguration will be common to CHO and to legacy handover e.g. measConfig, and, for the legacy case, need codes have already been defined to allow delta signalling upon reception, while herein the absence would indicate something to be clearly specified (i.e. Need S). Also, the removal/addition or modification of multiple CHO configurations may lead to the transmission of multiple RRC messages, which may lead to race conditions and additional processing time.
In the second approach, i.e., where a dedicated message e.g. RRCConditionalReconfiguration is defined, removal, addition and modification could be achieved by a structure similar to the AddMod and Remove lists in measurement configuration, for example. Therein a single message may be transmitted to add, remove or modify CHO configurations decided by the network, which minimizes the risk of race conditions and reduces processing delay.
Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss the following proposals:
Proposal 1: Source gNB decides to configure conditional handover possibly assisted by measurement reports.
Proposal 2: Source gNB defines the conditions for when the handover should be executed.
Proposal 3: Source gNB provides each target node with UE’s current configuration.
Proposal 4: Each potential target gNB prepares a UE configuration to be applied if CHO is executed.
Proposal 5: The CHO configuration message consists of triggering conditions defined by source gNB and the UE target configuration defined by target gNB.
Proposal 6: The UE sends an RRCReconfigurationComplete message to source gNB as response to the CHO configuration if the handover does not occur immediately.
Proposal 7: The UE omits the RRCReconfigurationComplete if a handover is executed immediately.
Proposal 8: The UE is allowed to omit layer 2 acknowledgement to the RRCReconfiguration message containing the CHO configuration if a handover is executed immediately.
Proposal 9: Discuss the two alternatives for configuring CHO:
i. RRCReconfiguration;
ii. RRCConditionalReconfiguration;
Proposal 10: Conditional handover configurations can be added, modified or removed per target cell candidate. 
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