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1. Introduction
At RAN2#104, the following agreements are made for conditional handover:
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, we provide some analysis for various aspects of the conditional handover (CHO) procedure.
2. [bookmark: OLE_LINK1]Discussion
The various detailed issues of the CHO procedure are analyzed one by one in the following.

Content of configuration information for CHO candidate cells
For the configuration information of candidate cells, based on the previous discussion, there are two alternatives on the table:
· Alt1: A full set of configuration information, including both common and dedicated information, shall be provided for each candidate cell.
· Alt2: Only common configuration information shall be provided for each candidate cell, and the dedicated information will be provided to UE after the RACH procedure through a RRC resume similar procedure.
For the alternative 1, similar as legacy handover, both common configuration information and dedicated configuration information can be provided to the UE for each candidate cell, and with the full set of configuration received, the UE can access the cell directly. However, since multiple candidate cells can be configured to the UE simultaneously, the UE will be required to receive and store multiple sets of configuration, which may lead to high requirement on the buffer size of the UE. In addition, considering the dedicated configuration may be updated during the CHO preparation phase, some mechanism shall be considered to enable the dedicated configuration update for candidate cells.
To reduce the signaling overhead and complexity, the alternative 2 has been raised in [1]. In alternative 2, only the common configuration information will be provided to UE. Based on the common configuration information configured, the UE can initiate a RRC resume like procedure to “re-establish” the RRC connection with the target node. Although the alternative 2 can reduce the signaling overhead, it brings extra delay and interruption time.
Pros and cons of alternative 1 and 2 are summarized in the table below.

	Alternatives
	Pros
	Cons

	Alt1: Include both common and dedicated configuration
	The UE can access the target cell with full set of configuration, thus no extra signaling is needed, at least in some scenarios.
	More information will be received and stored on UE side for each candidate cell, which may lead to more signaling overhead.
The issue caused by the update of dedicated configuration during the CHO preparation phase has to be addressed.

	Alt2: Include only common configuration
	Save the size of configuration information for each candidate cells, which should be received and stored on UE side during the CHO preparation phase.
Since there is no dedicated configuration, the issue caused by the update of dedicated configuration during the CHO preparation phase does not exist.
	A RRC resume like signaling procedure will be required after the HO is triggered, which may lead to extra delay and longer interruption time.




Based on the table above, it can be observed that the alternative 2 can save some signaling overhead (e.g. only the dedicated configuration for the selected target cell will be sent to the UE, through the resume like procedure), and avoid the issue caused by the update of dedicated configuration during the CHO preparation phase. However, even if the main intention of the CHO is to improve the reliability, we think the negative impact on the CP delay and interruption time shall be avoided. 
In addition, during the discussion on NTN, in which case the propagation delay is quite long, companies think the number of signaling interaction between UE and satellite shall be reduced in handover to avoid the long propagation delay caused by the signaling transmission (e.g. the delay for the measurement report transmission and handover command transmission), and the CHO is one of the most important solutions on the table. For the handover in NTN, if a RRC resume like procedure is always required in CHO handover, then extra propagation delay will be introduced for the signaling transmission in the resume like procedure. Also considering that, for the NTN handover, since the target cell/satellite can be estimated based on the ephemeris, the number of target candidate cell can be limited thus the signaling overhead can be controlled by NW’s implementation.
Based on the analysis above, even if the alternative 1 may bring some issues on signaling overhead and extra complexity, we think the alternative 1 (i.e. enabling the configuration of both common and dedicated information for candidate cell) is still valuable, especially for NTN case. So we suggest that:
Proposal 1: Providing both common and dedicated configurations for each CHO candidate cells shall be supported in CHO procedure.
For the configuration information of candidate cells, one issue on the table is whether the CFRA resources shall be allowed or not. In the legacy handover procedure, CFRA resources can be configured in the HO command to reduce the random access latency. While in CHO, since the UE may not initiate the handover procedure immediately, the CFRA resources allocated for the UE will be reserved for a long time. In addition, considering multiple potential target cells can be configured to the UE and the UE will only select one as the target cell, the CFRA resources reserved for the other target cells will be wasted during a period of time. However, although it is not so efficient to reserve CFRA resources during CHO, we think it is still beneficial in some cases (e.g. for services with requirements of low interruption time). Also considering the configuration of CFRA resources is supported by the current signaling and can easily be supported in CHO signaling procedure, we think the configuration of CFRA resources for a candidate cell shall be allowed in CHO. Whether to provide CFRA resources is up to network’s implementation, and no optimization is needed to improve the resource efficiency for the configuration of CFRA in CHO.
Proposal 2: Configuration of CFRA resources for a candidate cell shall be allowed in CHO. Whether to provide CFRA resources is up to network’s implementation and no optimization is needed to improve the resource efficiency for the configuration of CFRA in CHO.

Transmission of the candidate cell information
In the legacy handover procedure, the handover command (i.e. RRCConnectionReconfiguration message) is completely generated by the target node. However, considering multiple CHO candidate cells can be configured and the multiple candidate cells can be located in the same or different eNB(s), it should be allowed that multiple CHO candidate cells from different eNBs can be included in one CHO command. In addition, considering the source node and target node may use different release of RRC protocol, the source node shall not be required to understand the configuration generated by target node, thus the configuration of each CHO candidate cells shall be encapsulated into a RRC container.
Proposal 3: Multiple CHO candidate cells from different eNBs can be included in one CHO command, and the configuration of each CHO candidate cells shall be encapsulated into a RRC container.
 
Update of stored configuration information for CHO candidate cell
The intention of CHO is to improve the handover reliability by decoupling the handover preparation phase and the handover execution phase in air interface, in which case the candidate cell configuration can be provided to UE when the radio condition is still good enough thus avoiding the reception failure of handover command. Since the configuration of candidate cell will be provided to the UE earlier than the triggering of handover, the UE has to store the configuration of candidate cells for a period of time. Considering the configuration determined by target node may be changed during the period of time, one issue is that how to address the configuration update of candidate cell.
In order to save the size of RRC signaling, delta signaling shall be allowed for the configuration of potential candidate cells. For the case of configuration update for the potential candidate cell, there will be two understandings for the delta signaling:
· Alt1: The delta signaling can be the delta configuration to the previous configuration stored for the potential candidate cell.
· Alt2: The delta signaling shall always be the delta configuration to the current source cell.
In the current specs, delta signaling always means delta configuration to the current source cell. To avoid ambiguity and complexity, we propose to stick to the current understanding that the delta configuration of potential candidate cell should always be the delta configuration to the current source cell. Since the delta configuration refers to the current source cell, whenever the configuration of candidate cell is updated, the old configuration of candidate cell can be removed and a release/addition procedure shall be used to process the update of configuration for candidate cell stored on UE side.
Proposal 4: The delta configuration of the CHO candidate cells shall always be the delta configuration to the current serving cell (i.e. not the delta to the previous stored configuration for the candidate cells). And the release/addition procedure shall be used to update the configuration information for CHO candidate cells.
Since the delta configuration of the CHO candidate cells shall always be the delta configuration to the source cell, in case the configuration of source cell is updated and there are stored configuration of the CHO candidate cells, how to address the stored configuration for CHO should be discussed as well, and the following two alternatives can be considered:
· Alt1: the UE should translate the configuration information for a candidate cell from “delta configuration” to some kind of “full configuration” once the configuration is received.
· In this alternative, whenever configuration information for the candidate cells is received, the UE shall translate the “delta configuration” received to some kind of “full configuration” according to the configuration of the current serving cell and store the “Full Configuration”. With this operation, the configuration stored for the candidate cells can be independent to the configuration of serving cells (i.e. the configuration stored for the candidate cells is not a delta configuration to the current serving cell any more). In this way, the stored configuration for the candidate cells needs not to be updated each time when the source configuration is updated, e.g. RAN triggered source reconfiguration.
· Alt2: the NW should ensure the configuration of the candidate cells stored on the UE is correct by the release/addition of candidate cells.
· In this alternative, whenever the source node wants to update the configuration of the current serving cell, the source node should release all the configuration of the CHO candidate cell first and then add it back later, in which case the newly added configuration of the CHO candidate cell can be delta configuration to the configuration of current serving cell.
For the configuration update caused by CN (e.g. QoS flow release/addition), the configuration of CHO candidate cells need to be updated anyway. So, the alternative 1 can only be used for the reconfiguration triggered by RAN itself. In addition, although the alternative 1 may bring more flexibility on NW side, it requires the support of translation between “delta configuration” and “full configuration”, which may lead to more complexity on the UE side. Also considering that the time period between the CHO preparation phase and the CHO execution phase is quite short and the RAN triggered reconfiguration can be avoided by NW implementation, in order to save the complexity, we propose to take alternative 2 as baseline.
Proposal 5: Whenever the source node wants to update the configuration of the current serving cell, the source node should release all the stored configuration of the CHO candidate cell first and then add it back later. 

Release of stored configuration of CHO candidate cells
For the release of configured CHO candidate cell, two cases shall be considered:
· Case1: Release of CHO candidate cells before the HO is initiated
· Case2: Release of CHO candidate cells after the HO is initiated
For the Case1 (i.e. release the CHO candidate cells before HO is initiated), the following options can be considered
· Option1: Implicit release
· In this option, the UE is allowed to release the candidate cell(s) autonomously based on pre-configured event/timer. For example, the UE can release all the candidate cells when the serving quality stays above a threshold for a predefined duration; or the UE can release a candidate cell when the candidate cell’s quality stays below a threshold for a predefined duration, or the UE can release the candidate cell after a predefined duration, etc;
· Option2: Explicit release (i.e. release based on explicit signaling from the NW)
· In this option, the UE releases a candidate cell per the command from the network. For example, the network informs the UE to release a candidate cell per the measurement report from the UE or per the network decision (e.g. for the purpose of load balance etc.).
For the option 1, due to the lack of information on UE side, the implicit release (e.g. based on some kind of predefined event/timer) may lead to a mismatch between UE side and NW side. In addition, we think it will be difficult to design/configure the event or timer for the implicit release, and the newly defined event/timer may lead to extra complexity in both specification and implementation. Also considering the release of CHO candidate cells is not so critical and time sensitive, we think the option 2 shall be taken as baseline.
Proposal 6: Before the HO is initiated, if the NW wants to release the CHO candidate cells stored on UE side, the explicit signaling shall be used.
For the Case 2 (i.e. after the HO is initiated). Considering the usage of the stored candidate cells is for the handover, once the handover is initiated and the UE accesses the target cell successfully, the stored candidate cells can be released. 
Proposal 7: All the stored CHO candidate cells shall be released once the HO is initiated and the UE accesses the target cell successfully (e.g. RA procedure is completed).

Configuration for the trigger conditions in CHO
Besides configuration of the potential target cell, the CHO trigger condition (i.e. in which case the handover shall be triggered) should also be configured to UE during the CHO preparation phase. In legacy handover procedure, the handover is triggered by the measurement report and the measurement is configured by the source node. For the configuration of trigger condition in CHO, we prefer to adopt a similar mechanism as the legacy handover procedure that the trigger condition shall be determined/configured by source node.
Proposal 8: The trigger condition for CHO shall be determined/configured by the source node.
Since multiple candidate cells can be configured in the CHO preparation phase, one issue needs to be discussed is whether the configuration of separate trigger condition for each candidate cell shall be supported. Considering the variable radio condition and different NW deployment in real field, in order to provide more flexibility, we think it would be beneficial to support the configuration of separate trigger condition for each candidate cell. For example, different trigger condition shall be configured for the cells on different frequency band or different type of cells (e.g. macro cells and micro cells).
Proposal 9: Configuration of separate trigger condition for each candidate cell shall be supported.

3. Conclusion and proposals
In this contribution, we provided some analysis for various aspects of the conditional handover (CHO) procedure with the following proposals:
Content of configuration information for CHO candidate cells
Proposal 1: Providing both common and dedicated configurations for each CHO candidate cells shall be supported in CHO procedure.
Proposal 2: Configuration of CFRA resources for a candidate cell shall be allowed in CHO. Whether to provide CFRA resources is up to network’s implementation and no optimization is needed to improve the resource efficiency for the configuration of CFRA in CHO.
Transmission of the candidate cell information
Proposal 3: Multiple CHO candidate cells from different eNBs can be included in one CHO command, and the configuration of each CHO candidate cells shall be encapsulated into a RRC container.
Update of stored configuration information for CHO candidate cell
Proposal 4: The delta configuration of the CHO candidate cells shall always be the delta configuration to the current serving cell (i.e. not the delta to the previous stored configuration for the candidate cells). And the release/addition procedure shall be used to update the configuration information for CHO candidate cells.
Proposal 5: Whenever the source node wants to update the configuration of the current serving cell, the source node should release all the stored configuration of the CHO candidate cell first and then add it back later.
Release of stored configuration of CHO candidate cells
Proposal 6: Before the HO is initiated, if the NW wants to release the CHO candidate cells stored on UE side, the explicit signaling shall be used.
Proposal 7: All the stored CHO candidate cells shall be released once the HO is initiated and the UE accesses the target cell successfully (e.g. RA procedure is completed).
Configuration for the trigger conditions in CHO
Proposal 8: The trigger condition for CHO shall be determined/configured by the source node.
Proposal 9: Configuration of separate trigger condition for each candidate cell shall be supported.
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