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1	Introduction
In RAN2#103bis, many companies have proposed the conditional handover (CHO) [1][2][3][4] as a solution candidate for improving mobility robustness (one of the goals in work item [5]). In this contribution, we split the CHO into subproblems and list solution candidates. We divide those problems into two categories: mandatory CHO mechanisms and optional CHO improvements.
2	Mandatory subproblems
In this chapter, we discuss the aspects which definitely have to be decided for a baseline CHO. 
2.1	Execution threshold
The core of the CHO is the fact, that the reception of the handover command will not lead to immediate access to the target cell, but the UE will autonomously initiate the access only when a condition expires. There are several design aspects for this condition:
· Type of condition: 
shall the condition be a relative condition (e.g. target is offset better than source cell), or an absolute threshold (e.g. target is better than threshold)?
· Quantity:
shall the condition be based on RSRP, on RSRQ, or on other measurements?
· Time to trigger: 
shall the condition be subject to a time to trigger (similar to the reporting events)?
· Responsibility:
shall the condition be configured by the target (in HO command), or shall it be configured by the source cell?
Proposal 1: RAN2 shall discuss the design of the execution threshold, considering the aspects listed above.
2.2	Procedure to de-configure prepared target cells
A procedure to de-configure a prepared target cell is needed for the case when the cell becomes already irrelevant for the UE to access it. 
Proposal 2: A procedure to de-configure a prepared target cell is needed for CHO procedure.
Candidate solutions are:
· UE autonomous / timer based:
The UE keeps the configuration until a timer expires.
· UE autonomous / condition based:
The UE keeps the configuration until a condition triggers.
· Network controlled:
The network (i.e. the source cell) deconfigures the target cell via RRC message, potentially based on appropriate measurement reports by the UE.
Proposal 3: RAN2 shall discuss how prepared cells can be de-configured for CHO procedure.
2.3	RRC responsibility
In the legacy handover, the UE releases the source cell’s SRB immediately when receiving the handover command. Hence, the target cell has the RRC responsibility from this point in time. 
With CHO, the UE preliminarily remains connected to the source cell, so the source may need to send RRC reconfigurations even after the HO command. On the other hand, the target cell has already sent its own RRC reconfiguration to the UE (forwarded to the UE by the source) and thus relies on the UE accessing the target with this configuration. 
Solution candidates for this dilemma:
· We break with the paradigm that target cell becomes RRC responsible when the HO command is sent. The source cell will be responsible until the UE accesses the target cell. This requires an extension of the RACH procedure to sync/update the RRC configuration of the UE.
· Any reconfiguration by the source cell has to be synced with the target cell before sending it to the UE.
· After the HO command, the source is only allowed for a limited set of RRC reconfiguration (those which do not collide with the configuration provided by the target cell).
Proposal 4: RAN2 shall discuss the RRC responsibility during CHO procedure.
2.4	RAN3 aspects
RAN3 has to be involved for several aspects. Hence, after the first solid decisions on CHO have been made, a liaison statement to RAN3 shall be sent, likely comprising at least the following aspects:
· Extending the HANDOVER REQUEST (ACKNOWLEDGEMENT), and HANDOVER PREPARATION FAILURE messages.
· Data Forwarding
We do not see massive problems or showstoppers with respect to those aspects, therefore we do not see a necessity to approach RAN3 right now, as if any progress on CHO would strongly depend on the “green light” given by RAN WG3.
Proposal 5: RAN2 shall send a liaison statement to RAN3 after the first solid decisions on CHO design have been made.
3	CHO Optimizations
As suggested above, this section discusses potential optimizations to the baseline CHO procedure.
3.1	Multiple target cells
In many contributions, it is silently assumed that CHO inherently has to allow for multiple target cells. However, configuring the UE with more than a single target cell simultaneously will significantly increase the standardization effort; staying with a single target cell will keep the CHO much closer to the legacy and therefore keeps complexity low.
On the other hand, allowing for more than a single target cell will obviously improve performance. In [6], we are trying to quantify the benefits of multiple target cells.
We propose to use single target cell as a baseline; multiple target cells shall only be allowed after assessing the performance benefits against the additional effort.
Observation 1: Multiple target cells can improve the performance but at the expense of increased specification complexity. This is not a mandatory part of CHO scheme.
3.2	Bye Messages
It has been proposed that the UE sends a short “bye” message to the source cell, when the condition expires, right before the UE accesses the target cell. On one hand, this may significantly help the source cell, e.g. to start data forwarding at the right point in time, or to stop the transmission to the UE. On the other hand, such “bye” message will have a significant probability of failed reception, since it is done when the UE is already safely inside the target cell; strictly spoken it violates the basic principle of CHO: to temporally separate the RRC procedures in the source cell (HO Command) and the procedures in the target cell (RACH). In other words, we cannot rely on receiving the “bye” message, we always have to consider that this may be rarely received. This fact makes the introduced simplification less valuable.
Observation 2: The risk of failed reception of “bye” message at the source cell is too high to make such functionality a mandatory part of CHO scheme. 
3.3	Compatibility with close to 0ms interruption
The CHO itself will not improve the interruption time of a successful handover. In some cases, if not configured appropriately, it may even increase the interruption, e.g. if the execution threshold is done too late. Note that such a setting might still be good for robustness (it guarantees that the target is stable), but might be harmful for interruption.
Hence, if we want to have robustness and close to 0ms interruption, we have to consider the compatibility of both solutions right from the beginning, as proposed in [6][7].
3.4	Improved handling of T310
With CHO, it may happen that T310 is started (or even expires) although the UE has been properly configured for a target cell. This happens when the execution condition is configured late. Allowing T310 to run, or even declaring an RLF seems suboptimal in the presence of a configured target. Instead, slight modifications of the baseline behaviour may be helpful, e.g. accessing the target cell although the execution condition has not triggered (instead of initiating RRC connection re-establishment after detecting an RLF). 
Observation 3: The design of CHO shall consider the behaviour of T310 in the light of early HO command and the existence of a prepared target cell. 
Nevertheless, as we have observed in the beginning of the paper, those issues listed in section 3 of this TDoc shall be considered only when the basics of CHO are worked out. Thus, we propose the following:
Proposal 6: The optional optimization aspects above shall be addressed once the baseline operation has been agreed.
4	Conclusion
This paper analysed the detailed steps of CHO specification in 3GPP. In the course of the TDoc the following observations and proposals have been outlined:
Proposal 1: RAN2 shall discuss the design of the execution threshold, considering the aspects listed above.
Proposal 2: A procedure to de-configure a prepared target cell is needed for CHO procedure.
Proposal 3: RAN2 shall discuss how prepared cells can be de-configured for CHO procedure.
Proposal 4: RAN2 shall discuss the RRC responsibility during CHO procedure.
Proposal 5: RAN2 shall send a liaison statement to RAN3 after the first solid decisions on CHO design have been made.
Observation 1: Multiple target cells can improve the performance but at the expense of increased specification complexity. This is not a mandatory part of CHO scheme.
Observation 2: The risk of failed reception of “bye” message at the source cell is too high to make such functionality a mandatory part of CHO scheme. 
Observation 3: The design of CHO shall consider the behaviour of T310 in the light of early HO command and the existence of a prepared target cell. 
Proposal 6: The optional optimization aspects above shall be addressed once the baseline operation has been agreed.
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