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Introduction
In recent RAN2 meetings, many companies have submitted the technical documents about conditional handover and discussed the necessity of it for improving mobility robustness. Although explicit agreements on this issue were not made during the meeting, the following pros and cons of conditional handover seem to be commonly understood.
· Pros: Compared to the conventional handover in LTE, conditional handover is beneficial for reducing handover failure (HOF) rate, which is mainly caused by the unsuccessful delivery of measurement report (MR) and/or handover command.
· Cons: A UE might send MR frequently to inform a serving gNB of a set of neighbor cells, which can be a potential target cell for conditional handover. Moreover, the fact that the neighbor cells are required to reserve some resources (e.g., dedicated random access preambles) for the UE also increases overhead.

To standardize conditional handover in NR, we should investigate the pros and cons carefully so that its performance gain with acceptable overhead should be verified. In this context, we will focus on the following issue in this contribution.
· When to send MR to make neighbor cells prepared?
· When to release the prepared cells?
· When to execute conditional handover?
Discussion
The procedure of conditional handover consists of the following two phases, as shown in Fig. 1.

Phase 1a: Early preparation for conditional handover

In this phase, a UE sends MR to inform a serving gNB of a set of neighbor cells, which can be a potential target cell for conditional handover. Based on the information in the MR, the serving gNB makes the neighbor cells prepared and then gives a list of prepared cells to the UE via handover command.

To realize this procedure, the serving gNB should indicate, via measurement configuration, under which condition the UE sends the MR. Since the purpose of conditional handover is to avoid HOF observed in the 


Figure 1 Basic operation of conditional handover

conventional handover, it is obvious that the MR for conditional handover should be triggered earlier than that for the conventional handover.

Observation 1: To ensure that the UE informs the serving gNB of a potential target cell, the MR for conditional handover should be triggered earlier than that for the conventional handover.

We now consider when a UE sends MR to make its neighbor cells prepared. In general, handover is performed when (i) a serving cell becomes worse and/or (ii) a neighbor cell becomes better. The early preparation for conditional handover can be also performed when a UE observes these changes in RSRP or RSRQ. Note that RAN2 already agreed that Events A1-A6 can be configured for SS and CSI-RS, which are listed in Table 1.

Table 1 Events for measurement report triggering
	Event A1
	Serving becomes better than threshold

	Event A2
	Serving becomes worse than threshold

	Event A3
	Neighbour becomes offset better than PCell/PSCell

	Event A4
	Neighbour becomes better than threshold

	Event A5
	PCell/PSCell becomes worse than threshold1 and neighbour becomes better than threshold2

	Event A6
	Neighbour becomes offset better than SCell



As described in Table 1, Events A2/A3/A4/A5 or combinations of them seem to well represent the situation where the early preparation for conditional handover is needed. By setting appropriate values of the parameters such as threshold and offset, the serving gNB can configure under which condition the UE triggers MR for this purpose.

Observation 2: Events A1-A6 and combinations of them can represent the situation where the early preparation for conditional handover is needed.

However, triggering MR whenever the configured event is met can increase the signaling overhead depending on various factors, for instance, the configured values of the parameters, cell deployment, and UE trajectory. Accordingly, it will be helpful if the UE is allowed not to send MR under a specific condition confirmed by the serving gNB, although the configured event is met. For instance, the UE skips MR if the number of already prepared cells whose signal quality is strong enough is greater than a given threshold.

Observation 3: To reduce the signaling overhead caused by MR, it can be beneficial if the UE is allowed not to send MR under a specific condition confirmed by the serving gNB.

Phase 1b: Release of prepared cells

It should be also discussed under which condition a set of prepared cells for conditional handover are released. This issue is closely related to not only the performance of conditional handover but also the overhead caused by the resource reservation in the prepared cells. According to [1], the following two methods were identified to decide when to release the prepared cells.

(1) MR-based: The UE sends MR when (i) the prepared cells become worse and/or (ii) the serving cell becomes better. Such a situation can be also represented by using some events similar to A1-A6. In addition, it is also possible that the serving gNB enables ‘reportOnLeave’ when configuring the event for the early preparation. Then, the UE will send MR if the leaving condition of the configured event is met for the prepared cells. 

Although this method is straightforward and feasible, it increases the frequency of sending MR. Accordingly, the overhead due to the MR should be carefully investigated.

(2) Timer-based: In this method, the UE assumes that the handover command that includes the information of prepared cells is only valid during a pre-defined time. The prepared cells are also automatically released after this time so that the overhead caused by the resource reservation in these cells is somewhat limited depending on the timer value. Furthermore, it is also advantageous in terms of signaling overhead that the UE is not needed to send MR to release the prepared cells.

However, solely depending on the timer does not reflect the signal quality between the UE and the prepared cells. Therefore, it might happen that the prepared cells are released although they are still considered to be a potential target cell for conditional handover. In this context, the pros and cons of the timer-based approach should be carefully investigated.

Observation 4: To reduce the overhead caused by the resource reservation in the prepared cells, it is required to use a mechanism that decides to release the prepared cell, for example, the MR-based approach or the timer-based approach. The pros and cons of this mechanism should be carefully analyzed.

Phase 2: Execution of conditional handover

Finally, the UE is required to have an event for executing conditional handover toward one of the prepared cells. The conditional handover can be beneficial when (i) the quality of a serving cell is so poor that failure of MR transmission/reception is expected and (ii) the quality of a neighbor cell is good enough. Similar to the preparation phase, we think that Events A2/A3/A4/A5 or combinations of them seem to well represent the situation where the UE is required to execute the conditional handover.

One issue that we need to consider is the relationship between the conventional handover and the conditional handover. If the conditional handover is used only when the conventional handover seems to be failed, the event and the parameters such as threshold and offset for the conditional handover should be configured in a way that the conditional handover is only triggered after the conventional handover is performed. On the other hand, if the conditional handover is allowed to be triggered regardless of the conventional handover, it can use the event and the parameters similar to the conventional handover.

Observation 5: Events A1-A6 and combinations of them can represent the situation where the UE is required to execute the conditional handover.

Observation 6: It is required to discuss the general principle of how the conventional handover and the conditional handover can coexist.
Conclusion
Observation 1: To ensure that the UE informs the serving gNB of a potential target cell, the MR for conditional handover should be triggered earlier than that for the conventional handover.

Observation 2: Events A1-A6 and combinations of them can represent the situation where the early preparation for conditional handover is needed.

Observation 3: To reduce the signaling overhead caused by MR, it can be beneficial if the UE is allowed not to send MR under a specific condition confirmed by the serving gNB.

Observation 4: To reduce the overhead caused by the resource reservation in the prepared cells, it is required to use a mechanism that decides to release the prepared cell, for example, the MR-based approach or the timer-based approach. The pros and cons of this mechanism should be carefully analyzed.

Observation 5: Events A1-A6 and combinations of them can represent the situation where the UE is required to execute the conditional handover.

Observation 6: It is required to discuss the general principle of how the conventional handover and the conditional handover can coexist.

Proposal: RAN2 should continue to discuss the conditional handover from the procedure, overhead, and performance perspectives based on the observations in this contribution.
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