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1 Introduction
During RAN2#97bis, the discussion on [1] on conditional handover focused on the network controllability and the signaling overhead due to measurement reports. This paper intends to further explore these two aspects for conditional handover. 
2 Discussion
2.1 Conditional Handover
For conditional handover, UE may report many cells or beams as the possible candidate HO targets based on the RRM measurement. gNB issues the conditional handover commands for one or multiple candidates reported by UE. Within the conditional handover configuration, the candidate(s) may be configured with different HO conditions (including the to-be-measured RS and the threshold) and possibly uplink access resources for UE access (e.g. Random Access preambles).
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Figure 1: Example of conditional handover procedure with two target cells
As described in figure 1, when the UE receives a “conditional HO configuration” it starts evaluating the condition while continuing operating per its current RRC configuration. When the UE determines that the condition is fulfilled, it disconnects from the serving cell, and applies the conditional HO (CHO) configuration and access to the target cell. 

From the network side, the base station needs to prepare the handover with one or multiple cells e.g. requesting the candidate target cell(s) to do admission control and reserve the radio resources accordingly. There are multiple options (on the exact time point) for the source cell to stop its data transmission with the UE, and to start the data forwarding to the candidate target cells. The source cell will only know the exact target cell for the UE until the target cell indicates this to the source cell when the handover procedure is successfully executed. 
CHO is essentially a network-configured but UE-controlled downlink mobility mechanism with an intention  to reduce the interruption time and HOF/RLF.
The HO condition may not be fulfilled for a longer time period and hence the UE will stay in the source cell. In this case, the source cell must have the possibility to perform further reconfigurations either to change the UE operation in the current serving cell or to command the UE to handover to a suitable target cell.
2.2 Measurement report

The conditional handover requires the gNB to configure early measurement reports, but these measurement reports should not necessarily result in HO triggering. 
As supported by E-UTRAN, NR may allow different reporting configurations

· Type A measurement reports: Measurement reports that do not fulfill the HO criteria
· Type B measurement reports: Measurement reports that fulfill the HO criteria

The benefit of the early measurement reports (i.e. Type A measurement report) is to reduce the measurement delay and to increase the probability that measurement report is received. The drawback of Type A measurement report is its reduced reliability. 

The benefit of Type B measurement report is its reliability but the drawback is its longer delays and the risk that measurement report cannot be sent due to poor radio link quality to serving cell
Observation 1: Conditional Handover requests early measurement reports before HO criteria are fulfilled. It is difficult to determine the report triggering condition. Early enough reports may compromise the reliability.
As supported E-UTRAN, in NR, the early measurement reports (i.e. Type A measurement report) may be triggered by A5 event or A3 event as below: 
· A5 event (PCell becomes worse than absolute threshold1 and neighbor becomes better than absolute threshold2) with high PCell threshold and low neighbor cell threshold; or
· A3 event (neighbor becomes offset better than PCell) with small or even negative offset;
· Relaxed events with lower L3 filtering lengths and time to trigger (TTT). 
As the early measurement reports (i.e. Type A measurement report) is not reliable. The periodic update may be needed for the measurement result in order to allow the gNB to receive more reliable results for HO decisions. This will lead to the signaling overhead over the air interface. 
Observation 2: Conditional Handover requests more often measurement update which may lead to increased signaling overhead.
2.3 Network controllability
There is a debate during the online discussion at RAN2#97bis on the network controllability of conditional handover. Our understanding is that conditional HO is UE based autonomous handover with network configuration. In case failure occurs during the period of UE conducting autonomous procedure, it may delay the network response to such a failure. Different options of the network configuration can be discussed to evaluate their impact to the network controllability.

When the UE send the measurement report but cannot receive the handover command, this means the network may not receive the measurement report. The typical case is that the measurement report is missing. However, currently there is no acknowledgement defined for measurement report (as defined by E-UTRAN). We see the benefit to define an ACK for measurement report for this case (via either a new RRC message or relying on the mechanism at RLC layer e.g. by RLC polling). As if the UE can know a missing ACK (this means the UE cannot communicate with source cell any more), then he may start the timer earlier to kick off a quick conditional HO. 
Conditional HO still cannot achieve the 0ms interruption. How it can work with a scheme of 0ms interruption HO needs further study. In addition, without the network assistance, the impact of CHO to the mobility performance for slow moving UEs (e.g. the ping-ponging behavior) need to be further evaluated. 
Observation 3: Conditional Handover rely on UE autonomous actions, which reduce the network controllability.
2.4 Data forwarding
The handling of data forwarding in conditional handover is not obvious.  The source cell does not know in advance when (or even if) the handover will occur, so it needs either to wait for confirmation from the target cell to start data forwarding as shown in Figure 1, or to start data forwarding in advance (which could go to multiple candidate target cells).

Advance data forwarding could extend over a long period.  Especially if UEs are being served at high data rates, and if there are multiple candidate target cells, it can cause a high level of data forwarding traffic on Xn interface.  On the other hand, if the source cell waits for confirmation before starting data forwarding, it results in a significant interruption in data flow.

Observation 4: Data forwarding introduces some complexity for conditional handover, and could cause high traffic on Xn if data interruption at handover is to be avoided.
3 Conclusion and Proposals
Observation 1: Conditional Handover requests early measurement reports before HO criteria are fulfilled. It is difficult to determine the report triggering condition. Early enough reports may compromise the reliability.
Observation 2: Conditional Handover requests more often measurement update which may lead to increased signaling overhead.
Observation 3: Conditional Handover rely on UE autonomous actions which reduce the network controllability.
Proposal 1: Due to the reliability, signaling overhead and network controllability issues with Conditional Handover, further study and discussion are required. 
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