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1. Introduction 
In this contribution, we discuss details of the conditional handover (CHO). We provide some considerations on each step in the handover (HO) procedure in TS 36.300 [1], shown in Annex A. We use the term “basic HO” to refer to the HO procedure in TS 36.300, comparing with the CHO. We propose Conditional Make-Before-Break (MBB) HO to improve the robustness and reduce user data interruption during HO simultaneously [2].

2. Discussion
Terminology

Many contributions use the different terminologies discussing the CHO [3]–[7]. For further discussion, it is important to have a common understanding and agreement on some terminologies and their definitions.
For the solution, papers use “conditional handover”, “early handover command”, “conditional reconfiguration”, etc. The “conditional handover” is the majority.
For the handover command associated with a given condition, papers use “conditional handover command”, “early handover command”, “conditional reconfiguration”, etc. The “conditional handover command” is the majority.
For the event to trigger the measurement reports, papers use “measurement reporting event”, “handover preparation event”, “MR triggering event”, “cell preparation event”, etc. No majority.
For the event to trigger the handover execution, “handover execution condition”, “handover execution event”, “handover dedicated event”, “triggering condition for handover event”, “cell access event”, etc. No majority.
Proposal 1: For further discussion on the CHO, RAN2 is requested to use the terminologies;
for the solution, “conditional handover (CHO)",
for the handover command associated with a given condition, “conditional handover command";
RAN2 is requested to decide the terminologies for two events in the CHO;
for the event to trigger the measurement reports, and for the event to trigger the handover execution.

In the HO preparation phase,
step 1. Measurement Control

The procedure of this step in the CHO can be the same as the basic HO. The reportConfig needs to be further considered. It is a common understanding that in the CHO, the eNB configures the events in the reportConfig to trigger the measurement reports earlier than the basic HO to provide the handover command at a time when the radio link to the UE is still stable [3]–[7]. A paper proposed that the basic HO is always configured in parallel with the CHO [8]. Then, the eNB configures the multiple measurement reports events for the basic HO and the CHO. The use case for doing this need to be further discussed, but it is up to eNB implementation and it doesn’t need any change of the reportConfig even if this supported. However, further optimization can be considered for the configuration of events to trigger the measurement reports in order to increase the reliability or decrease the signaling overhead.
Proposal 2: In step1, the CHO uses the same Measurement Control procedure as the basic HO, but further optimization can be considered for the configuration of events to trigger the measurement reports.
In the CHO, the event to trigger the handover execution can be configured in step 1 or step 7. The main advantage of its configuration in step 1 is that when the event to trigger the measurement reports and the event to trigger the handover execution are met at the same time, the UE can know a pending HO earlier before receiving a conditional handover command and prepare an HO proactively. In another case, for example an mMTC scenario, the eNB can configure the event to trigger the measurement reports higher than the event to trigger the handover execution in step 1. Then, if UE-based HO is supported, an mMTC device can execute an HO before an RLF occurs without any measurement report and HO signaling overhead [9].
Proposal 3: RAN2 is requested to discuss whether the event to trigger the handover execution can be configured in step 1, step 7, or both.

step 2. Measurement Reports

The procedure of this step in the CHO can be the same as the basic HO.
step 3. HO decision

The procedure of this step in the CHO can be the same as the basic HO. There are two more considerations. First, who takes the decision to apply the basic HO or the CHO. It is natural that it is up to source eNB whether to apply the basic HO or the CHO based on the UE’s capability. Second, whether to support the multiple target HO preparations in step 4 and provide the multiple conditional handover commands in step 7. In current LTE, the source eNB is allowed to prepare an HO with multiple target eNBs. Therefore, it is natural that it is up to source eNB whether to support the multiple target HO preparations to increase the reliability of reestablishment procedure. However, whether to provide the multiple conditional handover commands to increase the reliability of HO procedure depends on the UE’s capability. To meet an extreme reliability requirement in URLLC, the support of the multiple conditional handover commands can be a mandatory feature. If multiple conditional handover commands are received in the UE and the events to trigger the handover execution for multiple target cells are met at the same time, the UE can select the best cell. It can reduce the network controllability [6]. However, it is up to source eNB whether provide the multiple conditional handover commands based on the UE’s capability. The source eNB can control the trade-off between the reliability and the network controllability and it is up to source eNB’s decision.
Proposal 4: In step 3, it is up to source eNB whether to apply the basic HO or the CHO based on the UE’s capability.
Proposal 5: In step 4, it is up to source eNB whether to support the multiple target HO preparations, as in LTE.

Proposal 6: In step 7, it is up to source eNB whether to provide the multiple conditional handover commands based on the UE’s capability.

Proposal 7: RAN2 is requested to discuss whether the support of the multiple conditional handover commands is mandatory or not, if the UE supports the CHO.
step 4. Handover Request

The procedure of this step in the CHO can be the same as the basic HO. There is one consideration. In the CHO, the source eNB may not know in advance when the HO is executed, so it may need to wait for the indication of the HO completion from the target eNB [3], [6]. Therefore, the target eNB may need to know whether the CHO is configured or not. If necessary, the source eNB can indicate the CHO in the Handover Request message. In addition, the target eNB reserves the dedicated resources for the UE in step 5 in the basic HO. However, in the CHO, step 5 can be too early to reserve the dedicated resources and it could result in the resource waste as discussed in [10]. If the source eNB indicates the CHO in the Handover Request message, the target eNB may reserve the minimum dedicated resources at the HO preparation phase and the rest dedicated resources at the HO execution phase for the efficient resource reservation.
Proposal 8: In step 4, RAN2 is requested to discuss whether the source eNB indicates the CHO in the Handover Request message.
step 5. Admission Control

The procedure of this step in the CHO can be the same as the basic HO. The consideration on the resource reservation is discussed in step 4.
step 6. Handover Request Ack

The procedure of this step in the CHO can be the same as the basic HO.

step 7. Handover Command
The procedure of this step in the CHO is a bit different from the procedure in the basic HO. After receiving the conditional handover command, the UE verifies and stores the conditional handover command, and continues the connection with the source eNB. When the event to trigger the handover execution is met, the UE executes an HO to the target cell using the saved conditional handover command. If the event to trigger the handover execution is already met when the UE receives the conditional handover command, the UE can perform an HO as if the conditional handover command is a handover command. The event to trigger the handover execution can be configured in step 1 as discussed above. The issue on the multiple conditional handover commands is discussed in step 3.

The UE needs to differentiate between handover command and conditional handover command. The UE can consider the RRCConnectionReconfiguration with mobilityControlInfo IE with the event to trigger the handover execution as the conditional handover command. However, the event to trigger the handover execution can be configured in step 1 as discussed above. Therefore, it is natural to define a new IE (i.e., conditionalmobilityControlInfo IE). 
Proposal 9: In step 7, RAN2 is requested to discuss whether to define a new IE to differentiate between handover command and conditional handover command.

In the HO execution phase,
step 8. SN Status Transfer and Data Forwarding

The procedure of this step in the CHO can be the same as the basic HO. However, when to stop transmission to the UE and start data forwarding is far from clear [6], [11]. In the first option, the source eNB can stop transmission to the UE and start data forwarding after the indication of the HO completion from the target eNB [6]. It results in a significant interruption. In the second option, the source eNB can start data forwarding in advance (which could go to multiple candidate target cells) [6]. It can cause a high level of data forwarding traffic on X2 interface. In the third option, if the source eNB does not receive the response for the transmitted data, the source eNB might stop transmission to the UE and start data forwarding [12]. However, the accuracy and timeliness of HO execution timing estimation is highly questionable. Moreover, if the multiple conditional handover commands are saved and the UE selects the best cell to execute the HO, how the source eNB decides the selected target eNB in advance is not obvious. In the fourth option, the UE can send the HO indication to the source eNB to indicate the exact HO execution timing and the selected target cell. The source eNB can stop transmission to the UE and start data forwarding to the selected target eNB after receiving the indication from the UE. It is not only straightforward but also accurate [3].
Proposal 10: In step 8, RAN2 is requested to further discuss when to stop transmission to the UE and to start data forwarding.
step 9. Synchronisation

The procedure of this step in the CHO can be the same as the basic HO. There is two considerations. In the CHO, the target eNB may indicate the HO completion to the source eNB as discussed above. The target eNB can indicate the HO completion after step 11. However, if a dedicated RACH preamble is received, the target eNB may indicate the HO completion after step 9 in order to reduce the mobility interruption time. Next, the UE can be configured with the CHO and Make-Before-Break (MBB) HO simultaneously. If MBB HO is configured, the connection to the source cell is maintained before the UE executes initial uplink transmission to the target cell. However, it can be said that the CHO incorporates MBB HO inherently. The UE continues the connection with the source eNB before the event to trigger the handover execution is met. The UE can decide the HO execution timing as the initial uplink transmission to the target cell after the event to trigger the handover execution is met.

Proposal 11: RAN2 is requested to discuss whether and when the target eNB to indicate the HO completion to the source eNB.
Proposal 12: RAN2 is requested to discuss whether the CHO incorporates MBB HO or not.

step 10. UL allocation + TA for UE or 10a. Periodic UL allocation

The procedure of this step in the CHO can be the same as the basic HO. The UE can be configured with the CHO and RACH-less HO simultaneously. If RACH-less HO is configured, when to start the periodic UL allocation in the target eNB can be an issue.
Proposal 13: RAN2 is requested to agree that the UE can be configured with the CHO and RACH-less HO simultaneously.
In the HO completion phase,
step 11. Handover Complete

The procedure of this step in the CHO can be the same as the basic HO. The issue on the indication of the HO completion to the source eNB is discussed in step 9.
step 12 to step 18. Path Switch and UE Context Release

The procedure of these steps in the CHO can be the same as the basic HO.

Proposal 14: In steps not mentioned above, the CHO uses the same procedure as the basic HO.
Other issues in [13], e.g., validity timer and the RRCConnectionReconfiguration affecting the configuration in target candidate cell, need to be further discussed. These issues are not essential at this point of time or not an issue.
3. Conclusion
Proposal 1: For further discussion on the CHO, RAN2 is requested to use the terminologies;
for the solution, “conditional handover (CHO)",
for the handover command associated with a given condition, “conditional handover command";
RAN2 is requested to decide the terminologies for two events in the CHO;
for the event to trigger the measurement reports, and for the event to trigger the handover execution.

Proposal 2: In step1, the CHO uses the same Measurement Control procedure as the basic HO, but further optimization can be considered for the configuration of events to trigger the measurement reports.

Proposal 3: RAN2 is requested to discuss whether the event to trigger the handover execution can be configured in step 1, step 7, or both.

Proposal 4: In step 3, it is up to source eNB whether to apply the basic HO or the CHO based on the UE’s capability.

Proposal 5: In step 4, it is up to source eNB whether to support the multiple target HO preparations, as in LTE.

Proposal 6: In step 7, it is up to source eNB whether to provide the multiple conditional handover commands based on the UE’s capability.

Proposal 7: RAN2 is requested to discuss whether the support of the multiple conditional handover commands is mandatory or not, if the UE supports the CHO.
Proposal 8: In step 4, RAN2 is requested to discuss whether the source eNB indicates the CHO in the Handover Request message.

Proposal 9: In step 7, RAN2 is requested to discuss whether to define a new IE to differentiate between handover command and conditional handover command.

Proposal 10: In step 8, RAN2 is requested to further discuss when to stop transmission to the UE and to start data forwarding.
Proposal 11: RAN2 is requested to discuss whether and when the target eNB to indicate the HO completion to the source eNB.
Proposal 12: RAN2 is requested to discuss whether the CHO incorporates MBB HO or not.

Proposal 13: RAN2 is requested to agree that the UE can be configured with the CHO and RACH-less HO simultaneously.
Proposal 14: In steps not mentioned above, the CHO uses the same procedure as the basic HO.
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Annex A. The HO procedure in TS 36.300
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