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1	Introduction
Rel-18 Further mobility enhancements work item has (among the others) the following objectives listed in the WID [3]:
	3.	To specify CHO including target MCG and target SCG [RAN3, RAN2]. 
Note 5: This is already being targeted for Rel-17, so this objective will be reviewed at RAN#97-e.
4.	To specify CHO including target MCG and candidate SCGs for CPC/CPA in NR-DC [RAN3, RAN2]
o	CHO including target MCG and target SCG is used as the baseline



In this paper we outline our initial view on what issues are to be resolved to enable Conditional Handover (CHO) for dual connectivity including target MCG and multiple SCGs with joint use of CHO and CPAC configuration.
2	Discussion
2.1	Principles
Conditional handover (CHO) was specified in Rel. 16 to improve mobility robustness by reducing the number of radio link failures and handover failures [1]. In Rel. 17 TEI, RAN3 has worked on the CHO enhancements that are required to support the scenarios where the UE is handed over to a new cell and establishes a DC connection provided by a target MN and a target SN [2]:
· Target MN informs target SN that the SN addition/modification request is related to CHO 
· Target MN relays to target SN the CHO incoming probability that is received from source MN.
· Target MN informs the target SN about source MN ID and UE ID used in source MN to help the target SN identify the multiple addition requests, possibly coming from different target MNs for the same UE. Using this information, the target SN can avoid complete duplicate resource reservation for same UE.

Up to Rel. 17, the CHO condition can be configured either as A3 or A5 measurement event which involves only the measurements of the source PCell (in a source MN) and target PCell (in a target MN). Hence, the radio measurements of the target PSCell have not been considered in CHO condition evaluation and the UE applies the entire DC CHO config, i.e., consisting of target MCG and target SCG config, based on the measurements of the PCells. This Rel. 17 mechanism has the following shortcomings:
· At the time of CHO execution, the target PSCell may not be the proper one from radio perspective. This is because the measurements that target MN has received at the time of CHO preparation may differ from those at the time of CHO execution, especially if the execution is performed much later than the preparation. As a result, the radio signal of the prepared PSCell may become weaker at the time of CHO execution or it may not have sufficiently good radio conditions for successful SCG access and the UE may fail to perform an effective random access to the target PSCell.
· The timer T304 supervising the random access of the target PSCell can be set to hundreds of miliseconds and MN can only reconfigure the UE after it receives SCG Failure Information message from the UE, which is sent upon T304 expiry. As such, the UE will experience long interruption on DRBs that are served by SCG in case of random access failure.

Observation 1: In Rel. 17, the random access to prepared target PSCell is performed in CHO irrespective of radio conditions of PSCell which can lead to SCG random access failure and long interruption for DRBs that are provided by SCG.

In dual connectivity scenarios, it is possible to have more than one PSCells visible for the UE when UE crosses boundary for PCell. In this case, at the time of CHO preparation there can be multiple target PSCells which can become potential SCG cells at the time of CHO execution. For these scenarios, the Target MN needs to prepare multiple configurations with different target SCG and also associating with suitable measurement condition will be beneficial for the UE to execute CHO with suitable SCG at the time of CHO execution.

Observation 2: As the target MN cannot predict specific SCG which will become suitable SCG at the time of CHO execution, preparation of more than one configuration with same MCG and different SCG is needed to ensure successful execution of DC-CHO in these scenarios.

The objective in Rel. 18 is to improve the robustness of the random access to target PSCell in CHO and consequently reduce the interruption on the DRBs that are served by SCG.

To improve the robustness of the random access to target PSCell, CHO can benefit from using CPAC framework:
· Upon receiving a CHO request from source MN to prepare a specific target PCell in target MN, the target MN can also request preparation of multiple target PSCells which are associated with the same target PCell. Preparing multiple target PSCell will increase the likelihood that the UE performs random access to the proper target SCG at the time of CHO execution.
· To avoid blind random access to target PSCell, the network shall provide the UE with a condition (e.g. CPAC condition) for executing the random access to target PSCell. That is, the random access to the target PSCell is performed only if the condition is met, which guarantees that the UE does not attempt random access to a weak target PSCell.

Proposal 1: Multiple target PSCells can be prepared for the same target PCell of CHO configuration. 

One option to realize proposal 1 would be to allow target MN to include CPAC configurations for prepared target PSCells and their corresponding CPAC conditions inside the prepared CHO configuration for the target PCell. Herein, the UE can start the evaluation of e.g. CPAC conditions only after the CHO is executed to target PCell. This approach has the following shortcomings compared to existing CHO framework:
· The UE cannot be immediately handed over to DC connection as the handover has to be done now in two steps (UE first accesses to PCell and accesses to PSCell only after related measurements are completed) 
· Performing the execution in two steps would increase the signaling overhead as the UE has to execute CPAC always after CHO execution. 
· More importantly, the two step approach would introduce an unnecessary delay for accessing and benefiting from target SCG. In many cases, one of the prepared target PSCells should already have sufficient signal power to serve the UE at the time of CHO execution. Herein, initiating the evaluation of CPAC condition after the CHO condition is met will unnecessarily delay the access to target SCG. Note that the evaluation of the CPAC conditions after the CHO is executed may take hundreds of milliseconds which delays substantially the establishment of DC connection.

Based on the above, the paradigm of including CPAC configuration inside CHO configuration have many drawbacks which can lead to inferior performance to Rel. 17 CHO procedure for DC.

Observation 3: Including CPAC configuration inside CHO configuration increases signaling overhead due to two-step execution of conditional reconfigurations and delays unnecessarily the access to target SCG config.

To overcome the aforementioned issues, the UE should start the evaluation of the condition(s) for prepared target PSCells already at the time it receives CHO configuration. As such, the UE can perform at the same time measurements for prepared target PCell and target PSCell and consider their radio link strength/quality when deciding on CHO execution.

Proposal 2: UE starts the evaluation of the condition(s) for prepared target PSCells at the time it receives CHO configuration (i.e. the CHO and CPAC candidate cells are evaluated in parallel).

2.2	RAN3 involvement
Our understanding of how the CHO with multiple PSCells should work as in the following figure,
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Figure 1: Message sequence chart for provisioning of multiple CHO configurations from target MN with different PSCell configuration
The steps of Fig. 1 are explained in the following:
· Step 1-2: Source MN configures to the UE a measurement configuration and receives from the UE a measurement report identifying potential target PCells and target PSCells.
· Step 2-7: Source MN triggers the CHO preparation:
· Source MN sends a CHO Request to target MN indicating the number of CHO configurations to be prepared.
· Target MN prepares for the same target PCell “X” PSCells 1, 2 up to X that are controlled by same source SN, i.e., the target PSCells can be as well controlled by different SN as in CPAC Rel. 17. 
· Target MN sends each CHO configuration for a different target PSCell for the same target PCell with a separate ID to the source MN.
· Step 8-9: Source MN sends RRC Reconfiguration message to the UE containing:
· CHO configuration 1 consisting of target PCell and target PSCell 1 configurations. 
· CHO configuration 2 consisting of target PCell and target PSCell 2 configurations. 
· Step 10: UE evaluates the conditions that are provided by the network.
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Figure 2: Message sequence chart for provisioning of multiple CHO configurations from target MN with different PSCell configuration
The steps of Fig. 2 are explained in the following:
· Step 1: Source MN detects UE leaves coverage of PSCell-1.
· UE is configured with PSCell-1 with CHO configuration 1, of PCell-0.
· Step 2-5: Source MN triggers the CHO release indicating the CHO id of 1 to indicate the CHO related to PSCell 1 is to be released by the target MN. This means the CHO related to other PSCells is not to be released.
· Target MN releases the CHO 1 and indicates to target SN to release preparation for PSCell 1.
[bookmark: _Hlk110599725]Part of the signalling between the MN and the target SNs will be the coordination of preparations, because the same problem that has already been discussed in case of CPA may be relevant in case of CHO with multiple target PSCells, too: the selection of the target PSCells is up to the target SNs, but they can’t coordinate it among themselves. Therefore, the target MN must assume the role of the coordinator that indicates the upper limits for the number of PSCells to be prepared.
Proposal 3: RAN3 shall review the above flow call and, if no major issues are identified, decide on details, e.g. concerning the coordination of the preparations.
There is also one specific issue: the PCell id and UE ID is used as the unique identifier for a CHO configuration until Rel. 18. In case multiple PSCells are prepared for the same PCell, the CHO configuration has to be enhanced for a unique identifier to indicate which CHO configuration is referred to. This unique identifier can be used for coordination between source MN and target MN. 
Proposal 4: The CHO configuration is to be enhanced to have a unique identifier for the same PCell.
Data forwarding shall also be addressed in RAN3: problem is related to CPAC solution, where there are multiple target PSCells, too. The solution for data forwarding in CPAC is incomplete: it is not possible to use direct forwarding to multiple target SNs and completely impossible to forward data to multiple target CU-UPs. Especially, the second issue is relevant to the problem discussed here.
Proposal 5: RAN3 to address early data forwarding to multiple prepared PSCells also including the scenario where the target PSCells belong to different target SNs and are served by different target CU-UPs.
5	Conclusion
This documents has made the following observations and proposals:
Observation 1: In Rel. 17, the random access to prepared target PSCell is performed in CHO irrespective of radio conditions of PSCell which can lead to SCG random access failure and long interruption for DRBs that are provided by SCG.
Observation 2: As the target MN cannot predict specific SCG which will become suitable SCG at the time of CHO execution, preparation of more than one configuration with same MCG and different SCG is needed to ensure successful execution of DC-CHO in these scenarios.
Proposal 1: Multiple target PSCells can be prepared for the same target PCell of CHO configuration. 
Observation 3: Including CPAC configuration inside CHO configuration increases signaling overhead due to two-step execution of conditional reconfigurations and delays unnecessarily the access to target SCG config.
Proposal 2: UE starts the evaluation of the condition(s) for prepared target PSCells at the time it receives CHO configuration (i.e. the CHO and CPAC candidate cells are evaluated in parallel).
Proposal 3: RAN3 shall review the above flow call and, if no major issues are identified, decide on details, e.g. concerning the coordination of the preparations.
Proposal 4: The CHO configuration is to be enhanced to have a unique identifier for the same PCell.
Proposal 5: RAN3 to address early data forwarding to multiple prepared PSCells also including the scenario where the target PSCells belong to different target SNs and are served by different target CU-UPs.
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