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1 	Introduction
Rel-18 further mobility enhancements work item has (among the others) the following objectives listed in the WID [1]:
	1. For CHO including target MCG and target SCG in NR-DC [RAN3]:
· to specify data forwarding optimizations; and
· to specify, if needed, a solution to avoid unnecessary signaling exchange between source MN and target SN. 

2. To specify CHO including target MCG and candidate SCGs for CPC/CPA in NR-DC [RAN3, RAN2]
· CHO including target MCG and target SCG is used as the baseline




At RAN2#119 the following agreements/FFSs/assumptions have been captured [2]:
	Observation: Current RAN2 Stage-3 specifications can support CHO including target MCG and target SCG in Rel-17.
CHO configuration referring to or including CPC/CPA configuration (intended to be applicable together) can be supported.
FFS: When triggering CHO, UE perform CPC/CPA configuration to start CPC/CPA evaluation, FFS if CHO evaluation and CPC/CPA evaluation is concurrent or sequential.

Chair: NOTE that the above agreements are NOT intended to describe the Stage3 signalling details. 



At RAN2#120 the following agreements have been captured [3]:
	Execution order: the UE doesn’t execute CPC/CPA unless CHO condition is fulfilled (regardless parallel or sequential evaluation) 



In this paper, we outline our further views on the issues that need to be resolved to enable Conditional Handover (CHO) with SCG candidates for CPAC.
2	Sequential vs Concurrent Evaluation of CPC/CPA in CHO 
During the previous RAN2 meetings the progress in terms of deciding whether sequential or concurrent evaluation of CPAC in CHO is supported, was rather limited. To facilitate further discussions, we want to distinguish between different scenarios in Rel. 17 to show the Rel. 17 problem and how can the Rel. 18 solution alternatives solve this problem. 
[image: ]
 Figure 1: Illustration of UE mobility between PCells depicting three distinct scenarios with respect to PSCell handling.
In all scenarios UE is moving from the coverage of PCell 0 to the coverage of PCell 1. The differentiating part is while moving under the coverage of PCell 1 it has coverage for different or no PSCells at all. 
· In scenario 1, UE is moving under the coverage of PSCell 1
· In scenario 2, UE is moving under the coverage of PSCell 2
· In scenario 3, UE is not moving under the coverage of any PSCell.
To prepare the UE for such 3 scenarios the network has three CHO configuration options to configure the UE:
1) Option A: Rel. 16 CHO configuration only with target PCell 1
2) Option B: Rel. 17 CHO configuration with Target PCell 1 and target PSCell 1
3) Option C: Rel. 17 CHO configuration with Target PCell 1 and target PSCell 2
The table below captures the outcome in each scenario versus different CHO configurations (Options A, B, C):  
	            CHO configuration
Scenario
	Option A: Rel. 16 CHO target PCell 1
	Option B: Rel. 17 CHO w target PCell 1 and target PSCell 1
	Option C: Rel. 17 CHO w target PCell 1 and target PSCell 2

	Scenario 1
	A.1: No DC established lower throughput
	B.1: 	No issue
	C.1: PScell access failure and
late establishment of DC

	Scenario 2
	A.2: No DC established lower throughput
	B.2: PScell access failure and
late establishment of DC
	C.2: No issue

	Scenario 3
	A.3: No issue

	B.3: PScell access failure 

	C.3: PScell access failure 




Table 1: Summary of outcomes of a Rel. 17 UE for PCell mobility with possible different candidate PSCells
It is shown in this Table 1 that, Rel. 16 behaviour would cause loss of DC at the time of CHO execution (A.1 and A.2). For Rel. 17 behavior, when the right candidate PSCell is configured and UE lands in that PSCell (B.1 and C.2) it solves the DC loss issue of Rel. 16 (A.1 and A.2). However, if UE lands under the wrong PSCell then this causes PSCell access failure and late establishment of DC (B.2 and C.1). Moreover, in case UE cannot establish DC anyways (Scenario 3), with Rel. 17 solution UE experiences unnecessary PSCell access failure (B.3 and C.3) and the only solution is to have a CHO configuration without a target PSCell (A.3). 
[bookmark: _Hlk126940796]Observation 1: The aim of Rel. 18 work is to enable PSCell access at the same time as PCell change in order to keep the dual connectivity when it is possible while eliminating the disadvantages of Rel. 17 behaviour 1) unnecessary PSCell access failure when PSCell access is not possible 2) avoiding the PSCell access failure when UE moves under a PSCell that is not prepared and 3) avoiding late establishment of DC.
The below table captures the ideal and the proposed Rel. 18 outcomes.  
	            CHO configuration
Scenarios
	Rel. 18 ideal
	Rel. 18 simultaneous
	Rel. 18 sequential

	Scenario 1 and 2
	No issue
	No issue
	DC established with ≈ 100 ms delay

	Scenario 3
	No DC established
	No DC established
	No DC established



Table 2: Summary of outcomes of Rel. 18 proposals and ideal behaviour for PCell mobility with possible different candidate PSCells
The Table 2 captures the ideal solution as a summary from Table 1 and evaluates the Rel. 18 proposals against the Rel. 18 ideal outcome. As a conclusion, both the solutions achieve the expected result in Scenario 3, i.e., when there is no candidate PSCell coverage. For Scenario 1 and 2, the Rel. 18 simultaneous solution would enable measuring of candidate PSCells before the PCell change thus enabling the PSCell change to PSCell 1 with Scenario 1 and to PSCell 2 with Scenario 2. Meanwhile, as Rel. 18 sequential solution enables the measurement of target PSCells after PCell access execution the earliest initiation of PSCell access will be delayed by approximately 100 ms, considering the time it takes to CPAC execution condition to hold (including time to trigger, L3 filtering, etc.) compared to simultaneous evaluation scenario. This outcome makes the sequential case not only slower compared to the Rel. 18 simultaneous solution but even compared to Rel. 17 solution in case the right PSCell was prepared along with CHO. 100 ms might be a critical delay for some services to be supported over the SNs. From our view, the issue of standardization effort should not be used as a motivation to pursue a solution that is slower in terms of PSCell access compared to its Rel. 17 counterpart. 
Furthermore, in sequential evaluation, the UE can start the evaluation of CPAC conditions only after the CHO is executed to target PCell. This approach has the following shortcomings compared to existing Rel. 17 CHO framework:
· Performing the execution in two steps would increase the signaling overhead as the UE has to execute CPAC always after CHO execution. 
· In the two-step approach, if the target MN cannot accommodate all the bearers of source MN and SN, the execution of CHO to target MN only might result in partial accommodation of the (target MN) bearers, i.e., target SN bearers will not be accommodated. These radio bearers will be added as SCG bearers only after CPAC is executed. Hence, these bearers will be interrupted for some time and re-establishment of lower layers might be needed in some cases.

Proposal 1: RAN2 agrees to support the simultaneous evaluation of CHO and CPC in Rel. 18. 
3	Signalling of CHO with Candidate SCGs for CPAC 
In this section we provide more details on how the simultaneous evaluation of CHO and CPAC conditions work for CHO with candidate SCGs without too much specification impact. RAN2 can use the following signaling as a starting point for analysis of simultaneous scenario.

Fig. 2 shows the case when the CPAC condition 1 for one of the prepared candidate PSCells is met during the CHO condition evaluation.



Fig. 2: Signalling diagram for CHO with candidate SCG in case a CPAC condition is met during CHO condition evaluation.
The steps of Fig. 2 are explained below:
· Step 1: Source MN receives from the UE a measurement report identifying potential target PCells and target PSCells.
· Step 2: Source MN triggers the CHO preparation:
· Source MN sends a CHO Request to target MN indicating the ID of the target PCell that shall be prepared.
· Target MN prepares for the same target PCell two PSCells 1 and 2 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. 
· Step 3: Source MN sends RRC Reconfiguration message to the UE containing:
· CHO configuration 1 consisting of target PCell and target PSCell 1 configuration. The CHO configuration 1 is associated with CHO condition 1 for target PCell and CPAC condition 1 for target PSCell 1.
· CHO configuration 2 consisting of target PCell and target PSCell 2 configurations. The CHO configuration 1 is associated with CHO condition 1 for target PCell and CPAC condition for target PSCell 2.
· Step 4: UE evaluates the CHO and CPAC conditions that are provided by the network.
· Step 5: CPAC condition 1 (for target PSCell 1) is met. In this case, UE waits till CHO condition 1 that is associated with CPAC condition 1 is met.
· Step 6: CHO condition 1 is met.
· Step 7-8-9: If the leaving condition of CPAC condition 1 is not met, the UE executes CHO and performs random access to target PCell and PSCell 1 in steps 8 and 9, respectively.
The simple modification needed to achieve the behaviour as presented in Figure 2 is the inclusion of PSCell access condition to the CHO execution condition and the configuration of multiple CHO configurations to the UE for the same PCell with different PSCells or none at all. All the other parts, such as:
1) multiple measurement events configured to the UE as a conditional configuration execution condition,
2) execution of the conditional configuration unless both events hold, and
3) UE evaluating multiple measurement IDs for a conditional configuration execution condition
are already possible today with Rel. 17 behaviour.
Observation 2: Simultaneous evaluation requires limited changes to Rel. 18 specification that can be seen as an enhancement of CHO execution condition.

4	Conclusion
In this paper we have made the following proposal:
Proposal 1: RAN2 agrees to support the simultaneous evaluation of CHO and CPC in Rel. 18. 
Observation 1: The aim of Rel. 18 work is to enable PSCell access at the same time as PCell change in order to keep the dual connectivity when it is possible while eliminating the disadvantages of Rel. 17 behaviour 1) unnecessary PSCell access failure when PSCell access is not possible 2) avoiding the PSCell access failure when UE moves under a PSCell that is not prepared and 3) avoiding late establishment of DC.
Observation 2: Simultaneous evaluation requires limited changes to Rel. 18 specification that can be seen as an enhancement of CHO execution condition.
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