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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]:
	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



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. 



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 
In the last meeting, RAN2 has made the agreement to support CHO referring to or including CPC/CPA configurations for candidate SCGs. One of the key points that needs to be addressed is whether the UE evaluates CPAC conditions (of the related CHO condition) at the same time the CHO condition is evaluated (referred to as: concurrent evaluation) or after the CHO is executed (referred to as: sequential evaluation).
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:
· The UE cannot be immediately handed over to DC connection as the handover has to be done now in two steps: UE has to first access the target PCell and later on perform access to target PSCell when the corresponding CPAC condition is also met.
· 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 substantially delays the establishment of DC connection.
· 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.

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

Observation 1: Including CPAC configuration inside CHO configuration: 
1) does not allow an immediate handover to a DC connection like in CHO with SCG of Rel. 17.
2) increases signaling overhead due to two-step execution of conditional reconfigurations (executing CHO config first followed by CPAC config)
3) delays unnecessarily the access to target SCG config as most of the time the UE can use one of the prepared candidate PSCells for access.
4) can lead to interruption of some bearers (and user plane interruption) if the target MN cannot admit all the bearers of source MN and SN.

In order to confirm the assumption that in most of the cases the UE can use one of the prepared target PSCells at the time of CHO execution, we have performed system-level simulations to analyze the PSCell measurements at the time of the CHO preparation and execution. The details of the simulation parameters are included in the Appendix. In the simulations, we assume that the target MN can prepare up to X=1, 2, or 4 strongest PSCell candidates (according to the measurement report provided by the UE at the time of CHO preparation) if the cell quality of PSCell is higher than threshold of -117 dBm at the time of preparation. At the time of the CHO execution, it is checked if there is another PSCell that is stronger than each prepared candidate PSCells.
Fig. 1 shows the percentage of another PSCell being stronger than all prepared candidate PSCells when CHO is executed as a function of the maximum number X of candidates PSCells that can be prepared by target MN.



Figure 1: Percentage of wrong PSCell preparation when CHO is executed as a function of the maximum number X of candidate PSCells that can be prepared by target MN.
According to Fig. 1, it can be observed that for X = 1 the prepared PSCell is not the strongest one at the time when CHO is executed in 28.8% of the handovers. This percentage reduces substantially to 12.7% and 4.7% when the target MN can prepare up to two candidate PSCells (X=2) or X=4 PSCells, respectively. Hence, it can be concluded that in case target MN prepares up to 2 or 4 candidate PSCells, the UE can perform access to the strongest PSCell when the CHO is executed in 87.3 % and 95.3% of the times, respectively. In other words, performing sequential execution of CPAC after CHO (with all aforementioned drawbacks) delays the PSCell access, unnecessarily, in 87.3% (when X=2) and 95.3% (when X=4) of the times. 

Observation 2: In case the target MN prepares up to 2 or 4 candidate PSCells, the UE can perform access to the strongest PSCell when the CHO is executed in 87.3 % and 95.3% of the times, respectively. This means performing sequential execution of CPAC after CHO (with all aforementioned drawbacks) delays the PSCell access, unnecessary, in 87.3% (when X=2) and 95.3% (when X=4) of the times. 

As such, performing the evaluations of CHO and CPAC conditions simultaneously is the better approach as the UE can hand over immediately to the DC connection, using the best candidate PSCell at the time of CHO execution in more than 95% of the cases when the target MN prepares up to 4 candidate PSCells.

Observation 3: When CHO and CPAC conditions are evaluated simultaneously, the UE can hand over immediately to the DC connection (accessing the best candidate PSCell) in more than 95% of the cases when target MN prepares up to 4 candidate PSCells.

Proposal 1: RAN2 agrees that UE starts the evaluation of the CPAC condition(s) for prepared target PSCells at the time it receives CHO configuration (i.e., the CHO and CPAC conditions are evaluated simultaneously).

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. 

Given that both CHO and CPAC conditions are evaluated at the same time, we need to clarify UE behavior when one of the conditions is met first. In case the CPAC condition for a prepared target PSCell is met while evaluating the CHO condition, the UE waits and does not perform random access to target PSCell until the CHO condition of the corresponding target PCell is met. 

Proposal 2: In case the CPAC condition for a prepared target PSCell is met while the CHO condition is still being evaluated, the UE waits and does not perform random access to target PSCell until the CHO condition of the corresponding target PCell is also met.

When the CHO condition is met, it might be still useful to check if leaving condition of the target PSCell (whose CPAC condition has been met before) is not met to ensure that the quality of the radio signal of target PSCell is still sufficient. If the leaving condition is not met, the UE executes CHO and performs random access to target PCell and selected target PSCell. This is a similar principle as was applied to Rel-16 CHO when two execution events were configured.  

Proposal 3: When the CHO condition is met, UE checks if the leaving condition of target PSCell measurement (whose CPAC condition has been met before) is not met. If the leaving condition is not met, the UE executes CHO following Rel. 17 approach (including CPAC).

For illustration, 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: In one case, 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 remaining open issues are to define the procedures when either 1) the leaving condition of CPAC condition 1 is met at the time of CHO execution (step 7 of Fig. 2 does not hold) or 2) none of the configured CPAC conditions have been met during the evaluation of CHO condition. Herein, several options are possible including:
· Option 1: The UE executes one of the CHO configurations associated with target PCell (applies target MCG and SCG config) but performs random access only to target MN. Herein, UE informs MN that none of the prepared target PSCells have met the CPAC condition and using this information the MN can reconfigure the UE immediately by, e.g., remapping the SN bearers to MN. 

· Option 2: In case the target MN has provided a CHO configuration without any SCG candidate (single connectivity CHO config), the UE can select in this case to execute this CHO configuration instead of CHO configuration with SCG. This option would work as long as the target MN provides a fallback CHO configuration without SCG config. Compared to Option 1, this approach has the advantage that network does not need to reconfigure the UE after the CHO execution at the expense of extra signalling over the network and radio interface.
Proposal 4: RAN2 to discuss how handle the cases when CPAC condition is not met at the time of CHO execution.
4	Conclusion
In this paper we have made the following observations and proposals:
Observation 1: Including CPAC configuration inside CHO configuration: 
1) does not allow an immediate handover to a DC connection like in CHO with SCG of Rel. 17.
2) increases signaling overhead due to two-step execution of conditional reconfigurations (executing CHO config first followed by CPAC config)
3) delays unnecessarily the access to target SCG config as most of the time the UE can use one of the prepared candidate PSCells for access.
4) can lead to interruption of some bearers (and user plane interruption) if the target MN cannot admit all the bearers of source MN and SN.

Observation 2: In case the target MN prepares up to 2 or 4 candidate PSCells, the UE can perform access to the strongest PSCell when the CHO is executed in 87.3 % and 95.3% of the times, respectively. This means performing sequential execution of CPAC after CHO (with all aforementioned drawbacks) delays the PSCell access, unnecessary, in 87.3% (when X=2) and 95.3% (when X=4) of the times. 

Observation 3: When CHO and CPAC conditions are evaluated simultaneously, the UE can hand over immediately to the DC connection (accessing the best candidate PSCell) in more than 95% of the cases when target MN prepares up to 4 candidate PSCells.

Proposal 1: RAN2 agrees that UE starts the evaluation of the CPAC condition(s) for prepared target PSCells at the time it receives CHO configuration (i.e., the CHO and CPAC conditions are evaluated simultaneously).

Proposal 2: In case the CPAC condition for a prepared target PSCell is met while the CHO condition is still being evaluated, the UE waits and does not perform random access to target PSCell until the CHO condition of the corresponding target PCell is also met.

Proposal 3: When the CHO condition is met, UE checks if the leaving condition of target PSCell measurement (whose CPAC condition has been met before) is not met. If the leaving condition is not met, the UE executes CHO following Rel. 17 approach (including CPAC).

Proposal 4: RAN2 to discuss how handle the cases when CPAC condition is not met at the time of CHO execution.
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6	Appendix
The following table describes the simulation scenario and parameters used for evaluation. The major part of the parameters are adopted from 3GPP TR 38.802.
	Parameters
	Values

	Frequency Range
	NR Dense Urban, Two layers 
Macro layer: Hex. Grid (200m ISD) 
Micro layer:  Random drop (All micro BSs are outdoor): 3 micro BSs per macro BS 


	Carrier frequency
	Macro Layer: 2.1 GHz
Micro Layer: 28 GHz

	Simulation Bandwidth
	Macro Layer: 10 MHz
Micro Layer: 10 MHz

	BS Antenna Configuration
	Macro cells: (M,N,P) = (8, 8, 2) 
Micro cells: (M,N,P) = (8, 16, 2)

	UE Antenna Configuration
	FR1: omni reception 
FR2: four directional antenna arrays (2,2,2) with 90-degrees separation in direction

	Traffic Model
	Full buffer traffic model. UL traffic is disabled


	Link Adaptation
	Dynamic link adaptation with 10% BLER target for the initial transmission

	Duplexing
	TDD with 60% DL Slots

	Other simulation assumptions
	Round robin scheduling in time and even resources for frequency scheduling with TTI size of one subframe. 
Bandwidth efficiency: 90%
Default is no DRX

	Inter-cell handover procedure
	L3 (RRC) Mobility 
When A3 event condition for CHO preparation is satisfied during TTT, UE sends L3 measurement report and the serving PCell to prepare CHO command, including the PSCell. Once UE receives the CHO command, it evaluates the CHO execution condition only for the prepared cells. If the condition is satisfied, UE detaches from the serving cell (interruption time starts) and if RACH is successful (i.e. HO complete is received from the target cell), UE switches to a new serving cell and starts receiving data (interruption time ends).
Handover interruption time (no data transfer): 80 ms
Handover metric: L3 cell quality measurement (IIR filtered L1-RSRP)
A3 event for CHO preparation: -3dB (a neighbor cell is prepared if it at most 3 dB weaker than serving cell)
A3 event offset i.e. HO margin: 3 dB (a CHO is executed if the neighbor cell 3 dB stronger than serving cell)
Time-to-trigger (TTT): 160 ms
Handover (HO) preparation delay: 40ms

	Channel model
	FR1: UMa 5G (TR 38.901)
FR2: UMi 5G (TR 38.901)

	UE mobility and trajectory
	420 UEs in total with 20 UEs per macro cell and UEs are moving in a random direction in straight lines with constant speed.
UE velocity of 120 km/h is considered for simulations.

	Simulation time 
	10 seconds of simulations with 10 drops.



Percentage of Wrong PSCell preparation at CHO execution as a function of the number X of prepared PSCells

1	2	4	28.8	12.717000000000001	4.71	
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