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For Rel-18 Further NR mobility enhancements, RAN2 has agreed supporting CHO with CPA/CPC in RAN2#121bis-e [1]:
	For the CHO+CPC case:
When both CHO and CPC conditions are met, both CHO and CPC cell change is executed.
Baseline: The UE waits until both CHO and CPC conditions are met (always). (furthermore, it is assumed that if needed the network can provide a complementary CHO-only configuration, to avoid failures in deployments where failure would otherwise be likely to happen).  
Alternative: FFS if When CHO condition is met, but CPC condition is not met, CHO execution is triggered (and somehow source SCG can be released). IF allowed in the new configuration the UE may continue evaluation of CPC/CPA conditions.


In this contribution, we discuss general aspects on CHO and CPA/CPC based on the agreements.

Discussion
Candidates Preparation
According to RAN2 agreements, the CPC conditions for simultaneous evaluation can be provided in the same MN format as the CHO conditions. Since this means that the final decision for the CPC conditions can be made in the source PCell, we would like to consider candidate cell preparation for CHO+CPC.
CPC is one type of PSCell change procedure from a source PSCell to a target PSCell. In that sense, for CPC, the source PSCell adding to the source PCell must be configured for the UE. However, CPC for CHO+CPC is intended for the PSCell that will be connected to the target PCell of CHO, not for a change of the source PSCell.
For example, suppose there is a UE with DC connectivity between PCell#1 and PSCell#1. PCell#1 determines CHO and initiates the preparation procedure for CHO with PCell#2. If PCell#2 cannot have DC connectivity with PSCell#1, then PSCell#3 may be prepared via SCG configuration within the CHO configuration. In this case, the candidate PSCell list suitable for target PCell#2 should only be prepared for CHO+CPC.
Observation 1.	Since the PSCell connecting to the source PCell may be different from the PSCell will be connecting to the target PCell, the source PCell cannot determine the candidate cell list for the target PCell.

Based on the above observation, we think that the candidate PSCell list for CHO+CPC should be determined by the target PCell, not by the source PCell or source PSCell. This means that even though the CPC conditions for simultaneous evaluation can be determined by the source PCell, the candidate cell list for CPC should be determined by the target PCell.
Proposal 1.	The target PCell determines the candidate PSCell list be used for CHO+CPC/CPA.

New Condition for CHO+CPC
Since RAN2 agreed supporting the simultaneous evaluation, we consider how the execution conditions can be provided.
Currently, Ax series or Bx series conditions which are specified in 38.331 are below [2]:
A1: Serving becomes better than threshold
A2: Serving becomes worse than threshold
A3: Neighbour becomes offset better than SpCell
A4: Neighbour becomes better than threshold
A5: SpCell becomes worse than threshold1 and neighbour becomes better than threshold2
A6: Neighbour becomes offset better than SCell
B1: Inter RAT neighbour becomes better than threshold
B2: PCell becomes worse than threshold1 and inter RAT neighbour becomes better than threshold2

We can observe that there is no suitable condition for CPC execution among the specified conditions for simultaneous evaluation. This is because the candidate cells for CPC included in CHO are not yet for the current PSCell. Another reason is that the source PSCell can be needed for CPC evaluation if A3 or A5 are configured, and the potential PSCell to be applied by CHO configuration may not be the same PSCell as the current PSCell. Thus, we think that for simultaneous evaluation, a new execution condition is needed to compare the neighbour cell with the neighbour cell that enables CPC evaluation before CHO execution.
Observation 2.	For simultaneous evaluation, at least one new execution condition is required for CPC to evaluate a neighbour cell (candidate cell) is better than another neighbour cell (potential PSCell).

According to the observation above, for the UE to perform CPC evaluation together with CHO evaluation before CHO execution, candidate cells for CPC and PSCells included in CHO must be compared. Then, the following new conditions are necessary when the candidate cells of CPC are designated as a potential PSCell and the PSCell included in CHO is designated as a target PSCell.
Alt 1-1) Potential target SpCell becomes offset better than target SpCell
Alt 1-2) Neighbour 1 (potential target PSCell) becomes offset better than Neighbour 2 (target PSCell)
Alt 2-1) Potential target SpCell becomes worse than threshold1 and target SpCell becomes better than threshold2
Alt 2-2) Neighbour 1 (target PSCell) becomes worse than threshold1 and Neighbour 2 (potential target PSCell) becomes better than threshold2
Therefore, we propose the following to support the simultaneous evaluation of CHO and CPC.
Proposal 2:	For simultaneous evaluation, new execution condition(s) for CPC should be considered to evaluate for potential PSCell change before CHO execution. The following execution conditions can be considered:
Alt 1-1)	 Potential target SpCell becomes offset better than target SpCell
Alt 1-2)	 Neighbour 1 (potential target PSCell) becomes offset better than Neighbour 2 (target PSCell)
Alt 2-1)	 Potential target SpCell becomes worse than threshold1 and target SpCell becomes better than threshold2
Alt 2-2)	 Neighbour 1 (target PSCell) becomes worse than threshold1 and Neighbour 2 (potential target PSCell) becomes better than threshold2

Then we consider where this new condition can be added to ASN.1 structure.
Currently, the execution condition is included in CondReconfigToAddMod-r16 as follows:

CondReconfigToAddModList information element
-- ASN1START
-- TAG-CONDRECONFIGTOADDMODLIST-START

CondReconfigToAddModList-r16 ::= SEQUENCE (SIZE (1.. maxNrofCondCells-r16)) OF CondReconfigToAddMod-r16

CondReconfigToAddMod-r16 ::=     SEQUENCE {
    condReconfigId-r16               CondReconfigId-r16,
    condExecutionCond-r16            SEQUENCE (SIZE (1..2)) OF MeasId                      OPTIONAL,    -- Need M
    condRRCReconfig-r16              OCTET STRING (CONTAINING RRCReconfiguration)          OPTIONAL,    -- Cond condReconfigAdd
    ...,
    [[
    condExecutionCondSCG-r17         OCTET STRING (CONTAINING CondReconfigExecCondSCG-r17) OPTIONAL     -- Need M
    ]]
}

CondReconfigExecCondSCG-r17 ::=  SEQUENCE (SIZE (1..2)) OF MeasId

-- TAG-CONDRECONFIGTOADDMODLIST-STOP
-- ASN1STOP

Conditions for CHO+CPC seem to be configured at the same level as the condExecutionCond-r16 for CHO because RAN2 agreed the CPC conditions for simultaneous evaluation should be included in MN format. Therefore, we think that an additional field for the CPC condition for simultaneous evaluation should be specified within CondReconfigToAddMod-r16, and we propose the following.
Proposal 3.	CPC condition for CHO+CPC is included in CondReconfigToAddMod-r16.

Evaluation
If RAN2 agrees with Proposal 3, the UE should distinguish which execution conditions are for the simultaneous evaluation and which execution conditions are for evaluation after CHO execution. To prevent wrong execution conditions are used for CPA/CPC evaluation before CHO execution, the network may use the joint conditions for CHO+CPC to indicate which execution conditions are allowed for CPA/CPC evaluation before CHO execution. 
Thus, we think the network should indicate whether the UE can evaluate CPA/CPC together with CHO simultaneously, we propose the following.
Proposal 4.	The UE starts to evaluate CPA/CPC which is included in the CHO simultaneously once if CPC condition is jointly configured with CHO condition.

Max Candidates for SCG
For CHO+CPC, the network needs to provide the UE with measurement configurations for additional candidate PSCells to be connected with the target PCell, in addition to the candidate PSCells to be connected with the current PCell. This requires the UE to evaluate up to 72 candidates (8 candidate PCells for CHO x 8 candidate PSCells for CHO+CPC, and 8 candidate PSCells for source PSCell change), which may affect the measurement capability. According to the current spec, the maximum number of measurement objects and measurement IDs that the UE can be configured with is up to 64, so we think the UE cannot avoid the measurement capability issue unless specifying the maximum number of candidates of PSCells for CHO+CPC.
Observation 3.	The UE may encounter the measurement capability issue due to a significant number of candidate cells for evaluation (i.e. up to 72 candidate cells can be configured: 8 candidate PCells for CHO x 8 candidate PSCells for CHO+CPC, and 8 candidate PSCells for source PSCell change).

To simplify matters, providing up to 8 candidate cells for PSCell in CHO+CPC, just like for CHO only or CPC only, is sufficient. This would not affect the maximum number of candidate cells for CHO, as the number of candidate PCells for CHO+CPC would be included in the total number of candidate PCells for CHO (i.e. a total of 8 candidate PCells for CHO and CHO+CPC).
Proposal 5.	The maximum number of candidate PSCells for CHO+CPC is 8.
Proposal 6.	The number of candidate PCells for CHO+CPC is included in the maximum number of candidate PCells for CHO to provide up to 8 candidate cells of PSCell for CHO+CPC.

Candidates Management before/after CHO
The candidate PSCell list prepared for CHO+CPC can have different cell lists depending on the target PCell for each CHO. Thus, candidate PSCell lists unrelated to the target PCell of CHO when executing CHO can be regarded as not valid configurations. However, when executing CHO, the candidate PSCell list related to the related target PCell may still be a valid configuration even if CHO is executed because this candidate PSCell list can be still working with the target PCell after CHO.
Observation 4.	Each candidate PSCell for CHO+CPC can become a candidate PSCell that cannot be supported depending on the target PCell for CHO. But, each candidate PSCell for CHO+CPC can continue to be used after CHO+CPC if the target PCell for CHO is the same cell.

According to the current principle, the UE removes all configured conditional reconfigurations after performing CHO, CPC, or CPA. However, it is not helpful for the UE not to maintain the list of candidate PSCells that can still be valid after CHO is complete. RAN2 does not yet have an exact agreement but knows that it is beneficial for the UE to keep the list of candidate PSCells provided for CHO+CPC even when only CHO has been executed. In the same context, even when CHO+CPC is simultaneously executed, if a valid candidate PSCell list other than the selected candidate PSCell as the target PSCell can be a beneficial configuration for the subsequent CPC in terms of mobility robustness.
Proposal 7.	Upon successful completion of CHO+CPC with other candidate PSCells, these candidate PSCells associated with the target PCell are maintained for the next CPC.

Conclusion
It is proposed to discuss and decide on the following proposals:
Observation 1.	Since the PSCell connecting to the source PCell may be different from the PSCell will be connecting to the target PCell, the source PCell cannot determine the candidate cell list for the target PCell.
Observation 2.	For simultaneous evaluation, at least one new execution condition is required for CPC to evaluate a neighbour cell (candidate cell) is better than another neighbour cell (potential PSCell).
Observation 3.	The UE may encounter the measurement capability issue due to a significant number of candidate cells for evaluation (i.e. up to 72 candidate cells can be configured: 8 candidate PCells for CHO x 8 candidate PSCells for CHO+CPC, and 8 candidate PSCells for source PSCell change).
Observation 4.	Each candidate PSCell for CHO+CPC can become a candidate PSCell that cannot be supported depending on the target PCell for CHO. But, each candidate PSCell for CHO+CPC can continue to be used after CHO+CPC if the target PCell for CHO is the same cell.

Proposal 1.	The target PCell determines the candidate PSCell list be used for CHO+CPC/CPA.
Proposal 2:	For simultaneous evaluation, new execution condition(s) for CPC should be considered to evaluate for potential PSCell change before CHO execution. The following execution conditions can be considered:
Alt 1-1)	 Potential target SpCell becomes offset better than target SpCell
Alt 1-2)	 Neighbour 1 (potential target PSCell) becomes offset better than Neighbour 2 (target PSCell)
Alt 2-1)	 Potential target SpCell becomes worse than threshold1 and target SpCell becomes better than threshold2
Alt 2-2)	 Neighbour 1 (target PSCell) becomes worse than threshold1 and Neighbour 2 (potential target PSCell) becomes better than threshold2
Proposal 3.	CPC condition for CHO+CPC is included in CondReconfigToAddMod-r16.
Proposal 4.	The UE starts to evaluate CPA/CPC which is included in the CHO simultaneously once if CPC condition is jointly configured with CHO condition.
Proposal 5.	The maximum number of candidate PSCells for CHO+CPC is 8.
Proposal 6.	The number of candidate PCells for CHO+CPC is included in the maximum number of candidate PCells for CHO to provide up to 8 candidate cells of PSCell for CHO+CPC.
Proposal 7.	Upon successful completion of CHO+CPC with other candidate PSCells, these candidate PSCells associated with the target PCell are maintained for the next CPC.
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