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According to the WID [1] of the Rel-18 mobility enhancements as quoted below, one objective of CHO including target MCG and candidate SCGs for CPC/CPA is included.
	4. 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



In previous meetings, the following agreements have been reached for CHO including target MCG and candidate SCGs for CPC/CPA in NR-DC [2-4].
Agreements_RAN2#119-e
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.

Agreements_RAN2#120
Execution order: the UE doesn’t execute CPC/CPA unless CHO condition is fulfilled (regardless parallel or sequential evaluation)

Agreements_RAN2#121
RAN2 agrees to support the simultaneous evaluation of CHO and CPC in Rel-18
The UE should not need to unpack any of the nested conditionalconfiguration containers in order to measure, acc to agreement above

In this contribution, we provide our understandings on CHO with CPC/CPA in NR-DC. 
Discussion
Scenarios
In Rel-16 and Rel-17, CHO, CPA, intra-SN CPC, and inter-SN CPC including both MN/SN initiated are supported in the current specification. To support the configuration of CHO and MR-DC simultaneously with good throughput, objective 4 of CHO including target MCG and multiple candidate SCGs for CPC/CPA has been discussed in Rel-18. For the flexibility of CHO with CPC/CPA, CHO combined with all CPA and CPC scenarios can be considered, as follows:
· Scenario 1: CHO with CPA 
· Scenario 2: CHO with intra-SN CPC 
· Scenario 3: CHO with inter-SN CPC (including both MN/SN initiated)
CHO with intra-SN CPC is a baseline case, and the scenario should be considered. For CHO with CPC/CPA, a candidate T-MN might be associated with one or multiple candidate T-SN(s). Compared with SN initiated CPC, MN initiated CPC/CPA can reduce the number of inter-node interaction. Hence, CHO with MN initiated CPC/CPA should be supported. But, MN initiated CPC can only be configured for load balance with event A4. For better coverage, it is needed to support CHO with SN initiated CPC, which can be configured with event A3/A5 for PSCell change.
Proposal 1: CHO with MN initiated CPC/CPA and CHO with SN initiated CPC should be supported.
In current spec, for SN initiated CPC, MN involvement is not needed for intra-SN CPC. However, to support CHO with CPC, CPC without MN involvement is impossible because of the association between CHO and CPC. And MN need to know whether CHO is configured with PSCell change, even though it is intra-SN PSCell change.
Proposal 2: To support CHO with CPC/CPA, MN involvement is also needed for SN initiated intra-SN CPC.
CHO with CPC/CPA preparation
In RAN2#119-e, RAN2 supports CHO configuration referring to or including CPC/CPA configuration (intended to be applicable together) for CHO with CPC/CPA. In RAN2#121, RAN2 reached the following agreement [3]:
RAN2 agrees to support the simultaneous evaluation of CHO and CPC in Rel-18
The UE should not need to unpack any of the nested conditionalconfiguration containers in order to measure, acc to agreement above

For CHO configuration including CPC/CPA configuration, it is impossible to support the simultaneous evaluation of CHO and CPC without unpacking any of the nested conditionalconfiguration containers. Hence, CHO configuration referring to CPC/CPA configuration can be considered for the configuration of CHO with CPC/CPA. There two methods can be used to achieve it, as follows:
· Option 1: One RRCReconfiguration includes one MCG configuration and one SCG configuration. 
· Option 2: One RRCReconfiguration includes one MCG configuration and multiple SCG configurations.
· Option 3: Separate conditional reconfigurations for CHO and CPA/CPC. One for CHO and one for CPA/CPC. The association between CHO and CPC is needed. 
For Option 1, current ASN.1 structure can be reused without change. For Option 2 and Option 3, current ASN.1 structure need to be changed to support these options. In current spec, one RRCReconfiguration can only include one MCG configuration and one SCG configuration. To support option 2, a list of SCG configurations need to be added in the RRCReconfiguration. For option 3, an association between CHO and CPC is needed.
Proposal 3: One RRCReconfiguration including one MCG configuration and one SCG configuration can be supported to configure the candidate configuration of CHO with CPAC.
And then, we need to discuss some issues for execution conditions of CHO and CPAC. As in the legacy principle, the initiating node (MN or SN) generates execution conditions for the CPC/CPA included in CHO with CPC/CPA, as shown below:
· For CHO with CPA or MN initiated CPC, the MN generates execution conditions of CHO and CPC/CPA.
· For CHO with SN initiated CPC, the MN generates CHO conditions and the SN generates SN initiated CPC conditions.
Proposal 4: For CHO with CPC/CPA, execution conditions should be generated by the initiating node (MN or SN), as described below:
· For CHO with CPA or MN initiated CPC, the MN generates execution conditions of CHO and CPC/CPA.
· For CHO with SN initiated CPC, the MN generates CHO conditions and the SN generates SN initiated CPC conditions.
How to configure CHO conditions and CPC/CPA conditions for CHO with CPAC also needs to be discussed. In TS38.331, two fields i.e. condExecutionCond or condExecutionCondSCG can be used to configure execution conditions for legacy CHO and CPAC. condExecutionCond is configured for the execution of a conditional reconfiguration for CHO, CPA, intra-SN CPC without MN involvement or MN initiated inter-SN CPC and condExecutionCondSCG is configured to trigger the execution of a conditional reconfiguration for SN initiated inter-SN CPC. 
Whether to reuse existing fields in current ASN.1 structure or introduce a new field can be discussed, as shown below:
· Option 1: reusing existing fields i.e. condExecutionCond and/or condExecutionCondSCG to configure CHO conditions and CPA/CPC conditions. 
· For CHO with CPA or MN initiated CPC, condExecutionCond contains CHO conditions and CPC/CPA conditions, which is generated by the MN.
· For CHO with SN initiated CPC, condExecutionCond contains CHO conditions which is generated by the MN and condExecutionCondSCG contains CPC/CPA conditions which is generated by the SN.
· Option 2: introducing a new IE including one field for CHO conditions and the other field for CPC/CPA conditions to configure CHO conditions and CPA/CPC conditions.
The ASN.1 structure is provided in Annex as the reference for Option 1 and Option 2 in P5.
Proposal 5: RAN2 to choose one of the following options for the configuration of CHO and CPC/CPA conditions for CHO with CPAC in Rel-18:
· Option 1: reusing existing fields i.e. condExecutionCond and/or condExecutionCondSCG to configure CHO conditions and CPA/CPC conditions. 
· Option 2: introducing a new IE including one field for CHO conditions and the other field for CPC/CPA conditions to configure CHO conditions and CPA/CPC conditions.
CHO with CPC/CPA evaluation and execution
In the current spec, only one applicable cell for one condReconfigId can be used for the evaluation, which is the cell indicated in the ServingCellConfigCommon. However, in Rel-18 CHO with CPC/CPA, for one condReconfigId, two cells may be indicated in the ServingCellConfigCommon. One is the candidate PCell included in MCG configuration and the other is the candidate PSCell in SCG configuration. For measIds associated with the same condReconfigId, the associated applicable cells for evaluation may be different in Rel-18 CHO with CPC/CPA.
Observation 1: In Rel-18 CHO with CPC/CPA, the measIds associated with the same condReconfigId might need different applicable cells for evaluation.
Hence, it is needed to map candidate cells with measIds configured as the conditions of CHO with CPAC, i.e. to determine the applicable cells for CHO and CPA/CPC evaluation.
For Option 2 in P4, there is an easy way to determine the applicable cell. Based on the field name, UE can determine the associated applicable cell. Specifically speaking, for the measId(s) indicated in the field for CHO conditions, the applicable cell for evaluation is the candidate PCell, and for the measId(s) indicated in the field for CPAC conditions, the applicable cell for evaluation is the candidate PSCell.
However, for Option1 in P4, UE to determine the applicable cell for CHO and CPA/CPC evaluation should base on the type of associated event and the field name. For the measId(s) indicated in condExecutionCondSCG (which can only be configured to include CPC conditions), the applicable cell for evaluation is the candidate PSCell. And for the measId(s) indicated in condExecutionCond (which can be configured to include CHO and/or CPA/CPC conditions), if the associated event is CondEvent A4, the applicable cell for evaluation is the candidate PSCell. For the measId(s) indicated in condExecutionCond, if the associated event is CondEvent A3/A5, the applicable cell for evaluation is the candidate PCell. Because MN can only configure CondEvent A4 for CPA/CPC and configure CondEvent A3/A5 for CHO.
The RRC procedures is provided in Annex as the reference for Option 1 and Option 2 in P5.
Proposal 6: How to determine the applicable cells for the evaluation of Rel-18 CHO with CPAC can be discussed:
· For Option 1 in P5: for the measId(s) indicated in condExecutionCondSCG, the applicable cell for evaluation is the candidate PSCell. And for the measId(s) indicated in condExecutionCond, if the associated event is CondEvent A4, the applicable cell for evaluation is the candidate PSCell, otherwise, it is the candidate PCell. 
· For Option 2 in P5: for the measId(s) indicated in the field for CHO conditions, the applicable cell for evaluation is the candidate PCell, and for the measId(s) indicated in the field for CPAC conditions, it is the candidate PSCell.
For Rel-18 CHO with CPC/CPA evaluation, the following cases can be considered. 
-	Case 1: Both CHO conditions and CPC/CPA conditions are satisfied at the same time; 
-	Case 2: CPC/CPA conditions are satisfied firstly; 
-	Case 3: CHO conditions are satisfied firstly.
For case 1, naturally the UE performs the execution of CHO and CPAC in parallel.
In RAN2#120, RAN2 agreed that “Execution order: the UE doesn’t execute CPC/CPA unless CHO condition is fulfilled”. Hence, for case 2, UE continues to evaluate the candidate PCell and PSCell for Rel-18 CHO with CPC/CPA. 
For case 3, some companies prefer to perform CHO execution once the CHO execution conditions is met. However, Rel-18 CHO with CPC/CPA aims to make UE can execute PCell change and PSCell change/addition simultaneously, and it should not be used for only CHO. If it is needed, network can configure an independent CHO with the same CHO conditions and the same candidate MCG configuration. So, if CHO conditions are satisfied before CPC/CPA, UE continues to perform CHO and CPC/CPA evaluation without triggering CHO. 
To sum up, only when all conditions for CHO and CPC/CPA are fulfilled, UE will execute CHO and CPC/CPA.
Proposal 7: Only when all conditions for CHO and CPC/CPA are fulfilled, UE will execute CHO and CPC/CPA.
In TEI17，CHO including target MCG and target SCG has been introduced. Similar to CHO with CPAC, when UE perform CHO with CPAC, UE also apply the RRCReconfiguration including the MCG configuration and the SCG configuration. Hence, when UE perform CHO and CPAC, the procedure for Rel-17 CHO including target MCG and target SCG can be a baseline
Proposal 8: When UE executes CHO and CPAC, the procedure for Rel-17 CHO including target MCG and target SCG can be a baseline for Rel-18. 
Conclusions
According to the analysis given above, we have the following proposals:
Scenarios
Proposal 1: CHO with MN initiated CPC/CPA and CHO with SN initiated CPC should be supported.
Proposal 2: To support CHO with CPC/CPA, MN involvement is also needed for SN initiated intra-SN CPC.
CHO with CPC/CPA preparation
Proposal 3: One RRCReconfiguration including one MCG configuration and one SCG configuration can be supported to configure the candidate configuration of CHO with CPAC.
Proposal 4: For CHO with CPC/CPA, execution conditions should be generated by the initiating node (MN or SN), as described below:
· For CHO with CPA or MN initiated CPC, the MN generates execution conditions of CHO and CPC/CPA.
· For CHO with SN initiated CPC, the MN generates CHO conditions and the SN generates SN initiated CPC conditions.

Proposal 5: RAN2 to choose one of the following options for the configuration of CHO and CPC/CPA conditions for CHO with CPAC in Rel-18:
· Option 1: reusing existing fields i.e. condExecutionCond and/or condExecutionCondSCG to configure CHO conditions and CPA/CPC conditions. 
· Option 2: introducing a new IE including one field for CHO conditions and the other field for CPC/CPA conditions to configure CHO conditions and CPA/CPC conditions.
CHO with CPC/CPA evaluation and execution
Observation 1: In Rel-18 CHO with CPC/CPA, the measIds associated with the same condReconfigId might need different applicable cells for evaluation.
Proposal 6: How to determine the applicable cells for the evaluation of Rel-18 CHO with CPAC can be discussed:
· For Option 1 in P5: for the measId(s) indicated in condExecutionCondSCG, the applicable cell for evaluation is the candidate PSCell. And for the measId(s) indicated in condExecutionCond, if the associated event is CondEvent A4, the applicable cell for evaluation is the candidate PSCell, otherwise, it is the candidate PCell. 
· For Option 2 in P5: for the measId(s) indicated in the field for CHO conditions, the applicable cell for evaluation is the candidate PCell, and for the measId(s) indicated in the field for CPAC conditions, it is the candidate PSCell.
Proposal 7: Only when all conditions for CHO and CPC/CPA are fulfilled, UE will execute CHO and CPC/CPA.
[bookmark: _Toc502437832]Proposal 8: When UE executes CHO and CPAC, the procedure for Rel-17 CHO including target MCG and target SCG can be a baseline for Rel-18. 
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Annex: 
For Option 1 in P5: 
------------------------------------ start TP 1 for Option 1 in P5------------------------------------------------------------
TS 38.331 v17.4.0
5.3.5.13.4	Conditional reconfiguration evaluation 
The UE shall:
1>	for each condReconfigId within the VarConditionalReconfig:
2>	if the RRCReconfiguration within condRRCReconfig includes the masterCellGroup including the reconfigurationWithSync and the secondaryCellGroup including the reconfigurationWithSync:
3>	for each measId included in the measIdList within VarMeasConfig indicated in the condExecutionCond associated to condReconfigId:
4>	if the condEventId is associated with condEventA4:
5> consider the cell which has a physical cell identity matching the value indicated in the ServingCellConfigCommon included in the reconfigurationWithSync within the secondaryCellGroup within the received condRRCReconfig to be applicable cell for the measId;
4>	else:
5> consider the cell which has a physical cell identity matching the value indicated in the ServingCellConfigCommon included in the reconfigurationWithSync within the masterCellGroup in the received condRRCReconfig to be applicable cell for the measId;
3>	for each measId included in the measIdList within VarMeasConfig indicated in the condExecutionCondSCG associated to condReconfigId:
4>	consider the cell which has a physical cell identity matching the value indicated in the ServingCellConfigCommon included in the reconfigurationWithSync within the secondaryCellGroup within the received condRRCReconfig to be applicable cell for the measId;
2>	else if the RRCReconfiguration within condRRCReconfig includes the masterCellGroup including the reconfigurationWithSync:
3>	consider the cell which has a physical cell identity matching the value indicated in the ServingCellConfigCommon included in the reconfigurationWithSync within the masterCellGroup in the received condRRCReconfig to be applicable cell;
2>	else if the RRCReconfiguration within condRRCReconfig includes the secondaryCellGroup including the reconfigurationWithSync:
3>	consider the cell which has a physical cell identity matching the value indicated in the ServingCellConfigCommon included in the reconfigurationWithSync within the secondaryCellGroup within the received condRRCReconfig to be applicable cell;
……

Notes: For option 1, whether to extend the maximum number of measIds included in condExecutionCond to 4 can be discussed. And up to 2 measIds can be configured for CHO and the other 2 measIds for CPC/CPA. For option 1, some changes in field descriptions are needed to clarify the use cases of condExecutionCond and condExecutionCondSCG.
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

	CondReconfigToAddMod field descriptions

	condExecutionCond
The execution condition that needs to be fulfilled in order to trigger the execution of a conditional reconfiguration for CHO, CPA, intra-SN CPC without MN involvement or MN initiated inter-SN CPC or for CHO and CPA, CHO and MN initiated CPC. For CHO, CPA, intra-SN CPC without MN involvement, MN initiated inter-SN CPC or MN initiated CPA/CPC, up to 2 MeasId can be configured and wWhen configuring 2 triggering events (Meas Ids) for a candidate cell, the network ensures that both refer to the same measObject. For CHO, if the network configures condEventD1 or condEventT1 for a candidate cell, the network configures a second triggering event condEventA3, condEventA4 or condEventA5 for the same candidate cell. The network does not configure both condEventD1 and condEventT1 for the same candidate cell. For CHO in terrestrial networks, the network does not indicate a MeasId associated with condEventA4. For CPA and for MN-initiated (inter-SN) CPC, the network only indicates MeasId(s) associated with condEventA4. For intra-SN CPC, the network only indicates MeasId(s) associated with condEventA3 or condEventA5.

	condExecutionCondSCG
Contains execution condition that needs to be fulfilled in order to trigger the execution of a conditional reconfiguration for SN initiated inter-SN CPC. The Meas Ids refer to the measConfig associated with the SCG. When configuring 2 triggering events (Meas Ids) for a candidate cell, network ensures that both refer to the same measObject. For each condReconfigId, the network always configures either condExecutionCond or condExecutionCondSCG (not both). The network only indicates MeasId(s) associated with condEventA3 or condEventA5.

	condRRCReconfig
The RRCReconfiguration message to be applied when the condition(s) are fulfilled. The RRCReconfiguration message contained in condRRCReconfig cannot contain the field conditionalReconfiguration or the field daps-Config.



------------------------------------ end TP 1------------------------------------------------------------


For Option 2 in P5：
------------------------------------ start TP 2 for Option 2 in P5------------------------------------------------------------
TS 38.331 v17.4.0
5.3.5.13.4	Conditional reconfiguration evaluation 
The UE shall:
1>	for each condReconfigId within the VarConditionalReconfig:
2>	if the RRCReconfiguration within condRRCReconfig includes the masterCellGroup including the reconfigurationWithSync and the secondaryCellGroup including the reconfigurationWithSync:
3>	for each measId included in the measIdList within VarMeasConfig indicated in the condExecutionCondCHO associated to condReconfigId:
4>	consider the cell which has a physical cell identity matching the value indicated in the ServingCellConfigCommon included in the reconfigurationWithSync within the masterCellGroup in the received condRRCReconfig to be applicable cell for the measId;
3>	for each measId included in the measIdList within VarMeasConfig indicated in the condExecutionCondCPAC associated to condReconfigId:
4>	consider the cell which has a physical cell identity matching the value indicated in the ServingCellConfigCommon included in the reconfigurationWithSync within the secondaryCellGroup within the received condRRCReconfig to be applicable cell for the measId;
2>	else if the RRCReconfiguration within condRRCReconfig includes the masterCellGroup including the reconfigurationWithSync:
3>	consider the cell which has a physical cell identity matching the value indicated in the ServingCellConfigCommon included in the reconfigurationWithSync within the masterCellGroup in the received condRRCReconfig to be applicable cell;
2>	else if the RRCReconfiguration within condRRCReconfig includes the secondaryCellGroup including the reconfigurationWithSync:
3>	consider the cell which has a physical cell identity matching the value indicated in the ServingCellConfigCommon included in the reconfigurationWithSync within the secondaryCellGroup within the received condRRCReconfig to be applicable cell;
……
Notes: Option 2 introduces a new IE CondReconfigExecCondCHOwithCPAC including one field (i.e condExecutionCondCHO) for CHO conditions and the other field (i.e. condExecutionCondCPAC) for CPC/CPA conditions to configure CHO conditions and CPA/CPC conditions. In condExecutionCondCPAC, mn-CondExecutionCondCPAC is used to configure conditions of CPA or MN initiated CPC, and sn-CondExecutionCondCPC is used to configure conditions of SN initiated CPC.

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
    ]] ,
    [[
    condExecutionCondCHOwithCPAC-r18 CondExecutionCondCHOwithCPAC                          OPTIONAL     -- Need M
    ]]


}

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

CondReconfigExecCondCHOwithCPAC-r18 ::=  SEQUENCE {
	condExecutionCondCHO-r18            SEQUENCE (SIZE (1..2)) OF MeasId,
	condExecutionCondCPAC-r18           CHOICE {
		mn-CondExecutionCondCPAC-r18            SEQUENCE (SIZE (1..2)) OF MeasId,
		sn-CondExecutionCondCPC-r18             OCTET STRING (CONTAINING CondReconfigExecCondSCG-r17)
	}
}

-- TAG-CONDRECONFIGTOADDMODLIST-STOP
-- ASN1STOP

------------------------------------ end TP 2------------------------------------------------------------

