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1. Introduction 
For Rel-18 further NR mobility enhancements [1], one objective is to support CHO including target MCG and candidate SCGs for CPC/CPA in NR-DC as described below.
	4. To specify CHO including target MCG and candidate SCGs for CPC/CPA in NR-DC [RAN3, RAN2]
· [bookmark: _Hlk110434277]CHO including target MCG and target SCG is used as the baseline



And the following agreements were achieved in RAN2#119:
	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.



And in RAN2#120, further agreement was made in the aspect of execution order:
	[bookmark: _Hlk126071831]Execution order: the UE doesn’t execute CPC/CPA unless CHO condition is fulfilled (regardless parallel or sequential evaluation)



In RAN2#121, regarding parallel evaluation, the following agreements were achieved:
	RAN2 agrees to support the simultaneous evaluation of CHO and CPC in Rel-18

[bookmark: _Hlk129711724]The UE should not need to unpack any of the nested conditionalconfiguration containers in order to measure, acc to agreement above


In this paper, we further discuss the details of CHO including target MCG and candidate SCGs for CPC/CPA.
2. Discussion 
2.1 Simultaneous evaluation of CHO and CPC
For a UE in dual-connectivity mode, it performs measurements of candidate PCells and candidate PSCells simultaneously, and checks if the execution conditions for both CHO and CPC are met. The intention is to enable the PCell change and PSCell change simultaneously. Since the simultaneous evaluation of CHO and CPC has been agreed, the following detailed issues need to be discussed:
1) The role of network nodes,
2) Signalling structure of CHO including CPC,
3) UE behaviour in the execution phase.
2.1.1 The role of network nodes
For a UE in dual-connectivity mode, it has a source-MN and a source-SN. When CHO including candidate SCGs is configured, it also has candidate-MNs and the corresponding candidate-SNs (for each candidate-MN) as illustrated in Figure 1. 


Figure 1 network nodes involved in CHO including CPC
When the source-MN gets the latest measurement reports, it may decide to prepare a CHO. The candidate PCells are selected by source-MN for CHO preparation (which can be recommended to candidate MN later), and the execution conditions for candidate PCells are mapped to MeasIds that refer to the source MCG measConfig. Regarding who decides on the execution condition of CPC, since “nested conditional configuration container” was not agreed, the execution condition of CPC has to be associated source MCG measConfig or source SCG measConfig. In this case, it would be straight forward that source-MN or source-SN selects the candidate PSCells for CPC preparation and decide on the corresponding execution conditions. The final candidate PSCells are still decided by candidate MN. The execution conditions for candidate PSCells can be mapped to MeasIds that refer to the source MCG measConfig or source SCG measConfig.
Proposal 1: source-MN or source-SN selects the candidate PSCells for CPC preparation and decide on the corresponding execution conditions. The execution conditions for candidate PSCells can be mapped to MeasIds that refer to the source MCG measConfig or source SCG measConfig.
In Rel-17 DCCA, 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. For CHO including CPC, the same design can be applied, i.e., for CPC included in CHO, when source-MN decides on the execution condition, only condEventA4 is applicable; when source-SN decides on the execution condition, condEventA3 and condEventA5 are applicable.
Proposal 2: for CPC included in CHO, when source-MN decides on the execution condition, only condEventA4 is applicable; when source-SN decides on the execution condition, condEventA3 and condEventA5 are applicable.

2.1.2 RRC signalling structure
In Rel-18 eMOB WI [1], “as the radio link quality of the conditionally-configured PSCell may not be good enough or may not be the best candidate PSCell when the UE accesses the target PCell, and this may impact the UE throughput. To mitigate this throughput impact, Rel-18 CHO+MRDC can consider CHO including target MCG and multiple candidate SCGs for CPC/CPA.”, which means to combine CHO and CPAC together in the way that CPAC is part of CHO execution.
In case of CHO, for each candidate PCell, the RRCReconfiguration within condRRCReconfig includes the masterCellGroup including the reconfigurationWithSync. And in case of CPAC, for each candidate PSCell, the RRCReconfiguration within condRRCReconfig includes the secondaryCellGroup including the reconfigurationWithSync. When the CHO includes multiple candidate SCGs for CPC/CPA, the RRCReconfiguration message contained in condRRCReconfig for CHO must include a conditional configuration for CPAC. 
[bookmark: _Hlk130390227][bookmark: _Hlk130390436]CHO including target MCG and candidate SCGs for CPC/CPA means that there are two-level conditional configurations, i.e., the first level is for conditional PCell change, and the second level is for conditional PSCell change/addition (one or more candidate PSCells can be configured associated with one candidate PCell). Since RAN2 agreed “UE should not need to unpack any of the nested conditional configuration containers in order to measure”, the CPAC execution condition needs to be put in the first level instead, i.e., the same level as CHO execution condition. Similarly, the information of frequency and PCI of each candidate PSCell has to be provided in the same level. The second change is that it seems not necessary to use conditional configuration RRC structure for CPAC, as the execution condition is already out of this structure. A list of configurations of candidate PSCells is sufficient, and following R17 DCCA, for each candidate PSCell, the RRCReconfiguration message contained in condRRCReconfig is in MN format (i.e., it includes MCG configuration). An example of the RRC signalling structure is as illustrated in Figure 2.


Figure 2 RRC signalling structure for simultaneous evaluation
To sum up, the RRC signalling structure for simultaneous evaluation is in a two-level format. For each candidate PCell (level 1), the CHO execution condition and a container of a RRCReconfiguration message are configured, meanwhile a list of candidate PSCells (corresponding to this candidate PCell) are also configured. For each candidate PSCell, the information of frequency and PCI, and CPC execution condition are configured. In level 2, i.e., contained in the RRCReconfiguration message of each candidate PCell, a list of configurations of candidate PSCells is configured, and for each candidate PSCell, the RRCReconfiguration message contained in condRRCReconfig is in MN format (i.e., it includes MCG configuration).
Proposal 3: the RRC signalling structure for simultaneous evaluation is in a two-level format:
In level 1, for each candidate PCell, the following configurations are provided:
· CHO execution condition and configuration of candidate PCell.
· A list of execution conditions of candidate PSCells (corresponding to this candidate PCell). For each candidate PSCell, the information of frequency and PCI and CPC execution condition are configured.
In level 2, i.e., contained in the RRCReconfiguration message of each candidate PCell, the following configurations are provided:
· a list of configurations of candidate PSCells. And for each candidate PSCell the RRCReconfiguration message contained in condRRCReconfig is in MN format.

2.1.3 UE behaviour
Since simultaneous evaluation of CHO and CPC is agreed, UE should perform measurements of candidate PCell and candidate PSCells at the same time. The issue that needs to be clarified is in the execution phase. Considering we have two execution conditions, i.e., one for CHO, and the other one for CPC, there are 4 cases for discussion. And our understandings are shown in Table 1.
Table 1 UE behaviour in execution phase of CHO including CPC
	Case
	Whether CHO condition is met
	Whether CPC condition is met
	UE behaviour

	1
	Y
	Y
	[bookmark: _Hlk130393255]The UE applies RRCReconfiguration* message corresponding to the selected candidate PCell, and sends an MN RRCReconfigurationComplete* message, including an NR RRCReconfigurationComplete** message for the selected candidate PSCell (MN forwards it to SN later).
The Random Access procedure towards the target PSCell is after successful RACH towards target PCell.

	2
	Y
	N
	There are three options for further discussion.
Option 1: CHO is executed, but CPC is not executed. It’s up to target MN whether to indicate a ReconfWithSync for SCG as there is MN key change, and UE continues evaluation of CPC conditions. It’s also possible to release the source SCG by target MN.
Option 2: CHO and CPC are both executed. UE selects a candidate PSCell, and executes PSCell change anyway. But the target SCG is in deactivated state.
Option 3: CHO isn’t executed until CPC condition is met.

	3
	N
	Y
	The UE continues simultaneous evaluation of CHO and CPC, according to the agreement “the UE doesn’t execute CPC/CPA unless CHO condition is fulfilled”.

	4
	N
	N
	The UE continues simultaneous evaluation of CHO and CPC.



Since RAN2 agreed “the UE doesn’t execute CPC/CPA unless CHO condition is fulfilled”, the UE needs to check CHO condition first. If CHO condition is not met, UE continues the evaluation. If CHO condition is met, then UE further checks if CPC condition is also met. 
When both CHO and CPC conditions are met, the UE applies the RRCReconfiguration* message (also including target SCG configuration corresponding to the selected candidate PSCell) corresponding to the selected candidate PCell, and sends an MN RRCReconfigurationComplete* message, including an NR RRCReconfigurationComplete** message for the selected candidate PSCell (MN forwards it to SN later). But RACH towards target PSCell should be after the successful RACH towards target PCell, i.e., after the successful transmission of MN RRCReconfigurationComplete* message.
[bookmark: _Hlk130395443]Proposal 4: When both CHO and CPC conditions are met, the UE applies the RRCReconfiguration* message (also including target SCG configuration corresponding to the selected candidate PSCell) corresponding to the selected candidate PCell, and sends an MN RRCReconfigurationComplete* message, including an NR RRCReconfigurationComplete** message for the selected candidate PSCell.
Proposal 5: RACH towards target PSCell should be after the successful RACH towards target PCell.
When CHO condition is met, but CPC condition is not met. Currently there are three options as shown in Table 1. In our view, the original intention of CHO should still maintain valid, i.e., the simultaneous evaluation should not result in delay in executing the CHO. As legacy, the CHO execution is triggered once the CHO execution conditions is met, and whether the CPC execution condition is met is not taken into account. Then regarding whether to perform PSCell change even if CPC condition is not met, we prefer to keep current source SCG ongoing and UE continue the evaluation of CPC. If the PSCell change is executed, but the SCG is deactivated, there is still no SCG to maintain high data rate, which is still not aligned with the intention of CHO including CPC.
Proposal 6: When CHO condition is met, but CPC condition is not met, CHO execution is triggered and it’s up to target MN to indicate a ReconfWithSync for source SCG. And UE continues evaluation of CPC conditions.

[bookmark: _Hlk130396388]2.2 Simultaneous evaluation of CHO and CPA
In RAN2#121, “the simultaneous evaluation of CHO and CPC” was agreed. Similarly, the simultaneous evaluation of CHO and CPA can also be supported, as the only difference is that there is no source SCG in this case.
Proposal 7: RAN2 agrees to support the simultaneous evaluation of CHO and CPA in Rel-18.
Regarding the detailed design for CHO including CPC, the same designs of role of network nodes, RRC signalling structure and UE behaviour in execution phase can be reused as much as possible for CHO including CPA.
Proposal 8: the detailed design of CHO including CPC can be reused as much as possible for CHO including CPA.
3. Conclusion
In this paper, we discuss the CHO including target MCG and candidate SCGs for CPC/CPA, and we have the following proposals:
Simultaneous evaluation of CHO and CPC:
Proposal 1: source-MN or source-SN selects the candidate PSCells for CPC preparation and decide on the corresponding execution conditions. The execution conditions for candidate PSCells can be mapped to MeasIds that refer to the source MCG measConfig or source SCG measConfig.
Proposal 2: for CPC included in CHO, when source-MN decides on the execution condition, only condEventA4 is applicable; when source-SN decides on the execution condition, condEventA3 and condEventA5 are applicable.
Proposal 3: the RRC signalling structure for simultaneous evaluation is in a two-level format:
In level 1, for each candidate PCell, the following configurations are provided:
· CHO execution condition and configuration of candidate PCell.
· A list of execution conditions of candidate PSCells (corresponding to this candidate PCell). For each candidate PSCell, the information of frequency and PCI and CPC execution condition are configured.
In level 2, i.e., contained in the RRCReconfiguration message of each candidate PCell, the following configurations are provided:
· a list of configurations of candidate PSCells. And for each candidate PSCell the RRCReconfiguration message contained in condRRCReconfig is in MN format.
Proposal 4: When both CHO and CPC conditions are met, the UE applies the RRCReconfiguration* message (also including target SCG configuration corresponding to the selected candidate PSCell) corresponding to the selected candidate PCell, and sends an MN RRCReconfigurationComplete* message, including an NR RRCReconfigurationComplete** message for the selected candidate PSCell.
Proposal 5: RACH towards target PSCell should be after the successful RACH towards target PCell.
Proposal 6: When CHO condition is met, but CPC condition is not met, CHO execution is triggered and it’s up to target MN to indicate a ReconfWithSync for source SCG. And UE continues evaluation of CPC conditions.

Simultaneous evaluation of CHO and CPA:
Proposal 7: RAN2 agrees to support the simultaneous evaluation of CHO and CPA in Rel-18.
Proposal 8: the detailed design of CHO including CPC can be reused as much as possible for CHO including CPA.

4. References
[1] RP-221799		Revised WID on Further NR mobility enhancements	MediaTek Inc.

image1.emf
Source-MN

Source

-SN

Candidate-

MN 1

Candidate

-SN 1

Candidate-

MN 2

Candidate

-SN 1

Candidate

-SN 2

Which execution 

condition is met?


Microsoft_Visio_Drawing.vsdx
Source-MN
Source-SN
Candidate-MN 1
Candidate-SN 1
Candidate-MN 2
Candidate-SN 1
Candidate-SN 2
Which execution condition is met?



image2.emf
RRCReconfiguration 

message 

conditionalReco

nfiguration-r16

Candidate Pcell 1

Candidate Pcell 2

Candidate Pcell n

...

condExecutionCond

Execution condition of CHO

condRRCReconfig

(The RRCReconfiguration message to be 

applied when the CHO condition is met) 

masterCellGroup

(MCG configuration)

reconfigurationWithSync

(for target PCell)

List of configurations of 

candidate PSCells

Candidate PScell 1

Candidate PScell 2

Candidate PScell n

...

condExecutionCond

Execution condition of CPC

condRRCReconfig

(The RRCReconfiguration message to be 

applied when the CPC condition is met) 

secondaryCellGroup

(SCG configuration)

reconfigurationWithSync

(For target PScell)

masterCellGroup

(MCG configuration)

Continue

List of candidate PSCells

Frequency and PCI

Candidate PScell 1

Candidate PScell 2

Candidate PScell n

...


Microsoft_Visio_Drawing1.vsdx
RRCReconfiguration message
conditionalReconfiguration-r16
Candidate Pcell 1
Candidate Pcell 2
Candidate Pcell n
...
condExecutionCond
Execution condition of CHO
condRRCReconfig
(The RRCReconfiguration message to be applied when the CHO condition is met)
masterCellGroup
(MCG configuration)
reconfigurationWithSync
(for target PCell)
List of configurations of 
candidate PSCells
Candidate PScell 1
Candidate PScell 2
Candidate PScell n
...
condExecutionCond
Execution condition of CPC
condRRCReconfig
(The RRCReconfiguration message to be applied when the CPC condition is met)
secondaryCellGroup
(SCG configuration)
reconfigurationWithSync
(For target PScell)
masterCellGroup
(MCG configuration)
Continue
List of candidate PSCells
Frequency and PCI
Candidate PScell 1
Candidate PScell 2
Candidate PScell n
...



