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1. Introduction
In the RAN4#106bis-e meeting, RAN4 agreed to define requirement for both CHO with PSCell and CHO with CPAC scenarios and the corresponding conclusions were captured in WF [1]. In this meeting, the RRM requirement on these two scenarios would continue to be discussed based on the latest outcome from RAN2.
2. Discussion
The following issues on CHO with CPC/CPA were captured in the WF [1] on Enhanced CHO configurations.
	· RAN4 are to discuss the RRM requirements for Enhanced CHO configurations
· [bookmark: OLE_LINK14]PSCell handover delay in CHO including target MCG and target SCG in FR1+FR2 NR-DC (obj. 3) (Issue 3-2-2)
· PCell handover delay in CHO including target MCG and candidate SCG for CPC/CPA in FR1+FR2 NR-DC (obj. 4) (Issue 3-3-1)
· PSCell handover delay in CHO including target MCG and candidate SCG for CPC/CPA in FR1+FR2 NR-DC (obj. 4) (Issue 3-3-2)
· possible interruption from multiple scenarios due to performing CHO and CPC simultaneously (Issue 3-3-3)


2.1 Enhanced CHO including target MCG and candidate SCGs for CPC/CPA
	RAN2#119-e meeting
· 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.

RAN2#120 meeting
· Execution order: the UE doesn’t execute CPC/CPA unless CHO condition is fulfilled (regardless parallel or sequential evaluation)

RAN2#121 meeting
· RAN2 agrees to support the simultaneous evaluation of CHO and CPC in Rel-18

RAN2#121bis-e meeting
· 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.



According to the latest guidance agreed in RAN2#121bis-e meeting, UE will wait until both CHO and CPC conditions are met (always). Furthermore, for the case that CHO condition is met firstly, NW can provide complementary CHO-only configuration. With this configuration, CHO can be executed firstly if CPC condition is not met. Upon these principles, we try to list all potential cases as below.
Table 1 Potential cases of CHO with CPC
	Parallel evaluation on CHO and CPC
· Case 1: CHO and CPC conditions are met simultaneously
· CHO and CPC will be executed simultaneously
· Case 2: CPC conditions is met firstly and CHO condition is met later
· CHO and CPC will be executed simultaneously after both CHO and CPC conditions are met
· Case 3: CHO conditions is met firstly
· Case 3-1: the CHO-only configuration is not provided
· Baseline: The UE waits to execution CHO and CPC simultaneously until both CHO and CPC conditions are met (always).
· Case 3-2: the CHO-only configuration is provided
· CHO will be executed firstly and FFS on IF allowed in the new configuration the UE may continue evaluation of CPC conditions.



For the above cases, here we would like to provide further analysis in terms of delay requirement on CHO and CPC one by one.
· For Case 1 and Case 2
For these two cases, CHO and CPC will be executed at the same time point which both CHO and CPC conditions are met. Due to the simultaneous execution on CHO and CPC, there will have no potential interruptions between PSCell and PCell. 
And During the evaluation period, RAN2 support the parallel evaluation (not simultaneous evaluation, in our interpretation) between CHO and CPC. According to the current CHO and CPC delay requirement, it specified that the measurement time delay Tmeasure ends at UE executes a handover/PSCell change to a target cell. From the point of this definition, we can see that the ending point of Tmeasure is also the ending point of evaluation of CHO/CPC and the starting point of execution of CHO and CPC. In order to ensure that both CHO and CPC can be executed simultaneously, the ending point of evaluation should be the lager one between (TEvent_DU_PCell + Tmeasure_PCell) and (TEvent_DU_PSCell + Tmeasure_PSCell). 
As for the value of Tprocessing for CHO and CPC, we can use the Tprocessing in delay requirement on HO with PSCell as a reference which specified that Tprocessing =25ms. We give the examples on delay requirement for PCell and PSCell as below: 
PCell handover delay in CHO including target MCG and candidate SCG for CPC/CPA in FR1+FR2 NR-DC
DCHOwithCPC_PCell = TRRC_delay + max (TEvent_DU_PCell + Tmeasure_PCell, TEvent_DU_PSCell + Tmeasure_PSCell) + Tinterrupt + TCHO_execution
PSCell change delay in CHO including target MCG and candidate SCG for CPC/CPA in FR1+FR2 NR-DC
DCHOwithCPC_PSCell = TRRC_delay + max (TEvent_DU_PCell + Tmeasure_PCell, TEvent_DU_PSCell + Tmeasure_PSCell) + TUE_preparation + Tprocessing + T∆ + TPSCell_ DU + 2 ms
Note: In these two cases, since CHO conditions is met at the same time when CPC condition is met or after CPC, max (TEvent_DU_PCell + Tmeasure_PCell, TEvent_DU_PSCell + Tmeasure_PSCell) will be (TEvent_DU_PCell + Tmeasure_PCell)
· For Case 3-1 
When CHO-only configuration is not provided, UE needs to wait for CPC to execute CHO and CPC simultaneously even though CHO condition is met firstly. From this perspective, Case 3-2 is similar to Case 1 and Case 2 that CHO and CPC are parallelly evaluated and the execution will be performed once both CHO and CPC conditions are met. Similarly, the delay requirements on CHO and CPC can be described as below.
PCell handover delay in CHO including target MCG and candidate SCG for CPC/CPA in FR1+FR2 NR-DC
DCHOwithCPC_PCell = TRRC_delay + max (TEvent_DU_PCell + Tmeasure_PCell, TEvent_DU_PSCell + Tmeasure_PSCell) + Tinterrupt + TCHO_execution
PSCell change delay in CHO including target MCG and candidate SCG for CPC/CPA in FR1+FR2 NR-DC
DCHOwithCPC_PSCell = TRRC_delay + max (TEvent_DU_PCell + Tmeasure_PCell, TEvent_DU_PSCell + Tmeasure_PSCell) + TUE_preparation + Tprocessing + T∆ + TPSCell_ DU + 2 ms
· [bookmark: OLE_LINK2]For Case 3-2 
According to the RAN2 design, it is allowed to provide a complementary CHO-only configuration. With this configuration, CHO execution can be triggered firstly and UE does not need to wait for the satisfaction of CPC condition. Under this principle, there is no difference between this case and legacy conditional handover so that the legacy CHO requirement can be reused. Furthermore, there no more conclusion on whether UE could continue evaluation of CPC condition during/after CHO execution. Specifically, there may have interruption if considering the evaluation of CPC and execution of CHO are performed parallelly. For this case, we can further discuss on the details after more RAN2 progress is made.
Based on the analysis on the potential case, we would like to propose: 
Proposal 1: If a complementary CHO-only configuration is not provided by network, 
· PCell handover delay in CHO including target MCG and candidate SCG for CPC/CPA in FR1+FR2 NR-DC is DCHOwithCPC_PCell = TRRC_delay + max (TEvent_DU_PCell + Tmeasure_PCell, TEvent_DU_PSCell + Tmeasure_PSCell) + Tinterrupt + TCHO_execution and Tinterrupt = Tprocessing + TIU + T∆ + Tmargin where 
· The definition of TRRC_delay, TEvent_DU_PCell, Tmeasure_PCell, TCHO_execution, T∆, TIU, Tmargin are the same as the definitions in the delay requirement on conditional handover
· Tprocessing = 25ms
· PSCell change delay in CHO including target MCG and candidate SCG for CPC/CPA in FR1+FR2 NR-DC is DCHOwithCPC_PSCell = TRRC_delay + max (TEvent_DU_PCell + Tmeasure_PCell, TEvent_DU_PSCell + Tmeasure_PSCell) + TUE_preparation + Tprocessing + T∆ + TPSCell_ DU + 2 ms
· The definition of TEvent_DU_PSCell, Tmeasure_PSCell, TUE_preparation, T∆, TPSCell_ DU are the same as the definitions in the delay requirement on conditional PSCell change
· Tprocessing = 25ms
[bookmark: _GoBack]Proposal 2: If a complementary CHO-only configuration is provided by network, the legacy conditional handover can be reused. FFS on the case that if allowed in the new configuration the UE may continue evaluation of CPC conditions.
2.2 Enhanced CHO including target MCG and target SCG
	· [bookmark: _Hlk108535890]PCell handover delay in CHO including target MCG and target SCG in FR1+FR2 NR-DC (obj. 3)
· Definition of Tprocessing:
· Option 1: same as that defined in requirements of handover with PSCell.
· Option 2: same as that defined in requirements of CHO
· PSCell handover delay in CHO including target MCG and target SCG in FR1+FR2 NR-DC (obj. 3) (Issue 3-2-2)
· Companies are encouraged to further discuss the following issues:
· When does UE execute PSCell addition/change
· Option 1: after PCell CHO is executed but before it is completed.
· Option 2: after PCell CHO is completed.
· Whether Tsearch_PCell_Conditional is neeed in DCHOwithPSCell_PSCell?



For the issue on the starting point of PSCell addition/change execution, there are two candidate Options:
· Option 1: after PCell CHO is executed but before it is completed.
· Option 2: after PCell CHO is completed.
For reference, we would like to provide an example signaling flow for inter-MN handover with or without MN initiated SN change as below. As we can see from this figure, UE will perform Random access towards MN at the step 7 and perform Random access towards MN at the step 9. For these two steps, the point we need to be noticeable from NOTE 2a1 (highlighted), the order between step 7 and step 9 are not defined. That is to say, CPC is not forced to execute only after acquiring the first available PRACH occasion in the new cell. From this perspective, we prefer to assume the starting point of PSCell addition/change execution is after PCell CHO is executed but before it is completed.
	From TS37.340 clause 10.7.2
7/8.	The UE synchronizes to the target MN and replies with MN RRC reconfiguration complete message.
9.	If configured with bearers requiring SCG radio resources, the UE synchronizes to the (target) SN.
NOTE 2a1:	The order the UE performs Random Access towards the MN (step 7) and performs the Random Access procedure towards the SN (step 9) is not defined.





Figure 10.7.2-1: Inter-MN handover with/without MN initiated SN change procedure
Proposal 3: For PSCell handover delay in CHO including target MCG and target SCG in FR1+FR2 NR-DC (obj. 3), UE will execute PSCell addition/change after PCell CHO is executed but before it is completed.
For the issue that whether Tsearch_PCell_Conditional is needed in DCHOwithPSCell_PSCell, our understanding is, upon receiving the RRC reconfiguration, UE would have to perform measurement towards PCell, it can assume that PCell is always known in CHO. Therefore, it may bring some ambiguity if Tsearch_PCell_conditional is remained even if the Tsearch_PCell =0 ms. To avoid it, we prefer not to include Tsearch_PCell_Conditional in the delay requirement on CHO.
Proposal 4: Tsearch_PCell_Conditional is not needed in DCHOwithPSCell_PSCell since UE would have to perform measurement towards PCell in CHO and PCell has already been known after CHO is executed.
	· PCell handover delay in CHO including target MCG and target SCG in FR1+FR2 NR-DC (obj. 3)
· Definition of Tprocessing:
· Option 1: same as that defined in requirements of handover with PSCell.
· Option 2: same as that defined in requirements of CHO



For the issue on the definition of Tprocessing, this depends the conclusion of the starting point of execution on PSCell addition/change to some extent. If PSCell addition/change is allowed to execute after PCell CHO is executed but before it is completed, these two procedures will be executed in parallel, which is similar to HO with PSCell for parallel processing case. From this point of view, we think it is more appropriate to reuse the definition of Tprocessing defined in requirements of HO with PSCell.
Proposal 5: For PCell handover delay in CHO including target MCG and target SCG in FR1+FR2 NR-DC (obj. 3), the Definition of Tprocessing is same as defined in requirements of handover with PSCell.
3. Conclusions
Proposal 1: If a complementary CHO-only configuration is not provided by network, 
· PCell handover delay in CHO including target MCG and candidate SCG for CPC/CPA in FR1+FR2 NR-DC is DCHOwithCPC_PCell = TRRC_delay + max (TEvent_DU_PCell + Tmeasure_PCell, TEvent_DU_PSCell + Tmeasure_PSCell) + Tinterrupt + TCHO_execution and Tinterrupt = Tprocessing + TIU + T∆ + Tmargin where 
· The definition of TRRC_delay, TEvent_DU_PCell, Tmeasure_PCell, TCHO_execution, T∆, TIU, Tmargin are the same as the definitions in the delay requirement on conditional handover
· Tprocessing = 25ms
· PSCell change delay in CHO including target MCG and candidate SCG for CPC/CPA in FR1+FR2 NR-DC is DCHOwithCPC_PSCell = TRRC_delay + max (TEvent_DU_PCell + Tmeasure_PCell, TEvent_DU_PSCell + Tmeasure_PSCell) + TUE_preparation + Tprocessing + T∆ + TPSCell_ DU + 2 ms
· The definition of TEvent_DU_PSCell, Tmeasure_PSCell, TUE_preparation, T∆, TPSCell_ DU are the same as the definitions in the delay requirement on conditional PSCell change
· Tprocessing = 25ms
Proposal 2: If a complementary CHO-only configuration is provided by network, the legacy conditional handover can be used as the baseline. FFS on the case that if allowed in the new configuration the UE may continue evaluation of CPC conditions.
Proposal 3: For PSCell handover delay in CHO including target MCG and target SCG in FR1+FR2 NR-DC (obj. 3), UE will execute PSCell addition/change after PCell CHO is executed but before it is completed.
Proposal 4: Tsearch_PCell_Conditional is not needed in DCHOwithPSCell_PSCell since UE would have to perform measurement towards PCell in CHO and PCell has already been known after CHO is executed.
Proposal 5: For PCell handover delay in CHO including target MCG and target SCG in FR1+FR2 NR-DC (obj. 3), the Definition of Tprocessing is same as defined in requirements of handover with PSCell.
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