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[bookmark: _Toc116995841]Introduction
In this contribution we continue the discussion about Objective 4 of the Further mobility enhancements work item related to CHO with candidate PSCells based on the most recent way forward agreed in [1].
[bookmark: _Toc116995848]Objective 4 – CHO with candidate PSCell
Scenarios
Related to objective 4, conditional handover with candidate PSCells, we have listed some of the relevant RAN2 agreements below:
	RAN2#120 (Nov 2022) 
Execution order: the UE doesn’t execute CPC/CPA unless CHO condition is fulfilled (regardless parallel or sequential evaluation) 

RAN2#121 (Feb 2023)
- 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 

RAN2#121bis-e (Apr 2023) 
For the CHO+CPC case: 
· When both CHO and CPC conditions are met, both CHO and CPC cell change is executed. 
· [bookmark: _Hlk142572342]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. 

RAN2#122(May 2023) 
Email discussion:
· For CHO+CPC we only consider execution when BOTH conditions are met.  
(When the CHO execution condition is met but no CPC execution condition is met, if there is an available CHO-only or Rel-17 CHO with SCG configuration for which the CHO condition is met, the UE performs the CHO-only or Rel-17 CHO with SCG execution, and THUS the network can handle such situation by providing proper configurations).  




These RAN2 agreements can be summarized into the following observations:
[bookmark: _Toc142664845]UE continues to evaluate both CHO and CPC conditions until they are both met (when not provided with a complementary CHO-only configuration).
[bookmark: _Toc142664846]The UE does not execute CPC/CPA unless CHO condition is met. 
[bookmark: _Toc142664847]RAN2 has agreed to define a complementary CHO-only configuration to be used in the case when CHO condition is met before the CPAC condition. However, the complementary CHO-only configuration is not considered mandatory at least according to the current RAN2 agreements.
This can be further summarized into the following scenarios that need to be covered by the RAN4 requirements:
Table 1: CHO + CPA/CPC scenarios
	Scenario
	UE behaviour

	1. CHO condition is met before the CPA/CPC condition and the UE is provided with complementary CHO-only configuration
	CHO-only configuration is applied and the UE proceeds with CHO without CPA/CPC.

	2. CHO condition and CPA/CPC condition are met simultaneously
	UE performs CHO withy CPA/CPC when both conditions are met.

	3. CHO condition is met before the CPA/CPC condition and the UE is NOT provided with complementary CHO-only configuration
	UE continues evaluating both conditions until CPA/CPC condition is also met, after which the UE performs CHO with CPA/CPC.

	4. CPA/CPC condition is met before the CHO condition
	UE continues evaluating both conditions until CHO condition is also met, after which the UE performs CHO with CPA/CPC.



Before discussing the scenarios, we would like to clarify our understanding of the legacy definition of the conditional handover delay, to be able to use the definition in the discussion.
Legacy definition of CHO delay
The conditional handover delay in the legacy requirements is defined as:
DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution
This can be split into:
RRC processing delay of the CHO configuration: TRRC
CHO condition evaluation period: TEvent_DU + Tmeasure
CHO preparation and execution period: Tinterrupt + TCHO_execution
The evaluation period in the CHO delay requirement consists of the parameters TEvent_DU and Tmeasure, where in the legacy the definitions are:
TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a condition exists at the measurement reference point which will trigger the conditional handover. 
Tmeasure : 
The measurement time delay is defined from the end of TEvent_DU until UE executes a handover to a target cell and interruption time starts. 
For intra-frequency handover, the measurement time delay measured without Time To Trigger (TTT) and L3 filtering shall be less than Tidentify intra with index or Tidentify_intra_without_index defined in clause 9.2.5.1 or clause 9.2.6.2. 
For inter-frequency handover, the measurement time delay measured without Time To Trigger (TTT) and L3 filtering shall be less than Tidentify_inter_with_index or Tidentify_inter_without_index defined in clause 9.3.4.
When TTT or L3 filtering is used an additional delay can be expected.
Summarized, TEvent_DU is the uncertainty time from decoding the CHO RRC Reconfiguration command until an event occurs that fulfills the execution condition at the radio signal level and the UE starts to perform measurements based on which the UE evaluates whether the CHO condition is met. Tmeasure consists of the measurements for evaluating the condition and identifying the cell (and potentially TTT and L3 filtering). CHO preparation and execution starts after Tmeasure i.e. the UE makes the decision of proceeding with the CHO based on the measurements performed during Tmeasure. After this the preparation and execution phase follow, consisting of the preparation period TCHO_execution and the interruption period Tinterrupt.
[bookmark: _Toc142664848]In legacy CHO delay requirements, the CHO condition evaluation period consists of TEvent_DU and Tmeasure. CHO condition is evaluated and the UE makes the decision to proceed with CHO during Tmeasure.
Observation 1 can be illustrated as shown in Figure 1.
[image: ]
[bookmark: _Ref142296218]Figure 1: Legacy CHO delay.

In the following we analyse the delay requirement for CHO with CPA/CPC and the related parameters for the scenarios listed in Table 1. 
Delay requirements for CHO with CPA/CPC
As the UE is expected to evaluate CHO and CPA/CPC conditions together, handover evaluation and execution are expected to happen in parallel. Therefore, the delay may be defined as:  
[bookmark: _Hlk142664698]DCHOwithCPAC = TRRC + TEvent_DU_CHOwithCPAC + Tmeasure_CHOwithCPAC + TCHOwithCPAC_execution + Tinterrupt_CHOwithCPAC 
What is important in the delay requirement is that the point when the UE has completed the evaluation of the conditions for CHO+CPA/CPC handover and starts to prepare and execute the CHO with CPA/CPC is aligned between the cells. 
In the following, we discuss each parameter of the above equation individually, taking into account the scenarios in Table 1.
Definition of TRRC
For TRRC, the legacy definition may be followed:
	TRRC is the RRC procedure delay defined in clause 12 in TS 38.331 [2].
Definition of TEvent_DU_CHOwithCPAC
For TEvent_DU_CHOwithCPAC, the definition should be common for both cells. For the case when the UE is not provided with complementary CHO-only configuration, we propose the following definition:
[bookmark: _Toc142593392][bookmark: _Toc142593966][bookmark: _Toc142664849]When the UE is NOT provided with CHO-only configuration: TEvent_DU_CHOwithCPAC is the delay uncertainty which is the time from when the UE successfully decodes a command for conditional handover with conditional PSCell addition/change until a condition exists at the measurement reference point which will trigger the conditional handover with the conditional PSCell addition/change.
When the UE is provided with complementary CHO-only configuration, the definition of TEvent_DU_CHOwithCPAC is slightly different, since the evaluation of the conditions always ends when the CHO condition is met. If CPA/CPC condition is not met before or at the same time with the CHO condition, the UE proceeds with CHO only. If CPA/CPC condition is met as well, the UE proceeds with CHO with CPA/CPC. Therefore, the definition is:
[bookmark: _Toc142664850]When the UE is provided with CHO-only configuration: TEvent_DU_CHOwithCPAC is the delay uncertainty which is the time from when the UE successfully decodes a command for conditional handover with conditional PSCell addition/change until a condition exists at the measurement reference point which will trigger either conditional handover or conditional handover with conditional PSCell addition/change.
Depending on how RAN4 will define the requirements for the cases of UE being provided with CHO-only configuration or not, the definitions in proposals 1 and 2 can either be merged or defined separately.
Definition of Tmeasure_CHOwithCPAC 
As explained in section 2.2, the UE evaluates the condition for CHO based on the measurements performed during Tmeasure. Therefore, the different scenarios listed in Table 1 need to be taken into account in this parameter.
It was already agreed to use the legacy CHO delay when CHO-only configuration is provided. In this case, Tmeasure_CHOwithCPAC always ends at the moment when CHO condition is met, and the UE proceeds with CHO with or without CPA/CPC depending on whether CPA/CPC condition is met as well or not. 
	Issue 3-2-5: if complementary CHO-only configuration is provided
· Agreements:
· Legacy conditional handover can be reused for conditional PCell handover if complementary CHO-only configuration is provided



[bookmark: _Toc142664851]RAN4 has agreed to use legacy CHO requirements for the case when CHO-only configuration is provided.
As we understand, the agreement applies to the case when CHO condition is met first without CPA/CPC condition being met, and the UE proceeds with CHO only without CPA/CPC. For the case, when CPA/CPC condition is met first, no matter if the UE is provided with CHO-only configuration or not, the UE continues to evaluate both conditions until CHO condition is met. The delay is the same (Tmeasure_CHOwithCPAC_PCell), but the definition of Tmeasure_CHOwithCPAC needs to be adjusted to take into account that during this time, the UE may continue evaluating the condition for CPA/CPC even though it was met for some of the PSCell candidates, if CHO condition is not yet met. 
[bookmark: _Toc142664852]Both when CHO-only configuration is provided and when it is not provided, in the definition of Tmeasure_CHOwithCPAC, take into account that the UE continues to evaluate CPA/CPC condition until CHO condition is met even if the condition is met for some candidate PSCell before this. In this case, the duration of Tmeasure_CHOwithCPAC = Tmeasure_CHOwithCPAC_PCell.
When the UE is not provided with CHO-only configuration, also in the scenario when CHO condition is met first, the UE is expected to continue evaluating both CHO and CPA/CPC conditions until they are both met. In this scenario, The duration of Tmeasure_CHOwithCPAC equals to max(Tmeasure_CHOwithCPAC_PCell, Tmeasure_CHOwithCPAC_PSCell). For this case, the definition of Tmeasure_CHOwithCPAC needs to be adjusted to take into account that the UE keeps evaluating both conditions until they are both met. 
[bookmark: _Toc142664853]When CHO-only configuration is not provided, define Tmeasure_CHOwithCPAC to take into account that the UE continues to evaluate CHO and CPA/CPC conditions until they are both met. In this case, the duration of Tmeasure_CHOwithCPAC = max(Tmeasure_CHOwithCPAC_PCell, Tmeasure_CHOwithCPAC_PSCell).
For the time period after the condition has been met on either of the cells until the other condition is met, RAN4 may discuss whether the measurement requirement is the same regarding all candidate cells, or would it be reasonable to consider to relax the measurement/evaluation requirements for this time period considering some of the candidate cells. 
[bookmark: _Toc142664854]RAN4 to consider whether the measurement requirements considering some candidate PCells and PSCells may be relaxed after one candidate PCell or PSCell has met the condition for CHO or CPA/CPC and the UE continues to evaluate all cells until both conditions are met.
Definition of TCHOwithCPAC_execution
In the legacy CHO requirements, TCHO_execution is defined in the following way:
TCHO_execution is the UE execution preparation time for conditional handover, and starts after UE realizes the condition of CHO is met and identity of the target cell is determined. TCHO_execution can be up to 10ms.
For CHO with CPA/CPC, we expect that the legacy duration of 10 ms can be reused. The definition of TCHOwithCPAC_execution may be defined as:
[bookmark: _Toc142664855]TCHOwithCPAC_execution is the UE execution preparation time for conditional handover with conditional PSCell addition/change, and starts after UE realizes the conditions of CHO and CPA/C are met and identity of the target cells are determined. TCHOwithCPAC_execution can be up to 10ms.
For the case when the UE proceeds with CHO-only configuration, legacy definition may be reused.
Definition of Tinterrupt_CHOwithCPAC
In the legacy CHO requirements, the definition of Tinterrupt is 
The interruption time is the time between when the UE starts to execute the conditional handover to the target cell and the time the UE starts transmission of the new PRACH.
and the delay consists of: Tprocessing + TIU + T∆ + Tmargin ms. The definitions of these parameters can in our view be reused for the CHO+CPA/CPC handover, taking into account that random access is to be executed for both cells, and hence, interruption also applies for both cells. An aspect that RAN4 should take into account regarding the interruption period for PCell and PSCell is how the interruption and random access procedure on PCell and PSCell in the CHO+CPA/CPC case work simultaneously.
[bookmark: _Toc142664856]RAN4 to discuss how to take into account simultaneous random access to PCell and PSCell in the definition and duration of Tinterrupt_CHOwithCPAC.
For the case when the UE proceeds with CHO-only configuration, legacy definition of Tinterrupt may be reused directly.
Delay equation
Summarizing the discussion about individual parameters in this section, the delay for conditional handover with PSCell addition/change can be defined as proposed below by taking into account the proposals for the definition of individual parameters in Proposals 1-7.
[bookmark: _Toc142664857]When complementary CHO-only configuration is present, DCHOwithCPAC = TRRC + TEvent_DU_CHOwithCPAC + Tmeasure_CHOwithCPAC + TCHOwithCPAC_execution + Tinterrupt_CHOwithCPAC, where the duration of Tmeasure_CHOwithCPAC = Tmeasure_CHOwithCPAC_PCell.
[bookmark: _Toc142664858]When complementary CHO-only configuration is NOT present, DCHOwithCPAC = TRRC + TEvent_DU_CHOwithCPAC + Tmeasure_CHOwithCPAC + TCHOwithCPAC_execution + Tinterrupt_CHOwithCPAC, where the duration of Tmeasure_CHOwithCPAC = max(Tmeasure_CHOwithCPAC_PCell, Tmeasure_CHOwithCPAC_PSCell).

Conclusion
In this contribution we have made the following observations and proposals:
Observation 1: UE continues to evaluate both CHO and CPC conditions until they are both met (when not provided with a complementary CHO-only configuration).
Observation 2: The UE does not execute CPC/CPA unless CHO condition is met.
Observation 3: RAN2 has agreed to define a complementary CHO-only configuration to be used in the case when CHO condition is met before the CPAC condition. However, the complementary CHO-only configuration is not considered mandatory at least according to the current RAN2 agreements.
Observation 4: In legacy CHO delay requirements, the CHO condition evaluation period consists of TEvent_DU and Tmeasure. CHO condition is evaluated and the UE makes the decision to proceed with CHO during Tmeasure.
Proposal 1: When the UE is NOT provided with CHO-only configuration: TEvent_DU_CHOwithCPAC is the delay uncertainty which is the time from when the UE successfully decodes a command for conditional handover with conditional PSCell addition/change until a condition exists at the measurement reference point which will trigger the conditional handover with the conditional PSCell addition/change.
Proposal 2: When the UE is provided with CHO-only configuration: TEvent_DU_CHOwithCPAC is the delay uncertainty which is the time from when the UE successfully decodes a command for conditional handover with conditional PSCell addition/change until a condition exists at the measurement reference point which will trigger either conditional handover or conditional handover with conditional PSCell addition/change.
Observation 5: RAN4 has agreed to use legacy CHO requirements for the case when CHO-only configuration is provided.
Proposal 3: Both when CHO-only configuration is provided and when it is not provided, in the definition of Tmeasure_CHOwithCPAC, take into account that the UE continues to evaluate CPA/CPC condition until CHO condition is met even if the condition is met for some candidate PSCell before this. In this case, the duration of Tmeasure_CHOwithCPAC = Tmeasure_CHOwithCPAC_PCell.
Proposal 4: When CHO-only configuration is not provided, define Tmeasure_CHOwithCPAC to take into account that the UE continues to evaluate CHO and CPA/CPC conditions until they are both met. In this case, the duration of Tmeasure_CHOwithCPAC = max(Tmeasure_CHOwithCPAC_PCell, Tmeasure_CHOwithCPAC_PSCell).
Proposal 5: RAN4 to consider whether the measurement requirements considering some candidate PCells and PSCells may be relaxed after one candidate PCell or PSCell has met the condition for CHO or CPA/CPC and the UE continues to evaluate all cells until both conditions are met.
Proposal 6: TCHOwithCPAC_execution is the UE execution preparation time for conditional handover with conditional PSCell addition/change, and starts after UE realizes the conditions of CHO and CPA/C are met and identity of the target cells are determined. TCHOwithCPAC_execution can be up to 10ms.
Proposal 7: RAN4 to discuss how to take into account simultaneous random access to PCell and PSCell in the definition and duration of Tinterrupt_CHOwithCPAC.
Proposal 8: When complementary CHO-only configuration is present, DCHOwithCPAC = TRRC + TEvent_DU_CHOwithCPAC + Tmeasure_CHOwithCPAC + TCHOwithCPAC_execution + Tinterrupt_CHOwithCPAC, where the duration of Tmeasure_CHOwithCPAC = Tmeasure_CHOwithCPAC_PCell.
Proposal 9: When complementary CHO-only configuration is NOT present, DCHOwithCPAC = TRRC + TEvent_DU_CHOwithCPAC + Tmeasure_CHOwithCPAC + TCHOwithCPAC_execution + Tinterrupt_CHOwithCPAC, where the duration of Tmeasure_CHOwithCPAC = max(Tmeasure_CHOwithCPAC_PCell, Tmeasure_CHOwithCPAC_PSCell).
[bookmark: _Toc116995849]
References
[1] R4-2310064, WF on NR mobility enhancements (part 2), Apple, 3GPP TSG-RAN WG4 Meeting #107

[bookmark: _Ref114500673]
image1.png
RRC
command CHO PRACH to
conditionis target PCell

met

PCell Tere





