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Introduction
According to the agenda, RAN4 should continue to discuss the impact of RAN4 on the following objectives in WID [1] at this meeting:
	3. For CHO including target MCG and target SCG in NR-DC [RAN3]:
· to specify data forwarding optimizations; and
· to specify, if needed, a solution to avoid unnecessary signaling exchange between source MN and target SN. 

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

5. To specify RRM core requirements for the following, as necessary [RAN4]:
· L1/L2-based inter-cell mobility
· Enhanced CHO configurations addressed by this WI


The scope of RRM requirements for the enhanced CHO configuration, considering both scenarios in objectives 3 and 4 are considered in RAN4 requirements and both FR1+FR2 and FR1+FR1 NR-DC are in scope of RRM requirements for enhanced CHO configurations. 
Based on this, we have reached an agreement on the relevant issues of CHO including target MCG and target SCG in FR1+FR2 NR-DC at the previous meeting, providing the definition of PCell and PSCell handover delay. The specific replication is as follows [2].
	Issue 3-1-1: PCell handover delay in CHO including target MCG and target SCG in FR1+FR2 NR-DC (obj. 3)
· Agreements in RAN4#106-bis-e:
· Pcell handover delay in CHO including target MCG and target SCG in FR1+FR2 NR-DC (obj. 3) is defined as:
· DCHOwithPSCell_Pcell = TRRC + TEvent_DU + Tmeasure + Tprocessing + TIU + T∆ + Tmargin + TCHO_execution.
· Definition of each component, except Tprocessing, is same as that defined in CHO requirement in TS38.133 clause 6.4.1.2.
· Definition of Tprocessing:
· Option 1: same as that defined in requirements of handover with PSCell. (CATT)
· Option 2: same as that defined in requirements of CHO.
· Agreements in RAN4#107:
· Tprocessing is same as that defined in requirements of handover with PSCell. 

Issue 3-1-2: PSCell handover delay in CHO including target MCG and target SCG in FR1+FR2 NR-DC (obj. 3)
· Agreements:
· DCHOwithPSCell_PSCell = TRRC + TEvent_DU + Tmeasure + TCHO_execution + Tprocessing + Tsearch_PCell_Conditional + Tsearch_PSCell + T∆_PSCell + TPSCell_ DU + 2 ms, where
· The definitions of TRRC, TEvent_DU, Tmeasure, TCHO_execution, Tprocessing are the same as the definitions in the delay requirements for Pcell
· Tsearch_PCell_Conditional is the time for obtaining the timing reference of target PCell. If SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync, Tsearch_PCell_Conditional = TΔ + Tmargin, where TΔ has the same definition in the delay requirements for PCell and Tmargin =2ms. Otherwise, Tsearch_PCell_Conditional = 0 ms.
· TPSCell_ DU is the delay uncertainty in acquiring the first available PRACH occasion in the PSCell. TPSCell_ DU is up to the summation of SSB to PRACH occasion association period and 10 ms as UE can transmit RACH on different FR simultaneously in FR1+FR2 NR-DC.



In this contribution, we will discuss and express our views on the unresolved issues of CHO including target MCG and candidate SCG for CPC/CPA in NR-DC (obj. 4).
Discussion
According to the agreements from RAN2, RAN4 can discuss objective 3 and objective 4. For objective 3, RAN2 supports CHO including target MCG and target SCG in Rel-17. However, the corresponding RRM requirement has never been defined in RAN4. Therefore, we reached an agreement in RAN4#106bis that the requirements for CHO including target MCG and target SCG (objective 3) also need to be defined. Meanwhile, we have completed the requirement definition for obj3 at the RAN4 #107 meeting.
For objective 4, RAN2 is discussing the order of CHO evaluation and CPC/CPA evaluation, that is, whether they are concurrent or sequential. Based on our understanding, RAN2 has agreed to support the simultaneous evaluation of CHO and CPC in Rel-18. Next, we will discuss PCell handover delay and PSCell handover delay for objective 4.
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For R18 CHO with CPAC, RAN2 has discussed the order and agreed to support the simultaneous evaluation of CHO and CPC in Rel-18. Therefore, we need to further discuss RRM requirements on this basis [2].
	Issue 3-2-1: PCell handover delay in CHO including target MCG and candidate SCG for CPC/CPA in FR1+FR2 NR-DC (obj. 4)
· Candidate solutions:
· Option 1: (CATT, ZTE)
· consider DCHOwithCPAC = Max [DCHO,  DCPAC] as baseline. TEvent_DU needs to be updated.
· DCHO = TRRC + TEvent_DU + Tmeasure + TCHO_execution +Tprocessing + TIU + T∆ + Tmargin
· where all detail delay components shall follow TS38.133 clause 6.1.4.2 legacy definition 
· DCPAC = TRRC_delay + TEvent_DU + Tmeasure + TUE_preparation + Tprocessing + T∆ + TPSCell_ DU + 2 ms
· where all detail delay components shall follow TS38.133 clause 8.9A.2 legacy definition
· TEvent_ DU should be until the condition at the measurement reference point which will trigger the conditional handover and the conditional PSCell addition/change
· Option 1a: (Ericsson)
· DCHOwithCPAC = Max [DCHO,  DCPAC].
· DCHO = TRRC + TEvent_DU + Tcell_index_identify + TCHO_execution +Tprocessing + TIU + T∆ + Tmargin
· DCPAC = TRRC_delay + TEvent_DU + Tcell_index_identify + TUE_preparation + Tprocessing + T∆ + TPSCell_ DU + 2 ms
· where all detail delay components shall follow legacy except from update of TEvent_DU and  Tcell_index_identify
· Option 2: (CMCC)
· DCHOwithPSCell_PCell = TRRC + TEvent_DU + Tmeasure + Tprocessing + TIU + T∆ + Tmargin + TCHO_execution if
· CPC/CPA and CHO conditions are satisfied simultaneously
· CPC/CPA condition is fulfilled firstly
· Option 3: (MTK, Apple, HW, QC)
· similar as obj.3, i.e., DCHOwithPCell_PCell = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution and Tinterrupt = Tprocessing + TIU + T∆ + Tmargin, except that
· Tprocessing = 25 ms
· TIU can be up to the summation of SSB to PRACH occasion association period and 10 ms as UE can transmit RACH on different FR simultaneously in FR1+FR2 NR-DC.
· Option 4: (vivo)
· if CHO and CPC conditions are met simultaneously or CPC conditions is met firstly and CHO condition is met later, DCHOwithCPC_PCell = TRRC_delay + max (TEvent_DU_PCell + Tmeasure_PCell, TEvent_DU_PSCell + Tmeasure_PSCell) + Tinterrupt + TCHO_execution

Issue 3-2-2: PSCell handover delay in CHO including target MCG and candidate SCG for CPC/CPA in FR1+FR2 NR-DC (obj. 4)
· Candidate solutions:
· Option 1: (CATT, ZTE)
· consider DCHOwithCPAC = Max [DCHO,  DCPAC] as baseline. TEvent_DU needs to be updated.
· DCHO = TRRC + TEvent_DU + Tmeasure + TCHO_execution +Tprocessing + TIU + T∆ + Tmargin
· where all detail delay components shall follow TS38.133 clause 6.1.4.2 legacy definition 
· DCPAC = TRRC_delay + TEvent_DU + Tmeasure + TUE_preparation + Tprocessing + T∆ + TPSCell_ DU + 2 ms
· where all detail delay components shall follow TS38.133 clause 8.9A.2 legacy definition
· Option 1a: (E///)
· DCHOwithCPAC = Max [DCHO,  DCPAC].
· DCHO = TRRC + TEvent_DU + Tcell_index_identify + TCHO_execution +Tprocessing + TIU + T∆ + Tmargin
· DCPAC = TRRC_delay + TEvent_DU + Tcell_index_identify + TUE_preparation + Tprocessing + T∆ + TPSCell_ DU + 2 ms
· where all detail delay components shall follow legacy except from update of TEvent_DU and  Tcell_index_identify
· Option 2: (MTK)
· DCHOwithPSCell_PCell = TRRC + TEvent_DU + Tmeasure + TCHO_execution + Tprocessing + Tsearch_PSCell + T∆_PSCell + TPSCell_ DU + 2 ms, where
· The definitions of TRRC, TEvent_DU, Tmeasure, TCHO_execution, Tprocessing are the same as the definitions in the delay requirements for Pcell
· TPSCell_ DU is the delay uncertainty in acquiring the first available PRACH occasion in the PSCell. TPSCell_ DU is up to the summation of SSB to PRACH occasion association period and 10 ms as UE can transmit RACH on different FR simultaneously in FR1+FR2 NR-DC.
· Option 2a: (Apple)
· DCHOwithPSCell_PCell = TRRC + TEvent_DU + Tmeasure + TCHO_execution + Tprocessing + Tsearch_PCell_Conditional + Tsearch_PSCell + T∆_PSCell + TPSCell_ DU + 2 ms, TEvent_DU needs to be updated
· Option 3: (vivo)
· DCHOwithCPC_PSCell = TRRC_delay + max (TEvent_DU_PCell + Tmeasure_PCell, TEvent_DU_PSCell + Tmeasure_PSCell) + TUE_preparation + Tprocessing + T∆ + TPSCell_ DU + 2 ms
· Option 4: (HW) 
· Additional Tmeasure_PCell is supposed to be added:
· DCHOwithcandidatePSCell_PCell = = TRRC + TEvent_DU + Tmeasure_PCell+ Tmeasure_PSCell + Tprocessing + TPSCell_ DU + T∆ + Tmargin + TCHO_execution.
· Option 5: (QC)
· DCHOwithPSCell_PCell = TRRC + TEvent_DU + Tmeasure + TCHO_execution + Tprocessing + Tsearch_PSCell + T∆_PSCell + TPSCell_ DU + 2 ms, where
· The definitions of TRRC, TEvent_DU, Tmeasure, TCHO_execution, Tprocessing are the same as the definitions in the delay requirements for Pcell
· TPSCell_ DU is the delay uncertainty in acquiring the first available PRACH occasion in the PSCell. TPSCell_ DU is up to the summation of SSB to PRACH occasion association period and 10 ms as UE can transmit RACH on different FR simultaneously in FR1+FR2 NR-DC.


Issue 3-2-3: TEvent_DU 
· Candidate solutions:
· Option 1: (Apple)
· TEvent_DU in PCell and PSCell handover delay requirement in FR1+FR2 NR-DC (obj. 4) is the delay uncertainty which is the time from when the UE successfully decodes the RRC command for CHO including target MCG and candidate SCG for CPC/CPA until conditions exist at the measurement reference point which will trigger the CHO and CPC/CPA.
· Option 1a: (HW)
· TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until conditions fulfilled for PCell and associated candidate PSCell at the measurement reference point which will trigger the conditional handover
· Option 1c: (vivo)
· TEvent_ DU should be until the condition at the measurement reference point which will trigger the conditional handover and the conditional PSCell addition/change
· Option 2: (E///)
· Resue the TS38.133 clause6.1.4
· TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a CHO+CPAC command until a condition exists at the measurement reference point which will trigger the conditional handover (CHO). 




Regardless parallel or sequential evaluation, the UE doesn’t execute CPC/CPA unless CHO condition is fulfilled. According to RAN2 agreement in RAN2#121bis, both CHO and CPC cell change is executed when both CHO and CPC conditions are met. If the CPC condition is met first, the CPC could not be executed and need to wait until the CHO condition is met. Meanwhile, if the CHO condition is met first, the CHO could not be executed and need to wait until the CPC condition is met. In addition, the NW can provide both CHO with candidate SCGs configuration and CHO-only/R17 CHO with SCG configuration for the same candidate PCell to ensure that the CHO can be triggered if CHO condition is met. 
	RAN2 agreement in RAN2#120:
Execution order: the UE doesn’t execute CPC/CPA unless CHO condition is fulfilled (regardless parallel or sequential evaluation)

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

RAN2 agreement in RAN2#121bis:
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.




Regardless parallel or sequential evaluation, the UE doesn’t execute CPC/CPA unless CHO condition is fulfilled. Based on the precondition, there are three possible scenarios for the combination of CHO and CPAC.
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 UE dosen’t continue evaluation of CPC conditions.
According to RAN2's agreements, we need to consider the additional time required to satisfy both CHO and CPC conditions simultaneously in the definition of handover delay. That is to say, both conditions of CHO and CPC need to be met before the next measurement can be carried out. Otherwise, the measurement must wait for both conditions to be met. 
Because both CHO and CPC conditions need be met, TEvent_ DU should be until the condition at the measurement reference point which will trigger the conditional handover and the conditional PSCell addition/change. Meanwhile, DCHOwithCPAC also applies to the scenario where both cpac and CHO are executed simultaneously mentioned above, namely case2 and case3-1. For case3-2 configured with CHO-only, UE doesn’t continue evaluation of CPC conditions and we prefer to use the legacy requirement for conditional PCell handover.
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Fig.1 evaluation of CHO

Proposal 1: TEvent_ DU should be until the condition at the measurement reference point which will trigger the conditional handover and the conditional PSCell addition/change.
Additional, Tprocessing in PCell handover delay is same as that defined in requirements of handover with PSCell in obj3 due to UE behavior is exactly same as handover with PSCell Once conditions in CHO for PCell is met. Similarly, Tprocessing time in obj4 should also be the same as in obj3.
Proposal 2: If CHO and CPC will be executed simultaneously, PCell handover delay in CHO including target MCG and candidate SCG for CPC/CPA in FR1+FR2 NR-DC (obj. 4) is define as 
DCHOwithCPAC-PCell = DCHO = TRRC + TEvent_DU + Tmeasure + TCHO_execution +Tprocessing + TIU + T∆ + Tmargin, 
where detail delay components shall follow TS38.133 clause 8.9A.2 legacy definition except TEvent_DU and Tprocessing.
As for the handover delay of PSCell, our understanding is similar to the above analysis. The difference between obj4 and legacy definition is that TEvent_ Du, event_ The end point of Event_DU should meet both CHO and CPC conditions. Therefore, the handover delay of pscell can be defined as DCPAC = TRRC_delay + TEvent_DU + Tmeasure + TUE_preparation + Tprocessing + T∆ + TPSCell_ DU + 2 ms, where detail delay components shall follow TS38.133 clause 8.9A.2 legacy definition except TEvent_DU.
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Fig.2 evaluation of CPC

Proposal 3: If CHO and CPC will be executed simultaneously, PSCell handover delay in CHO including target MCG and candidate SCG for CPC/CPA in FR1+FR2 NR-DC (obj. 4) is define as 
DCHOwithCPAC_PSCell = = TRRC_delay + TEvent_DU + Tmeasure + TUE_preparation + Tprocessing + T∆ + TPSCell_ DU + 2 ms
where detail delay components shall follow TS38.133 clause 8.9A.2 legacy definition except TEvent_DU.
	Conclusions
In this contribution, we put forward the following proposals on Enhanced CHO configurations:
Proposal 1: TEvent_ DU should be until the condition at the measurement reference point which will trigger the conditional handover and the conditional PSCell addition/change.
Proposal 2: If CHO and CPC will be executed simultaneously, PCell handover delay in CHO including target MCG and candidate SCG for CPC/CPA in FR1+FR2 NR-DC (obj. 4) is define as DCHOwithCPAC_PCell = DCHO = TRRC + TEvent_DU + Tmeasure + TCHO_execution +Tprocessing + TIU + T∆ + Tmargin, 
where detail delay components shall follow TS38.133 clause 8.9A.2 legacy definition except TEvent_DU and Tprocessing.
Proposal 3: If CHO and CPC will be executed simultaneously, PSCell handover delay in CHO including target MCG and candidate SCG for CPC/CPA in FR1+FR2 NR-DC (obj. 4) is define as 
DCHOwithCPAC_PSCell = = TRRC_delay + TEvent_DU + Tmeasure + TUE_preparation + Tprocessing + T∆ + TPSCell_ DU + 2 ms
where detail delay components shall follow TS38.133 clause 8.9A.2 legacy definition except TEvent_DU.
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