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1. Introduction
In the RAN4#107 meeting, RAN4 further discussed the delay requirements on CHO with PSCell change/addition(obj.3) and CHO with CPAC. Among them, most of issues in term of the former scenario have been reached in agreements while there still have some pending issues in terms of the latter scenario. In this paper, we would provide further analysis on them.
2. Discussion
The following issues were captured in the WF [1] on Enhanced CHO configurations.
	· RAN4 are to discuss the RRM requirements for Enhanced CHO configurations
· 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)
· 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)
· Issue 3-2-3: TEvent_DU
· Issue 3-2-6: if complementary CHO-only configuration is NOT provided


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.

RAN2#122 meeting
· P12: When the CPA/CPC execution condition is met but no CHO execution condition is met, the UE continues to evaluate both CHO and CPA/CPC execution conditions. 
· 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).



In the last meeting, RAN4 has agreed that legacy conditional handover can be reused for conditional PCell handover if complementary CHO-only configuration is provided. And for the case that CHO-only configuration is NOT provided, according to the principle newly provided by RAN2, UE anyway needs to wait for both CHO and CPC conditions to be satisfied before executing. 
During the evaluation period, the evaluation of CHO and CPC procedure parallel proceeds. In order to ensure that both CHO and CPC can be executed simultaneously after evaluation, the ending point of parallel evaluation should be the lager one between (TEvent_DU + Tmeasure_PCell) and (TEvent_DU + Tmeasure_PSCell). 
With regard to the definition of TEvent_DU, the ending point of which needs to be modified correspondingly as the time point conditions exist at the measurement reference point which will trigger both CHO and CPC. This is to consider the specific case that CHO condition is met but CPC condition is not met in the first evaluation round while CHO condition is not met in the second round anymore. The actual ending point of TEvent_DU needs to be aligned at the point which CHO and CPC would be triggered.
Specifically, for FR1-FR2 to FR1+ FR2 NR-DC case, the Tprocessing in delay requirement on HO with PSCell in FR1-FR2 to FR1+ FR2 case can be regarded as a reference for which specified that Tprocessing = 30 ms if SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync. Otherwise, Tprocessing = 25 ms. 
We give the examples on delay requirement for PCell and PSCell as below: 
PCell handover delay in CHO including target MCG in FR1 and candidate SCG for CPC in FR2 in NR-DC
DCHOwithCPC_PCell = TRRC_delay + max (TEvent_DU + Tmeasure_PCell, TEvent_DU + Tmeasure_PSCell) + TUE_preparation + Tprocessing + T∆_PCell + TPCell_ DU + 2 ms
· The definition of TRRC_delay, T∆_PCell are the same as the definitions in the delay requirement on conditional handover
· TEvent_DU in PCell and PSCell handover delay requirement 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 until conditions exist at the measurement reference point which will trigger the CHO and CPC.
· Tmeasure_PCell is defined from the end of TEvent_DU until UE realizes the condition of PCell handover is met and identity of new PCell is determined.
· The starting point of TUE_preparation shall be the time point at the simultaneous execution of PCell handover and PSCell change to a target PCell and a target PSCell respectively
· For FR1-FR2 NR-DC to FR1-FR2 NR-DC Tprocessing = 30 ms if SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync. Otherwise, Tprocessing = 25 ms
· For FR1-FR1 NR-DC to FR1-FR2 NR-DC Tprocessing = 50 ms if SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync. Otherwise, Tprocessing = 45 ms
· The definition of TPCell_ DU is the same as the definition of TIU in current requirement on conditional handover
PSCell handover delay in CHO including target MCG in FR1 and candidate SCG for CPC in FR2 in NR-DC
DCHOwithCPC_PSCell = TRRC_delay + max (TEvent_DU + Tmeasure_PCell, TEvent_DU + Tmeasure_PSCell) + TUE_preparation + Tprocessing + T∆_PSCell + TPSCell_ DU + 2 ms
· The definition of T∆_PSCell, TPSCell_ DU are the same as the definitions in the delay requirement on conditional PSCell change
· Tmeasure_PSCell is defined from the end of TEvent_DU until UE realizes the condition of PSCell change is met and identity of new PSCell is determined

On the other hands, according to the agreements in RAN4#106bis-e meeting, FR1+FR1 NR-DC deployment is also in scope of RRM requirement for enhanced CHO configuration and the related work will be started at RAN4#108 meeting. Actually, the similar adjustment has ever been made in HO with PSCell change in FR1+ FR1 NR-DC in R18 eFeRRM topic. In that topic, the following scenarios were defined: 
· Case 1: FR1-FR1 NR-DC to FR1-FR1 NR-DC
· Case 2: FR1-FR2 NR-DC to FR1-FR1 NR-DC
· Case 3: FR1-FR1 NR-DC to FR1-FR2 NR-DC
In our understanding, these cases could be the reference for enhanced CHO configuration when we are discussing the RRM requirements under FR1+FR1 NR-DC deployment. In the past several meeting, only the deployment on target MCG in FR1 and candidate SCG for CPC in FR2 was considered. With exception of this case, the above cases also need to be defined for the requirement on enhanced CHO configuration. For reference, we list all of cases as below:
	Scenario for Enhanced CHO including target MCG and candidate SCGs for CPC
	Tprocessing (ms)

	source MCG and source SCG for CPC
	target MCG and candidate SCGs for CPC
	

	FR1-FR2 NR-DC
	FR1-FR2 NR-DC (discussed in the past meetings)
	if SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync, Tprocessing = 30ms
Otherwise, Tprocessing = 25ms

	FR1-FR1 NR-DC
	FR1-FR1 NR-DC (newly introduced in RAN4#108)
	if SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync, Tprocessing = 30ms
Otherwise, Tprocessing = 25ms

	FR1-FR2 NR-DC
	FR1-FR1 NR-DC (newly introduced in RAN4#108)
	if SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync, Tprocessing = 50ms
Otherwise, Tprocessing = 45ms

	FR1-FR1 NR-DC
	FR1-FR2 NR-DC (newly introduced in RAN4#108)
	if SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync, Tprocessing = 50ms
Otherwise, Tprocessing = 45ms



For the above cases, the value of Tprocessing in requirement on HO with PSCell change in FR1+ FR1 NR-DC could also be reused for corresponding deployment, which are also shown in the table.
Proposal 1: When a complementary CHO-only configuration is not provided by network, 
· For Enhanced CHO including target MCG in FR1 and candidate SCGs for CPC in FR2 in NR-DC 
· PCell handover delay in CHO including target MCG and candidate SCG for CPC in NR-DC is DCHOwithCPC_PCell = TRRC_delay + max (TEvent_DU + Tmeasure_PCell, TEvent_DU + Tmeasure_PSCell) + TUE_preparation + Tprocessing + T∆_PCell + TPCell_ DU + 2 ms where 
· The definition of TRRC_delay, T∆_PCell are the same as the definitions in the delay requirement on conditional handover
· TEvent_DU in PCell and PSCell handover delay requirement 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 until conditions exist at the measurement reference point which will trigger the CHO and CPC.
· Tmeasure_PCell is defined from the end of TEvent_DU until UE realizes the condition of PCell handover is met and identity of new PCell is determined.
· The starting point of TUE_preparation shall be the time point at the simultaneous execution of PCell handover and PSCell change to a target PCell and a target PSCell respectively
· For FR1-FR2 NR-DC to FR1-FR2 NR-DC Tprocessing = 30 ms if SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync. Otherwise, Tprocessing = 25 ms
· For FR1-FR1 NR-DC to FR1-FR2 NR-DC Tprocessing = 50 ms if SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync. Otherwise, Tprocessing = 45 ms
· The definition of TPCell_ DU is the same as the definition of TIU in current requirement on conditional handover
· PSCell change delay in CHO including target MCG and candidate SCG for CPC NR-DC is DCHOwithCPC_PSCell = TRRC_delay + max (TEvent_DU + Tmeasure_PCell, TEvent_DU + Tmeasure_PSCell) + TUE_preparation + Tprocessing + T∆_PSCell + TPSCell_ DU + 2 ms
· The definition of T∆_PSCell, TPSCell_ DU are the same as the definitions in the delay requirement on conditional PSCell change
· Tmeasure_PSCell is defined from the end of TEvent_DU until UE realizes the condition of PSCell change is met and identity of new PSCell is determined
· Specifically, the value of Tprocessing is same as the corresponding Tprocessing in the requirement on HO with PSCell change for both FR1+FR2 and FR1+ FR1 in NR-DC, which are listed as below:
	Scenario for Enhanced CHO including target MCG and candidate SCGs for CPC
	Tprocessing (ms)

	source MCG and source SCG for CPC
	target MCG and candidate SCGs for CPC
	

	FR1-FR2 NR-DC
	FR1-FR2 NR-DC (discussed in the past meetings)
	if SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync, Tprocessing = 30ms
Otherwise, Tprocessing = 25ms

	FR1-FR1 NR-DC
	FR1-FR1 NR-DC (newly introduced in RAN4#108)
	if SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync, Tprocessing = 30ms
Otherwise, Tprocessing = 25ms

	FR1-FR2 NR-DC
	FR1-FR1 NR-DC (newly introduced in RAN4#108)
	if SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync, Tprocessing = 50ms
Otherwise, Tprocessing = 45ms

	FR1-FR1 NR-DC
	FR1-FR2 NR-DC (newly introduced in RAN4#108)
	if SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync, Tprocessing = 50ms
Otherwise, Tprocessing = 45ms



Also, we would like to draw your attention to the fact that, 
	Case.1: Enhanced CHO including target MCG and candidate SCGs for CPC [obj.4]
Case.2: Enhanced CHO including target MCG and candidate SCGs for CPA [obj.4]
Case.3: Enhanced CHO including target MCG and target SCG (PSCell change) [obj.3]
Case.4: Enhanced CHO including target MCG and target SCG (PSCell addition) [obj.3]



although the corresponding mechanisms of above cases are designed and introduced by RAN2 working group, the corresponding RRM requirements on Case.2 and Case.4 related to PSCell addition cannot be defined since considering the deployment of from SA to NR-DC is not supported so far. This can also refer to the current requirements on HO with PSCell, which no requirement on HO with PSCell addition to be defined corresponding to deployment of from SA to NR-DC. Therefore, in our understanding, RAN4 would only define RRM requirements on Case.1 and Case.3. And for the definition of the requirements on Case.2 and Case.4, it needs to be postponed in further release until the deployment of from SA to NR-DC is supported.
Proposal 2: RAN4 not to define the corresponding RRM requirements on Enhanced CHO configurations including CHO with PSCell addition in NR-DC (obj.3) and CHO with CPA in NR-DC (obj.4) in Rel-18 and postpone to them in further release until the deployment of from SA to NR-DC is supported
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)
Agreements:
· Tprocessing is same as that defined in requirements of handover with PSCell.
· 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.



After several meetings of discussion, the requirement on Enhanced CHO including target MCG and target SCG (obj.3) in FR1+FR2 NR-DC is basically defined. It could be the reference when further defining the corresponding requirement for FR1+FR1 NR-DC scenarios. 
As with the above analysis on FR1+FR1 NR-DC scenarios for Enhanced CHO including target MCG and candidate SCGs for CPC (obj.4), the corresponding scenarios for FR1+FR1 NR-DC also needs to be specified as below:
· Case 1: FR1-FR1 NR-DC to FR1-FR1 NR-DC
· Case 2: FR1-FR2 NR-DC to FR1-FR1 NR-DC
· Case 3: FR1-FR1 NR-DC to FR1-FR2 NR-DC
For these cases for FR1+FR1 NR-DC, the delay requirements for PCell and PSCell could be same as the FR1+FR2 NR-DC case except for the value of Tprocessing. According to the above agreement, the Tprocessing in PCell handover delay in CHO including target MCG and target SCG in FR1+FR2 NR-DC is same as that defined in requirements of handover with PSCell. Similarly, Tprocessing in FR1+FR1 NR-DC also would be same as the Tprocessing defined in requirements of handover with PSCell in FR1+FR1 NR-DC. 
Proposal 3: The requirement For PCell handover delay in CHO including target MCG and target SCG in FR1+FR1 NR-DC (obj. 3) will be reused the corresponding requirements defined in FR1+FR2 NR-DC. Specifically, the Tprocessing in delay requirement in FR1+FR1 NR-DC will refer to the Tprocessing defined in requirements of handover with PSCell change in FR1+FR1 NR-DC
3. Conclusions
Proposal 1: When a complementary CHO-only configuration is not provided by network, 
· For Enhanced CHO including target MCG in FR1 and candidate SCGs for CPC in FR2 in NR-DC 
· PCell handover delay in CHO including target MCG and candidate SCG for CPC in NR-DC is DCHOwithCPC_PCell = TRRC_delay + max (TEvent_DU + Tmeasure_PCell, TEvent_DU + Tmeasure_PSCell) + TUE_preparation + Tprocessing + T∆_PCell + TPCell_ DU + 2 ms where 
· The definition of TRRC_delay, T∆_PCell are the same as the definitions in the delay requirement on conditional handover
· TEvent_DU in PCell and PSCell handover delay requirement 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 until conditions exist at the measurement reference point which will trigger the CHO and CPC.
· Tmeasure_PCell is defined from the end of TEvent_DU until UE realizes the condition of PCell handover is met and identity of new PCell is determined.
· The starting point of TUE_preparation shall be the time point at the simultaneous execution of PCell handover and PSCell change to a target PCell and a target PSCell respectively
· For FR1-FR2 NR-DC to FR1-FR2 NR-DC Tprocessing = 30 ms if SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync. Otherwise, Tprocessing = 25 ms
· For FR1-FR1 NR-DC to FR1-FR2 NR-DC Tprocessing = 50 ms if SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync. Otherwise, Tprocessing = 45 ms
· The definition of TPCell_ DU is the same as the definition of TIU in current requirement on conditional handover
· PSCell change delay in CHO including target MCG and candidate SCG for CPC NR-DC is DCHOwithCPC_PSCell = TRRC_delay + max (TEvent_DU + Tmeasure_PCell, TEvent_DU + Tmeasure_PSCell) + TUE_preparation + Tprocessing + T∆_PSCell + TPSCell_ DU + 2 ms
· The definition of T∆_PSCell, TPSCell_ DU are the same as the definitions in the delay requirement on conditional PSCell change
· Tmeasure_PSCell is defined from the end of TEvent_DU until UE realizes the condition of PSCell change is met and identity of new PSCell is determined
· Specifically, the value of Tprocessing is same as the corresponding Tprocessing in the requirement on HO with PSCell change for both FR1+FR2 and FR1+ FR1 in NR-DC, which are listed as below:
	Scenario for Enhanced CHO including target MCG and candidate SCGs for CPC
	Tprocessing (ms)

	source MCG and source SCG for CPC
	target MCG and candidate SCGs for CPC
	

	FR1-FR2 NR-DC
	FR1-FR2 NR-DC (discussed in the past meetings)
	if SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync, Tprocessing = 30ms
Otherwise, Tprocessing = 25ms

	FR1-FR1 NR-DC
	FR1-FR1 NR-DC (newly introduced in RAN4#108)
	if SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync, Tprocessing = 30ms
Otherwise, Tprocessing = 25ms

	FR1-FR2 NR-DC
	FR1-FR1 NR-DC (newly introduced in RAN4#108)
	if SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync, Tprocessing = 50ms
Otherwise, Tprocessing = 45ms

	FR1-FR1 NR-DC
	FR1-FR2 NR-DC (newly introduced in RAN4#108)
	if SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync, Tprocessing = 50ms
Otherwise, Tprocessing = 45ms



[bookmark: _GoBack]Proposal 2: RAN4 not to define the corresponding RRM requirements on Enhanced CHO configurations including CHO with PSCell addition in NR-DC (obj.3) and CHO with CPA in NR-DC (obj.4) in Rel-18 and postpone to them in further release until the deployment of from SA to NR-DC is supported
Proposal 3: The requirement For PCell handover delay in CHO including target MCG and target SCG in FR1+FR1 NR-DC (obj. 3) will be reused the corresponding requirements defined in FR1+FR2 NR-DC. Specifically, the Tprocessing in delay requirement in FR1+FR1 NR-DC will refer to the Tprocessing defined in requirements of handover with PSCell change in FR1+FR1 NR-DC
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