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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
From RAN4 #106 bis e-meeting Rel-18 enhanced CHO configurations are listed in  [1] . In this paper we provide our view on certain open issues.
Background: WID objective #3 ,#4 and #5 for information:
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. [bookmark: _Hlk127367451]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
Discussion

2.1 CHO including target MCG and target SCG in NR-DC (obj. 3)
· Agreements from RAN4 106 bis e-meeting :
· Both FR1+FR2 and FR1+FR1 NR-DC are in scope of RRM requirements for enhanced CHO configurations.
· RAN4 shall start from FR1+FR2 NR-DC. Discussion on FR1+FR1 NR-DC will start from RAN4#108.

In Rel-17 it is supported that the CHO RRC Reconfiguration message includes a target PSCell/SCG configuration. As the delay shall include both the Pcell handover time and the PScell addition/change time. This is similar as handover with Pscell, the difference is the Pcell handover follow a conditional handover delay requirement.
The total delay for CHO with Pscell in FR1-FR2 NR-DC shall be defined in 2 parts. One is the conditional handover delay from the Rel-16 CHO legacy requirements, and the other is the PScell addition/Change delay.
· Agreements:
· 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.

As here the handover procedure of Pcell will follow the conditional handover procedure, at RAN4 106 bis e-meeting, agreements were reached that the definition of the  all delay component exceptingTprocessing value shall follow TS38.133 clause 6.1.4 conditional handover. 
We challenge why here Tprocessing shall be treated separately? From procedure wise, Pcell follow the conditional handover configuration with 1st RRC message that have a 2nd RRC message within until the conditions of the measured candidate Pcells have being fulfilled. Have a target SCG included in this RRC message shall not impact Pcell processing delay.
For Pcell conditional handover with target SCG, the Pcell handover delay Tprocessing value shall follow TS38.133 clause 6.1.4
· Tprocessing is time for UE processing. Tprocessing can be up to 20ms.
Proposal 1: Rel-17 CHO including MCG and target SCG in FR1-FR2 NR-DC 
DCHOwithPSCell_PCell = TRRC + TEvent_DU + Tmeasure + Tprocessing + TIU + T∆ + Tmargin + TCHO_execution.
Tprocessing value shall follow TS38.133 clause 6.1.4.

Issue 3-2-2: PSCell handover delay in CHO including target MCG and target SCG in FR1+FR2 NR-DC (obj. 3)
· Candidate solutions:
· 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 PScell interruption time, as the RRC configuration was included in the conditional Pcell handover RRC message, then the RRC processing related delay should not be within the equation. 
Regarding when UE will execute the Pscell addition/change, our view is that when UE decode the 2nd RRC message and execute the Pcell handover command it is the time when UE start to execute PScell addition/change. The target PScell configurations will be included in the 2nd RRC message and the Pscell addition/change delay starting time will be from upon receive the PScell configurations. 
PScell addition/change starting time is the same time when UE finishes UE preparation time for the conditional Pcell handover. This is the time after Pcell CHO is executed but before it is completed
The PScell addition/change ending point should until UE capable to transimite PRACH preamble towards PScell.
For the total PScell addition/change interruption time, UE will need time to settle AGC and detect PSS/SSS, UE will need SW processing & RF warming up. UE will also need 1 sample to acquire full time information. There is also a uncertainty time in acquiring the first available random access occasion.
Our view Pscell addition/change is happening while CHO is executed but before it is fully completed, as PCell has been constantly measured until the condition is being fulfilled, we don’t think there is an extra delay component needed during PScell addition/change time to search for PSS/SSS for Pcell.
For the SW processing value, here we understand that there will be a RRC reconfigurationWithSync. Potentially the SMTC of unknown target Pscell for PScell addition/change parameters and configurations can be different with what is configured in the cntained 2nd RRC message after PCell trigger handover command. 
Tprocessing = 30 ms if SMTC of the target unknown PSCell is configured in targetcell SMTC-SCG-r16 but not configured in reconfigurationWithSync. Otherwise, Tprocessing = 25 ms.
Proposal 2: Rel-17 CHO including MCG and target SCG in FR1-FR2 NR-DC PScell delay shall be defined as:  
DCHOwithPSCel_Pscell = TRRC + TEvent_DU + Tmeasure + TCHO_execution + Tprocessing + Tsearch_PScell + T∆ + TPSCell_ DU + 2 ms
Where
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.
Proposal 3: There is no need for Tsearch_PCell_Conditional  in DCHOwithPSCell_PSCell as it is being replaced for the conditional handover triggering time.
2.2 CHO including target MCG and candidate SCG for CPC/CPA in NR-DC (obj. 4)
During RAN2 #119 meeting, the agreements were reached
· Execution order: the UE doesn’t execute CPC/CPA unless CHO condition is fulfilled (regardless parallel or sequential evaluation)
During RAN2 #121 bis meeting, the agreements were reached
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.

Based on the current RAN2 agreements we think certain take aways shall be noted for RAN4 progress.
Firstly how we interpret the baseline agreement UE waits until both CHO and CPC conditions are met (always).
As explained in the furthermore, whether Network shall provide two sets of configurations that one is CHO-only the other is configuration with both CHO and CPA/C.
We see this wait is only happens at the scenario that CPA/C has been fulfilled earlier than CHO as the previous RAN2 119 meeting agreements have rule out CPAC can execute without CHO.
The CHO-only configuration is to serve for the purpose at the scneario that when only CHO being fulfilled while CPA/C is not.
For instance at T1 condition for PCell CHO is met, while PScell is not fulfilled, UE shall not wait until PScell to be fulfilled, UE shall execute the CHO-only configuration. Also according to RAN 2 agreement from #119 meeting, this will be achieved through a separate "CHO only" configuration
For instance at T1 Pscell CPAC is met, however Pcell CHO becoming fulfill at T2, then shall wait at T2 to execute the CHO+CPA/C configuration.
Proposal 4: Rel-18 CHO including MCG and candidate SCG for CPC/CPA in FR1-FR2 NR-DC (objective #4), the condition being met to trigger the handover is when the event of CHO being fulfilled. 
Regarding whether TEvent_DU shall be updated accordingly, Our interpretation of the Event Du is to cover the total uncertainty of the radio environment to trigger the event. 
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. 

Where there is only Pcell or only Pscell, the uncertainty is that UE receives a list of candidates, and UE need to continue measure the SSB power level to understand which candidate cell have the best radio condition until at least a condition exist. 
This equals the traditional handover procedure to search for the target cell. The only differences here is, instead of based on measurement report, network configure target cell, now UE being configured a list with more than 1 candidate. Those candidate cells can be co-located or non-collocated. 
The main motivation of conditional handover is to avoid the Ping-Pong effects during normal handover procedure especially in FR2 and improve the robustness.
As CPA/C will not be executed until CHO condition is being fulfilled according to RAN2 agreement on execution order, we think current TS 38.133 clause 6.1.4 definition of TEvent_DU can be reused.
However, the event can only be triggered when there is at least 1 candidate’s RSRP for example is good enough for a certain period of the time. To execute a target cell switch command, UE needs specific SSB_Index for example, here is the Tmeasure time starts.
Our view what needs to clarify is the Tmeasure rather than the TEvent_DU.
Proposal 5: Rel-18 CHO including MCG and candidate SCG for CPC/CPA in FR1-FR2 NR-DC (objective #4), TEvent_DU for CHO with CPA/C shall be 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). 
Regarding the Tmeasure Currently according to TS38.133 clause 6.1.4

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.
The total measurement time to trigger execution include 3 measurement peiord, the time period used in PSS/SSS detection, measurement period of SSB based measurement, and the time period used to acquire the index of the SSB being measured. For evaluating whether the conditions being fulfilled UE will only need RSRP not the SSB index, our interpretation of the Tmeasure is after the right candidate being detected after TEvent_DU, continue to measure and derived the SSB index. 
The Tmeasure is not the full measurement, as to evaluate also takes very long part of the measurement potentially cover te PSS/SSS detection and measurement period. To make the procedure clear, we think Tmeasure shall be updated to T cell_index_identify to reflect what this measurement really is.
Proposal 6: Rel-18 CHO including MCG and candidate SCG for CPC/CPA in FR1-FR2 NR-DC (objective #4), Tmeasure for CHO with CPA/C shall be updated to T cell_index_identify
T cell_index_identify is the from the end of TEvent_DU until UE executes a handover to a target cell and interruption time starts.
Another interesting issues need to be mentioned is whether UE trigger evaluation of CHO and CPA/C in sequential or simultaneously. 
As agreed from RAN2 #121 meeting, RAN2 agrees to support the simultaneous evaluation of CHO and CPC in Rel-18.
The evaluation will be triggered direct after UE decodes the 1st RRC message with the measurement configuration of a list of candidates, here is the starting time of the TEvent_DU.  And our interpretations is that the evaluation of CHO and CPA/C is always being triggered at the same time as it is contained within 1 RRC message that have the CHO+CPAC command.
Proposal 7: Rel-18 CHO including MCG and candidate SCG for CPC/CPA in FR1-FR2 NR-DC (objective #4), the evaluation of CHO and CPA/C is always being triggered at the same time upon decode the 1st RRC message.
After clarify the definition of different delay component, we think the requirement to set for CHO including MCG and candidate SCG for CPC/A is rather clear.
From procedure wise: when the 1st RRC message being decoded, there will be potential 2 sets of configuration from the RAN2 agreement baseline and alternatives: 
1. CHO only configuration
1.1. CHO keep the SCG configuration
1.2. CHO release the source SCG configuration
2. CHO with CPA/C configuration
When only CHO conditions being fulfilled, the UE will applies the 1st CHO only configuration. The delay requirements have two potential fall back from the RAN2 agreement alternative.
For 1.1 CHO keeps the SCG configuration will follow the Rel-17 requirement which defined within this WI objective 3
For 1.2 CHO release the source SCG configuration, the delay will fall back to be a Rel-16 conditional handover only.
What needs to be defined here is only Scenario 2, when CHO and CPA/C both being fulfilled and execute at the same time. We see this as two parallel time line that triggers evaluation and execution at the same time.
Proposal 8: Rel-18 CHO including MCG and candidate SCG for CPC/CPA in FR1-FR2 NR-DC (objective #4)
[bookmark: _Int_mPkfMSuI]DCHOwithCPAC = Max [DCHO,  DCPAC]
DCHO = TRRC + TEvent_DU + T cell_index_identify + TCHO_execution +Tprocessing + TIU + T∆ + Tmargin
DCPAC = TRRC_delay + TEvent_DU + T cell_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  T cell_index_identify
Summary and Conclusion
In this contribution we have provided our views on enhanced CHO configurations. The following proposals are made:
Proposal 1: Rel-17 CHO including MCG and target SCG in FR1-FR2 NR-DC Pcell delay shall be defined as:
DCHOwithPSCell_PCell = TRRC + TEvent_DU + Tmeasure + Tprocessing + TIU + T∆ + Tmargin + TCHO_execution.
Tprocessing value shall follow TS38.133 clause 6.1.4.
Proposal 2: Rel-17 CHO including MCG and target SCG in FR1-FR2 NR-DC PScell delay shall be defined as:  
DCHOwithPSCel_Pscell = TRRC + TEvent_DU + Tmeasure + TCHO_execution + Tprocessing + Tsearch_PScell + T∆ + TPSCell_ DU + 2 ms
Where Tprocessing shall follow the definition of TS 38.133 clause 8.9.
Proposal 3: There is no need for Tsearch_PCell_Conditional  in DCHOwithPSCell_PSCell as it is being replaced for the conditional handover triggering time.

Proposal 4: Rel-18 CHO including MCG and candidate SCG for CPC/CPA in FR1-FR2 NR-DC (objective #4), the condition being met to trigger the handover/cell switch command is when the event of CHO being fulfilled. 
Proposal 5: Rel-18 CHO including MCG and candidate SCG for CPC/CPA in FR1-FR2 NR-DC (objective #4), TEvent_DU for CHO with CPA/C shall be 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). 
Proposal 6: Rel-18 CHO including MCG and candidate SCG for CPC/CPA in FR1-FR2 NR-DC (objective #4), Tmeasure for CHO with CPA/C shall be updated to T cell_index_identify
T cell_index_identify is the from the end of TEvent_DU until UE executes a handover to a target cell and interruption time starts.
Proposal 7: Rel-18 CHO including MCG and candidate SCG for CPC/CPA in FR1-FR2 NR-DC (objective #4), the evaluation of CHO and CPA/C is always being triggered at the same time upon decode the 1st RRC message.
Proposal 8: Rel-18 CHO including MCG and candidate SCG for CPC/CPA in FR1-FR2 NR-DC (objective #4)
DCHOwithCPAC = Max [DCHO,  DCPAC]
DCHO = TRRC + TEvent_DU + T cell_index_identify + TCHO_execution +Tprocessing + TIU + T∆ + Tmargin
DCPAC = TRRC_delay + TEvent_DU + T cell_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  T cell_index_identify
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