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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
From RAN4 #106 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
Issue 3-1-1: scope of RRM requirements for enhanced CHO configurations
· Proposal 1: RAN4 would define requirements for both objective 3 and objective 4. (MTK)
· Proposal 1a: RAN4 shall discuss and reach consensus of the scenarios for setting delay requirements of both Rel-17 CHO with MR-DC and Rel-18 CHO with CPA/C. (E///, vivo)
· Proposal 2: Further discuss how to define the related RRM requirements for CHO including target MCG and candidate SCGs for CPC/CPA (objective 4) after RAN2 concluding on whether CHO evaluation and CPC/CPA evaluation is concurrent or sequential (MTK)
· Proposal 3: Define the requirements for CHO with PSCell (objective 3) in FR1+FR2 NR-DC at first. (MTK)
· [bookmark: _Toc127564455]Proposal 4: RAN4 to discuss if CHO needs to be enhanced considering CHO with SCG. (Nokia)
For Objective #3 it is the continuation to have CHO including the MCG while target SCG in NR-DC from RAN3 perspective this shall also being counted as the 2nd bullet in objective # 5 as one of the enhanced CHO configurations addressed by this WI.
This indicate the scope of the RRM requirements to be considered are:
· Rel-17 CHO including MCG and target SCG in NR-DC objective #3
· Rel-18 CHO including MCG and candidate SCG for CPC/CPA in NR-DC objective #4

As the FR1-FR1 NR-DC RRM requirements are still on-going in Rel-18 we tend to agree that the FR1-FR2 NR-DC shall be the first focus to define the requirements. Also, current CPAC requirements according to TS 38.133 clause 8.9A.2 only applicable for FR1 Pcell, to simplify the process, we think FR1-FR2 NR-DC is a good starting point.
Proposal 1: The Scope of the RRM requirements for enhanced CHO configurations shall be considered for 
· Rel-17 CHO including MCG and target SCG in FR1-FR2 NR-DC  (objective #3)
· Rel-18 CHO including MCG and candidate SCG for CPC/CPA in FR1-FR2 NR-DC (objective #4)

Issue 3-2-1: RRM requirements for CHO with PSCell in FR1+FR2 NR-DC
· Proposals:
· Option 1: (MTK)
· For CHO with PSCell in FR1+FR2 NR-DC, the delay requirements for PCell DCHOwithPSCell_PCell is the same as CHO i.e., DCHOwithPSCell_PCell = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution and Tinterrupt = Tprocessing + TIU + T∆ + Tmargin, except 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.
· 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.
· For CHO with PSCell in FR1+FR2 NR-DC, the delay requirements for PSCell DCHOwithPSCell_PCell = 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 = 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.
· Option 2: (E///)
· For Rel-17 CHO to include a target SCG, the delay can be 
· TRRC + TEvent_DU + Tmeasure + TCHO_execution +Tprocessing + TIU + T∆ + Tmargin+ TPscell_addition/change_delay. 
· TPscell_addition/change_delay = TRRC_delay + Tprocessing + Tsearch_PCell + Tsearch_PSCell + T∆ + TPSCell_ DU + 2 ms
Rel-17 CHO including MCG and target SCG in FR1-FR2 NR-DC (objective #3)
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.
DCHOwithPSCel = DCHOwithPSCel_Pcell + DCHOwithPSCel_PScell
DCHOwithPSCel_Pcell = TRRC + TEvent_DU + Tmeasure + TCHO_execution +Tprocessing + TIU + T∆ + Tmargin
DCHOwithPSCel_PScell= TPscell_addition/change_delay = TRRC_delay + Tprocessing + Tsearch_PCell + Tsearch_PSCell + T∆ + TPSCell_ DU + 2 ms
As majority of the delay component will follow the legacy requirement from TS38.133 clause 6.1.4.2 and clause 6.1.5.4. 
One delay component needs to be pay attention to is the Tprocessing value. As the UE SW processing time typically being define differently based on whether the current cell and target cell is within the same FR group.
Our interpretation of the FR1-FR2 NR-DC scenario indicate the NR-DC scenario remain the FR1-FR2 during CHO with Pscell which both PCell and PScell will be changed within the same FR group, hence the Tprocessing shall follow the 20ms from this perspective.
Also, to mention is that the conditional handover is different in comparing with the traditional handover in regarding whether target cell will becoming unknown or not. 
For traditional handover from the handover command the UE will start to search for the target cell and do certain measurements which will causing interruption and robustness issue. So, the known and unknown condition is being captured to guarantee the performance
While this is not the case for PCell with conditional handover. The UE will continue measure certain configured candidate within the 1st RRC message until the event is being fulfilled. When the conditions being fulfilled, the UE have a certain CHO execution time to execute the 2nd RRC message which includes the handover execution command. This excetuation TCHO_execution is short as 10ms. In another word that the target cell to be executed shall always be known to the UE.
This can also be reflected in the legacy conditional handover delay requirements in TS38.133 clause 6.1.4, the Tprocessing is 20ms.
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. Also, to mention there is no need to search for the Pcell during the conditional handover evaluation time, as UE continuously evaluate the Pcell only trigger the 2nd execution command when the conditions are fulfilled, we think it is not reasonable to keep a search delay component for the Pcell.
Proposal 2: Rel-17 CHO including MCG and target SCG in FR1-FR2 NR-DC delay shall be defined as:  
DCHOwithPSCel = DCHOwithPSCel_Pcell + DCHOwithPSCel_PScell
DCHOwithPSCel_Pcell = 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 
DCHOwithPSCel_PScell= TPscell_addition/change_delay = Tprocessing  + Tsearch_PSCell + T∆ + TPSCell_ DU + 2 ms

Rel-18 CHO including MCG and candidate SCG for CPC/CPA in FR1-FR2 NR-DC (objective #4)
During RAN2 #121 meeting, the agreements were reached
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

From Rel-16 CHO and Rel-17 CPAC requirements setting perspective, the conditional feature share similar property from delay perspective. As can be seen from figure 1.
[image: ]
Figure1 comparison of the delay structure of CHO and CPA/C

As RAN2 reached the support of simultaneous evaluation of CHO and CPA/CPC in Rel-18, this indicates the starting line for both Pcell and Pscell will be the same. It is the outer RRC message being decoded, then UE evaluates 2 lists of candidates one for the Pcell CHO and one for PScell CPAC. From delay aspect, the Tmeasure in orange will be a max function instead of a sum function from both Pcell and Pscell to have candidates that fulfill the conditions.
The execution time and the interruption which is in blue and green color here shall remain independent as the L3 filtering and random-access procedure shall be separate for Pcell and Pscell.
One thing to notice is the SW processing time for both CHO and CPAC, as the scenario here remains FR1-FR2 NR-DC to FR1-FR2 NR-DC the Tprocessing shall remain 20ms.
[bookmark: _Int_mPkfMSuI]DCHOwithCPAC = Max [DCHO,  DCPAC]
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 
Proposal 3: Rel-18 CHO including MCG and candidate SCG for CPC/CPA in FR1-FR2 NR-DC (objective #4)
[bookmark: _Int_zZaMnWRI]DCHOwithCPAC = Max [DCHO,  DCPAC]
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 
Summary and Conclusion
In this contribution we have provided our views on enhanced CHO configurations. The following proposals are made:
Proposal 1: The Scope of the RRM requirements for enhanced CHO configurations shall be considered for 
· Rel-17 CHO including MCG and target SCG in FR1-FR2 NR-DC (objective #3)
· Rel-18 CHO including MCG and candidate SCG for CPC/CPA in FR1-FR2 NR-DC (objective #4)
Proposal 2: Rel-17 CHO including MCG and target SCG in FR1-FR2 NR-DC (objective #3) delay shall be defined as:  
DCHOwithPSCel = DCHOwithPSCel_Pcell + DCHOwithPSCel_PScell
DCHOwithPSCel_Pcell = 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 
DCHOwithPSCel_PScell= TPscell_addition/change_delay = Tprocessing  + Tsearch_PSCell + T∆ + TPSCell_ DU + 2 ms
Proposal 3: Rel-18 CHO including MCG and candidate SCG for CPC/CPA in FR1-FR2 NR-DC (objective #4) delay shall be defined as:
[bookmark: _Int_8mcE2Z6K]DCHOwithCPAC = Max [DCHO,  DCPAC]
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 
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