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[bookmark: _Toc116995841]Introduction
In this paper, we aim at addressing issues related to CHO from the last meeting. There are mainly two issues, one is related to CHO with SCG in Rel 17 requirement definition, another is related to CHO with multiple SCG in Rel 18 requirement definition. 
The difference between Rel 17 and Rel 18 in CHO with SCG is that, in Rel 17, during the RRC reconfiguration message, only the CHO condition for PCell is attached. Hence, in Rel 17, when the CHO condition for Pcell is met, UE will execute the handover towards PCell with the configured SCG. However, in Rel 18, the CHO condition of PCell and SCG are both configured in RRC reconfiguration message. Hence, the execution condition for Rel 18 is more complicated. And it is being discussed currently in RAN2.  
We present our proposed requirement for CHO with SCG Rel 17 in the following section. 
[bookmark: _Toc116995842]Discussion
	Issue 3-1-1: scope of RRM requirements for enhanced CHO configurations
· Background: obj #3 and #4 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. 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
· Proposals:
· 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)
· Proposal 4: RAN4 to discuss if CHO needs to be enhanced considering CHO with SCG. (Nokia)
· Recommended WF
· Continue discussion.


In general, we agree to define requirement for CHO with MR-DC for Rel 17 and CHO with candidate SCGs for Rel 18. Since the work in Rel 17 has concluded, hence, the requirement for CHO with MR-DC is straightforward. The requirement for Rel 18 CHO with candidate SCGs will depend on the agreement from RAN2. For example, RAN2 needs to agree on how the CHO condition will be executed if the PSCell access condition does not hold.
[bookmark: _Toc131999415]RAN4 shall define requirement for both objective 3 and objective 4
[bookmark: _Toc131999416]RAN4 shall first define requirement for Rel 17 CHO with MR-DC
[bookmark: _Toc131999417]RAN4 shall wait for RAN2 progress to define requirement for Rel 18 CHO with candidate SCGs

	[bookmark: _Toc116995848]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
· Recommended WF
· Continue discussion.




It was agreed in the last RAN4 meeting that RAN4 is to define CHO with MR-DC in Rel-17. In the current 3GPP specification, CHO with MR-DC is not yet defined. Nonetheless, in NR 38.133, section 6.1.4, the conditional handover delays without MR-DC for different frequency scenarios are outlined. Towards the Pcell, the conditional handover delay without MR-DC is defined as: 
DCHO = TRRC + TEvent_DU + Tmeasure + TCHO_execution + Tprocessing + TIU + T∆ + Tmargin

The delay components of the above equation are mapped to the procedure and illustrated in the figure below: 


Figure 1: Sequential execution for CHO in Rel 17 and mapping of the delay components
In Rel 17 conditional handover, UE will be provided Pcell configuration and its CHO condition during RRC reconfiguration command. Upon receiving this command, UE will first decode it, and then start the measurement towards the target Pcell. When the CHO condition is met, UE will execute the handover procedure towards the target Pcell. During the whole procedure, the total delay comprises RRC decoding delay, measurement delay, interruption etc, as captured in Figure 1. 
The above mapping is for CHO without MR-DC. One more feature related to CHO is also concluded in Rel 17, that is CHO with MR-DC. In this feature, UE will be provided with a PCell CHO configuration, the conditions for CHO execution and a SCG configuration but no SCG condition for executing SCG CHO. Hence, UE will execute the handover with SCG when CHO execution condition is met. Since no SCG condition is defined in this feature, during the evaluation period, UE will only perform the measurement towards the target PCell, and monitoring the PCell CHO condition. In this regard, the handover procedure in CHO with SCG for Pcell is the same as the conditional handover. 
The following figure outline the CHO with MR-DC as defined in Rel 17. 


Figure 2: Sequential execution for CHO with SCG in Rel 17 

In CHO with MR-DC handover, the handover delay has two components. One part is for PCell access, the other part is for PSCell access. For CHO with MR-DC we can denote it as, DCHOwithSCG_Pcell for PCell and DCHOwithSCG_ PSCell for PSCell. From PCell access case, the operation for Rel. 17 CHO with SCG at the UE side is the same as Rel. 16 CHO.
[bookmark: _Toc131999418]In Rel 17 CHO with SCG, for Pcell, DCHOwithSCG_Pcell is the same as DCHO in Rel 16 CHO.

[bookmark: _Toc131999419] HO with SCG requirement, for Pcell, DCHOwithSCG_Pcell shall be the same as DCHO
However, after the Pcell CHO condition is met, there might be different execution order between Pcell access and PSCell access. This means that depending on the UE capability, Pcell RACH and PSCell RACH can be executed at the same time or at different time. After the CHO with SCG is triggered, from UEs point of view, UE is executing a MR-DC handover. The execution delay for PSCell access with CHO with SCG is similar to the execution delay for PSCell access with handover during MR-DC. The difference between CHO with SCG and PSCell access during MR-DC is related to the fact that the target PCell is always measured an monitored in CHO with SCG before the CHO condition is met, for that reason the search time for PCell can be removed.
[bookmark: _Toc131999420]DCHOwithSCG_ PSCell = TRRC + TEvent_DU + Tmeasure + TCHO_execution + Tprocessing + Tsearch_ PSCell + TIU  + T∆ + Tmargin + TΔ_pcell + Tmargin_pcell
As shown in Figure 2, TRRC + TEvent_DU + Tmeasure + TCHO_execution + Tprocessing covers the delay till the execution point. Up till this point, Pcell and PSCell handover delay are the same. Since, upon receiving the RRC reconfiguration, UE would have to perform measurement towards Pcell, we can assume that Pcell is always known in CHO. As a result,T pcell_search =0. The above proposed equation outlines the scenario in which the DL sync of PCell is included. 







Conclusion
In this contribution we have made the following observations and proposals:
Proposal 1: RAN4 shall define requirement for both objective 3 and objective 4
Proposal 2: RAN4 shall first define requirement for Rel 17 CHO with MR-DC
Proposal 3: RAN4 shall wait for RAN2 progress to define requirement for Rel 18 CHO with candidate SCGs
Observation 1: In Rel 17 CHO with SCG, for Pcell, DCHOwithSCG_Pcell is the same as DCHO in Rel 16 CHO.
Proposal 4: HO with SCG requirement, for Pcell, DCHOwithSCG_Pcell shall be the same as DCHO
Proposal 5: DCHOwithSCG_ PSCell = TRRC + TEvent_DU + Tmeasure + TCHO_execution + Tprocessing + Tsearch_ PSCell + TIU  + T∆ + Tmargin + TΔ_pcell + Tmargin_pcell
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