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This contribution provides an analysis of the current RAN2 agreements on Conditional Handover (CHO). The current WID on Further NR mobility enhancements (RP-223520) has the following objective #3, 4 and 5 for CHO enhancements. 
	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




In RAN2 #119-e meeting held in August, RAN2 has agreed the following: 
· 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 are concurrent or sequential. 

In RAN2 #120 meeting held in November, RAN2 has agreed the following:  
· Execution order: the UE doesn’t execute CPC/CPA unless CHO condition is fulfilled (regardless parallel or sequential evaluation) 

Discussion
RAN4 CHO Delay components
In NR 38.133, section 6.1.4, RAN4 has defined a requirement for conditional handover from NR PCell to another NR PCell. The delay requirement for different scenarios are summarized in the following table: 
CHO Handover delay is defined for cells from different frequency range pairs:
	FR1 – FR1 
	DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution
Where Tinterrupt = Tprocessing + TIU + T∆ + Tmargin ms
             Tprocessing can be up to 20ms.

	FR2 – FR1
	The same as above, except Tprocessing can be up to 40ms.

	FR2 – FR2 
	DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution


	FR1 – FR2 
	The same as above, except Tprocessing can be up to 40ms.


Table 1: CHO delay requirements for different scenarios
The signaling diagram for the CHO procedure can be found in TS 38.370, Figure 9.2.3.4.2-1: Intra-AMF/UPF Conditional Handover. By mapping the delay components in Table 1 with a simplified message flow chart of CHO , the following figure is obtained. 
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Figure 1: simplified message flowchart of CHO

Observation: The delay analysis on the message flow chart can later form the basis of enhanced requirements of CHO with DC. 
RAN2 CHO progress in Rel-17 and Rel-18:
Rel-16 only supports conditional handover for PCell change (" DCHO” is defined)
Rel-17 introduces conditional handover for dual connectivity. This means that the CHO configuration comprises of a target PCell r and a target PSCell is added. In other words, dual connectivity is established via conditional handover to PCell and simultaneous addition of PSCell. 
In Rel-17 the CHO was enhanced to include the addition of a Secondary Cell Group (SCG) as part of the CHO configuration. In this feature UE is configured with a single SCG, and UE only evaluates the target PCell measurements to determine if the CHO execution condition is fulfilled. After the CHO execution condition is fulfilled UE initiates PCell and PSCell access simultaneously as part of executing the dual connectivity handover. The CHO with SCG stage-2 specification is recently agreed and requires minor changes. 
Rel-18 aims to add more than one candidate PSCell in the CHO process so that  there are multiple candidate PSCells for UE to select from, during dual connectivity handover execution. 
Rel-18 Objective 4 of Mobility enhancement work item pursues CHO with multiple candidate PSCells. However, the progress has been slow and the necessary agreements to bring this topic to RAN4 are pending. The following scenarios are being currently discussed:  conditions,
· Concurrent evaluation of target PCell access condition and candidate PSCell access condition
· Sequential evaluation of target PCell access condition and candidate PSCell access condition
To illustrate the ongoing RAN2 work Figure 2 is presented here. When UE is moving from PCell-1 to PCell-2  which have multiple candidate PSCells, According to Nokia view (simultaneous evaluation), the solution would work if UE will receive two configurations from the network. The DC-CHO-1 configuration will comprise PCell-2 with PSCell-2.1 and DC-CHO 2 configuration on PCell-2 with PSCell 2.2. DC-CHO 1 configuration contains the condition to access PCell 2, as well as the condition to PSCell 2.1. DC-CHO 2 configuration contains the condition to access PCell 2 as well as the condition to PSCell 2.2. 
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[bookmark: _Ref127429004]Figure 2 CHO with Conditional PCell Addition/Change (CPAC) scenario

The requirements of the current CHO section in 6.1.4 are applicable to conditional handover to change the NR PCell to another NR PCell. The requirement does not consider the access delay for the PSCell. 
[bookmark: _Toc127564454]The requirements of the current CHO section in 6.1.4 are applicable to conditional handover to change the NR PCell to another NR cell.  The requirement does not consider the access delay for the PSCell. 
[bookmark: _Toc127564455]RAN4 to discuss if CHO needs to be enhanced considering CHO with SCG.
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In the paper analysed the CHO progress in RAN4, and the following Observations and Proposals were made:
Observation 1: The requirements of the current CHO section in 6.1.4 are applicable to conditional handover to change the NR PCell to another NR cell.  The requirement does not consider the access delay for the PSCell.
Proposal 1: RAN4 to discuss if CHO needs to be enhanced considering CHO with SCG.
Proposal 2: RAN4 waits for RAN2 progress on Rel-18 CHO with multiple candidate PSCells.
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