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[bookmark: _Ref47278890]1	Introduction 
[bookmark: _Ref32352040][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In RAN4 #98e meeting, the WF on HO with PSCell was agreed [1]. Some scenarios for RRM requirement of HO with PSCell were agreed. In this paper, we provide our views on the corresponding delay requirement and interruption time.
2	Discussion   
In last meeting, RAN4 had already agreed to specify the requirements of following scenarios in rel-17 and FFS whether other scenarios are needed:
· from NR SA to EN-DC 
· from EN-DC to EN-DC
· from NE-DC to NE-DC
· from NR-DC to NR-DC
As shown in Table 1, the supported MR-DC handover scenarios specified in TS37.340 are listed. All newly agreed cases in RAN4 are marked by the green colour. Considering that scenarios LTE-SA handover to EN-DC and NR-SA handover to NR-DC are also very typical, so we suggest that   
[bookmark: _Ref68208403]Proposal 1: RAN4 to clarify whether requirements from LTE-SA to EN-DC and from NR-SA to NR-DC are needed





[bookmark: _Ref68189398]Table 1: Supported MR-DC handover scenarios.
	              To (column)

HO from (row)
	E-UTRA with EPC
	E-UTRA with 5GC
	NR
	GERAN or UTRAN
	EN-DC
	NGEN-DC
	NE-DC
	NR-DC

	E-UTRA with EPC
	YES
	YES
	YES
	YES
	YES
	NO
	NO
	NO

	E-UTRA with 5GC
	YES
	YES
	YES
	NO
	NO
	YES
	NO
	NO

	NR
	YES
	YES
	YES
	NOTE 1
	YES
	NO
	YES
	YES

	GERAN or UTRAN
	YES
	NO
	NO
	YES
	NO
	NO
	NO
	NO

	EN-DC
	YES
	YES
	YES
	YES
	YES
	NO
	NO
	NO

	NGEN-DC
	YES
	YES
	YES
	NO
	NO
	YES
	NO
	NO

	NE-DC
	YES
	YES
	YES
	NOTE 1
	NO
	NO
	YES
	NO

	NR-DC
	YES
	YES
	YES
	NOTE 1
	NO
	NO
	NO
	YES



Another key issue is the timeline for HO with PSCell.
	Issue 2-2-3: timeline for HO with PSCell
· Agreements
· Identify the detailed components of “HO with PSCell” procedure
· Further discuss whether the procedures could be performed in parallel or sequentially based on the existing requirements.



In our understanding, HO with PSCell can only be configured to the DC capable UE and typically that kind of UE has two separate baseband resources and RF chains for DC. Therefore, it is highly possible that this UE can perform the HO procedure and PSCell change procedure in parallel. 
[bookmark: _Ref68208360]Observation 1: HO procedure and PSCell change procedure might be performed in parallel for DC capable UE  

The starting point can be defined as the legacy HO, i.e., the end of the last TTI containing the RRC command. As for the ending point of HO with PSCell, it should be separately discussed and defined. Assume that both PCell and PSCell are in NR, the HO requirement and PSCell change requirement can be found as follows:
	Handover
· Dhandover = TRRC_delay + Tsearch + Tprocessing  + T∆ + TIU + Tmargin ms
PSCell Change
· Tconfig_PSCell = TRRC_delay + Tsearch + Tprocessing + T∆ + TPSCell_ DU + 2 ms 


Even though the requirements of Handover and PSCell change are quite similar, we don’t know which one would be finished first because that might depend on many factors, e.g., the FR, known cell or unknown cell, and delay uncertainty in acquiring the first available PRACH occasion. Therefore, a feasible way to address the ending point of the overall HO with PSCell procedure is to take the maximal delay between handover delay and PSCell change delay 
DHO_with_PSCell = TRRC_delay + max(Dhandover- TRRC_delay, Tconfig_PSCell - TRRC_delay)
[bookmark: _Ref68208404]Proposal 2: For the scenario from NR-DC to NR-DC, the overall delay requirement of HO with PSCell procedure might be specified as DHO_with_PSCell = TRRC_delay + max(Dhandover- TRRC_delay, Tconfig_PSCell - TRRC_delay)  
 
We then discuss the interruption time for the HO with PSCell procedure. For legacy HO procedure, interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH. That definition seems to be also applicable for the interruption time of PCell, due to the fact that data reception/transmission of PCell should not be impacted by the PSCell. However, the intensions to define interruption time for the PSCell change or that for the overall HO with PSCell procedure are still not clear. So we suggest that
[bookmark: _Ref68208406]Proposal 3: RAN4 to specify the PCell interruption time for the overall HO with PSCell procedure. FFS whether to specify the interruption time for the PSCell change or that for the overall HO with PSCell procedure

We then further study the overall delay for scenario from NE-DC to NE-DC. According to the E-UTRAN PSCell addition delay requirement specified in 8.8.2 of TS38.133, it seems that there exist a delay uncertainty due to PCell PRACH preamble transmission and it is up to 20ms if E-UTRAN PSCell activation is interrupted by a PCell PRACH preamble transmission, otherwise it is 0. Considering that RAN2 does not specify any dependency between PRACH procedures, we suggest RAN4 to study whether the delay uncertainty of PCell PRACH preamble transmission is removable from the delay requirement of HO with PSCell procedure.
[bookmark: _Ref68208407]Proposal 4: For the scenario from NE-DC to NE-DC, RAN4 to clarify whether to remove the delay uncertainty of PCell PRACH preamble transmission from the delay requirement of HO with PSCell procedure

The requirement of following 2 cases can be discussed after RAN4 reach consensus on aforementioned issues.
· from NR SA to EN-DC 
· from EN-DC to EN-DC

7	Summary
In this contribution, we have the following observations:
Observation 1: HO procedure and PSCell change procedure might be performed in parallel for DC capable UE
And we propose
Proposal 1: RAN4 to clarify whether requirements from LTE-SA to EN-DC and from NR-SA to NR-DC are needed
Proposal 2: For the scenario from NR-DC to NR-DC, the overall delay requirement of HO with PSCell procedure might be specified as DHO_with_PSCell = TRRC_delay + max(Dhandover- TRRC_delay, Tconfig_PSCell - TRRC_delay)
Proposal 3: RAN4 to specify the PCell interruption time for the overall HO with PSCell procedure
Proposal 4: For the scenario from NE-DC to NE-DC, RAN4 to clarify whether to remove the delay uncertainty of PCell PRACH preamble transmission from the delay requirement of HO with PSCell procedure
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