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1. Introduction
In RAN#98bis-e meeting, RAN4 had extensive discussion on RRM requirements for HO with PSCell and the related WF was approved in WF [1]. In this contribution, we would like to further discuss the RRM requirements for HO with PSCell and provide our proposals. 
2. Discussion
Scenarios for RRM requirement of HO with PSCell
	· Issue 2-1-1: Scenarios for RRM requirement of HO with PSCell 
· FFS
· Option 1(Apple, HW, QC, OPPO, Xiaomi, vivo, CATT, MTK, Ericsson): RAN4 specifies RRM requirement for HO with PSCell for following scenarios:
· from NR SA to EN-DC
· from EN-DC to EN-DC
· from NE-DC to NE-DC
· from NR-DC to NR-DC
· Option 2(NEC, Nokia): RAN4 specifies RRM requirement for HO with PSCell for following scenarios:
· from NR SA to EN-DC
· from EN-DC to EN-DC
· from NE-DC to NE-DC
· from NR-DC to NR-DC
· from NR SA to NE-DC (newly added)
· from NR SA to NR-DC (newly added)
· from LTE SA to EN-DC (newly added)
· Option 3(MTK): RAN4 specifies RRM requirement for HO with PSCell for following scenarios:
· from NR SA to EN-DC
· from EN-DC to EN-DC
· from NE-DC to NE-DC
· from NR-DC to NR-DC
And RAN4 to clarify whether requirements from LTE-SA to EN-DC and from NR-SA to NR-DC are needed 
· Issue 2-1-2: NR-DC and NE-DC mode in HO with PSCell
· FFS:
· Option 1(CATT, Apple, OPPO, MTK, Huawei): In R17 RAN4 only considers:
· FR1+FR2 NR-DC for HO with PSCell from NR-DC to NR-DC,
· FR1+LTE NE-DC for HO with PSCell from NE-DC to NE-DC.
· Option 2 (NEC, Intel, vivo, QC, Ericsson, MTK):
· FR1+FR2 NR-DC and FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC,
· FR1+LTE NE-DC for HO with PSCell from NE-DC to NE-DC.
· Option 2a (Apple):
· FR1+FR2 NR-DC and FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC,
· FR1+LTE NE-DC for HO with PSCell from NE-DC to NE-DC.
Note: the baseline PSCell addition requirement for FR1+FR1 NR-DC would be discussed in TEI16. 
· Option 3 (Ericsson):
· FR1+FR2 NR-DC and FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC,
· FR1+LTE NE-DC for HO with PSCell from NE-DC to NE-DC,
· FFS on FR2+LTE NE-DC for HO with PSCell from NE-DC to NE-DC.
· Option 4 (Nokia):
· FR1+FR2 NR-DC and FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC,
· FR1+LTE and FR2+LTE NE-DC for HO with PSCell from NE-DC to NE-DC,
· FR1+LTE and FR2+LTE NE-DC for HO with PSCell from NR SA to NE-DC.



In last meeting, some new scenarios were proposed to be considered when defining RRM requirements for HO with PSCell, e.g. HO with PSCell from NR SA to NE-DC, from NR SA to NR-DC, and from LTE SA to EN-DC. However, for these new proposed scenarios, it is needed firstly to clarify from operator whether these scenarios are considered from the real network implementation. In addition, since these new proposed scenarios are not captured in the WID, if these new scenarios are added, it should be discussed in RAN plenary. Thus, at current stage, we support to specify the RRM requirements for HO with PSCell for the scenarios captured in the WID.
Proposal 1: RAN4 specifies RRM requirement for HO with PSCell for following scenarios:
· from NR SA to EN-DC
· from EN-DC to EN-DC
· from NE-DC to NE-DC
· from NR-DC to NR-DC
[bookmark: _GoBack]Regarding the scenarios need to be considered in NR-DC and NE-DC mode for HO with PSCell, from our perspective, it is benefit to consider the FR1+FR1 NR-DC case in HO with PSCell, as the joint HO procedure can reduce the delay compared with legacy HO procedure. However, for FR2+LTE NE-DC case, we do not see the benefit from the HO delay and coverage perspective, so it may not the typical scenario in HO with PSCell. Hence, we support option 2 captured in the WF.
Proposal 2: For NR-DC and NE-DC mode in HO with PSCell, the following scenarios are considered to specify the RRM requirements:
· FR1+FR2 NR-DC and FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC,
· FR1+LTE NE-DC for HO with PSCell from NE-DC to NE-DC.

Delay requirement design of HO with PSCell
For legacy handover delay requirement defined in [2], it includes the RRC procedure delay and the interruption time due to the preparation actions on the new target cell during HO procedure, e.g. cell search, fine timing tracking, UE processing time and uncertainty of PRACH occasion etc.
For RRC processing delay, RAN2 has replied the LS in [2] on the RRC processing delay for HO with PSCell, which are captured in the following table. Thus, RAN4 can follow the proposed RRC processing delay for HO with PSCell.
	Scenario
	Source PCell
	Target PCell
	Target PSCell
	RRC procedure delay for HO with PSCell

	NR SA to EN-DC
	NR (incl. FR1 and FR2)
	LTE
	NR (incl. FR1 and FR2)
	[50ms]

	EN-DC to EN-DC
	LTE
	LTE
	NR (incl. FR1 and FR2)
	20ms

	NE-DC to NE-DC
	NR FR1
	NR FR1
	LTE
	16ms

	NR-DC to NR-DC
	NR FR1
	NR FR1
	NR FR2
	16ms


Proposal 3: RAN4 follow the RRC processing delay for HO with PSCell which is captured in reply LS (R4-2107622).
Upon UE completes the RRC processing procedure, UE starts to synchronize to the target PCell and PSCell and transmit the new PRACH on the target PCell and PSCell. UE may process the preparation actions on new target PCell and PSCell in sequentially or in parallel according to the UE implementation. For intra-band DC case, the low cost UE may be implemented with single RF chain, the UE therefore may not be capable to perform cell search on target PCell and target PSCell simultaneously. Thus, from the delay requirement perspective, it is assumed that the preparation of synchronization procedures should be performed in sequentially order.
Proposal 4: For HO with PSCell, it is assumed that the preparation of synchronization procedures should be performed in sequentially order:
· Cell search;
· Fine time tracking;
· UE processing time;
· Time for interruption uncertainty in acquiring the first available PRACH occasion in the new cell;
· Time for SSB post-processing
It was agreed the starting point of the delay requirement for HO with PSCell is the end of the last TTI containing the RRC command in last meeting, and FFS on the end point of the delay for HO with PSCell should be the time UE starts the transmission of the PRACH on the target PSCell. In our understanding, if UE is assumed to perform the DL and UL synchronization procedures in sequential order, the PSCell addition should be completed later than PCell HO, thus, the ending point of HO with PSCell is the timing when UE is capable to transmit PRACH preamble towards target PSCell.
Proposal 5: The ending point of HO with PSCell is the timing when UE is capable to transmit PRACH preamble towards target PSCell.
In last meeting, one of the open issue is when the PSCell is not changed during the HO with PSCell, how the impact on the delay requirement is FFS. From our understanding, as the handover command includes the RRC configuration of both the target MCG PCell and the target SCG PSCell, the UE should processing the RRC configuration and perform the related procedures on target PSCell event the PSCell is not changed. Maybe some certain procedure is not needed for this case, e.g. time tracking. However, from delay requirement point of view, we prefer to keep the same requirement as for the original case.
Proposal 6: When the configured PSCell is the same as the original one or not, the requirements and UE’s behavior are the same.
Interruption requirement
According to the discussion in last meeting, whether to define the interruption for HO with PSCell is FFS. In our understanding, whether define interruption requirement for HO with PSCell is related to whether the PCell HO procedures and PSCell addition procedures are performed in sequential or in parallel. If in sequential, no interruption should be defined for HO with PSCell, since the PSCell addition is considered as one part of the HO with PSCell procedure and the end point of the delay for HO with PSCell is the time UE starts the transmission of the PRACH on the target PSCell. If in parallel, the interruption on PCell or PSCell may need to be considered due to the RF retuning for PSCell addition or PCell HO, respectively. Since, we think the preparation of synchronization procedures for HO with PSCell should be performed in sequentially order, thus, we think no interruption requirement should be defined for HO with PSCell.
Proposal 7: No interruption requirement should be defined for HO with PSCell.
3. Conclusion
In this contribution, we further discussed the corresponding RRM requirements for handover with PSCell and provide our proposals.
Proposal 1: RAN4 specifies RRM requirement for HO with PSCell for following scenarios:
· from NR SA to EN-DC
· from EN-DC to EN-DC
· from NE-DC to NE-DC
· from NR-DC to NR-DC
Proposal 2: For NR-DC and NE-DC mode in HO with PSCell, the following scenarios are considered to specify the RRM requirements:
· FR1+FR2 NR-DC and FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC,
· FR1+LTE NE-DC for HO with PSCell from NE-DC to NE-DC.
Proposal 3: RAN4 follow the RRC processing delay for HO with PSCell which is captured in reply LS (R4-2107622).
Proposal 4: For HO with PSCell, it is assumed that the preparation of synchronization procedures should be performed in sequentially order:
· Cell search;
· Fine time tracking;
· UE processing time;
· Time for interruption uncertainty in acquiring the first available PRACH occasion in the new cell;
· Time for SSB post-processing
Proposal 5: The ending point of HO with PSCell is the timing when UE is capable to transmit PRACH preamble towards target PSCell.
Proposal 6: When the configured PSCell is the same as the original one or not, the requirements and UE’s behavior are the same.
Proposal 7: No interruption requirement should be defined for HO with PSCell.
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