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[bookmark: _Ref47278890]1	Introduction 
[bookmark: _Ref32352040][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In RAN2 #113-bis-e meeting, the LS to reply the RAN4 questions on HO with PSCell was sent [1]. In this paper, we provide our views on the remaining issues, including scenarios, corresponding delay requirement and interruption time.
2	Discussion   
In last meeting, there still exists 2 remaining issues for the scenario discussion.

	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.



For issue 2-1-1, we can support the majority view, i.e., option 1. For issue 2-1-2, both option 1 and option 2 are acceptable. However, if we consider the completeness of RAN4 spec coverage, then option 2 would be a better choice. 

Considering that the decisions for other issues are now pending on the timeline for HO with PSCell, we firstly discuss this fundamental issue. In last meeting, proposed options are list as follows:

	Issue 2-2-1: timeline for HO with PSCell
Agreements:
· Timeline for HO with PSCell 
· Option 1 (Xiaomi, Apple, OPPO): PCell HO and PSCell addition is performed in a sequential order.
· Option 2 (CATT, CMCC, Huawei, MTK, QC, ZTE, NEC, Ericsson): PCell HO and PSCell addition is performed in parallel.
· Option 3 (NTT DOCOMO, Intel, OPPO, Nokia, Ericsson, NEC): Some of procedures of HO with PSCell should be able to be performed in parallel, but RACH processing is performed in a sequential order (RACH procedure of PSCell will happen after the RACH procedure of PCell).
· Other options are not precluded
· Send LS to RAN2 to clarify possible restrictions on parallel or sequential RACH processing from RAN2 perspective



In our understanding, majority view is PCell HO and PSCell addition should be performed in a parallel order. The remaining questions are 
1. Whether the RACH procedure of PSCell will definitely happen after the RACH procedure of PCell? 
2. Does Tprocessing time need to be extended and how long should it be extended? 
Therefore, option 3 seems to be a better choice. 
[bookmark: _Ref71660596]Proposal 1: RAN4 to specify the delay requirement for HO with PSCell based on the assumption that some of procedures should be able to be performed in parallel. FFS what kinds of components in the overall delay requirement, e.g., Tprocessing, will have dependency between PCell and PSCell.


	Issue 2-2-7: UE SW processing and RF warm-up(if needed) time for HO with PSCell
FFS:
· Option 1 (CATT): Tprocessing for HO with PSCell can be used the values for handover requirements and for PSCell addition requirement
· Option 2 (Apple): 
· If UE only supports sequential processing for HO with PSCell, the total UE processing time for HO with PSCell is the sum of UE processing timing of HO and UE processing timing of PSCell addition.
· If UE can support parallel processing for HO with PSCell, the total UE processing time for HO with PSCell could be the maximum one between UE processing timing of HO and UE processing timing of PSCell addition
	UE processing margin (Tprocessing)
	Target PCell and PSCell is in the same FR as old PCell
	Target PCell and/or target PSCell is in the different FR from old PCell

	Sequential processing capable UE
	40ms
	60ms

	Parallel processing capable UE
	20ms
	40ms 











· Option 3 (NEC, Huawei): 
· Tprocessing is the UE processing time. Tprocessing is the maximum value of PCell HO and PSCell addition; 
· Option 4 (Intel): 
· For HO with PSCell from NR-DC to NR-DC,  Tprocessing can be split into software processing (Tprocessing_SW) and RF warm up time(Tprocessing_RF). Tprocessing_SW=[20]ms needs further discussion if some extension is needed. Tprocessing_RF will be dependent on different scenarios, i.e. whether PCell or PSCell change across FRs.
· For HO with PSCell from NR SA to EN-DC,  Tprocessing only includes software processing time (Tprocessing_SW). Tprocessing_SW=[20]ms needs further discussion if some extension is needed.
· Option 5 (Ericsson):
· The value of Tprocessing_SW for PSCell is as follows:
· Tprocessing_SW_PSCell = 0 ms, when source and target PSCells are the same cell,
· Tprocessing_SW_PSCell = 20 ms, when source and target PSCells are different cells but in same FR
· Tprocessing_SW_PSCell = 40 ms, when source and target PSCells are different cells in different FRs
· How Tprocessing_SW_PSCell impacts the handover with PSCell timeline depends on assumptions on parallel or sequential processing.
· Option 6 (vivo): RF chain activation and retuning time needs to be considered in the timeline of HO with PSCell.
· Option 7 (QC, MTK): 
· Extending the UE processing time for NRSA to EN-DC joint handover by [FFS]ms and [FFS] can be 10ms as the starting point, i.e. Tprocessing = [30]ms.
· For NRDC to NRDC, the UE processing time to be 20ms without FR mode switch on PSCell; otherwise, the UE processing time shall be 40ms as the legacy PSCell change requirement.
· For NRDC to NRDC, only consider FR1 for PCell.



As we known, the legacy rules for Tprocessing are
· 20ms if source cell and target cell are allocated in the same FR, and 
· 40ms if source cell and target cell are allocated in the different FRs. 
The overall processing time needs to choose the maximum value between PCell HO and PSCell addition. In the meanwhile, we agree that some RF components or SW resource might be shared between PCell and PSCell. That will introduce approximately 10ms extra delay to the overall Tprocessing. Therefore, we suggest that
[bookmark: _Ref71660611]Proposal 2: The overall Tprocessing for HO with PSCell should be max(Tprocessing for PCell HO, Tprocessing for PSCell addition) +10ms 

Other issues need to be determined based on RAN2’s further reply on “whether there exist any restriction on the RACH procedure order?”

We then discuss the interruption time for the HO with PSCell procedure. 
	Issue 2-3-1: whether or not RAN4 assumes PCC could be scheduled for UE when PCell HO is completed but PSCell addition is not completed
FFS:
· Option 1 (Apple, QC, vivo, CMCC, Ericsson, Nokia, MTK, NEC, Xiaomi, CATT, Intel, HW): Yes
· Option 2 (OPPO): No.

Issue 2-3-2: Interruption requirement for HO with PSCell
FFS:
· Option 1 (Xiaomi, HW, vivo, QC, ZTE, DOCOMO, CATT): No interruption requirement should be defined during HO with PSCell
· Option 2 (CATT): Interruption in legacy handover delay requirement can be applied for PCell. No interruption is defined on PSCell.
· Option 3 (Apple): 
· If sequential processing is used for HO with PSCell, UE would have an interruption on new PCell due to the PSCell addition. 
· If parallel processing is used for HO with PSCell and PSCell addition is completed earlier than PCell HO, no need to define interruption requirement since interruption has been reflected by HO delay.
· If parallel processing is used for HO with PSCell and PSCell addition is completed later than PCell HO, UE may have an interruption on new PCell due to RF tuning for PSCell addition.
· Option 4 (ZTE): For interruption requirements, consider the following options:
· Specify a total interruption for handover and PSCell addition
· Specify separate interruptions for handover and PSCell addition.
· Option 5 (MTK): RAN4 to specify the PCell interruption time for the overall HO with PSCell procedure.



According to the RAN2’s reply [1], UE can still access to the target PCell even though UE fails to synchronize to the target PSCell. It provides the proof that in RAN2’s understanding, PCC could also be scheduled for UE when PCell HO is completed but PSCell addition is not completed. So we propose
[bookmark: _Ref71660613][bookmark: _Ref71662328]Proposal 3: RAN4 to confirm that PCC could also be scheduled for UE when PCell HO is completed but PSCell addition is not completed

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 in HO with PSCell procedure, due to the fact that data reception/transmission of PCell should not be impacted by the PSCell. Besides, if Proposal 3 is agreeable, it seems that there exist no interruption time for the PSCell change. So we suggest that
[bookmark: _Ref68208406][bookmark: _Ref71660614]Proposal 4: No new interruption requirement for HO with PSCell is needed. Interruption in legacy handover delay requirement can still be applied for the PCell


7	Summary
In this contribution, we have the following proposals:
Proposal 1: RAN4 to specify the delay requirement for HO with PSCell based on the assumption that some of procedures should be able to be performed in parallel. FFS what kinds of components in the overall delay requirement, e.g., Tprocessing, will have dependency between PCell and PSCell.
[bookmark: _GoBack]Proposal 2: The overall Tprocessing for HO with PSCell should be max(Tprocessing for PCell HO, Tprocessing for PSCell addition) +10ms
Proposal 3: RAN4 to confirm that PCC could also be scheduled for UE when PCell HO is completed but PSCell addition is not completed
Proposal 4: No new interruption requirement for HO with PSCell is needed. Interruption in legacy handover delay requirement can still be applied for the PCell
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