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1 Introduction
According to WF about HO with PSCell[1], there are many open issues:
	· NR-DC and NE-DC mode in HO with PSCell
· Timeline for HO with PSCell
· Starting point and ending point of the delay requirement for HO with PSCell
· UE SW processing and RF warm-up(if needed) time for HO with PSCell


In this contribution, we will provide our views.
2 Discussion
NR-DC and NE-DC mode in HO with PSCell
In last meeting, there is open issues related to the scenarios about NR-DC and NE-DC mode in HO with PSCell:
	· FFS:
· Option 1(Apple, CATT, QC, MTK): In R17 RAN4 only considers legacy FR1+FR2 NR-DC for HO with PSCell from NR-DC to NR-DC, and only considers FR1+LTE NE-DC for HO with PSCell from NE-DC to NE-DC.
· Option 2(Huawei, Ericsson): In R17 RAN4 considers FR1+FR2 NR-DC and FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC, and only considers FR1+LTE NE-DC for HO with PSCell from NE-DC to NE-DC.
· Option 3(tentative compromise)(Apple): 
· For HO with PSCell from NR-DC to NR-DC, following scenario(s) are considered in RAN4, 
· FR1+FR2 NR-DC
· FFS: FR1+FR1 NR-DC
· For HO with PSCell from NE-DC to NE-DC, following scenario(s) are considered in RAN4, 
· FR1+LTE NE-DC
· FFS: FR2+LTE NE-DC 
· Option 4(Nokia): 
· For HO with PSCell from NR-DC to NR-DC, following scenario(s) are considered in RAN4, 
· FR1+FR2 NR-DC
· FR1+FR1 NR-DC
· For HO with PSCell from NE-DC to NE-DC, following scenario(s) are considered in RAN4, 
· FR1+LTE NE-DC
· FFS: FR2+LTE NE-DC 




Since there are many possible scenarios, in NR-DC case, wo suggest to consider FR1+FR2 and FR1+FR1 case and FR1+LTE NE-DC.
Proposal 1: Consider FR1+FR2, FR1+FR1 NR-DC for HO with PSCell and FR1+LTE NE-DC for HO with PSCell.

Timeline for HO with PSCell
In last meeting, there is open issues related to timeline for HO with PSCell:
	· Agreement
· 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.




The main procedure HO of PCell or PSCell addition from UE side includes steps:
1. TRRC_delay, RRC message processing time
1. Tprocessing , UE processing time(SW and RF warm up time)
1. Tsearch, Cell search time
1. T∆, Fine timing tracking time
1. TIU and TPSCell_DU , Time for acquiring the first available PRACH occasion in the new cell, TIU and TPSCell_DU  

It’s common understanding that RRC message for both PCell and PSCell  can be processed simultaneously. The main difference lies in step B to step E.  In a sequential procedure, PSCell addition can be processed after step B~E of HO of PCell. If in parallel procedure, it means that PSCell and PCell can be processed independently.
For NR-DC to NR-DC or NE-DC to NE-DC, Figure 10.7.2-1 in 37.340 shows an example signalling flow for HO with or without PSCell change:



Fig.1 Time line for HO with PSCell
Here, we use yellow color to outline the step 7 to step 9.  It shows that the RACH procedure of PSCell will happen after the RACH procedure of PCell(step 9 is after step 7). 
Observation 1: RACH procedure of PSCell will happen after the RACH procedure of PCell.
Since RACH procedure is the step E in HO in RAN4, for steps B~D, it seems that it’s still possible to process PCell and PSCell in parallel.
Observation 2: Cell search, timing tracking, UE processing can still be processed in parallel.
Proposal 2: RACH procedure of PSCell will happen after the RACH procedure of PCell. While Cell search, timing tracking, UE processing can still be processed in parallel.

Starting point and ending point of the delay requirement for HO with PSCell

	· FFS:
· Option 1 : For delay requirement of HO with PSCell, reuse the starting point definition from legacy HO and reuse the ending point definition from legacy PSCell addition, i.e., when the UE receives a RRC message implying handover with PSCell the UE shall be capable to transmit PRACH preamble towards target PSCell within Thandover_with_PSCell from the end of the last TTI containing the RRC command. (Thandover_with_PSCell is the delay requirement of HO with PSCell).
· Option 2 : during HO with PSCell, the same starting point is assumed for PCell and PScell, i.e. when the UE receives a RRC message implying handover with PSCell; the ending points should be separately defined as PCell PRACH and PSCell PRACH and the overall ending point can be whichever leg finishes the PRACH preamble at last.
· Option 3 : For delay requirement of HO with PSCell, 
· reuse the starting point definition from legacy HO, i.e., the end of the last TTI containing the RRC command implying handover with PSCell.
· FFS: the ending point




The starting point of HO with PSCell is when the UE receives a RRC message implying handover with PSCell.
As discussion in  previous observation 2 and proposal 2, RACH procedure of PSCell will happen after the RACH procedure of PCell HO, thus the ending point of delay requirement for HO with PSCell will be the time when PSCell is capable to transmit PRACH preamble.
Proposal 3: The ending point of delay requirement for HO with PSCell will be the time when PSCell is capable to transmit PRACH preamble.

UE SW processing and RF warm-up(if needed) time for HO with PSCell
In last meeting, there is still open issues regarding to UE SW processing and RF warm-up time for HO with PSCell:
	· FFS:
· Option 1 : Sum of the UE processing time from legacy HO and from legacy PSCell addition for HO with PSCell.
· Option 2 : Tprocessing is the UE processing time. It can be 20ms or 40 ms depending on same FR or inter FR NR PSCell addition.
· Option 3 : 
· 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 4 : Tprocessing reduction when source and target PSCell are in same FR
· Option 5 : more discussion is needed, waiting for the conclusion from issue 2-2-3




UE SW processing of PSCell can be processed in parallel with that of PCell handover. Some extension may also be needed depends on the UE implementation. Therefore, Tprocessing is Tprocessing_SW, which equals to [20]ms. The exact number can be further discussed.
Currently in RAN4, the possible scenario for NR-DC are FR1+FR1,FR1+FR2, FR2+FR2. If PCell handover from FR1 to FR1 or FR2 to FR2, no RF warm up time is needed. if PSCell changed from FR1 to FR1 or from FR2 to FR2, no RF warm up time is needed either. if PCell or PSCell is changed across different FR, extra RF timing =20ms is needed. therefore,  Tprocessing_RF will depend on different scenarios. 
Proposal 4: 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 NR SA to EN-DC, NR PCell will change to PSCell in E-TURAN, the RF warm up time for PSCell is not needed. For PCell in E-URTAN, there is no RF warming up time either. similar with NR-DC to NR-DC case, UE SW processing of PSCell can be processed in parallel with that of PCell handover. Some extension may also be needed depends on the UE implementation. Therefore, Tprocessing is Tprocessing_SW, which equals to [20]ms. The exact number can be further discussed.
Proposal 5: 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. 
3 Conclusion
In this contribution, we provide our views regarding the HO with PSCell:
Proposal 1: Consider FR1+FR2, FR1+FR1 NR-DC for HO with PSCell and FR1+LTE NE-DC for HO with PSCell.
Observation 1: RACH procedure of PSCell will happen after the RACH procedure of PCell.
Observation 2: Cell search, timing tracking, UE processing can still be processed in parallel.
Proposal 2: RACH procedure of PSCell will happen after the RACH procedure of PCell. While Cell search, timing tracking, UE processing can still be processed in parallel.
Proposal 3: The ending point of delay requirement for HO with PSCell will be the time when PSCell is capable to transmit PRACH preamble.
Proposal 4: 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. 
Proposal 5: 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. 
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