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Work on the Rel-17 WI on NR RRM further enhancement [1] where one of the objectives is Handover with PSCell started at RAN4#98e. The outcome was captured in a WF [3]. 
In this contribution we provide our views on the open issues.
Discussion
Scenarios
	· Issue 2-1-2: NR-DC and NE-DC mode in HO with PSCell
FFS:
· Option 1: 
· 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: 
· 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: 
· 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: 
· 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



In our view, RAN4 is to derive RRM requirements for the following scenarios:
· FR1+FR2 NR-DC to NR-DC
· FR1+FR1 NR-DC to NR-DC
· FR1+LTE NE-DC to NE-DC
· FFS on FR2+LTE NE-DC to NE-DC
Proposal 1: 	RAN4 to derive RRM requirements for the following scenarios: FR1+FR2 NR-DC to NR-DC, FR1+FR1 NR-DC to NR-DC, and FR1+LTE NE-DC to NE-DC. FFS on FR2+LTE NE-DC to NE-DC.
Delay requirement design
	· Issue 2-2-1: 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 is reused from conventional handover without PSCell. For the ending point, we propose whichever comes last of PRACH preamble transmission towards PCell and PSCell. In case scenarios are specified where PRACH preamble transmission is not needed when changing PCell but retaining PSCell (depending on whether security key refresh is needed), then the end point is PRACH preamble transmission in PCell i.e. same as for conventional handover.

Proposal 2: 	The delay requirement for handover with PSCell is using the following starting and ending points. Starting point: same as for conventional handover. Ending point: whichever comes last of PRACH preamble transmission towards PCell and PSCell. In case RAN4 defines scenarios where PRACH preamble transmission towards PSCell is not needed, ending point for those scenarios is PRACH preamble transmission towards PCell.
Optimization when source and target PSCells are the same cell
	· Issue 2-2-4: optimisation for the case when PSCell is not changed during HO with PSCell
FFS:
· Option 1: For HO with PSCell from NR-DC to NR-DC, if PSCell is not changed, no timing tracking for PSCell is needed. If PSCell is changed, timing tracking for PSCell is needed, scaling factor may be considered.
· Option 2: T∆  reduction when source and target PSCell is the same cell.
· Option 3: For UE which is already configured with DC, the UE’s behaviour is same when the configured PSCell is same as the original one or not.
· Option 4: When PSCell is not changed, the requirements for HO with PSCell should be the legacy HO requirement. The PSCell can still work but with interruption caused by PCell HO.
· FFS on other optimizations, if any



When source and target PSCell is the same cell, then the frame timing is well known to the UE and no additional fine tuning shall be needed. Hence we propose that fine time tracking T∆=0 shall apply for this case. In case RAN4 specifies scenarios where no PRACH preamble towards PSCell is needed (source and target PSCells is same cell, and no security key refresh is needed), then additionally other factors associated with the timeline for PSCell addition (TPSCell_DU, etc) shall be disregarded.

Proposal 3: 	When source and target PSCell is the same cell, then fine time tracking T∆=0 shall apply.
UE SW processing and RF warm-up time

	· Issue 2-2-6: UE SW processing and RF warm-up(if needed) 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



When source and target PSCells are different cells but are in the same frequency range, then similar to PSCell change requirements and handover requirements, Tprocessing_SW=20ms shall be assumed for PSCell in the delay requirement. When source and target PSCells are the same cell, then Tprocessing_SW=0ms shall be assumed for PSCell in the delay requirement. The impact Tprocessing_SW for PSCell has on the total delay requirement depends on whether parallel or sequential processing is needed, e.g. on whether all SW reconfiguration for PCell and PSCell are done in parallel or in sequence.
Proposal 4: 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.
Interruption requirement design
	· Issue 2-3: Interruption requirement for HO with PSCell
FFS:
· Option 1: 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 2: when UE is ready to be scheduled on the new PCell during the interruption time for PSCell, the following options can be considered for the UE behavior.
· Option 2-1: UE is not expected to be scheduled on the new PCell during the HO with PSCell procedure;
· Option 2-2: UE can be scheduled on the new PCell but define interruption requirement between the time PCell is ready for scheduling and the time UE starts the transmission of the new PRACH on the new PSCell.
· Option 3: more discussion is needed, Waiting for the conclusion from issue 2-2-3



Keeping PCell handover interruption time short remains important also for the Handover with PSCell feature. We therefore propose a requirement with two checkpoints where the first is the time at which UE is transmitting PRACH preamble in PCell, and where the second is the later of PRACH preamble transmission in PCell and PSCell.
Proposal 5: 	The handover with PSCell delay (interruption) requirement shall have two checkpoints: time until the UE is transmitting PRACH preamble in PCell, and time until later of UE transmitting PRACH preamble in PCell and UE transmitting PRACH preamble in PSCell. 

Supported RACH scenarios
	· Issue 2-4-1: 2 step and 4 step RACH for HO with PSCell
FFS:
· Option 1: Include both 2-step RA and 4-step RA into the new requirements made for handover with PSCell.
· Option 2: start the discussion with 4 step RACH first and FFS on 2 step RACH.
· Option 3: wait conclusion of issue 2-2-3



We propose to support both 2 step and 4 step RACH.

 Proposal 6:	Both 2-step RA and 4-step RA shall be supported in RRM requirements for Handover with PSCell.

	· Issue 2-4-2: RACH occasion collision between PCell and PSCell
FFS:
· Option 1: There is no need to further consider the RO collision issue from RAN4’s perspective.
· Option 2: wait conclusion of issue 2-2-3.
· Option 3: need more discussion



[bookmark: _Hlk68175827]There are some band combinations e.g. for EN-DC where PSCell is on an unlicensed carrier and under CCA. For such band combinations we think it should be studied by RAN4 whether prioritization shall be applied to random access in PSCell once CCA is successful. The justification is that due to CCA failures RACH occasions may be scarce on the unlicensed carrier, significantly extending the time until completion of random access and increasing the risk for SCG failure.    

Proposal 7:	RAN4 to further study whether RA for spCell on unlicensed carrier with CCA shall be prioritized over RA for spCell on licensed carrier, once CCA is successful.

Summary and Conclusion
In this contribution we have provided our views on open issues for handover with PSCell. The following proposals are made:
Proposal 1: 	RAN4 to derive RRM requirements for the following NR-DC and NE-DC scenarios: FR1+FR2 NR-DC to NR-DC, FR1+FR1 NR-DC to NR-DC, and FR1+LTE NE-DC to NE-DC. FFS on FR2+LTE NE-DC to NE-DC.
Proposal 2: 	The delay requirement for handover with PSCell is using the following starting and ending points. Starting point: same as for conventional handover. Ending point: whichever comes last of PRACH preamble transmission towards PCell and PSCell. In case RAN4 defines scenarios where PRACH preamble transmission towards PSCell is not needed, ending point for those scenarios is PRACH preamble transmission towards PCell.
Proposal 3: 	When source and target PSCell is the same cell, then fine time tracking T∆=0 shall apply.
Proposal 4: 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.
Proposal 5: 	The handover with PSCell delay (interruption) requirement shall have two checkpoints: time until the UE is transmitting PRACH preamble in PCell, and time until later of UE transmitting PRACH preamble in PCell and UE transmitting PRACH preamble in PSCell. 
Proposal 6:	Both 2-step RA and 4-step RA shall be supported in RRM requirements for Handover with PSCell.
Proposal 7:	RAN4 to further study whether RA for spCell on unlicensed carrier with CCA shall be prioritized over RA for spCell on licensed carrier, once CCA is successful.
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