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Work on the Handover with PSCell objective of the Rel-17 WI on Further RRM enhancement for NR and MR-DC [1] continued during the RAN4#98-bis-e meeting, and the outcome was captured in a WF [5].
In this contribution we provide our views on the open issues in the WF.
Discussion
Scenarios
The following open issues on scenarios is captured in  the WF [5].
	· Issue 2-1-1: Scenarios for RRM requirement of HO with PSCell
FFS:
· Option 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
· Option 2: 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: 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


Our view here is that as starting point the following cases shall be supported by means of RRM requirements:
· from NR SA to EN-DC
· from EN-DC to EN-DC
· from NE-DC to NE-DC
· from NR-DC to NR-DC
It shall be noted that this does not rule out that UE functionally supports additional combinations.
Proposal 1: 	As a starting point, RRM requirements are defined for the following handover 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
	· Issue 2-1-2: NR-DC and NE-DC mode in HO with PSCell
FFS:
· Option 1: 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:
· 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:
· 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:
· 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:
· 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.



Our view is that RAN4, as a starting point, shall 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
It shall be noted that this does not rule out that UE functionally supports additional combinations.
Proposal 2: 	As a starting point, RRM requirements are defined for the following NR-DC and NE-DC handover scenarios.
· FR1+FR2 NR-DC to NR-DC
· FR1+FR1 NR-DC to NR-DC
· FR1+LTE NE-DC to NE-DC
Delay requirement design
The following open issues on the design of the delay requirement, with respect to whether parallel or sequential processing is to be assumed, is captured in  the WF [5].
	· Issue 2-2-1: timeline for HO with PSCell
FFS:
· Agreements:
· Timeline for HO with PSCell 
· Option 1: PCell HO and PSCell addition is performed in a sequential order.
· Option 2: PCell HO and PSCell addition is performed in parallel.
· Option 3: 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


Our view is that under normal circumstances it shall be possible to execute RA towards PCell and PSCell in parallel. There may be scenarios that call for sequential execution, e.g. for UE using single Tx chain due to issues with intermodulation distortion, but baseline shall in our view be parallel processing, and then one can allow additional delay for UEs that for some reasons are incapable of parallel processing.
However, since we have an outstanding LS [6] to RAN2 and RAN3 on whether RA towards PCell and PSCell procedure-wise can be executed in parallel, we think we shall wait with further discussions until RAN2 and potentially RAN3 has come back with an LS reply.
Proposal 3: 	RAN4 shall wait for LS reply from RAN2/RAN3 on whether RA can be carried out in parallel, before further discussing the detailed timeline and associated delay requirements.
	· Issue 2-2-3: ending point of the delay requirement for HO with PSCell
FFS:
· Option 1:
· When 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 implying handover with PSCell. Where Thandover_with_PSCell is the delay requirement of HO with PSCell.
· Option 2:
· the later timing between “timing when UE shall be capable to transmit PRACH preamble towards target PCell” and “the timing when UE shall be capable to transmit PRACH preamble towards target PSCell” 
· Option 2a:
· the later timing between “timing when UE shall be capable to transmit PRACH preamble towards target Pcell” and “the timing when UE shall be capable to transmit PRACH preamble towards target 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.
· Option 3:
· if sequential processing is used, the timing when UE shall be capable to transmit PRACH preamble towards target PSCell 
· if the parallel processing is used, the later timing between “timing when UE shall be capable to transmit PRACH preamble towards target Pcell” and “the timing when UE shall be capable to transmit PRACH preamble towards target PSCell” 
· Option 4:
· Define delay requirements for HO and PSCell addition/change separately with the ending points defined as Pcell PRACH and PSCell PRACH respectively. No need to define overall delay requirement.



For the ending point, we propose that separate requirements apply for PCell and PSCell. This would also be in line with feedback from RAN2 [7] on that failure to synchronize to target PSCell would not mean that the procedure fails completely.

«In case of MN handover with PSCell change, and UE fails to synchronize to the target PSCell, the UE can still access to target PCell, and triggers SCG failure by sending SCGFailureInformation to target PCell. In this case, the SCG configuration (including the configuration for PSCell) is kept and all SCG transmissions are suspended, it is up to target MN to decide whether to reconfigure/release SCG after receiving SCGFailureInformation message from the UE.»
Hence we propose the following.

Proposal 4: 	The delay requirement for HO with PSCell shall be specified separately for PCell and PSCell. 
Optimization when source and target PSCells are the same cell
	· Issue 2-2-5: optimisation for the case when PSCell is not changed during HO with PSCell
· Option 1: 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 2: When source and target PSCell is the same cell, then fine time tracking T∆=0 shall apply.


For the sake of progress, we can agree that time for fine time tracking shall be included regardless of whether source and target PSCells are the same cell.
Proposal 5: 	HO with PSCell delay requirements shall allow UE to carry out fine time tracking (contributing with T∆ in the time line) regardless of whether source and target PSCell is the same cell.  
Software processing times for PSCell
	· Issue 2-2-7: UE SW processing and RF warm-up(if needed) time for HO with PSCell
FFS:
· Option 1: Tprocessing for HO with PSCell can be used the values for handover requirements and for PSCell addition requirement
· Option 2: 
· 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: 
· Tprocessing is the UE processing time. Tprocessing is the maximum value of PCell HO and PSCell addition; 
· Option 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 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:
· 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: RF chain activation and retuning time needs to be considered in the timeline of HO with PSCell.
· Option 7: 
· 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.


Our view is that Tprocessing_SW_PSCell shall take the following values:
· 0ms, when source and target PSCells are the same same NR or LTE cell,
· 20ms, when source and target PSCells are different NR cells in same FR,
· 40ms, when source and target PSCells are different NR cells in different FRs,
· [40ms], when there is no source PSCell i.e. when it is a matter of PSCell addition.
Whether this can be executed in parallel with software processing for PCell may need some further discussions.
 Proposal 6:  	For software processing for PSCell, the following values are to be used.
· 0ms, when source and target PSCells are the same same NR or LTE cell,
· 20ms, when source and target PSCells are different NR cells in same FR,
· 40ms, when source and target PSCells are different NR cells in different FRs,
· [40ms], when there is no source PSCell i.e. when it is a matter of PSCell addition.
Scheduling aspects
	· 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: Yes
· Option 2: No.


Our view is that scheduling in PCell shall be supported from the moment the UE has completed RA towards PCell,  regardless of whether the UE has completed the RA towards PSCell. It is in line with the LS reply from RAN2 on that the UE shall still access PCell even if PSCell synchronization fails.
Proposal 7: 	RAN4 shall assume that UE can be scheduled on PCC after RA towards PCell has been completed, even if RA towards PSCell has not been completed.
Handover interruptions

	· Issue 2-3-2: Interruption requirement for HO with PSCell
FFS:
· Option 1: No interruption requirement should be defined during HO with PSCell
· Option 2: Interruption in legacy handover delay requirement can be applied for PCell. No interruption is defined on PSCell.
· Option 3: 
· 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: 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: RAN4 to specify the PCell interruption time for the overall HO with PSCell procedure.



This issue is related to whether or not RAN4 assumes UE can be scheduled on PCC when RA has been completed but before RA towards PSCell has been completed. In our view, there is no need to define interruption requirements other than for PCell, and the interruption requirement for PCell shall not depend on PSCell activation status, i.e., interruption requirement for PCell shall apply even should the PSCell synchronization fail.

Proposal 8: 	Interruption in legacy handover delay requirement can be applied for PCell. No interruption is defined for PSCell.

Random access procedure

	· Issue 2-4-1: 2 step and 4 step RACH for HO with PSCell
FFS:
· Option 1: The delay requirements for HO with PSCell are not relative with 2 step or 4 step RACH if the ending point of delay is defined as PRACH transmission of UE.
· Option 2: for requirement of HO with PSCell, RAN4 starts the discussion with 4 step RACH first and FFS on 2 step RACH.
· Option 3: RAN4 to define both 2-step and 4-step RACH requirements for handover with PSCell. 



Proposal 9: 	RAN4 shall define delay requirements for HO with PSCell for both 2-step and 4-step RA. Impact on delay requirements depends on timeline with respect to parallel processing of RA. 


	· Issue 2-4-3: RACH occasion on NR-U CC for HO with PSCell
FFS:
· Option 1: 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.
· Option 2: The NR-U scenario is out of scope of this WID, no need to discuss.



Our view is that the WID does not exclude NR-U carriers. Hence RRM requirements have to apply also for carriers where CCA is used. Hence we reiterate our proposal:

Proposal 10: 	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: 	As a starting point, RRM requirements are defined for the following handover 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: 	As a starting point, RRM requirements are defined for the following NR-DC and NE-DC handover scenarios.
· FR1+FR2 NR-DC to NR-DC
· FR1+FR1 NR-DC to NR-DC
· FR1+LTE NE-DC to NE-DC
Proposal 3: 	RAN4 shall wait for LS reply from RAN2/RAN3 on whether RA can be carried out in parallel, before further discussing the detailed timeline and associated delay requirements.
Proposal 4: 	The delay requirement for HO with PSCell shall be specified separately for PCell and PSCell. 
Proposal 5: 	HO with PSCell delay requirements shall allow UE to carry out fine time tracking (contributing with T∆ in the time line) regardless of whether source and target PSCell is the same cell.  
Proposal 6:  	For software processing for PSCell, the following values are to be used.
· 0ms, when source and target PSCells are the same same NR or LTE cell,
· 20ms, when source and target PSCells are different NR cells in same FR,
· 40ms, when source and target PSCells are different NR cells in different FRs,
· [40ms], when there is no source PSCell i.e. when it is a matter of PSCell addition.
Proposal 7: 	RAN4 shall assume that UE can be scheduled on PCC after RA towards PCell has been completed, even if RA towards PSCell has not been completed.

Proposal 8: 	Interruption in legacy handover delay requirement can be applied for PCell. No interruption is defined for PSCell.

Proposal 9: 	RAN4 shall define delay requirements for HO with PSCell for both 2-step and 4-step RA. Impact on delay requirements depends on timeline with respect to parallel processing of RA. 

Proposal 10: 	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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