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Work on the Handover with PSCell [1] continued during the RAN4#99-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 [2].
	· Issue 2-1-1: Scenarios for RRM requirement of HO with PSCell
· Option 1 (CMCC, CATT, OPPO, Ericsson, Qualcomm, Intel, Docomo, NEC, vivo, Nokia)
· RAN4 concludes that RRM requirements are needed for the additional scenarios for HO with PSCell. It is up to RAN plenary decision whether to extend the scope the WID. 
· 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 2 (Apple, Xiaomi, MTK)
· The extension of WI scope should be discussed in RAN plenary. 



	· Issue 2-1-2: NR-DC and NE-DC mode in HO with PSCell
· Option 1(CATT, 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 (CMCC, Apple, Xiaomi, Ericsson, Huawei, Intel, NEC, vivo, Nokia, Qualcomm, OPPO, Docomo):
· FR1+FR2 NR-DC and FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC
· Note: the baseline PSCell addition requirement for FR1+FR1 NR-DC would be discussed in TEI16.
· FR1+LTE NE-DC for HO with PSCell from NE-DC to NE-DC.
· Recommended WF (MTK)
· FR1+FR2 NR-DC for HO with PSCell from NR-DC to NR-DC is supported.
· FR1+LTE NE-DC for HO with PSCell from NE-DC to NE-DC is supported.
· FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC is FFS
· the baseline PSCell addition requirement for FR1+FR1 NR-DC would be discussed in TEI16.
· FR2+LTE NE-DC for HO with PSCell from NE-DC to NE-DC is FFS.





	· Issue 2-1-2a: Requirements for Rel-16 FR1+FR1 NR-DC
· Option 1 (Apple, Xiaomi, Qualcomm, OPPO): 
· Limited set of RRM requirements, i.e., PSCell addition requirements, are specified
· The requirements are discussed in TEI16.
· Option 2 (Apple, Xiaomi, OPPO, Nokia): 
· Full set of RRM requirements:
· Note: The requirements are specified under what agenda/WI?
· Option 3 (Huawei): 
· Limited set of RRM requirements in Rel-17 FeRRM
· Option 4 (Nokia):
· Figure out how many RRM requirements will be needed for FR1+FR1 DC firstly, then to decide whether in TEI16 or in Rel-17 to introduce the requirements based on the evaluated workload.




Extension of scenarios as well as addition of requirements for FR1-FR1 NR-DC was discussed at the RAN#92-e pleanary meeting. Due to RAN4 RRM workload considerations, none of those were added to Rel-17.  Hence at least until anything else would be decided at a future plenary meeting, we propose to focus on the original scope of HO with PSCell scenarios as captured in [1], as well as for NR-DC, only consider FR1-FR2 NR-DC combinations.

The original scope from the WID is as follows.

	(2) HO with PSCell [RAN4]
· Determine the scenarios for HO with PSCell for which RRM requirements are to be specified
· from NR SA to EN-DC
· from EN-DC to EN-DC
· from NE-DC to NE-DC
· from NR-DC to NR-DC
· Study the UE behavior for HO with PSCell
· Existing requirements for HO and PSCell addition as baseline
· Timeline and interaction between HO and PSCell addition
·  Specify RRM requirements for HO with PSCell based on agreed UE behavior




Proposal 1: 	There shall be no extension of applicable scenarios for HO with PSCell scenarios. Original set of scenarios as captured in the WID applies.
Proposal 2: 	For NR-DC, in this WI, only FR1 – FR2 combinations are considered.


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 [2].
	· Issue 2-2-1a: Condition of parallel processing
· Option 1: 
· If SMTC of target unknown PSCell is configured in targetcellSMTC-SCG-r16, sequential processing shall be assumed; otherwise, parallel processing shall be assumed
· Option 2: 
· Parallel processing shall always be assumed.
· Note: other options are not precluded



	· Issue 2-2-1b: Whether requirements for sequential processing are needed if parallel processing is only possible under certain condition
· Option 1: yes
· Option 2: no 
· Option 2a: no, but the applicability condition shall be clarified in the spec (e.g., no requirement applies when such configuration happens).



	· Issue 2-2-2: Parallel processing for HO with PSCell
· Option 1a (QC, Nokia, ZTE, CATT, Ericsson, vivo, Apple, OPPO, Docomo, MTK, NEC, Intel, Huawei): 
· PCell HO and PSCell addition, without considering RA procedures and Tprocessing, are performed in parallel independently.
· Note: Additional searching delay may be considered for FR1+FR1 NR-DC
· Option 2b (MTK): 
· 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.


In our view, parallel processing shall be the baseline assumption for delay requirements.
Regarding the RA procedures in PCell and PSCell, RAN2 has now confirmed in a LS reply [3] that from RAN2 point of view there is no restriction on the order by which the UE performs RA towards the cells.
	RAN2 would like to thank RAN4 for the LS in R2-2104726 on the RACH procedure for HO with PSCell.

RAN2 discussed the issue and would like to inform RAN4 that, from RAN2 perspective, in handover with MR-DC configuration there is no restriction on the order on which the UE shall perform RACH towards the PCell and PSCell.
This is also reflected in the RAN2 endorsed CRs in R2-2106675 and R2-2106676.


Proposal 3: 	Parallel processing shall be the baseline for delay requirements. This includes RA as well as other parts of the HO with PSCell procedure.
Software processing times for PSCell
	· Issue 2-2-3: UE SW processing and RF warm-up(if needed) time for HO with PSCell
· Option 1 (CATT): The value of processing time of handover and the PSCell addition can be reused separately. And Tprocessing for HO with PSCell including UE SW processing and RF warm-up time should be the maximum of the processing time of handover and the processing time of the PSCell addition.
· Option 3 (Apple, Xiaomi, Huawei, Intel): 
· For 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.
· For 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
· the UE processing time for HO with PSCell is:
	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 6 (Nokia): 
· The UE processing time in HO with PSCell can be 20ms if source & target Pcell is in same frequency range and source & target PSCell in same frequency range, 40ms otherwise.
· No additional RF retuning interruption should be defined during HO with PSCell.
· Option 8 (MTK): The overall Tprocessing for HO with PSCell should be max(Tprocessing for PCell HO, Tprocessing for PSCell addition) +10ms
· Option 10 (Qualcomm, vivo, MTK, NEC, Ericsson, OPPO): 
· 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.



Our view is that the software processing time can be as follows. 
When source and target NR cells are in different FRs, the processing time is 40ms; otherwise it is 20ms.
When handover between NR SA and EN-DC, UE processing time is [40]ms.
Proposal 4:  For software processing for PSCell, the following values are to be used.
· 20ms, when source and target cells are different NR cells in same FR,
· 40ms, when source and target cells are different NR cells in different FRs,
· [40ms], when there is no source PSCell i.e. when it is a matter of PSCell addition.
Ending point
	· Issue 2-2-5: Ending point of the delay requirement for HO with PSCell
· Option 1 (CATT, CMCC, Ericsson, Intel, NEC, vivo, Nokia, Apple, Xiaomi, OPPO, DoCoMo): Waiting for RAN2 response for order of random access carried out towards PCell and PSCell.
· Option 2 (OPPO, DoCoMo, vivo): The ending point of HO with PSCell is the timing when UE is capable to transmit PRACH preamble towards target PSCell.
· Option 3 (Apple): the ending point of the delay requirement for HO with PSCell is:
· 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 (Huawei, QC, MTK, CMCC, Ericsson):
· 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 on that failure to synchronize to target PSCell would not mean that the procedure as such 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 5: 	The delay requirement for HO with PSCell shall be specified separately for PCell and PSCell. 
Handover interruptions

	· Issue 2-3-2: Interruption requirement for HO with PSCell
· Option 1 (CATT, Xiaomi, vivo): No interruption requirement should be defined during HO with PSCell
· Option 1a (Huawei, Docomo): No interruption requirement should be defined during HO with PSCell for parallel processing. FFS for sequential processing, if needed.
· Option 2 (MTK, Ericsson, CATT, Intel, Nokia):  No new interruption requirement for HO with PSCell is needed. Interruption in legacy handover delay requirement can still be applied for the PCell
· Option 3 (Apple, OPPO, Huawei): Interruption in legacy handover delay requirement can be applied for Pcell. No interruption is defined on PSCell.
· If sequential processing is used for HO with PSCell, UE may have an interruption on new PCell due to the PSCell addition. 
· If parallel processing is used for HO with PSCell, no need to define interruption requirement.
· Option 5 (NEC, Qualcomm): RAN4 to postpone the discussion on interruption uncertainty (TIU) till reply LS from RAN2 is received.
· Option 6 (Qualcomm): Depending on RAN2 LS reply.



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 6: 	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
· Option 1a (ZTE, Nokia, vivo): Include both 2-step RA and 4-step RA into the new requirements made for handover with PSCell. No need to mention 2-step or 4-step in HO with PSCell requirements.
· Option 1b (NEC, Ericsson, ZTE, Nokia): RAN4 to define both 2-step and 4-step RACH requirements for handover with PSCell.
· Option 2 (Apple, Xiaomi, OPPO, MTK): for requirement of HO with PSCell, RAN4 starts the discussion with 4 step RACH first and FFS on 2 step RACH.
· Option 3 (CATT, Qualcomm): Waiting RAN2 response and conclusions of other issues for 2 step and 4 step RACH.



Proposal 7: 	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
· Option 1 (Ericsson): 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 (CATT, Apple, OPPO, Qualcomm, Huawei, MTK): The NR-U scenario is out of scope of this WID, no need to discuss.
· Option 3 (vivo, Ericsson): Discuss in RAN plenary.
· Option 4 (Qualcomm): Consider in TEI 17.




Whether to consider NR-U carriers in HO with PSCell was discussed at the RAN#92-e plenary. There was no agreement on excluding NR-U carriers. It was agreed that RAN4 can continue to discuss the requirements for HO with PSCell in EN-DC when PSCell is on a NR-U carrier (band n46; TS 38.101-3). 

[bookmark: _Hlk68175827]Hence we reiterate our proposal from previous meetings. For band combinations comprising NR-U carriers 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. Such prioritization would then be applied to scenarios where there are transmit power limitations.   

Proposal 8:	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: 	There shall be no extension of applicable scenarios for HO with PSCell scenarios. Original set of scenarios as captured in the WID applies.
Proposal 2: 	For NR-DC, in this WI, only FR1 – FR2 combinations are considered.

Proposal 3: 	Parallel processing shall be the baseline for delay requirements. This includes RA as well as other parts of the HO with PSCell procedure.
Proposal 4:  For software processing for PSCell, the following values are to be used.
· 20ms, when source and target cells are different NR cells in same FR,
· 40ms, when source and target cells 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 5: 	The delay requirement for HO with PSCell shall be specified separately for PCell and PSCell. 
Proposal 6: 	Interruption in legacy handover delay requirement can be applied for PCell. No interruption is defined for PSCell.

Proposal 7: 	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 8:	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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