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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
Work on the Rel-17 WI on NR RRM further enhancement contains three objectives: SRS antenna port switching, HO with PSCell, and PUCCH SCell activation/deactivation.
In this contribution we provide input on the Handover with PSCell objective.
Discussion
In the WID [1], the following justification is provided for introduction of RAN4 requirements for Handover with PSCell:

· HO with PSCell
· In Rel-16 RAN2 has introduced support of HO from NR SA to EN-DC, as indicated in LS R2-1916600. Besides the inter-RAT HO, RAN2 has also supported intra-RAT HO with PSCell. The corresponding RRM requirements for these procedures are also missing. 

The core requirement and performance requirement objectives are as follows:

· Core requirements:
(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
· Performance requirements:
· Specify the RRM performance requirements and test cases related to new core requirements

NR SA – EN-DC
For handover between NR SA to EN-DC, source PCell is NR cell and target PCell is E-UTRA cell. There is no source PSCell, but target NR PSCell may or may not be the same as the source NR PCell.

[bookmark: _Toc5952573]Handover delay between NR and E-UTRA is captured in TS 38.133 clause 6.1.2, and specified as follows: Dhandover = TRRC_procedure_delay + Tinterrupt, with Tinterrupt = Tsearch + TIU + 20 ms, and where TRRC_procedure_delay is a 50ms RRC procedure delay, Tsearch is time to detect the E-UTRA target PCell if not already known to the UE, and TIU, which can be up to 30ms, is an uncertainty in acquiring the first available PRACH occasion in the source EUTRA PCell.

NR PSCell addition delay in EN-DC is captured in TS 36.133 clause 7.31.2, and specified as follows: Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms, where TRRC_delay is a RRC procedure delay, Tprocessing is a SW processing delay, Tsearch is time to detect the NR target PSCell if not already known to the UE, T∆ is delay for refinement of time tracking of the PSCell, and TPSCell_ DU is delay uncertainty in acquiring the first available PRACH occasion in the target NR PSCell.

As a starting point, potential improvements to the baseline scenario:
· Provided same RRC message for HO and PSCell addition. No separate RRC processing for the PSCell. 
· Tprocessing: If source PCell and target PSCell are in the same FR, Tprocessing is 20ms, otherwise 40ms. Further discuss whether time can be hidden by handover procedure.
· T∆: If source PCell and target PSCell are the same cell, consider whether time tracking refinement is necessary.
· TPSCell_ DU: Further look into whether RA can be skipped for the case where source NR PCell and target NR PSCell are the same cell. May need input from other working groups, since e.g. security-related procedures may depend on RA being carried out when MN becomes SN.

In SA, 5GC is used, in EN-DC, EPC is used, and in NGEN-DC, 5GC is used. Clarification is needed on whether the scenario is valid for SA to EN-DC, SA to NGEN-DC, or both. If between SA and EN-DC, it seems applicable mainly at borders between EPC-based and 5GC-based deployments, and then 

Scenario: Passing SA to EN-DC area w.r.t. CN. In SA, 5GC is used, and in EN-DC, EPC is used. Deployment-dependent. Need should be further discussed and justified.

Proposal 1: Use case for handover with PSCell between NR SA and EN-DC needs to be clarified and justified. Particularly, it needs to be clarified whether it is applicable to SA to EN-DC, SA to NGEN-DC, or both, and priority for development of RRM requirements shall be thereafter.

EN-DC – EN-DC
Handover delay for handover between EUTRA PCells is captured in TS 36.133 clause 5.1.2, and specified as follows: Tinterrupt = Tsearch + TIU + 20 ms, where Tsearch is time to detect the E-UTRA target PCell if not already known to the UE, and TIU, which can be up to 30ms, is an uncertainty in acquiring the first available PRACH occasion in the source EUTRA PCell. 
NR PSCell addition delay in EN-DC is captured in TS 36.133 clause 7.31.2, and specified as follows: Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms, where TRRC_delay is a RRC procedure delay, Tprocessing is a SW processing delay, Tsearch is time to detect the NR target PSCell if not already known to the UE, T∆ is delay for refinement of time tracking of the PSCell, and TPSCell_ DU is delay uncertainty in acquiring the first available PRACH occasion in the target NR PSCell.

As a starting point, potential improvements to the baseline scenario:
· Provided same RRC message for HO and PSCell addition. No separate RRC processing for the PSCells. Can be removed.
· Tprocessing: If source and target PSCells are in the same FR, Tprocessing is 20ms, otherwise 40ms. Further discuss whether time can be hidden by handover procedure.
· T∆: If source and target PSCells are the same cell, consider whether time tracking refinement is necessary.
· TPSCell_ DU: Further look into whether RA can be skipped for the case where source and target NR PSCells are the same cell. May need input from other working groups, since e.g. security-related procedures may depend on RA.

Scenario: within EN-DC deployment.

Proposal 2: 	RRM requirements for handover with PSCell from EN-DC to EN-DC are to be developed.





NE-DC – NE-DC
Handover delay for handover between NR PCells is captured in TS 38.133 clause 6.1.1, and specified as follows:  Dhandover = TRRC_processing + Tinterrupt, with Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms, and where 
TRRC_processing is RRC processing delay, Tsearch is the time to detect the target NR PCell if not already known to the UE, TIU is a delay uncertainty for acquiring the first available PRACH occasion in the target NR PCell, Tprocessing is UE software processing time (up to 20ms), T∆ is delay for refinement of time tracking of the target NR PCell, and Tmargin, which is 2ms, is a processing margin.

EUTRA PSCell addition delay in NE-DC is captured in TS 38.133 clause 8.8.2, and specified as follows: Tconfig_EUTRAN-PSCell = 20ms + Tactivation_time + 50ms + TPCell_ DU + TE-UTRAN-PSCell_ DU, where Tactivation_time is the EUTRA PSCell activation time (20ms for known cell, 30ms for unknown cell), TPCell_ DU is a 20ms delay uncertainty due to potentially concurrent PRACH preamble transmission in NR PCell, and TE-UTRAN-PSCell_ DU
(up to 30ms) is a delay undertainty in acquiring the first available PRACH resource in the target EUTRAN PSCell. The magic numbers 20ms and 50ms are related to UE software processing and RRC procedure delay, respectively.

As a starting point, potential improvements to the baseline scenario:
· Provided same RRC message for HO and PSCell addition. No separate RRC processing for the PSCells. Can be removed.
· TE-UTRAN-PSCell_ DU: Further look into whether RA can be skipped for the case where source and target EUTRA PSCells are the same cell. May need input from other working groups, since e.g. security-related procedures may depend on RA.

Scenario: within NE-DC deployment.

Proposal 3: 	RRM requirements for handover with PSCell from NE-DC to NE-DC are to be developed.

NR-DC – NR-DC
Handover delay for handover between NR source and target PCells is captured in TS 38.133 clause 6.1.1 and specified as follows:  Dhandover = TRRC_processing + Tinterrupt, with Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms, and where 
TRRC_processing is RRC processing delay, Tsearch is the time to detect the target NR PCell if not already known to the UE, TIU is a delay uncertainty for acquiring the first available PRACH occasion in the target NR PCell, Tprocessing is UE software processing time (up to 20ms), T∆ is delay for refinement of time tracking of the target NR PCell, and Tmargin, which is 2ms, is a processing margin.

NR PSCell addition delay in EN-DC is captured in TS 36.133 clause 7.31.2, and specified as follows: Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms, where TRRC_delay is a RRC procedure delay, Tprocessing is a SW processing delay, Tsearch is time to detect the NR target PSCell if not already known to the UE, T∆ is delay for refinement of time tracking of the PSCell, and TPSCell_ DU is delay uncertainty in acquiring the first available PRACH occasion in the target NR PSCell.

As a starting point, potential improvements to the baseline scenario:
· Provided same RRC message for HO and PSCell addition. No separate RRC processing for the PSCells. Can be removed.
· Tprocessing: If source and target PSCells are in the same FR, Tprocessing is 20ms, otherwise 40ms. Further discuss whether time can be hidden by handover procedure.
· T∆: If source and target PSCells are the same cell, consider whether time tracking refinement is necessary.
· TPSCell_ DU: Further look into whether RA can be skipped for the case where source and target NR PSCells are the same cell. May need input from other working groups, since e.g. security-related procedures may depend on RA.

Scenario: within NR-DC deployment.

Proposal 4: RRM requirements for handover with PSCell from NR-DC to NR-DC are to be developed.
As pointed out above, optimizations of the processing time may at least include the following:
· Tprocessing reduction when source and target PSCell are in same FR (20ms instead of 40ms)
· T∆ reduction when source and target PSCell is the same cell (fine tracking may not be needed)

Proposal 5: Optimizations to consider include at least: 
· Tprocessing reduction when source and target PSCell are in same FR
· T∆ reduction when source and target PSCell is the same cell.

Summary and Conclusion
In this contribution we have provided some initial inputs on handover with PSCell. The following proposals are made:
Proposal 1: Use case for handover with PSCell between NR SA and EN-DC needs to be clarified and justified. Particularly, it needs to be clarified whether it is applicable to SA to EN-DC, SA to NGEN-DC, or both, and priority for development of RRM requirements shall be thereafter.
Proposal 2: 	RRM requirements for handover with PSCell from EN-DC to EN-DC are to be developed.
Proposal 3: 	RRM requirements for handover with PSCell from NE-DC to NE-DC are to be developed.
Proposal 4: RRM requirements for handover with PSCell from NR-DC to NR-DC are to be developed.
Proposal 5: Optimizations to consider include at least: 
· Tprocessing reduction when source and target PSCell are in same FR
· T∆ reduction when source and target PSCell is the same cell.
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