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1. Introduction
In RAN4#98e meeting, we discussed the handover with PSCell, and approved a way forward [1]. Some initial agreements for the following issues have been reached:
Issue 2-1-1: Scenarios for RRM requirement of HO with PSCell 
· Define 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
· FFS on other scenarios
Issue 2-1-3: known/unknown cell condition in HO with PSCell
· Known and unknown cell condition in legacy HO and PSCell addition requirement could be reused in the requirement of HO with PSCell. The requirement of HO with PSCell covers following combinations:
· Known target Pcell + Known target PSCell
· Known target Pcell + Unknown target PSCell
· Unknown target Pcell + Known target PSCell
· Unknown target Pcell + Unknown target PSCell
Issue 2-2-2: old PSCell/Scell release during HO with PSCell
· Agreement: RAN4 does not need to consider the old PSCell/SCell release time in the HO with PSCell delay requirement design 

More issues are FFS. This document will further discuss the topic of HO with PSCell and present our understanding and proposals.

2. Discussion
The following issues are FFS in WF [1] and will be analyzed and discussed here.
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(tentative compromise): 
· 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 TS38.101-3 [2], only band combinations between FR1 and FR2 are defined for inter-band NR-DC. Although there are FR1+FR1+FR2 three or four band combination for NR-DC, there are not band combinations FR1+FR1, not including FR2, for NR-DC. So FR1+FR1 NR-DC should not be considered currently. It can be added after the band combinations are defined.
For NE-DC, the FR1+LTE and FR2+LTE NE-DC band combination are defined. But we think that FR1 +LTE is more typical and higher priority, and FR2+LTE can be deal with low priority and the requirements can be specified in following release due to FR1 is more appropriate for PCell with good propagation performance and FR2 is more appropriate for PSCell with wider bandwidth. 
Proposal 1: In Rel-17, 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.

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
From the discussion in last meeting, it is no dissent for the starting point of the delay requirement for HO with PSCell that reuse legacy HO, i.e. the end of the last TTI containing the RRC command implying handover with PSCell.
But the ending point of the delay requirement for HO with PSCell has not reached consensus. There are two relative ending point can be reference, i.e. legacy HO requirement, the ending point is ‘the time UE starts transmission of the new PRACH towards target PCell’, and legacy PSCell addition delay requirement, the ending point is ‘transmit PRACH preamble towards PSCell’. It needs firstly common understanding on the relationship of PCell handover and PSCell addition and how UE works on PCC and SCC. 
In figure 10.7.2-1 in TS37.340 [3], following process is defined:


Figure 1: Inter-MN handover with/without MN initiated SN change procedure
From the procedure, the UE will complete first random access procedure and sent RRCConnectionReconfigurationComplete on PCell, and then complete random access procedure on PSCell. But we think the random access procedure is mainly physical process. UE should not be prohibited to sent PRACH on PSCell if having random access occasion on PSCell before sent RRCConnectionReconfigurationComplete on PCell. So ending point should be defined later PRACH sent on PCell or PSCell.
Proposal 2: The starting point of the delay requirement for HO with PSCell is the end of the last TTI containing the RRC command implying handover with PSCell. The ending point should be defined the later PRACH transmission on PCell or PSCell.

Issue 2-2-3: 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.
We know UE must support NR-DC, or EN-DC, or NE-DC for HO with PSCell. UE can work inevitable on PCC and SCC, and make normal intra frequency measurement on the two CCs including cell search, and can transmit UL signal on two CCs at same time. During HO with PSCell, UE works only on PCell and PSCell search and measurement, and transmit PRACHs on the two Cells separately. So UE should have capability to perform in parallel the PCell handover process and PSCell addition process.
Proposal 3: UE will perform in parallel the PCell handover process and PSCell addition process.

Issue 2-2-4: Optimization 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
From the figure 1, before MN sent RRCConnectionReconfiguration command, the source MN will send SN Release Request comment to source SN. So regardless PSCell is changed or not, the SN will be released and then be added by RRCConnectionReconfiguration command. Although UE can maintain connection and communication with the PSCell, the SN will stop uplink data scheduling after source SN is released and the uplink synchronize may be loss. So it should be necessary for UE to send new PRACH on the SN. The optimization for the case when PSCell is unchanged may not be necessary.
Proposal 4: The optimization for the case when PSCell is unchanged may not be necessary.

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 40ms 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
In legacy handover delay requirements and PSCell addition delay requirements, they are all included Tprocessing for SW processing time and RF warm up period. We think it can be reused for the HO with PSCell requirements.
Proposal 5: Tprocessing for HO with PSCell can reuse the values for handover requirements and for PSCell addition requirement.

Issue 2-2-7: Delay requirement design if option 1 in issue 2-2-3 is adopted
· FFS:
· Option 1:
· For requirement of HO with PSCell, RAN4 assumes that UE performs target PSCell addition after receiving RAR (msg 2) from target Pcell.
· The cell detection time, AGC settling time, T/F tracking time and RACH uncertainty time in legacy HO and legacy PSCell addition requirement could be reused for HO with PSCell.
· Option 2: Take core requirements for handover and PSCell addition as baseline and identify if there is any new issue in the new procedure.
· Option 3: The additional interruption delay for target PSCell should be considered based on the legacy HO delay requirement for the HO with PSCell delay requirement. And the interruption delay contains the following procedures:
· Cell search time
· Fine timing tracking time
· UE processing time
· Time for interruption uncertainty in acquiring the first available PRACH occasion in the new cell
· Time for SSB post-processing
· Option 4: more discussion is needed, waiting for the conclusion from issue 2-2-3
As discussed in Issue 2-2-3, UE could perform in parallel the PCell handover process and PSCell addition process. The HO with PSCell delay requirement can be defined as longer delay requirement between legacy handover delay requirement and legacy PSCell addition delay requirement, with HO with PSCell RRC procedure delay replacing legacy RRC procedure delay separately.
Proposal 6: The HO with PSCell delay requirement can be defined as longer delay requirement between legacy handover delay requirement and legacy PSCell addition delay requirement, with HO with PSCell RRC procedure delay replacing the legacy RRC procedure delay separately.

Issue 2-2-8: Delay requirement design if option 2 in issue 2-2-3 is adopted
The option 2 is sequentially operating for processes of PCell handover and PSCell addition. We think UE should not do this processes with such low efficiency, and don’t support this case.
If option 2 is adopted, The HO with PSCell delay requirement can be defined as legacy handover delay requirement plus the legacy PSCell addition delay requirement, but the RRC procedure delay count only once, and Tprocessing use only the longer one.

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
We think interruption in legacy handover delay requirement can be applied for PCell. No interruption is defined on PSCell due to network will not schedule the UE during HO with PSCell procedure before UE sent PRACH on target PSCell.
Proposal 7: Interruption in legacy handover delay requirement can be applied for PCell. No interruption is defined on PSCell.

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 think the ending point of HO with PSCell should be defined as the end of later PRACH that UE transmitted on PCell and PSCell. The delay requirements should not consider 2 step or 4 step RACH, and the specified requirements will be applied for both 2 step and 4 step RACH process.
Proposal 8: 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.

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
For UE supporting HO with PSCell, it will also support NR-DC, EN-DC, or NE-DC with transmission on PCell and PSCell at same time. RACH occasion collision should not impact the HO with PSCell process. There is no need to further consider this issue.
Proposal 9: There is no need to further consider the RO collision issue between PCell and PSCell from RAN4’s perspective.

Issue 2-5: Failure case definition for HO with PSCell
· FFS:
· Option 1: Regarding HO with PSCell, the scenario that UE fails to synchronize to the expected SCG is possible. If such failure scenario occurs, one of the two solutions described as below should be taken.
· a. UE performs conventional Rel-15 HO procedure and SCG addition separately.
· b. UE tries to synchronize another SCG which is the most likely to connect successfully. (b. assumes that the target PCell configures multiple SCGs.)
· Option 2: Need to be clarified by RAN2
· Option 3: in HO with PSCell if UE completed PCell HO but failed the PSCell addition, the whole event of HO with PSCell shall be considered as “failed”, and no RRC complete signaling would be sent to network.
· Agreement: sending LS to RAN2.
The process of failure cases should be considered and defined in high layer specification. As the legacy handover requirements and PSCell addition requirements, RAN4 specified delay requirements HO with PSCell by UE sent PRACH on PCell and PSCell. Failure cases should not defined in RAN4 specification.
Proposal 10: RAN4 specified delay requirements HO with PSCell by UE sent PRACH on PCell and PSCell. Failure cases should not defined in RAN4 specification.

3. Conclusion
This document discussed the topic of HO with PSCell and presented following proposals:
Proposal 1: In Rel-17, 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.
Proposal 2: The starting point of the delay requirement for HO with PSCell is the end of the last TTI containing the RRC command implying handover with PSCell. The ending point should be defined the later PRACH transmission on PCell or PSCell.
Proposal 3: UE will perform in parallel the PCell handover process and PSCell addition process.
Proposal 4: The optimization for the case when PSCell is unchanged may not be necessary.
Proposal 5: Tprocessing for HO with PSCell can be used the values for handover requirements and for PSCell addition requirement.
Proposal 6: The HO with PSCell delay requirement can be defined as longer delay requirement between legacy handover delay requirement and legacy PSCell addition delay requirement, with HO with PSCell RRC procedure delay replacing the legacy RRC procedure delay separately.
Proposal 7: Interruption in legacy handover delay requirement can be applied for PCell. No interruption is defined on PSCell.
Proposal 8: 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.
Proposal 9: There is no need to further consider the RO collision issue between PCell and PSCell from RAN4’s perspective.
Proposal 10: RAN4 specified delay requirements HO with PSCell by UE sent PRACH on PCell and PSCell. Failure cases should not defined in RAN4 specification.
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