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1. Introduction
In RAN4#98bis-e meeting, we discussed the handover with PSCell, and approved a way forward [1]. Some agreements have been reached for following issues:
Issue 2-2-2: starting point of the delay requirement for HO with PSCell
· For delay requirement of HO with PSCell, the starting point is the end of the last TTI containing the RRC command of handover with PSCell.
Issue 2-2-6: RRC processing delay for HO with PSCell
· RAN4 waits for the reply LS from RAN2 on RRC processing delay for HO with PSCell
Issue 2-5: Failure case definition for HO with PSCell
· RAN4 waits for the reply LS from RAN2 before any decision 
Most issues are FFS and have multiple options. This document will further discuss the issues for handover with PSCell and present our understanding and proposals.

2. Discussion
The following issues have not reached agreements. Here we will discuss these issues and present out understanding one by one.
Issue 2-1-1: Scenarios for RRM requirement of HO with PSCell
The scenarios for RRM requirements of HO with PSCell have been defined clearly in objective of WID [2]. We think it is RAN task to extend scenarios for a WI if it is needed. So it is proposed that the scenarios extention should not be discussed in RAN4, and RAN4 work should following the WID.
Proposal 1: The scenarios extention should not be discussed in RAN4, and RAN4 work should following the WID, i.e. only to define RRM requirements 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

Issue 2-1-2: NR-DC and NE-DC mode in HO with PSCell
In TS38.101-1/3 [3, 4], FR1+FR1 and FR1+FR2 band combinations are defined for inter-band NR-DC. But in current RRM specification [5], only the requirement for FR2 PSCell addition is defined, and no requirements for FR1 PSCell addition. So we think the FR1+FR1 band combination should not be considered in this WI.
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 dealt 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 2: In Rel-17, RAN4 only considers 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: timeline for HO with PSCell
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.
In last meeting, we sent LS to ask RAN2 if there are any restrictions on the order by which random access can be carried out towards PCell and PSCell? These should wait for RAN2 response.
Proposal 3: UE will perform in parallel the PCell handover process and PSCell addition process. We should wait for RAN2 response for order of random access carried out towards PCell and PSCell.

Issue 2-2-3: ending point of the delay requirement for HO with PSCell
This issue is also related with RAN2 response LS. 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”. If sequential random access processing is used, the timing when UE shall be capable to transmit PRACH preamble towards target PSCell.
Proposal 4: Waiting for RAN2 response for order of random access carried out towards PCell and PSCell.

Issue 2-2-5: optimisation for the case when PSCell is not changed during HO with PSCell
From the procedure defined in TS37.340 [6], before MN sent RRCConnectionReconfiguration command, the source MN will send SN Release Request comment to source SN. So no matter whether 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. But the PSCell can be dealt with as a known cell.
Proposal 5: The UE’s behavior is same when the configured PSCell is same as the original one or not. If PSCell is not changed, it can be dealt with as a known cell.

Issue 2-2-7: UE SW processing and RF warm-up (if needed) time for HO with PSCell
In current RRM specification [6], time for UE processing, Tprecessing, are defined as:
· 20ms for NR FR1 to FR1 handover or for NR FR2 to FR2 handover,
· 40ms for NR FR2 to FR1 handover or NR FR1 to FR2 handover 
For handover from NR to E-UTRA, there is no definition on specific parameter Tprecessing, but 20ms is defined for UE processing and interruption margin.
For NE-DC: E-UTRAN PSCell Addition, 20ms + 50ms for UE processing.
For NR-DC: PSCell Addition, Tprocessing = 40ms is the SW processing time needed by UE, including RF warm up period.
These times for UE processing can be reused for handover and PSCell addition separately. For handover with PSCell, we think the processing of handover and PSCell addition can be do parallel except RRC command processing. So the delay requirements for handover and PSCell addition can reuse the current requirements separately. The delay requirement for handover with PSCell will be defined as later PRACH transmit. The total UE processing time for HO with PSCell is equivalently the maximum one between UE processing timing of HO and UE processing timing of PSCell addition.
Proposal 6: The value of processing time of handover and the PSCell addition can be reused separately. AndTprocessing 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. 

Issue 2-2-8: Delay requirement design if sequential processing is assumed (from issue 2-2-1)
Issue 2-2-9: Delay requirement design if parallel processing is assumed (from issue 2-2-1)
This issue is related with RAN2 response LS, and should be suspended.
If sequential processing is assumed, the delay requirement can be defined as:
Delay = RRC processing time + max(Tprocessing for handove, Tprocessing for addition) + (Tinterrupt –Tprocessing for handove) + (Tconfig_PSCell –  TRRC_delay –Tprocessing for addition)
If parallel processing is assumed and having order limit of PRACH, the delay requirement can be defined as:
Delay = RRC processing time + max(Tprocessing for handove, Tprocessing for addition) + max(Tinterrupt –Tprocessing for handove , Tconfig_PSCell –  TRRC_delay –Tprocessing for addition–TPSCell_ DU) + TPSCell_ DU
If parallel processing is assumed and having not order limit of PRACH, the delay requirement can be defined as:
Delay = RRC processing time + max(Tinterrupt , Tconfig_PSCell –  TRRC_delay)
Proposal 7: The delay requirement structure can be designed as above description, and decision will be made waiting for the conclusion of other issues and RAN2 LS response.

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
Proposal 8: Yes, PCell could schedule UE when PCell HO is completed but PSCell addition is not completed.

Issue 2-3-2: Interruption requirement for HO with PSCell
After UE decodes the RRC command of HO with PSCell, it will know the information of new PCell and new PSCell. UE should turn on and tune the RF for PCell RF chain and PSCell RF chain almost at same time. From the time when receiving command to the time completing HO, the UE will not be scheduled. So no interruption could be caused. When handover is completed, the PCell RF chain and PSCell RF chain will be OK, and no interruption will be made. So no interruption will be occur during HO with PSCell.
Proposal 9: No interruption requirement should be defined during HO with PSCell. RRC connection interruptions in normal handover requirements can be reused in HO with PSCell.

Issue 2-4-1: 2 step and 4 step RACH for HO with PSCell
This issue is also related with RAN2 response LS, and the conclusions of other issues, i.e. parellel or sequential processing is assumed. This issue should be suspended.
Proposal 10: Waiting RAN2 response and conclusions of other issues for 2 step and 4 step RACH.

Issue 2-4-3: RACH occasion on NR-U CC for HO with PSCell
Proposal 11: The NR-U scenario is out of scope of this WID, no need to discuss.

3. Conclusion
This document discussed the topic of HO with PSCell and presented following proposals:
Proposal 1: The scenarios extention should not be discussed in RAN4, and RAN4 work should following the WID, i.e. only to define RRM requirements 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
Proposal 2: In Rel-17, RAN4 only considers 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 3: UE will perform in parallel the PCell handover process and PSCell addition process. We should wait for RAN2 response for order of random access carried out towards PCell and PSCell.
Proposal 4: Waiting for RAN2 response for order of random access carried out towards PCell and PSCell.
Proposal 5: The UE’s behavior is same when the configured PSCell is same as the original one or not. If PSCell is not changed, it can be dealt with as a known cell.
Proposal 6: The value of processing time of handover and the PSCell addition can be reused separately. AndTprocessing 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. 
Proposal 7: The delay requirement structure can be designed as above description, and decision will be made waiting for the conclusion of other issues and RAN2 LS response.
Proposal 8: Yes, PCell could schedule UE when PCell HO is completed but PSCell addition is not completed.
Proposal 9: No interruption requirement should be defined during HO with PSCell. RRC connection interruptions in normal handover requirements can be reused in HO with PSCell.
Proposal 10: Waiting RAN2 response and conclusions of other issues for 2 step and 4 step RACH.
Proposal 11: The NR-U scenario is out of scope of this WID, no need to discuss.
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