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1. [bookmark: _Ref165266342]Introduction
As agreed in RAN4 #98-e [1], following scenarios are to be considered for defining the requirements of handover with PSCell. Issue 2-2-3 becomes critical to clarify the timeline of the operation and idenfiy key components consisting in the procedure for defining the core requirements.
	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 2-2-3: timeline for HO with PSCell
· 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.


In this paper, we intend to provide further comments on the timeline for HO with PSCell and how to interpret the procedures. 
2. Discussions
2.1 Parallel operations
Earlier we shared our views in [2] on the intention of RAN2 to trigger HO with PSCell in parallel operation. Otherwise, the existing RAN4 requirements in 38.133 section 6.1.1 for handover and 8.11 for PSCell change shall suffice for the sequential operational flow via handover followed by PSCell addition or PSCell change. However, it shall be noted such a concatenated flow is of less interests due to the longer delay, which is why RAN2/RAN4 aim to improve. 
To trigger the HO with PSCell, the SCG configuration is included in the HO command. Since UE has the configurations for both PCell and PSCell, it is feasible to trigger the joint handover and cell change processes with reasonable time allowance for resolving UE internal conflicts if any. With this goal established, we think other open issues can be further clarified.
Proposal1: For issue 2-2-3 raised in 98-e, the parallel HO and PSCell change/addition shall be assumed for defining RAN4 requirements.
2.2 Timelines
In this section we offer the observations on the timelines for the parallel flow of the four scenarios for HO with PSCell in the issue 2-1-1 in the previous meeting. As a baseline, according to the requirements on the handover delay in 38.133, the breakdown of the timeline for PCell handover can be illustrated in fig.1.


Figure 1 PCell HO delay
Where, 
The overall handover delay is defined by treating the starting point and ending point respectively as the last TTI containing the RRC command and when the UE is ready to start the transmission of the new uplink PRACH channel.
TRRC is the applicable RRC procedure delay defined in clause 12 in TS 38.331.
Tprocessing is time for the UE processing up to 20ms for the PCell handover. For PSCell addition per 38.133 8.9.2 and/or PSCell change per 8.11 if the source and target cells are in different FRs, 40ms is assumed.
Observation1: RAN4 already agrees when there is a mode switch of frequency ranges, the maximum UE processing time Tprocessing is doubled.
RAN4 also agrees “Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms.”
Tmargin is time for SSB post-processing for decoding the PBCH for MIB.
T∆ is time for enabling and allowing the loops to settle after collecting the measurement of reference signal on the target cell.
RAN4 specifies “TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to the summation of SSB to PRACH occasion association period and 10 ms.”
For the four joint handover scenarios, above time breakdown needs to be evaluated whether time extension is needed for each individual component.
Firstly we would like to point out that regardless of scenarios, the fact that all of them aim to switch into DC operation means PCell and PSCell can in parallel perform the init acquisition, settling the loops and initiation of the PRACH when the their respective Rx and Tx chains are ready after tuning. During the time till PRACH is started, the main activities are limited to the Rx and in our understanding, the burdern to UE is no more than the stage when both legs are active for DL/UL operations the connection modes. So it is reasonable to assume parallel operations for Search, MIB decode, loops and RACH for the joint handover.
Observation2: dual connectivity capable UEs can handle the tasks of search, mib decode, loops and RACH simultanesouly for both PCell and PSCell since this is already the case in the connection mode.
Due to obseration2, we propose,
Proposal2: Reuse the same time for Tsearch, Tmargin, T∆ and TIU as the PCell only handover per 38.133 6.1.1 for the joint PCell w/ PSCell handover.
Still, depending on the scenario, the overhead of UE processing differ due to protocol stack deactivation and activation or reallocation and warm-up of RF chains differently. Thus RRC procedural delay and UE processing time shall be reviewed case by case.
NRSA to EN-DC
In this case, NR RRC receives the HO command(MobilityFromNRCommand) and triggers LTE stack to activate, after which LTE further triggers the NR to perform the PSCell addition. With such a turn-around, in our understanding, the RRC procedural delay shall be reasonably longer than the regular PCell HO alone since two RRCs of both MN and SN are involved. Since RAN4 has sent LS[3] to RAN2 for clarification regarding this aspect, RAN4 may agree on the delay based on the RAN2 reply.
Observation3: Longer RRC procedural delay TRRC shall be considered for NRSA to EN-DC HO w/ PSCell.
Proposal3: RAN4 to adopt RAN2 recommended numbers for TRRC.
Further when looking at the UE processing part, we shall consider the observation1 where a longer UE Processing time is reserved for switching FRs on the PSCell. By contrast, in this context, PCell needs to deactivate the NR and bring up the LTE while PSCell will be added with a NR serving cell. During the process, RF front ends of both LTE and NR may or may not be programmed simultaneously which largely depends on the UE architecture. Or in some cases, when LTE and NR FR1 share the same devices, the retuning process shall last until both technologies are complete with booting. As such, when two RATs or two FRs are to be switched on either PCell or PSCell, the UE processing time shall be extended. For the actual amount of extra time on top of the baseline UE processing time of 20ms, as we proposed in [2], [FFS] may be 10ms to start with. 
Proposal4: 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.
To capture the above observations and proposals, the timeline of NRSA to EN-DC can be illustrated in fig.2.


Figure 2 NRSA to ENDC HO delay (Extended UE processing time from 20ms to 30ms)
NR-DC to NR-DC
The UE processing time Tprocessing for NR-DC to NR-DC joint PCell and PSCell handover can be different given the actual scenario under consideration.
For FR1+FR2 to FR1+FR2, as PCell and PSCell stay with the same FR during the handover, it is possible to stay with the same UE processing time as the legacy. 
Since FR2 is not considered for PCell, the remaining scenarios are FR1+FR2 to FR1+FR1 or FR1+FR1 to FR1+FR2. Thus for PCell handover, as no mode change happens, TprocessingPCell can be assumed to be 20ms. While the PSCell change from FR1 to FR2 or vice versa, the UE processing may be specified as observation1 shows to be 40ms which is also aligned with the existing PSCell change requirements. In which case, the envelope of the UE processing time shall be determined based on PSCell to be 40ms. 
Proposal5: 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.
Proposal5.1: For NRDC to NRDC, only consider FR1 for PCell.
Lastly, as we have established the interested scenario is the parallel operation of the joint PCell+PSCell handover, it is straightforward that same definitions of starting and ending points as legacy can be reused to answer issue 2-2-1. This way RAN4 discussion can be facilitated as well.
Proposal6: Re-use the same definitions of starting point and end point as legacy HO.
3. Conclusion
In this paper, we share our view on specifying the requirements for HO with PSCell and following observations and proposals are provided.
Proposal1: For issue 2-2-3 raised in 98-e, parallel HO and PSCell change/addition operations shall be assumed for defining RAN4 requirements.
Observation1: RAN4 agrees when there is a mode switch of frequency ranges, the maximum UE processing time Tprocessing is doubled.
Observation2: DC capable UEs can handle the tasks of ACQ, loops and RACH independently for both PCell and PSCell since this is already the case in the connection mode.
Proposal2: Reuse the same time for Tsearch, Tmargin, T∆ and TIU as the PCell only handover per 38.133 6.1.1 for the joint PCell w/ PSCell handover.
Observation3: Longer RRC procedural delay TRRC shall be considered for NRSA to EN-DC HO w/ PSCell.
Proposal3: RAN4 to adopt RAN2 recommended numbers for TRRC.
Proposal4: 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.
Proposal5: 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.
Proposal5.1: For NRDC to NRDC, only consider FR1 for PCell.
Proposal6: Re-use the same definitions of starting point and end point as legacy HO.
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