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1. [bookmark: _Ref165266342]Introduction
Since RAN4 99-e, there have been additional discussions in other work groups such as RAN2 and plenary regarding the scope and mechanism of joint PCell handover and PSCell change/addition. In this paper, we make some observations and aim to assess the impacts on the UE behavior, which have further implications on the RAN4 requirements.
2. Discussions
1. Timing Reference of PSCell SMTC Configuration
For the timing reference of PSCell SMTC configuration, RAN2 114-e has an agreed CR[1] to clarify the following UE behaviors in configuration1 in three cases. Case1, there is no reconfiguration with sync of MCG, so PCell remains the same and it is thus not relevant to the RAN4 WI of PCell HO with PSCell. 
Case2, target PCell can be the timing reference for searching the target PSCell. 
Case3, if this field is absent and secondaryCellGroup -> SpCellConfig -> reconfigurationWithSync::scg is also not provided, UE refers to the SMTC in the measObjectNR configured before the reception of the RRC message, which means PSCell search has the prior knowledge in place and doesnot depend on target PCell search.
In configuration2, the dependency of target PCell is not identified when secondaryCellGroup -> SpCellConfig -> reconfigurationWithSync::scg is provided.
	1)	Configuration 1: targetCellSMTC-SCG
Clarify that during the NR handover with PSCell addition/change, if NW provides the PSCell SMTC configuration based on PCell timing, UE should apply the target PCell timing as the reference.
“
targetCellSMTC-SCG
The SSB periodicity/offset/duration configuration of target cell for NR PSCell addition and SN change. 
When UE receives this field, UE applies the configuration based on the timing reference of NR PCell for PSCell addition and PSCell change for the case of no reconfiguration with sync of MCG, 
and UE applies the configuration based on the timing reference of target NR PCell for the case of reconfiguration with sync of MCG. 
If both this field and the smtc in secondaryCellGroup -> SpCellConfig -> reconfigurationWithSync are absent, the UE uses the SMTC in the measObjectNR having the same SSB frequency and subcarrier spacing, as configured before the reception of the RRC message.
”
2)	Configuration 2: secondaryCellGroup -> SpCellConfig -> reconfigurationWithSync->smtc
Remove the case to use configuration 2 for the PSCell SMTC configuration in PSCell addition.
“
smtc
The SSB periodicity/offset/duration configuration of target cell for NR PSCell change, and NR PCell change and NR PSCell addition. The network sets the periodicityAndOffset to indicate the same periodicity as ssb-periodicityServingCell in spCellConfigCommon. 
For case of NR PCell change and NR PSell addition, the smtc is based on the timing reference of (source) PCell. For case of NR PSCell change, it is based on the timing reference of source PSCell. 
If both this field and targetCellSMTC-SCG are absent, the UE uses the SMTC in the measObjectNR having the same SSB frequency and subcarrier spacing, as configured before the reception of the RRC message.
”


Hence it is possible, depending on the UE implementation and whether the target PCell is known or not, PSCell search can be scheduled to start directly or conditionally. For example, if the target PCell is known, UE could assume the DL reference timing for PSCell is a given and skip the search by performing measurement for settling the loops. Otherwise, PSCell search could hold until the search of PCell declares the successful completion of the identification of the target PCell. In view of both possibilities, it is reasonable to define a common term for time of search both PCell and PSCell as Tsrch, equal to 2xTsearch where Tsearch is the legacy search time. For instance, if target PCell is unknown but configured as the reference for the unknown target PSCell, the worst case would be a search for unknown cell based on another unknown cell. As RAN4 requirements to accommodate the worst case scenario, if this is an agreed use case, it seems doubled legacy search time is an acceptable compromise for both parallel and the possible sequential operations.
Proposal1: Introduce a common term of search time budgeted for the joint PCell HO with PSCell, which is twice of the legacy search time Tsearch reserved for HO i.e. Tsrch=2xTsearch.
Proposal1.1: Also introduce a common margin time Tm which is twice of the time of legacy Tmargin i.e. Tm=2xTmargin.
Since after the search of the target cell for MN and/or SN, loops update can be performed independently and there is no dependency between PCell and PSCell, the time for loops can be reserved for defining the requirements as we proposed in the previous contribution[4] and it is the amount of same as the legacy T∆.
Proposal2: Adopt the same time for loop processing as legacy T∆.
2. RACH order for PCell HO with PSCell
In the LS reply by RAN2[2], the order of RACH is confirmed as below. The interpretation is UE can, based on the implementation choice, decide to perform parallel RACHs versus sequential RACHs.
	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.


Choice of the RACH sequence has an impact on the RAN4 requirements. Namely the overall latency can be longer if sequential RACH is employed. Thus RAN4 could discuss the fundamental reason to create a dependency of PSCell RACH on the PCell HO completion because the performance could be affected and complexity of specifying the requirements is added due to further consideration of 2- v.s. 4-step RACH etc. As another example to show the complication, if such an order of serializing the RACHs were to be introduced, the stage of PCell RACH leads the PSCell RACH, which is not necessary. 
More importantly, in our view, the reason UE may hold off the PSCell RACH is that the DL reference time of PSCell search depends on identifying the target PCell. As this has been reasonably addressed by extending the Tsrch in the Proposal1, PSCell operations beyond the search/MIB reading stage can thus be decoupled from PCell by running independently.
Obervation1: RAN2 confirms spec doesnot restrict the UE in the oder to perform RACH towards PCell and PSCell. 
Obervation2: UE has no motivations to complicate the handling of PSCell RACH by creating the contingency on PCell RACH.
Proposal3: RAN4 shall discuss whether there is any fundamental advantage to define requirements for sequential RACH.
Proposal3.1: RAN4 define the requirements by assuming independent RACH.
Therefore, w.r.t “Issue 2-2-5: Ending point of the delay requirement for HO with PSCell” in the WF of RAN4 99e[3], option4 appears to us a flexible compromise to cover the various RACH orders. If needed, the overall handover delay can be the max time that’s needed by PCell handover and PSCell change/addition.
Propsoal3.2: Define the ending points as Pcell PRACH and PSCell PRACH respectively by assuming 4-step RACH. 
3. Remaining issues of RAN4 99e
As during the last RAN plenary meeting, no new RRM enhancement features were approved for R17, we think RAN4 discussion shall be aligned with the RP status quo in the following issues listed in the WF.
	Issue 2-1-1: Scenarios for RRM requirement of HO with PSCell
Issue 2-1-2: NR-DC and NE-DC mode in HO with PSCell
Issue 2-1-2a: Requirements for Rel-16 FR1+FR1 NR-DC


For issue 2-1-1, three new scenarios were identified and proposed to be included. As there is no plenary decision yet, RAN4 shall prioritize the original scenarios in the WID for the discussions.
Proposal4: Stick to the WID scenarios for discussing the requirements unless new scenarios are approved by RP in the future.
For issue 2-1-2, Option2 in addition considers FR1+FR2 for NR-DC to NR-DC but the baseline scenario of PSCell addition requirement for FR1+FR1 NR-DC wasnot approved. So option1 can be focused for the time being.
Proposal5: Considers following schemes for NR-DC and NE-DC mode in HO with PSCell.
· 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.
	Issue 2-2-1a: Condition of parallel processing
Issue 2-2-1b: Whether requirements for sequential processing are needed if parallel processing is only possible under certain condition
Issue 2-2-8: Delay requirement design if parallel processing is assumed
Issue 2-2-9: Delay requirement design if sequential processing is assumed


There are several issues in the WF related to the assumption on the UE behavior when performing the joint PCell HO with PSCell change/addition (issues 2-2-1a/2-21b/2-2-8/2-2-9). As elaborated in 2.1, due to RAN2 further progress and LS, it is possible that the network may indicate UE adopts the target PCell timing as the reference for searching the target PSCell if the target PCell is unknown. For this special case, it may be reasonable to double the search time and margin as proposals 1 and 1.1. Beyond that, UE could perform the loop processing and RACH for PCell and PSCell in parallel preferably, which also simplifies the requirement definition. With these observations, we propose,
Proposal6: Requirement definition assumes UE run independent loop processings and RACHs towards PCell and PSCell respectively.
Note independent RACHs donot preclude the possibility of sequential RACH, but it’s worth clarifying whether RAN4 requirements shall be further relaxed to accommodate such a behavior. Our proposal3 aims to arouse the RAN4 awareness in the consequence of a relaxed requirement along this route.
	Issue 2-2-2: Parallel processing for HO with PSCell
Issue 2-2-8: Delay requirement design if parallel processing is assumed
Issue 2-2-9: Delay requirement design if sequential processing is assumed


As to Issue 2-2-2, given what has been discussed so far, it is fair to say that some procedures such as loop processing(T∆) and RACH(TIU) can be assumed as independent operations while RRC processing, UE processing(Tprocessing), search and reading PBCH(Tsrch, Tm) could be defined as common and joint procedure for PCell and PSCell. To reflect this accurately, it is proposed, 
Proposal7: 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/independently.
Proposal7.1: if any component during the procedure has a dependency bw/ PCell and PSCell, define a common term to capture the most applicable requirement. 
Observation3: RRC processing, UE processing(to prep the RF) are proceudures common to both PCell and PSCell. 
For RRC processing TRRC, RAN4 already reached agreement per RAN2 LS in the previous meeting. 
	Considering the reply LS from RAN2, RRC processing delay for HO with PSCell is:
NR SA to EN-DC : 50ms 
EN-DC to EN-DC: 20ms
NE-DC to NE-DC: 16ms
NR-DC to NR-DC: 16ms
Note: RRC processing delay is defined in RAN2 specification.


Tprocessing was proposed in our previous contribution[4].
Proposal8: 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. 
Proposal8.1: For NRDC to NRDC, the UE processing time Tprocessing to be 20ms without FR mode switch on PSCell; otherwise, Tprocessing shall be 40ms as the legacy PSCell change requirement.
Tsrch/Tm for the time budgeted for search and margin are common to both PCell and PSCell as proposals 1 and 1.1 in the event when PSCell search depends on PCell search.
Loop processing T∆ and RACH TIU are taking place for PCell HO and PSCell ADD/change indepedently and legacy numbers can be resused.

3. Conclusion
In this paper, we shared observations on RAN2 progress and LS and proposals for remaining issues of the WI of PCell HO with PSCell. We also clarify some procedures can be independently operating while some procedures shall be jointly defined as a common term for both PCell and PSCell.
Proposal1: Introduce a common term of search time budgeted for the joint PCell HO with PSCell, which is twice of the legacy search time Tsearch reserved for HO i.e. Tsrch=2xTsearch.
Proposal1.1: Also introduce a common margin time Tm which is twice of the time of legacy Tmargin i.e. Tm=2xTmargin.
Proposal2: Adopt the same time for loop processing as legacy T∆.
Obervation1: RAN2 confirms spec doesnot restrict the UE in the oder to perform RACH towards PCell and PSCell. 
Obervation2: UE has no motivations to complicate the handling of PSCell RACH by creating the contingency on PCell RACH.
Proposal3: RAN4 shall discuss whether there is any fundamental advantage to define requirements for sequential RACH.
Proposal3.1: RAN4 define the requirements by assuming independent RACH.
Propsoal3.2: Define the ending points as Pcell PRACH and PSCell PRACH respectively by assuming 4-step RACH. 
Proposal4: Stick to the WID scenarios for discussing the requirements unless new scenarios are approved by RP in the future.
Proposal5: Considers following schemes for NR-DC and NE-DC mode in HO with PSCell.
· 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.
Proposal6: Requirement definition assumes UE run independent loop processings and RACHs towards PCell and PSCell respectively.
Proposal7: 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.
Proposal7.1: if any component during the procedure has a dependency bw/ PCell and PSCell, define a common term to capture the most applicable requirement. 
Observation3: RRC processing, UE processing(to prep the RF) are proceudures common to both PCell and PSCell. 
Proposal8: 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. 
Proposal8.1: For NRDC to NRDC, the UE processing time Tprocessing to be 20ms without FR mode switch on PSCell; otherwise, Tprocessing shall be 40ms as the legacy PSCell change requirement.
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