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1. Introduction
In last RAN4 meeting, the RRM requirement for handover with PSCell has been discussed and the conclusions were captured in the WF[1]. However, there are couple of open issues from last meeting, and in this contribution, we continue discussing the RRM requirement for HO with PSCell.
2. Scenarios for HO with PSCell
In last meeting the agreement on scenarios were:
	· Issue 2-1-1: Scenarios for RRM requirement of HO with PSCell 
· FFS
· Option 1(Apple, HW, QC, OPPO, Xiaomi, vivo, CATT, MTK, Ericsson): RAN4 specifies 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
· Option 2(NEC, Nokia): RAN4 specifies 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
· from NR SA to NE-DC (newly added)
· from NR SA to NR-DC (newly added)
· from LTE SA to EN-DC (newly added)
· Option 3(MTK): RAN4 specifies 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
· And RAN4 to clarify whether requirements from LTE-SA to EN-DC and from NR-SA to NR-DC are needed 



In TS37.340, the supported MR-DC HO scenarios is defined as below,
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For HO with PSCell, RAN2 identified “LTE to EN-DC”, “NR-SA to EN-DC”, “NR-SA to NE-DC”, “NR-SA to NR-DC”, “EN-DC to EN-DC”, “NE-DC to NE-DC” and “NR-DC to NR-DC”. So, in RAN4 requirements, all the scenarios in the WID shall be considered. Even though RAN2 supports LTE to EN-DC HO, this case has not been included in the WID scope. If companies think this scenario is also necessary, we need more discussion in RAN plenary before we could include it into the WID formally.
Proposal 1: RAN4 specifies 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
In last meeting, companies have different views on NR-DC and NE-DC mode as below,
	· Issue 2-1-2: NR-DC and NE-DC mode in HO with PSCell
· FFS:
· Option 1(CATT, Apple, OPPO, MTK, Huawei): In R17 RAN4 only considers:
· 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.
· Option 2 (NEC, Intel, vivo, QC, Ericsson, MTK):
· FR1+FR2 NR-DC and FR1+FR1 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.
· Option 2a (Apple):
· FR1+FR2 NR-DC and FR1+FR1 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.
· Note: the baseline PSCell addition requirement for FR1+FR1 NR-DC would be discussed in TEI16. 
· Option 3 (Ericsson):
· FR1+FR2 NR-DC and FR1+FR1 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,
· FFS on FR2+LTE NE-DC for HO with PSCell from NE-DC to NE-DC.
· Option 4 (Nokia):
· FR1+FR2 NR-DC and FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC,
· FR1+LTE and FR2+LTE NE-DC for HO with PSCell from NE-DC to NE-DC,
· FR1+LTE and FR2+LTE NE-DC for HO with PSCell from NR SA to NE-DC.



The FR1+FR1 NR-DC was introduced in R16 (TS38.101-1, R16) and the FR2 +LTE NE-DC (TS38.101-3, R17) was introduced in R17, but so far there is no RRM requirement specified for those two scenarios. In this HO with PSCell scope, we propose to use the R15 UE capability as a starting point, and we could define the requirement of HO with PSCell when baseline RRM measurement requirement is defined for those two scenarios in the future. Since companies have interests to have requirement for FR1 NR-DC case, we can compromise to option 2a. 
Proposal 2: NR-DC and NE-DC mode in HO with PSCell are:
· FR1+FR2 NR-DC and FR1+FR1 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.
· Note: the baseline PSCell addition requirement for FR1+FR1 NR-DC would be discussed in TEI16. 
3. Requirement design for HO with PSCell
As described in the WID, existing requirements for HO and PSCell addition can be used as baseline to design the requirement of R17 HO with PSCell. Based on the discussion in last meeting, we had some agreements on the open issues but still we have some key points to clarify before we can finalize the requirement (listed as below),
· Timeline for HO with PSCell
· Starting point and ending point of delay requirement for HO with PSCell
· Optimisation for the case when PSCell is not changed during HO with PSCell
· RRC procedure delay for HO with PSCell
· UE processing time margin for HO with PSCell
· RACH assumption for HO with PSCell
· Delay requirement for HO with PSCell
3.1 Timeline for HO with PSCell
Regarding the timing point when UE starts to perform target PSCell addition, e.g., downlink cell synchronization, AGC settling or T/F tracking, we found that in R16 direct SCell activation during HO we assumed that UE would start the activation behavior after UE applying the TA from RAR of the PCell HO for CSI reporting of target SCell; however, in PSCell addition the CSI reporting is not needed, and therefore the application delay of TA would not impact HO with PSCell here. In last meeting, it was a long discussion on parallel and sequential processing for HO with PSCell, which is duplicated as below,
	· Issue 2-2-1: timeline for HO with PSCell
· Agreements:
· Timeline for HO with PSCell 
· Option 1 (Xiaomi, Apple, OPPO): PCell HO and PSCell addition is performed in a sequential order.
· Option 2 (CATT, CMCC, Huawei, MTK, QC, ZTE, NEC, Ericsson): PCell HO and PSCell addition is performed in parallel.
· Option 3 (NTT DOCOMO, Intel, OPPO, Nokia, Ericsson, NEC): Some of procedures of HO with PSCell should be able to be performed in parallel, but RACH processing is performed in a sequential order (RACH procedure of PSCell will happen after the RACH procedure of PCell).
· Other options are not precluded
· Send LS to RAN2 to clarify possible restrictions on parallel or sequential RACH processing from RAN2 perspective



Similar as R16, the sequential processing shall be considered as the baseline solution for HO with PSCell from UE perspective. However, due to the online/offline comments from companies in last meeting, we are also fine to find a compromised solution of this issue. In RAN2 definition, there are two cases: (1) if the PCell HO and PSCell addition is configured in the same RRCReconfiguration IE and the targetCellSMTC-SCG-r16 is configured, UE is expected to use target PCell timing as reference for PSCell SMTC; (2) if the SMTC for PSCell addition is configured in ReconfigurationWithSync the source PCell timing is used for target PSCell SMTC.
Case (1):
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Case (2):
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In case (1), the target PCell timing is used as reference for SMTC of target PSCell addition, so that means target PCell DL synchronization shall be processed before PSCell addition. However, for case (2), since source PCell timing is used for SMTC of PSCell addition and that means there is no timing order limitation between PCell DL synchronization and PSCell DL synchronization, we are fine to compromise to a parallel processing for HO with PSCell. For the other cases when SMTC is not configured for target PSCell, the parallel processing could also be used since UE would assume 5ms as SSB periodicity for PSCell.

Proposal 3: In HO with PSCell, if SMTC of target unknown PSCell is configured in targetcellSMTC-SCG-r16, sequential processing shall be assumed; otherwise parallel processing shall be assumed for all the other cases.
3.2 Ending point of delay requirement for HO with PSCell
In last meeting, we received couple options in [1], and duplicate as below,
	· Issue 2-2-3: ending point of the delay requirement for HO with PSCell
· FFS:
· Option 1 (Xiaomi, Intel, ZTE, Nokia):
· When 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 implying handover with PSCell. Where Thandover_with_PSCell is the delay requirement of HO with PSCell.
· Option 2 (CATT, CMCC, OPPO, QC, Ericsson, MTK, NEC): 
· 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” 
· Option 2a (Ericsson):
· 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” 
· In case RAN4 defines scenarios where PRACH preamble transmission towards PSCell is not needed, ending point for those scenarios is PRACH preamble transmission towards Pcell.
· Option 3 (Apple, OPPO):
· if sequential processing is used, the timing when UE shall be capable to transmit PRACH preamble towards target PSCell 
· 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” 
· Option 4 (HW, vivo, ZTE, CMCC, Ericsson, QC, NEC, MTK):
· Define delay requirements for HO and PSCell addition/change separately with the ending points defined as Pcell PRACH and PSCell PRACH respectively. No need to define overall delay requirement.



Regarding the ending point of the HO with PSCell, if sequential processing for HO with PSCell is assumed (i.e., PSCell RACH is after the PCell RACH), then it would be the timing when UE shall be capable to transmit PRACH preamble towards target PSCell within Thandover_with_PSCell; otherwise, if the parallel processing is assumed for HO with PSCell (i.e., no timing order between PCell RACH and PSCell RACH), then it would be the later one 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”. 
Proposal 4: the ending point of the delay requirement for HO with PSCell is:
· if sequential processing is used, the timing when UE shall be capable to transmit PRACH preamble towards target PSCell 
· 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” 

3.3 Optimization for the case when PSCell is not changed during HO with PSCell
In the last meeting, RAN4 discussed whether the optimization shall be considered when PSCell is not changed during HO with PSCell. The following options were captured in [1]:
	· Issue 2-2-5: optimisation for the case when PSCell is not changed during HO with PSCell
· Option 1(Xiaomi, CATT, Apple, OPPO, vivo, QC, HW, Intel, MTK, NEC, DCM, ZTE): 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 2 (Ericsson, Nokia, NEC): When source and target PSCell is the same cell, then fine time tracking T∆=0 shall apply.




It’s up to UE implementation if the PSCell timing/frequency information would be kept or not. For the minimum requirement design, the most conservative UE implementation shall be considered, that is, for UE which is already configured with DC, the UE’s behavior is same regardless of whether the configured PSCell is same as the original one or not.
Proposal 5: 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.
3.4 RRC procedure delay for HO with PSCell
In last meeting RAN2 sent LS [2] to RAN4 for the answer of RRC procedure delay for HO with PSCell, as duplicated below.
	· Question 1: what is the RRC processing delay for following cases of handover with PSCell?
RAN2’s answer is given in below table: 
	Scenario
	Source PCell
	Target PCell
	Target PSCell
	RRC procedure delay for HO with PSCell

	NR SA to EN-DC
	NR (incl. FR1 and FR2)
	LTE
	NR (incl. FR1 and FR2)
	[50ms]

	EN-DC to EN-DC
	LTE
	LTE
	NR (incl. FR1 and FR2)
	20ms

	NE-DC to NE-DC
	NR FR1
	NR FR1
	LTE
	16ms

	NR-DC to NR-DC
	NR FR1
	NR FR1
	NR FR2
	16ms


Regarding the RRC processing delay for NR SA to EN-DC, RAN2 understands the RRC processing delay (i.e. 50ms) defined for inter-RAT handover from NR to E-UTRAN can be applied, but it is up to RAN4 to make a final decision. And RAN2 understands RAN4 will specify the RRC processing delay of “NR SA to EN-DC” in TS 36.133. In addition, RAN2 will update TS 38.331 and TS 36.331 to clearly capture the RRC processing delay for other cases listed in above table. 



It’s clear stated in the reply LS and we propose to use the values suggested by RAN2.
Proposal 6: the RRC procedure delay in requirement of HO with PSCell is defined based on RAN2 reply LS R2-2104580.
3.5 UE processing time margin for HO with PSCell
The UE processing margin is also a scenario specific time delay in HO with PSCell. The legacy UE processing margin/delay in legacy HO and in legacy PSCell addition accounts for UE SW/stack preparation time and possible RF warm-up time if needed. Since in proposal 3 we have two different processing methods, we need to differentiate the processing time margin for both sequential processing and parallel processing.
If sequential processing for HO with PSCell is used, for simplicity of requirement design, the total UE processing time for HO with PSCell is the sum of UE processing timing of legacy HO and UE processing timing of legacy PSCell addition. In the current TS38.133, if the target PCell in HO or target PSCell in PSCell addition is different from the old serving cell respectively, the processing time of UE SW/stack is 40ms; otherwise, the processing time is 20ms. The processing delay is summarized in table 1.
Note: in the current HO requirement, the processing margin is determined by the old PCell’s and target PCell’s FR regardless of the other old serving cell’s FR.
Table 1. UE processing time margin for sequential processing 
	Total UE processing margin (Tprocessing = Tprocessing_HO + Tprocessing_PSCell_addition)
	HO processing time margin (Tprocessing_HO)
	PSCell addition processing time margin (Tprocessing_PSCell_addition)
	Condition 

	40ms
	20ms
	20ms
	Target PCell and PSCell is in the same FR as old serving cell; 

	60ms
	40ms
	20ms 
	Target PCell and/or target PSCell is in the different FR from old serving cell. 

	
	20ms
	40ms
	



If parallel processing for HO with PSCell is used, UE would perform the SW/stack for PCell HO and PSCell addition/change simultaneously, the total UE processing time for HO with PSCell could be the maximum one between UE processing timing of legacy HO and UE processing timing of legacy PSCell addition. The processing delay is summarized in table 2.
Table 2. UE processing time margin for parallel processing
	Total UE processing margin (Tprocessing = Max {Tprocessing_HO, Tprocessing_PSCell_addition})
	HO processing time margin (Tprocessing_HO)
	PSCell addition processing time margin (Tprocessing_PSCell_addition)
	Condition 

	20ms
	20ms
	20ms
	Target PCell and PSCell is in the same FR as old serving cell; 

	40ms
	40ms
	20ms 
	Target PCell and/or target PSCell is in the different FR from old PC serving cell ell. 

	
	20ms
	40ms
	



Proposal 7: 
For sequential processing for HO with PSCell, the total UE processing time for HO with PSCell is the sum of UE processing timing of HO and UE processing timing of PSCell addition.
For parallel processing for HO with PSCell, the total UE processing time for HO with PSCell could be the maximum one between UE processing timing of HO and UE processing timing of PSCell addition
Proposal 8: the UE processing time for HO with PSCell is:
	UE processing margin (Tprocessing)
	Target PCell and PSCell is in the same FR as old serving cell
	Target PCell and/or target PSCell is in the different FR from old serving cell

	Sequential processing 
	40ms
	60ms

	Parallel processing 
	20ms
	40ms 



3.6. RACH assumption for HO with PSCell
The RACH assumptions were discussed in last meeting as well, but unfortunately no conclusion has been made. The collected options are duplicated as below,
	· Issue 2-4-1: 2 step and 4 step RACH for HO with PSCell
· FFS:
· Option 1 (CATT, QC, Ericsson(if parallel is agreed)): 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.
· Option 2 (Apple, vivo, OPPO, Xiaomi, MTK, Intel): for requirement of HO with PSCell, RAN4 starts the discussion with 4 step RACH first and FFS on 2 step RACH.
· Option 3 (NEC, Ericsson, ZTE, Nokia, Apple): RAN4 to define both 2-step and 4-step RACH requirements for handover with PSCell. 
· Issue 2-4-2: RACH occasion collision between Pcell and PSCell
· FFS:
· Option 1 (CATT, Nokia): There is no need to further consider the RO collision issue from RAN4’s perspective.
· Option 2 (Apple, OPPO(support sequential part), HW(support 2nd bullet), MTK(support 2nd bullet), QC(support 2nd bullet)): 
· If sequential processing is used, there is no need to consider RACH occasion (RO) collision between PCell and PSCell. 
· If parallel processing is used:
· for FR1+FR1 EN-DC, an additional uncertainty delay due to PSCell RACH collision with PCell UL channels may be introduced if the PSCell RACH cannot be transmitted based on the criteria in TS38.213 section 7.6.1; 
· for FR1+FR1 NE-DC, an additional uncertainty delay due to PCell RACH collision with PSCell RACH may be introduced if the PCell RACH cannot be transmitted based on the criteria in TS38.213 section 7.6.2; 
· otherwise, if the PCell and PSCell are on the different FRs, no need to consider RO collision issue.
· Option 3 (NEC): 
· RAN4 to agree that components that contribute to TIU delay are the TA acquisition delay in Pcell, delay uncertainty in acquiring resources for RRC connection Reconfiguration Complete message on Pcell and PRACH acquisition uncertainty delay in PSCell.
· RAN4 to agree that interruption uncertainty (TIU) for Pcell and PSCell is sequential process.
· Option 4 (vivo): PRACH occasion collision is considered as one factor in the requirements for HO with PSCell, if UE only supports single uplink in the NE-DC or EN-DC.
· Option 5 (MTK): For the scenario from NE-DC to NE-DC, RAN4 to clarify whether to remove the delay uncertainty of Pcell PRACH preamble transmission from the delay requirement of HO with PSCell procedure. 



Since 2 step RACH is a R16 feature, we think RAN4 could start from 4 step RACH first and 2 step RACH might be discussed after the requirement of HO with PSCell by using 4 step RACH is stable. Thus, we prefer to adopt option 2.
Proposal 9: for requirement of HO with PSCell, RAN4 starts the discussion with 4 step RACH first and FFS on 2 step RACH.
If sequential processing is used, there is no need to consider RACH occasion (RO) collision between PCell and PSCell. If parallel processing is used, RAN1 has clear power allocation definition between CGs in MR-DC case (that applies to RACHs as well), the RACH transmission on certain CG depends on the power allocation and UE capability (dynamic power sharing and single UL). For instance, in RAN1 TS38.213 section 7.6, the power allocation mechanism has been defined for EN-DC, NE-DC and NR-DC, and followings are the partial definitions for EN-DC and NE-DC cases as example,
	EN-DC:
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NE-DC:
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What we observed from RAN1 spec is: in FR1+FR1 EN-DC the PSCell RACH transmission may be delayed due to the power allocation and UE capability of “uplinkTxSwitching” when PSCell RACH is collided with the UL channels on PCell; while in FR1+FR1 NE-DC the PCell RACH transmission may be delayed due to the power allocation and UE capability of “uplinkTxSwitching” when PCell RACH is collided with the UL channel on PSCell. Moreover, for NE-DC HO with PSCell, the PCell RACH could only be collided with PSCell RACH rather than other UL channels since PSCell is not ready to be scheduled in this case.
Thus, in this requirement for HO with PSCell, if the PCell and PSCell are on the different FRs, no need to consider RO collision issue. But if PCell and PSCell are on the same FR, the RO collision issue shall be considered carefully. Based on the proposal 2, we have:
FR1+FR1: EN-DC, NE-DC, NR-DC
FR1+FR2: EN-DC, NR-DC
That means: 
For FR1+FR1 EN-DC, an additional uncertainty delay due to PSCell RACH collision with PCell UL channels may be introduced if the PSCell RACH cannot be transmitted based on the criteria in TS38.213 section 7.6.1 (e.g., not support DPS, or too much power reduction, or single UL transmission limitation), as shown in example figure 1.
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Figure 1. example of additional RACH uncertainty
For FR1+FR1 NE-DC, an additional uncertainty delay due to PCell RACH collision with PSCell RACH may be introduced if the PCell RACH cannot be transmitted based on the criteria in TS38.213 section 7.6.2 (e.g., not support DPS).
However, for FR1+FR1 NR-DC we did not find such issue (e.g., single Tx or power sharing issue) with UL channel collision in RAN1, and the power allocation mechanism could handle such collision case. 
Otherwise, if the PCell and PSCell are on the different FRs, no need to consider RO collision issue. 
Proposal 10: If sequential processing is used, there is no need to consider RACH occasion (RO) collision between PCell and PSCell. 
If parallel processing is used:
· for FR1+FR1 EN-DC, an additional uncertainty delay due to PSCell RACH collision with PCell UL channels may be introduced if the PSCell RACH cannot be transmitted based on the criteria in TS38.213 section 7.6.1; 
· for FR1+FR1 NE-DC, an additional uncertainty delay due to PCell RACH collision with PSCell RACH may be introduced if the PCell RACH cannot be transmitted based on the criteria in TS38.213 section 7.6.2; 
· otherwise, if the PCell and PSCell are on the different FRs or FR1+FR1 NR-DC, no need to consider RO collision issue.

Another issue from last meeting is whether there is any timing order between PCell RACH or PSCell RACH if parallel processing is used. RAN4 sent LS to RAN2 in last meeting, and we could wait the response from RAN2 on this issue.
4. Interruption requirement for HO with PSCell
In last meeting, some options were captured in [1], which are duplicated as below,
	· 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
· FFS:
· Option 1 (Apple, QC, vivo, CMCC, Ericsson, Nokia, MTK, NEC, Xiaomi, CATT, Intel, HW): Yes
· Option 2 (OPPO): No.
· Issue 2-3-2: Interruption requirement for HO with PSCell
· FFS:
· Option 1 (Xiaomi, HW, vivo, QC, ZTE, DOCOMO, CATT): No interruption requirement should be defined during HO with PSCell
· Option 2 (CATT): Interruption in legacy handover delay requirement can be applied for PCell. No interruption is defined on PSCell.
· Option 3 (Apple): 
· If sequential processing is used for HO with PSCell, UE would have an interruption on new PCell due to the PSCell addition. 
· If parallel processing is used for HO with PSCell and PSCell addition is completed earlier than PCell HO, no need to define interruption requirement since interruption has been reflected by HO delay.
· If parallel processing is used for HO with PSCell and PSCell addition is completed later than PCell HO, UE may have an interruption on new PCell due to RF tuning for PSCell addition.
· Option 4 (ZTE): 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 5 (MTK): RAN4 to specify the PCell interruption time for the overall HO with PSCell procedure.


For both sequential processing and parallel processing, RAN2 has no limitation to schedule on the new PCell when the new PCell complete the HO and send RRCConnectionReconfigurationComplete to network. So, we propose that,
Proposal 11: RAN4 assumes PCC could be scheduled for UE when PCell HO is completed but PSCell addition is not completed.
When sequential processing is used, UE would disconnect from network for PCell HO first; after successfully RACH to the target PCell UE could be scheduled on new PCell and UE may have an interruption on new PCell due to the PSCell addition.
When parallel processing is used, UE would disconnect from network for PCell HO first and during the HO procedure UE can also perform the PSCell addition. If PSCell addition is completed earlier than PCell HO, since UE would not be scheduled on PSCell before PCell HO completion, it’s no need to define interruption requirement, i.e., no active serving cell to be interrupted. If PCell HO is completed earlier than PSCell addition, in last meeting, we thought the interruption is possible when PSCell RF tuning happens during PCell data/control reception/transmission; but actually, it could be avoided by UE implementation, that is, UE could tune RF for both target PCell and target PSCell at the same time, as shown in figure 6.
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Figure 6. align the RF tuning to avoid interruption 
Proposal 12: 
If sequential processing is used for HO with PSCell, UE may have an interruption on new PCell due to the PSCell addition. 
If parallel processing is used for HO with PSCell, no need to define interruption requirement.
5. Conclusion
In this contribution we discuss the scenarios for HO with PSCell as well as the requirements for corresponding HO delay.
Proposal 1: RAN4 specifies 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
Proposal 2: NR-DC and NE-DC mode in HO with PSCell are:
· FR1+FR2 NR-DC and FR1+FR1 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.
· Note: the baseline PSCell addition requirement for FR1+FR1 NR-DC would be discussed in TEI16. 
Proposal 3: In HO with PSCell, if SMTC of target unknown PSCell is configured in targetcellSMTC-SCG-r16, sequential processing shall be assumed; otherwise parallel processing shall be assumed for all the other cases.

Proposal 4: the ending point of the delay requirement for HO with PSCell is:
· if sequential processing is used, the timing when UE shall be capable to transmit PRACH preamble towards target PSCell 
· 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” 
Proposal 5: 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.
Proposal 6: the RRC procedure delay in requirement of HO with PSCell is defined based on RAN2 reply LS R2-2104580.
Proposal 7: 
For sequential processing for HO with PSCell, the total UE processing time for HO with PSCell is the sum of UE processing timing of HO and UE processing timing of PSCell addition.
For parallel processing for HO with PSCell, the total UE processing time for HO with PSCell could be the maximum one between UE processing timing of HO and UE processing timing of PSCell addition
Proposal 8: the UE processing time for HO with PSCell is:
	UE processing margin (Tprocessing)
	Target PCell and PSCell is in the same FR as old serving cell
	Target PCell and/or target PSCell is in the different FR from old serving cell

	Sequential processing 
	40ms
	60ms

	Parallel processing 
	20ms
	40ms 



Proposal 9: for requirement of HO with PSCell, RAN4 starts the discussion with 4 step RACH first and FFS on 2 step RACH.
Proposal 10: If sequential processing is used, there is no need to consider RACH occasion (RO) collision between PCell and PSCell. 
If parallel processing is used:
· for FR1+FR1 EN-DC, an additional uncertainty delay due to PSCell RACH collision with PCell UL channels may be introduced if the PSCell RACH cannot be transmitted based on the criteria in TS38.213 section 7.6.1; 
· for FR1+FR1 NE-DC, an additional uncertainty delay due to PCell RACH collision with PSCell RACH may be introduced if the PCell RACH cannot be transmitted based on the criteria in TS38.213 section 7.6.2; 
· otherwise, if the PCell and PSCell are on the different FRs or FR1+FR1 NR-DC, no need to consider RO collision issue.
Proposal 11: RAN4 assumes PCC could be scheduled for UE when PCell HO is completed but PSCell addition is not completed.
Proposal 12: 
If sequential processing is used for HO with PSCell, UE may have an interruption on new PCell due to the PSCell addition. 
If parallel processing is used for HO with PSCell, no need to define interruption requirement.
References
[1] R4-2105787, WF on further RRM enhancement for NR and MR-DC, Apple, RAN4 #98e
[2] R2-2104580,	Reply LS to RAN4 on handover with PSCell, Apple, ZTE, RAN2 #113bis-e
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Annex B (informative): 
Supported MR-DC Handover Scenarios 
Table B-1 summarizes the supported handover scenarios involving MR-DC configurations. 



Table B-1: Supported MR-DC handover scenarios. 



 



NOTE 1: Only SRVCC handover of IMS voice bearer to UTRAN is supported. 



NOTE 2: All handover scenarios according to Table B-1 that have a DC option in the column "from" are supported during fast MCG failure recovery. 
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