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[bookmark: _Ref47278890]1	Introduction 
[bookmark: _Ref32352040][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In RAN4 #100 meeting, the WF on HO with PSCell was agreed [1]. In this paper, we provide our views on the remaining issues, including scenarios, corresponding delay requirement and interruption time.
2	Discussion   
In last meeting, RAN4 already agreed the condition for sequential processing in HO with PSCell from NR-DC to NR-DC (case 1). Except for the scenario HO with PSCell from NR SA to EN-DC and case 1 of NR-DC to NR-DC, parallel processing were confirmed. Based on current RAN4 conclusions, we list all scenarios and corresponding requirement in below Table 1:

[bookmark: _Ref85656853]Table 1: Delay requirement of HO with PSCell
	Cases
	Target PSCell SMTC configured based on timing of
	Parallel or sequential

	LTE-SA to EN-DC or 
EN-DC to EN-DC
	LTE source PCell 
(source and target LTE PCell are synchronized
	Known reference timing:

(Parallel processing)
Tconfig_PSCell = TRRC_delay+ Tprocessing + Tsearch_PSCell +  T∆_PSCell + TPCell_DU + TPSCell_ DU + 2 ms

	NR-DC to NR-DC
	Target PCell 


	Unknown reference timing: 
need to check whether targetCellSMTC-SCG and/or reconfigurationWithSync are configured

· Case 1: If only targetCellSMTC-SCG is configured (Sequential processing)

UE has ever reported the reference cell
Tconfig_PSCell = TRRC_delay+ Tprocessing + T∆_ PScell + Tsearch_PSCell + T∆_PSCell + TPSCell_ DU + 2*2 ms

UE has never reported the reference cell
Tconfig_PSCell = TRRC_delay+ Tprocessing +Tsearch_PScell+ + T∆_ PScell + Tsearch_PSCell + T∆_PSCell + TPSCell_ DU + 2*2 ms2

· Case 2: If only reconfigurationWithSync is configured (Parallel processing)

Tconfig_PSCell = TRRC_delay+ Tprocessing + Tsearch_PSCell +  T∆_PSCell + TPSCell_ DU + 2 ms

· Case 3: If both targetCellSMTC-SCG and reconfigurationWithSync are configured (Parallel processing)

Specified in RAN2 spec 37.340 7.2, UE can choose to refer the timing based on the configuration 1 (perform PSCell change based on target PSCell timing) or configuration 2 (perform PSCell change based on source PSCell timing). Considering that UE already know the source PSCell timing, it is possible for UE to perform parallel processing

	In case the SMTC of the target PSCell is provided by both MN and SN it is up to UE implementation which one to use.



· Case 4: If both targetCellSMTC-SCG and reconfigurationWithSync are not configured (Parallel processing)
· If smtc was configured in measurement object, UE follows smtc in MO (UE refer to source PCell timing). UE does not need to acquire target PCell timing for PSCell addition/change. Parallel processing
· If no smtc can be leveraged, UE assumes 5ms periodicity on the target PSCell SSB (No need any timing reference). UE does not need to acquire target PCell timing for PSCell addition/change.  Parallel processing

Tconfig_PSCell = TRRC_delay+ Tprocessing + Tsearch_PSCell +  T∆_PSCell + TPSCell_ DU + 2 ms
 

	NR SA to EN-DC
	Target PCell/source PSCell /Source PSCell
	The reference timing is not yet determined in RAN2

	NE-DC to NE-DC
	 
	Since in this case LTE is as a target PSCell and no SMTC shall be considered for target LTE PSCell, the (Parallel processing) could be assumed



We then discuss the open issues listed in last meeting. For delay requirement design, the remaining issues are:

	Issue 2-2-1a-1: Condition of parallel processing without considering RACH for NR SA to EN-DC 

Issue 2-2-1b: Whether requirements for sequential processing are needed if parallel processing is only possible under certain condition
The remaining parallel processing cases and sequential processing cases are discussed under Issue 2-2-1a-1.

Issue 2-2-2a: How the requirements for parallel processing and sequential processing are defined without considering Tprocessing and RA procedures

Issue 2-2-2b: Timeline for delay requirements without considering Tprocessing and RA procedures
The remaining parallel processing cases and sequential processing cases are discussed under Issue 2-2-1a-1.
This issue is dependent on Issue 2-2-2a.
Option 1 is for requirements regarding option 1 in Issue 2-2-2a if different requirements are defined for parallel processing cases and sequential processing cases
Option 2 is for requirements regarding option 2 in Issue 2-2-2a if unified requirements are defined for parallel processing cases and sequential processing cases

Issue 2-2-3a: Timeline of Tprocessing (UE SW processing and RF warm-up(if needed) time) for HO with PSCell

Issue 2-2-3b: If UE SW processing and RF warm-up for PCell HO and PSCell addition/change are performed in parallel

Issue 2-2-3c: If UE SW processing and RF warm-up for PCell HO and PSCell addition/change are performed in sequential
It further depends on conclusion of Issue 2-2-3a whether this is needed or not.

Issue 2-2-3e: Tprocessing for PSCell addition/change

Issue 2-2-5: Ending point of the delay requirement for HO with PSCell

Issue 2-2-8: Delay requirements design




For issue 2-2-1a-1 ~ issue 2-2-2a, we agree that parallel processing shall be the baseline for delay requirements. However, considering that RAN2 do not clarify the timing reference principles for the case from NR SA to EN-DC, decision need to be make after RAN2 reach further consensus. So we suggest
[bookmark: _Ref85665181]Proposal 1: Condition of sequential processing in NR SA to EN-DC scenario should be determined after RAN2 have further clarification on corresponding reference timing

Considering that the intension of HO with PSCell is to add/change PSCell faster, we think it is necessary for RAN4 to define separate requirements.
[bookmark: _Ref85665185]Proposal 2: RAN4 to define different requirements for parallel processing cases and sequential processing cases
[bookmark: _Ref85665184]Proposal 3: RRM requirements are defined for sequential processing in HO with PSCell from NR-DC to NR-DC when only targetCellSMTC-SCG is configured; otherwise, RRM requirements are defined for parallel processing in HO with PSCell from NR-DC to NR-DC, from EN-DC to EN-DC, and from NE-DC to NE-DC 

For issue 2-2-2b, based on principles we list in Table 1, sequential processing on cell search, timing sync and SSB processing are all needed if UE has never reported the reference cell. However, only sequential processing on timing sync and SSB processing are needed if UE has ever reported the reference cell. 
[bookmark: _Ref85665111]Observation 1: Sequential processing on cell search, timing sync and SSB processing are all needed if UE has never reported the reference cell. However, only sequential processing on timing sync and SSB processing are needed if UE has ever reported the reference cell

If only one requirement for sequential processing is specified, then RAN4 need to consider the worst case. So we suggest
[bookmark: _Ref85665186]Proposal 4: Cell search, timing sync and SSB processing time should all be considered when defining requirements for the sequential processing case

For issue 2-2-3a ~ 2-2-3e, our understanding is for both parallel processing cases and sequential processing cases, UE SW processing and RF warm-up for PCell handover and PSCell addition/change can be done in parallel. Because UE can prepare RF components or SW resources in advance once it knows the frequency of target PSCell, processing time should be irrelevant to the timing reference of SMTC window.
[bookmark: _Ref85665187]Proposal 5: For both parallel processing cases and sequential processing cases, UE SW processing and RF warm-up for PCell handover and PSCell addition/change can perform in parallel

Considering that the legacy rules are
· 20ms if source cell and target cell are allocated in the same FR, and 
· 40ms if source cell and target cell are allocated in the different FRs. 
The overall processing time needs to choose the maximum value between PCell HO and PSCell addition/change. In the meanwhile, we agree that some RF components or SW resources might be shared between PCell and PSCell. That will introduce approximately 10ms extra delay to the overall Tprocessing. Therefore, we suggest that
[bookmark: _Ref85665188][bookmark: _Ref71660611]Proposal 6: Tprocessing for PSCell addition/change should follow the legacy rules, i.e., 20ms when source and target cells are in the same FR and 40ms when source and target cells are in different FRs
[bookmark: _Ref85665189]Proposal 7: The overall Tprocessing for HO with PSCell should be max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change) +10ms 

For issue 2-2-5, regarding the ending point definition, we agree to define delay requirements for HO and PSCell addition/change separately with the ending points defined as Pcell PRACH and PSCell PRACH respectively.
[bookmark: _Ref78841186]Proposal 8: Define delay requirements for HO and PSCell addition/change separately by the time that UE transmits PCell PRACH and PSCell PRACH respectively. No need to define an overall delay requirement

For issue 2-2-8, we basically agree on option 7, but based on our analysis in Table 1, some modifications are needed. So we propose

[bookmark: _Ref85665192]Proposal 9: Delay requirements for HO with PSCell are 
· For NR SA to EN-DC, the delay of HO and PSCell addition:
· FFS
· For EN-DC to EN-DC, the delay of HO and PSCell addition:
· THO = TRRC_delay + TProcessing +Tsearch_PCell + TIU 
· TPSCell= TRRC_delay + Tprocessing + Tsearch_PSCell + T∆ + TPCell_ DU + TPSCell_ DU + Tmargin ms
· Where TRRC_delay = 20 ms. TPCell_DU is the delay uncertainty due to PCell RACH preamble transmission defined in TS 38.213. Tmargin =2ms
· For NE-DC to NE-DC, the delay of HO and PSCell addition:
· THO = TRRC_delay + Tprocessing + Tsearch_PCell + T∆+ TIU + TE-UTRAN-PSCell_ DU + Tmargin
· TPSCell= TRRC_delay + Tprocessing + Tactivation_time + TPCell_ DU + TE-UTRAN-PSCell_ DU
· Where TRRC_delay = 50 ms, TPCell_ DU is the delay uncertainty due to PCell PRACH preamble transmission. TE-UTRAN-PSCell_ DU is the delay uncertainty due to PSCell RACH preamble transmission defined in TS 38.213. Tmargin =2ms
· For NR-DC to NR-DC (FR1+FR2 NR-DC), the delay of HO and PSCell addition:
· THO = TRRC_delay + Tprocessing + Tsearch_PCell + T∆_PCell + TIU + Tmargin 
· TPSCell = TRRC_delay+ Tprocessing +Tsearch_PCell + T∆_PCell + Tsearch_PSCell + T∆_PSCell + TPSCell_ DU + Tmargin 

· Where TRRC_delay = 16 ms. Tsearch_PCell is time for cell search for the case that sequential processing is needed and UE has never reported the timing reference cell; Tsearch_PCell  = 0 otherwise. T∆_PCell is time for fine-time tracking for the case that sequential processing is needed; T∆_PCell  = 0 otherwise. Tmargin= 2*2ms is time for SSB processing for the case that sequential processing is needed; Tmargin = 2ms otherwise. 

Other issues of interruption requirement design are:
 
	Issue 2-3-2a: Interruption requirements, similar as Tinterrupt for in legacy handover requirements, for HO with PSCell

Issue 2-3-2b: Interruption requirements on PCell/PSCell due to PSCell/PCell RF retuning



For legacy HO procedure, interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH. That definition seems to be also applicable for the interruption time of PCell in HO with PSCell procedure. Considering that data reception/transmission of PSCell should not be impacted by the PCell. So we suggest that
[bookmark: _Ref68208406][bookmark: _Ref71660614]Proposal 10: Interruption in legacy handover delay requirement can be applied for PCell. No interruption is defined for PSCell	

For issue 2-3-2b, it depends on conclusions of issue 2-2-3a. If for both parallel processing cases and sequential processing cases, UE SW processing and RF warm-up for PCell handover and PSCell addition/change can perform in parallel, there is no need to introduce extra interruption time on PCell.
[bookmark: _Ref85665195]Proposal 11: Whether interruption requirements on PCell due to PSCell RF retuning is needed depends on RAN4 conclusion on whether SW processing and RF warm-up can be performed in parallel

7	Summary
In this contribution, we have the following observations:
Observation 1: Sequential processing on cell search, timing sync and SSB processing are all needed if UE has never reported the reference cell. However, only sequential processing on timing sync and SSB processing are needed if UE has ever reported the reference cell
And we propose
Proposal 1: Condition of sequential processing in NR SA to EN-DC scenario should be determined after RAN2 have further clarification on corresponding reference timing
Proposal 2: RAN4 to define different requirements for parallel processing cases and sequential processing cases
Proposal 3: RRM requirements are defined for sequential processing in HO with PSCell from NR-DC to NR-DC when only targetCellSMTC-SCG is configured; otherwise, RRM requirements are defined for parallel processing in HO with PSCell from NR-DC to NR-DC, from EN-DC to EN-DC, and from NE-DC to NE-DC 
Proposal 4: Cell search, timing sync and SSB processing time should all be considered when defining requirements for the sequential processing case
Proposal 5: For both parallel processing cases and sequential processing cases, UE SW processing and RF warm-up for PCell handover and PSCell addition/change can perform in parallel
Proposal 6: Tprocessing for PSCell addition/change should follow the legacy rules, i.e., 20ms when source and target cells are in the same FR and 40ms when source and target cells are in different FRs
Proposal 7: The overall Tprocessing for HO with PSCell should be max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change) +10ms
Proposal 8: Define delay requirements for HO and PSCell addition/change separately by the time that UE transmits PCell PRACH and PSCell PRACH respectively. No need to define an overall delay requirement
Proposal 9: Delay requirements for HO with PSCell are
· For NR SA to EN-DC, the delay of HO and PSCell addition:
· FFS
· For EN-DC to EN-DC, the delay of HO and PSCell addition:
· THO = TRRC_delay + TProcessing +Tsearch_PCell + TIU 
· TPSCell= TRRC_delay + Tprocessing + Tsearch_PSCell + T∆ + TPCell_ DU + TPSCell_ DU + Tmargin ms
· Where TRRC_delay = 20 ms. TPCell_DU is the delay uncertainty due to PCell RACH preamble transmission defined in TS 38.213. Tmargin =2ms
· For NE-DC to NE-DC, the delay of HO and PSCell addition:
· THO = TRRC_delay + Tprocessing + Tsearch_PCell + T∆+ TIU + TE-UTRAN-PSCell_ DU + Tmargin
· TPSCell= TRRC_delay + Tprocessing + Tactivation_time + TPCell_ DU + TE-UTRAN-PSCell_ DU
· Where TRRC_delay = 50 ms, TPCell_ DU is the delay uncertainty due to PCell PRACH preamble transmission. TE-UTRAN-PSCell_ DU is the delay uncertainty due to PSCell RACH preamble transmission defined in TS 38.213. Tmargin =2ms
· For NR-DC to NR-DC (FR1+FR2 NR-DC), the delay of HO and PSCell addition:
· THO = TRRC_delay + Tprocessing + Tsearch_PCell + T∆_PCell + TIU + Tmargin 
· TPSCell = TRRC_delay+ Tprocessing +Tsearch_PCell + T∆_PCell + Tsearch_PSCell + T∆_PSCell + TPSCell_ DU + Tmargin 

· Where TRRC_delay = 16 ms. Tsearch_PCell is time for cell search for the case that sequential processing is needed and UE has never reported the timing reference cell; Tsearch_PCell  = 0 otherwise. T∆_PCell is time for fine-time tracking for the case that sequential processing is needed; T∆_PCell  = 0 otherwise. Tmargin= 2*2ms is time for SSB processing for the case that sequential processing is needed; Tmargin = 2ms otherwise. 

Proposal 10: Interruption in legacy handover delay requirement can be applied for PCell. No interruption is defined for PSCell
Proposal 11: Whether interruption requirements on PCell due to PSCell RF retuning is needed depends on RAN4 conclusion on whether SW processing and RF warm-up can be performed in parallel
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