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[bookmark: _Ref47278890]1	Introduction 
[bookmark: _Ref32352040][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In RAN4 #99 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, there still exists 3 remaining issues for the scenario discussion.

	Issue 2-1-1: Scenarios for RRM requirement of HO with PSCell
· Option 1 (CMCC, CATT, OPPO, Ericsson, Qualcomm, Intel, Docomo, NEC, vivo, Nokia)
· RAN4 concludes that RRM requirements are needed for the additional scenarios for HO with PSCell. It is up to RAN plenary decision whether to extend the scope the WID. 
· 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 2 (Apple, Xiaomi, MTK)
· The extension of WI scope should be discussed in RAN plenary. 
Issue 2-1-2: NR-DC and NE-DC mode in HO with PSCell
· Option 1(CATT, Qualcomm, 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 (CMCC, Apple, Xiaomi, Ericsson, Huawei, Intel, NEC, vivo, Nokia):
· FR1+FR2 NR-DC and FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC
· Note: the baseline PSCell addition requirement for FR1+FR1 NR-DC would be discussed in TEI16.
· FR1+LTE NE-DC for HO with PSCell from NE-DC to NE-DC.
· Recommended WF (OPPO, Docomo, MTK)
· FR1+FR2 NR-DC for HO with PSCell from NR-DC to NR-DC is supported.
· FR1+LTE NE-DC for HO with PSCell from NE-DC to NE-DC is supported.
· FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC is FFS
· the baseline PSCell addition requirement for FR1+FR1 NR-DC would be discussed in TEI16.
· FR2+LTE NE-DC for HO with PSCell from NE-DC to NE-DC is FFS.
Issue 2-1-2a: Requirements for Rel-16 FR1+FR1 NR-DC
· Option 1: 
· Limited set of RRM requirements, i.e., PSCell addition requirements, are specified
· The requirements are discussed in TEI16.
· Option 2: 
· Full set of RRM requirements:
· Note: The requirements are specified under what agenda/WI?



Considering that in June 2021 meeting, RANP had concluded that there is no extended WID in RAN4. Our understanding is that RAN4 does not need to discuss issue 2-1-1 anymore. It means that RAN4 will not specify requirement for HO with PSCell change in the following cases: 
· from NR SA to NE-DC (newly added)
· from NR SA to NR-DC (newly added)
· from LTE SA to EN-DC (newly added)
So we have following proposal
[bookmark: _Ref78841175]Proposal 1: RAN4 will not specify the requirement of HO with PSCell for cases from NR-SA to NE-DC, from NR-SA to NR-DC, and from LTE SA to EN-DC

The aforementioned RAN plenary agreement also indicates that there will be no WID introduced for Rel-17 FR1-FR1 requirement. So we think that there is no need to discuss Issue 2-1-2a and option 1 of issue 2-1-2 should be agreed
[bookmark: _Ref78841178]Proposal 2: In R17, RAN4 only considers FR1+FR2 NR-DC HO with PSCell for the case from NR-DC to NR-DC, and FR1+LTE NE-DC HO with PSCell for the case from NE-DC to NE-DC

We then discuss the condition of parallel processing and the requirement of HO with PSCell. In last meeting, RAN4 agreed that generally PCell HO and PSCell addition could be performed in a parallel order. The remaining questions are 
1. Whether the RACH procedure of PSCell will definitely happen after the RACH procedure of PCell? 
2. Condition of parallel processing? 
3. Whether requirements for sequential processing are needed if parallel processing is only possible under certain condition?
4. Requirement of parallel/sequential processing


Proposed options are listed as follows:

	Issue 2-2-1a: Condition of parallel processing
· Option 1: 
· If SMTC of target unknown PSCell is configured in targetcellSMTC-SCG-r16, sequential processing shall be assumed; otherwise, parallel processing shall be assumed
· Option 2: 
· Parallel processing shall always be assumed.
· Note: other options are not precluded
Issue 2-2-1b: Whether requirements for sequential processing are needed if parallel processing is only possible under certain condition
· Option 1: yes
· Option 2: no 
· Option 2a: no, but the applicability condition shall be clarified in the spec (e.g., no requirement applies when such configuration happens).
Issue 2-2-2: Parallel processing for HO with PSCell
· Option 1a (QC, Nokia, ZTE, CATT, Ericsson, vivo, Apple, OPPO, Docomo, MTK, NEC): 
· PCell HO and PSCell addition, without considering RA procedures and Tprocessing, are performed in parallel independently.
· Option 1b (Intel): 
· Tsearch, Tmargin, T∆ can be processed in parallel for both Pcell HO and PSCell addition. Tsearch is the time required to search the target cell. T∆ is time for fine time tracking and acquiring full timing information of the target cell. Tmargin is time for SSB post-processing.
· Option 1c (Huawei): 
· Based on the parallel processing assumption
· Whether to consider additional delay for searching procedure depends on whether to include FR1+FR1 NR-DC case
· Option 2b (MTK, Intel): 
· 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.
· FFS what kinds of components in the overall delay requirement, e.g., Tprocessing, will have dependency between Pcell and PSCell.
Issue 2-2-8: Delay requirement design if parallel processing is assumed
· Option 1 (CATT): 
· 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)
· Option 2 (CMCC): 
· Delay for HO with PSCell is maximum (PSCell addition delay, HO delay)
· PSCell addition delay= TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms
· HO delay = TRRC_delay +Tinterrupt = TRRC_delay +Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
· Option 3 (Nokia): 
· The delay requirements for HO with PSCell can be described as: DHO_with_PSCell = TRRC_delay + Tsearch + Tprocessing + T∆ + Tmargin +TFFS. Where TFFS is the delay in acquiring the first available PRACH occasion in the target cells. 
· The cell searching time in HO with PSCell can be the maximum searching time of target PCell and PSCell.
· Delay requirements for parallel processing are discussed after there is conclusion on the other issues in sub-topic 2-2.
· 
Issue 2-2-9: Delay requirement design if sequential processing is assumed
· Option 1 (CATT): 
·  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)
· Option 2: 
· Other options are not precluded.
· Delay requirements for sequential processing are discussed after there is conclusion on other issues in sub-topic 2-2.




We skip question 1 in this paper because it is still under RAN2 discussion. For other questions, whether PSCell can be performed in parallel with HO procedure is determined by whether the timing reference of SMTC window has been already known. In legacy design, it might refer to the source PCell timing, target PCell timing, or source PSCell timing, depending on scenarios. According to current spec, UE will follow the timing configured by the PSCell addition/change comment if targetCellSMTC-SCG is provided; otherwise, UE follows the smtc provided in the measurement objective. If there is no such an MO, UE can assume 5ms periodicity on the SSB of the target PSCell. 

In RAN2 #114 meeting, the timing reference principles of HO with PSCell change/addition had been simplified [2] as follows:

1) Configuration 1: on targetCellSMTC-SCG
A. In EN-DC, only case the source and target LTE PCell are SFN and and sub-frame synchronized is supported (The SSB periodicity/offset/duration configuration of target cell for NR PSCell addition and SN change. It is based on timing reference of EUTRA PCell) 
B. In NR-DC, UE should apply the target PCell timing as the PSCell SMTC timing reference
2) Configuration 2: is removed 
The source PSCell timing based PSCell SMTC for PSCell change is no longer supported. 

So we can conclude the principles that:
· If targetCellSMTC-SCG is not provided 
· 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
· If targetCellSMTC-SCG is provided
· For LTE-SA to EN-DC or EN-DC to EN-DC, UE always assumes synchronous between source and target PCell. UE already has source/target PCell timing for PSCell addition/change (UE refer to source PCell timing).  Parallel processing
· For NR-DC to NR-DC, UE needs target PCell timing reference for PSCell addition/change 
· If target PCell is never measured (unknown cell), the target PSCell timing is unknown  Sequential processing  
· If target PCell was measured, the target PSCell timing is still assumed to be unknown, because we do not assume UE performed any fine timing tracking during measurement phase.  Sequential processing  

Therefore, based on aforementioned principles, the corresponding requirement are listed as follows:




[bookmark: _Ref78837012]Table 1: Delay requirement of HO with PSCell from EN-DC to EN-DC and NR-DC to NR-DC
	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 + TPSCell_ DU + 2 ms

	NR-DC to NR-DC
	Target PCell 


	Unknown reference timing: 

need to check whether targetCellSMTC-SCG is configured

· If configured (Sequential processing)

UE had ever reported the reference cell
Tconfig_PSCell = TRRC_delay+ Tprocessing + T∆_HO+ Tsearch_PSCell + T∆_PSCell + TPSCell_ DU + 2 ms

UE never reported the reference cell
Tconfig_PSCell = TRRC_delay+ Tprocessing Tsearch_HO+ + T∆_HO+ Tsearch_PSCell + T∆_PSCell + TPSCell_ DU + 2 ms

· If not configured (Parallel processing)
Tconfig_PSCell = TRRC_delay+ Tprocessing + Tsearch_PSCell +  T∆_PSCell + TPSCell_ DU + 2 ms
 



Based on above, our understanding is that whether UE shall preform sequential processing only under the case of NR-DC to NR-DC with targetCellSMTC-SCG configured.
[bookmark: _Ref78841182][bookmark: _Ref71660596]Proposal 3: For LTE-SA to EN-DC or EN-DC to EN-DC, parallel processing on cell search and timing sync is always assumed
[bookmark: _Ref78841184]Proposal 4: For NR-DC to NR-DC, sequential processing cell search and timing sync is needed when targetCellSMTC-SCG is configured. Otherwise, parallel processing is assumed

Regarding the requirement of HO with PSCell from NR-SA to NE-DC and NE-DC to NE-DC, it is pending on RAN2’s further clarification on the timing reference principles.


	Issue 2-2-3: UE SW processing and RF warm-up(if needed) time for HO with PSCell
· Option 1 (CATT): The value of processing time of handover and the PSCell addition can be reused separately. And Tprocessing 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.
· Option 3 (Apple, Xiaomi): 
· 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
· the UE processing time for HO with PSCell is:

	UE processing margin (Tprocessing)
	Target PCell and PSCell is in the same FR as old PCell
	Target PCell and/or target PSCell is in the different FR from old PCell

	Sequential processing capable UE
	40ms
	60ms

	Parallel processing capable UE
	20ms
	40ms 











· Option 4 (Huawei): UE processing time is the maximum value of Pcell HO and PSCell addition, and FFS whether to extend the processing time for NR SA to EN-DC and the value if needed.
· Option 5 (Ericsson): For software processing for PSCell, the following values are to be used.
· 0ms, when source and target PSCells are the same same NR or LTE cell,
· 20ms, when source and target PSCells are different NR cells in same FR,
· 40ms, when source and target PSCells are different NR cells in different FRs,
· [40ms], when there is no source PSCell i.e. when it is a matter of PSCell addition.
· Option 6 (Nokia): 
· The UE processing time in HO with PSCell can be 20ms if source & target Pcell is in same frequency range and source & target PSCell in same frequency range, 40ms otherwise.
· No additional RF retuning interruption should be defined during HO with PSCell.
· Option 8 (MTK, OPPO): The overall Tprocessing for HO with PSCell should be max(Tprocessing for PCell HO, Tprocessing for PSCell addition) +10ms
· Option 10 (Qualcomm, vivo, MTK, NEC): 
· 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.
· 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.




As for the Tprocessing time, 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: _Ref71660611]Proposal 5: The overall Tprocessing for HO with PSCell should be max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change) +10ms 

Other issues including ending point definition and interruption time are discussed.
 
	Issue 2-2-5: Ending point of the delay requirement for HO with PSCell
· Option 1 (CATT, CMCC, Ericsson, Intel, NEC, vivo, Nokia): Waiting for RAN2 response for order of random access carried out towards PCell and PSCell.
· Option 2 (Xiaomi, OPPO, DoCoMo, vivo): The ending point of HO with PSCell is the timing when UE is capable to transmit PRACH preamble towards target PSCell.
· Option 3 (Apple): 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” 
· Option 4 (Huawei, QC, 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.

Issue 2-3-2: Interruption requirement for HO with PSCell
· Option 1 (CATT, Xiaomi, Huawei, vivo, Docomo): No interruption requirement should be defined during HO with PSCell
· Option 2 (MTK, Ericsson, CATT, Intel, Nokia):  No new interruption requirement for HO with PSCell is needed. Interruption in legacy handover delay requirement can still be applied for the PCell
· Option 3 (Apple, OPPO, Huawei): Interruption in legacy handover delay requirement can be applied for Pcell. No interruption is defined on PSCell.
· 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.
· Option 5 (NEC): RAN4 to postpone the discussion on interruption uncertainty (TIU) till reply LS from RAN2 is received.
· Option 6 (Qualcomm): Depending on RAN2 LS reply.


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 6: 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 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, due to the fact that data reception/transmission of PCell should not be impacted by the PSCell. It seems to us that option 1 and option 2 are actually the same thing. So we suggest that
[bookmark: _Ref68208406][bookmark: _Ref71660614]Proposal 7: No new interruption requirement for HO with PSCell is needed. Interruption in legacy handover delay requirement can still be applied for the PCell


7	Summary
In this contribution, we have the following proposals:
Proposal 1: RAN4 will not specify the requirement of HO with PSCell for cases from NR-SA to NE-DC, from NR-SA to NR-DC, and from LTE SA to EN-DC
Proposal 2: In R17, RAN4 only considers FR1+FR2 NR-DC HO with PSCell for the case from NR-DC to NR-DC, and FR1+LTE NE-DC HO with PSCell for the case from NE-DC to NE-DC
Proposal 3: For LTE-SA to EN-DC or EN-DC to EN-DC, parallel processing on cell search and timing sync is always assumed
[bookmark: _GoBack]Proposal 4: For NR-DC to NR-DC, sequential processing cell search and timing sync is needed when targetCellSMTC-SCG is configured. Otherwise, parallel processing is assumed
Proposal 5: The overall Tprocessing for HO with PSCell should be max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change) +10ms
Proposal 6: 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 7: No new interruption requirement for HO with PSCell is needed. Interruption in legacy handover delay requirement can still be applied for the PCell
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