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1 Introduction
According to WF about HO with PSCell[1], there are many open issues:
	· NR-DC and NE-DC mode in HO with PSCell
· Timeline for HO with PSCell


In this contribution, we will provide our views regarding these issues.
2 Discussion

	Issue 2-2-2a: How the requirements for parallel processing and sequential processing are defined without considering Tprocessing and RA procedures
· Proposals
· Option 1: (Xiaomi, Apple, Huawei, vivo, Intel, OPPO, CATT, ZTE, CMCC, MTK)
· [bookmark: _Hlk80796787]Different requirements for parallel processing cases and sequential processing cases 
· Option 2: (Qualcomm, Nokia)
· Unified requirements to cover both parallel processing cases and sequential processing cases 




From our understanding, it’s better to define separate requirement for parallel processing cases or sequential processing cases. Then, we need to further discuss whether a unified requirement is defined for HO with PCell or separate requirement for PCell HO and PSCell addition respectively . As discussed in issue 2-2-5, many companies prefer to define different requirement for PCell HO and PSCell addition in parallel processing cases. In sequential processing cases, we still prefer to design separate requirement for PCell HO and PSCell addition. In sequential processing cases, cell search and timing tracking of PSCell will depend on the timing of PCell, the overall delay of PSCell addition will be longer in most cases. If a unified requirement is defined, there maybe no chance to test the delay for PCell HO. 
In summarize, no matter in parallel processing cases or sequential processing cases, the delay for PCell HO is the same while the delay of PSCell addition is different according to parallel cases and sequential cases. Therefore, we suggest to define the requirement based on PCell HO and PSCell addition respectively. For PCell HO, there is one delay requirement. For PSCell addition, there are two requirements for parallel cases and sequential cases respectively.
Proposal 1: Define the requirement based on PCell HO and PSCell addition respectively. For PCell HO, there is one delay requirement. For PSCell addition, there are two requirements for parallel cases and sequential cases respectively.
	Issue 2-2-1b: Whether requirements for sequential processing are needed if parallel processing is only possible under certain condition
· Proposals
· Option 1 (Apple, Xiaomi, Huawei, vivo, Intel, CATT, OPPO, CMCC, Qualcomm, MTK)
· RRM requirements for HO with PSCell are defined for both parallel processing cases and sequential processing cases when applicable, irrelevant of deployment scenarios.
· Option 2 (Nokia)
· FFS.




As discussed in issue 2-2-2a, we prefer to design separate requirement for PSCell addition and one requirement for PCell HO.
Proposal 2: Requirement for PSCell addition is defined for both parallel processing cases and sequential processing cases.

	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
· Proposals
· Option 1 (Xiaomi, Apple, Huawei, vivo, Intel, CATT, MTK)
· For parallel processing cases, PCell HO and PSCell addition are performed in parallel independently 
· For sequential processing cases,
· Option A: Sequential processing of cell search and timing sync for PCell handover and PSCell addition. (Huawei, vivo)
· Option B: Tsearch can be extended for sequential processing cell search, e.g. Tsrch= Tsearch_MCG+Tsearch_SCG and the time for SSB post-processing may also be extended e.g. Tm=2xTmargin
· Adopt the same time for loop processing as legacy T∆ i.e. the fine time tracking and acquiring full timing information of the target cell shall be assumed running independently for each CG
· Option C: Sequential processing of cell search, timing sync and SSB processing time for PCell handover and PSCell addition. (Apple, vivo (FFS), MTK)
· Option D: FFS (CATT, CMCC, OPPO)
· Option 2 (Qualcomm)
· For both parallel processing cases and sequential processing cases
· Option A:
· Tsearch can be extended for sequential processing cell search, e.g. Tsrch= Tsearch_MCG+Tsearch_SCG and the time for SSB post-processing may also be extended e.g. Tm=2xTmargin
· Adopt the same time for loop processing as legacy T∆ i.e. the fine time tracking and acquiring full timing information of the target cell shall be assumed running independently for each CG
· Option B:
· Other options are not precluded




For sequential processing cases, both cell search and fine tracking, plus SSB processing time of target PCell needs to be considered for deriving the SMTC location of target PSCell. After the cell search, fine tracking period and SSB processing, SFN of target PCell can be obtained and then the SMTC location of target PSCell can be determined according to the SMTC configuration in targetCellSMTC-SCG-r16. Otherwise, if SFN of target PCell can’t be known, it can’t get the SMTC location of target PSCell. After obtaining the SMTC location, cell search and fine timing tracking can be processed for target PSCell. Therefore, cell search, fine time tracking and SSB processing time for PCell handover and PSCell addition will be performed in sequence. 
Proposal 3: Cell search, fine time tracking and SSB processing time for PCell handover and PSCell addition will be performed in sequence. Specially, if target PCell is known, cell search time of PCell can be skipped.

	Issue 2-2-3a: Timeline of Tprocessing (UE SW processing and RF warm-up(if needed) time) for HO with PSCell
· Proposals
· Option 1: (Huawei, Qualcomm, vivo, Intel, CATT, Ericsson, ZTE, Nokia, MTK)
· For both parallel processing cases and sequential processing cases, UE SW processing and RF warm-up for PCell handover and PSCell addition/change are performed in parallel.
· Option 2: (Apple, OPPO)
· For parallel processing cases, UE SW processing and RF warm-up for PCell handover and PSCell addition/change are performed in parallel.
· For sequential processing cases, UE SW processing and RF warm-up for PCell handover and PSCell addition/change are performed in sequential.
· Option 3: (vivo)
· For parallel processing cases, UE SW processing and RF warm-up for PCell handover and PSCell addition/change are performed in parallel.
· For sequential processing cases, FFS.




From our understanding, in sequential processing cases, even if the UE SW processing of PSCell will start after PCell since cell search and time tracking of PSCell will be performed after PCell HO, there is no dependency between the UE SW processing for PCell handover and PSCell addition. therefore, we prefer option 1.

Proposal 4: For both parallel processing cases and sequential processing cases, UE SW processing and RF warm-up for PCell handover and PSCell addition/change are performed in parallel.

	Issue 2-2-3b: If UE SW processing and RF warm-up for PCell HO and PSCell addition/change are performed in parallel
· Proposals
· Option 1: (Apple, Huawei, Intel, OPPO, CATT, Ericsson, ZTE)
· Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change)
· Option 2: (MTK)
· Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change) + 10ms
· Option 3: (Nokia)
· No need to define Tprocessing for HO with PSCell since HO with PSCell can refer to current legacy PCell HO and PSCell addition requirement directly. 
· Option 4: (Qualcomm)
· Tprocessing = 30ms for NR-SA to EN-DC
· Tprocessing = 20ms for NR-DC to NR-DC without FR mode switch on PSCell
· Tprocessing = 40ms for all other cases
· Option 5: (vivo)
· Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change) for EN-DC to EN-DC, NR-DC to NR-DC and NE-DC to NE DC
· Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change) + 10ms for NR-SA to EN-DC




Since we suggest to define separate delay requirement for PCell HO and PSCell addition, we don’t need to define a unified Tprocessing for HO with PSCell. Tprocessing for PCell and PSCell can be used in each requirement respectively.
Proposal 5: Don’t need to define a unified Tprocessing for HO with PSCell. Tprocessing for PCell and PSCell can be used in each requirement respectively.

	Issue 2-2-5: Ending point of the delay requirement for HO with PSCell
· Proposals: 
· Option 1 (Apple, Xiaomi, CMCC, CATT, OPPO): 
· 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 2 (vivo, CMCC, Intel, Huawei, MTK, Ericsson, Qualcomm, CATT, Apple, MTK): 
· Defining delay requirements for HO and PSCell addition/change separately with the ending points defined as PCell PRACH and PSCell PRACH, respectively.
· Option 3 (Nokia):
· No need to discuss and define the ending point of HO with PSCell.




As discussed before, we prefer to define the delay requirement for HO and PSCell addition/change separately in both parallel processing cases and sequential processing cases.
Proposal 6: In both parallel processing cases and sequential processing cases, define the delay requirement for HO and PSCell addition/change separately with the ending points defined as PCell PRACH and PSCell PRACH, respectively.
 For the delay requirement design for NR-DC, the requirement will be defined for PCell and PSCell respectively, where parameter a is used to indicate if sequential processing is applied or not, which are as follows:
· THO = TRRC_delay + Tsearch_PCell + Tprocessing + TIU  + T∆_PCell + Tmargin 
· TPSCell= TRRC_delay + a*(Tsearch_PCell + T∆_PCell + Tmargin) + Tsearch_PSCell + T∆_PSCell + Tprocessing +TPSCell_ DU + Tmargin ms
Where a=1 if targetCellSMTC-SCG is configured but not configured in reconfigurationWithSync; a = 0 otherwise.
The requirement for NE-DC to NE-DC, NR-SA to EN-DC can be designed similarly. 
Proposal 7: The delay requirements for HO with PSCell for NR-DC can be described as:
· THO = TRRC_delay + Tsearch_PCell + Tprocessing + TIU  + T∆_PCell + Tmargin 
· TPSCell= TRRC_delay + a*(Tsearch_PCell + T∆_PCell + Tmargin) + Tsearch_PSCell + T∆_PSCell + Tprocessing +TPSCell_ DU + Tmargin ms
Where a=1 if targetCellSMTC-SCG is configured but not configured in reconfigurationWithSync; a = 0 otherwise.

3 Conclusion
In this contribution, we provide our views regarding the HO with PSCell:
Proposal 1: Define the requirement based on PCell HO and PSCell addition respectively. For PCell HO, there is one delay requirement. For PSCell addition, there are two requirements for parallel cases and sequential cases respectively.
Proposal 2: Requirement for PSCell addition is defined for both parallel processing cases and sequential processing cases.
Proposal 3: Cell search, fine time tracking and SSB processing time for PCell handover and PSCell addition will be performed in sequence. Specially, if target PCell is known, cell search time of PCell can be skipped.
Proposal 4: For both parallel processing cases and sequential processing cases, UE SW processing and RF warm-up for PCell handover and PSCell addition/change are performed in parallel.
Proposal 5: Don’t need to define a unified Tprocessing for HO with PSCell. Tprocessing for PCell and PSCell can be used in each requirement respectively.
Proposal 6: In both parallel processing cases and sequential processing cases, define the delay requirement for HO and PSCell addition/change separately with the ending points defined as PCell PRACH and PSCell PRACH, respectively.
Proposal 7: The delay requirements for HO with PSCell for NR-DC can be described as:
· THO = TRRC_delay + Tsearch_PCell + Tprocessing + TIU  + T∆_PCell + Tmargin 
· TPSCell= TRRC_delay + a*(Tsearch_PCell + T∆_PCell + Tmargin) + Tsearch_PSCell + T∆_PSCell + Tprocessing +TPSCell_ DU + Tmargin ms
Where a=1 if targetCellSMTC-SCG is configured but not configured in reconfigurationWithSync; a = 0 otherwise.
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