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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
NR-DC and NE-DC mode in HO with PSCell
In last meeting, there is open issues related to the scenarios about NR-DC and NE-DC mode in HO with PSCell:
	Issue 2-1-2: NR-DC and NE-DC mode in HO with PSCell
· Option 1(CATT, 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, Qualcomm, OPPO, Docomo):
· 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 (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 (Apple, Xiaomi, Qualcomm, OPPO): 
· Limited set of RRM requirements, i.e., PSCell addition requirements, are specified
· The requirements are discussed in TEI16.
· Option 2 (Apple, Xiaomi, OPPO, Nokia): 
· Full set of RRM requirements:
· Note: The requirements are specified under what agenda/WI?
· Option 3 (Huawei): 
· Limited set of RRM requirements in Rel-17 FeRRM
· Option 4 (Nokia):
· Figure out how many RRM requirements will be needed for FR1+FR1 DC firstly, then to decide whether in TEI16 or in Rel-17 to introduce the requirements based on the evaluated workload.




Since in RAN #92 meeting, it’s agreed that RRM requirements for FR1+FR1 NR-DC will not be defined in Rel-17. TEI16 will not discuss the topic will is not approved in RAN meeting. Therefore,  we support option 1, i.e. for NR-DC to NR-DC, only consider FR1+FR2 NR-DC.
Proposal 1: Don’t consider FR1+FR1 NR-DC case for HO with PSCell from NR-DC to NR-DC in Rel-17.
Timeline for HO with PSCell
In last meeting, there are open issues related to timeline for HO with PSCell, companies agree to wait for the reply of RAN2. The reply from RAN2 is as follows:
	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.





From the LS, there is no dependency between RACH procedure PCell HO and PSCell addition. Therefore, parallel processing can be performed.
Proposal 2: After RRC processing, parallel processing including RACH can be performed for PCell HO and PSCell addition.

Condition of parallel processing
	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).



We suggest to define requirement based more typical scenarios, for the case that PSCell is unknown and targetcellSMTC-SCG-r16 is configured, no requirement will be applied. 
Proposal 3: No requirement will be applied if targetcellSMTC-SCG-r16 is configured.

	Issue 2-2-5: Ending point of the delay requirement for HO with PSCell
· Option 1 (CATT, CMCC, Ericsson, Intel, NEC, vivo, Nokia, Apple, Xiaomi, OPPO, DoCoMo): Waiting for RAN2 response for order of random access carried out towards PCell and PSCell.
· Option 2 (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, CMCC, Ericsson):
· Define delay requirements for HO and PSCell addition/change separately with the ending points defined



Since parallel processing can be applied except for RRC processing, the ending point can be defined separately or jointly for PCell HO and PSCell addition. Considering that separate delay requirement for PCell HO and PSCell addition may be more simper than designing a joint expression of total delay requirement. We are fine with option 4.
Proposal 4: Define delay requirements for HO and PSCell addition/change separately with the ending points defined as Pcell PRACH and PSCell PRACH respectively.
Delay requirement design if parallel processing is assumed
	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.




The delay requirements for HO with PSCell can be defined as the maximum delay between PCell HO and PSCell addition, for example, for NR-DC to NR-DC case:
The delay for NR handover is :
THO_delay = TRRC_delay + Tsearch + Tprocessing +TIU +  T∆ + Tmargin ms
The delay for PSCell addtiton:
Tconfig_PSCell = TRRC_delay + Tsearch + Tprocessing + TPSCell_ DU + T∆ + 2 ms
Then the delay for HO with PCell will be:
                                        THO_PSCell= maximum (THO_delay, Tconfig_PSCell)
Where 
TRRC_delay is the RRC procedure delay as specified in TS 38.331.
Tsearch is the time required to search the target cell.
Tprocessing is the SW processing time needed by UE, including RF warm up period.
T∆ is time for fine time tracking and acquiring full timing information of the target cell.
TIU and TPSCell_ DU  are the interruption uncertainty in acquiring the first available PRACH occasion in the PCell and PSCell.

Proposal 5: The delay requirements for HO with PSCell can be described as:
THO_PSCell= maximum (THO_delay, Tconfig_PSCell)

	Issue 2-3-2: Interruption requirement for HO with PSCell
· Option 1 (CATT, Xiaomi, vivo): No interruption requirement should be defined during HO with PSCell
· Option 1a (Huawei, Docomo): No interruption requirement should be defined during HO with PSCell for parallel processing. FFS for sequential processing, if needed.
· 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, Qualcomm): RAN4 to postpone the discussion on interruption uncertainty (TIU) till reply LS from RAN2 is received.
· Option 6 (Qualcomm): Depending on RAN2 LS reply.




For HO with PCell, legacy HO interruption requirement for PCell can be re-used. There is no new interruption introduced by PSCell addition. For option 1 and 1a, it’s recommended for companies to further clarify whether it refers to no requirement or no new requirement.
Proposal 6: Interruption in legacy handover delay requirement can still be applied for the PCell.
3 Conclusion
In this contribution, we provide our views regarding the HO with PSCell:
Proposal 1: Don’t consider FR1+FR1 NR-DC case for HO with PSCell from NR-DC to NR-DC in Rel-17.
Proposal 2: After RRC processing, parallel processing including RACH can be performed for PCell HO and PSCell addition.
Proposal 3: No requirement will be applied if targetcellSMTC-SCG-r16 is configured.
Proposal 4: Define delay requirements for HO and PSCell addition/change separately with the ending points defined as Pcell PRACH and PSCell PRACH respectively.
Proposal 5: The delay requirements for HO with PSCell can be described as:
THO_PSCell= maximum (THO_delay, Tconfig_PSCell)
Proposal 6: Interruption in legacy handover delay requirement can still be applied for the PCell.
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