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Introduction
In RAN4 101-bis-e, the WF R4-2120297 was agreed in [1]. 
Moreover, an LS from RAN2 is also available in [2]. 
In this paper our views on HO with PSCell are provided.
Discussion on the delay requirement design of HO with PSCell
In RAN4 100e meeting, parallel processing was agreed as the baseline for NR-DC to NR-DC, EN-DC to EN-DC, and NE-DC to NE-DC. Moreover, At least RACH processing for Pcell and PSCell are performed parallelly. 
In RAN4 101e meeting, RAN4 further agrees to the assumption to the timeline of parallel processing without considering Tprocessing and RA procedures is that PCell HO and PSCell addition are performed in parallel. For the timeline of sequential processing, it is also agreed to consider cell search, SSB processing and fine-tracking for acquiring timing information in sequential timeline.
Discussion on Tprocessing.
In last meeting, one of the remaining issues is as below.
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: (CATT, Apple, OPPO, ZTE, Huawei, Ericsson)
· Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change)
· Option 1a: (Qualcomm, vivo, Xiaomi, MTK, Apple, OPPO)
· Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change) + [X] ms.
· X=5 (Qualcomm, Xiaomi, OPPO)
· X=10 (MTK, Apple, Qualcomm)
· X=FFS and can be different for different HO with PSCell scenarios (vivo)
· Option 2a: (Intel, CMCC, [Nokia])
· Tprocessing applies independently for PCell and PSCell.
·  FFS whether margin is needed

Firstly, during timeline of handover with PSCell, the procedure of UE SW processing and RF warm-up should be the first procedure after the RRC command is decoded by UE, for both PCell HO and PSCell change/addition. For the parallel case, UE may need to perform cell search for MCG and SCG in parallel after the RF warm-up, the parallel processing of RF warm-up for PCell and PSCell needs to be considered. However, during the RF warm-up, there could be operations that has to be performed in sequential. Therefore, it would be good if some margin can be left. 
Proposal 1  Tprocessing for HO with PSCell is max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change) + [X] ms, and X can be different for different HO with PSCell scenarios.
SMTC configuration for HO with PSCell
In last meeting, the following is discussed.
[bookmark: _Hlk92530904]Regarding HO with PSCell from NR SA to EN-DC, for the case when target PSCell is known, parallel processing can be done. For the case when target PSCell is unknown, in RAN2 some clarification to R16 specs has been agreed and the LS reply is in [2]. UE may only use the SMTCs configured in the container from target E-UTRAN PCell if it is configured. In this case, only sequential processing can be used if target PSCell is unknown. Issue 2-2-3d: Processing timeline for NR SA to EN-DC 
· Proposals
· Option 1 (vivo)
· In R17, RAN4 will further discuss and conclude the feasibility and necessity of UE parallel processing in HO with PSCell from NR-SA to EN-DC for the case when network can provide SMTC of target unknown PSCell outside the container obtained from target E-UTRAN PCell, and if needed, send LS to RAN2 asking for the corresponding signalling design.
· In R17, for HO with PSCell from NR-SA to EN-DC, RAN4 work on RRM requirements firstly assuming
· parallel processing for the case when target PSCell is known, and
· sequential processing for the case when SMTC of target unknown PSCell is provided to UE in the container obtained from target E-UTRAN PCell, and
· parallel processing for the case when SMTC of target unknown PSCell is obtained by UE from the MOs of source PCell
· Option 2 (Apple)
· sequential processing is used for the case when SMTC of target unknown PSCell is provided to UE in the container obtained from target E-UTRAN PCell
· otherwise, parallel processing is used (all the other cases shall assume parallel processing since UE doesn’t need to wait for new LTE PCell timing acquisition)
· Option 3 (Qualcomm)
· sequential processing shall be used
· Option 4 (MTK)
· If the SMTC of the target PSCell is configured in HO command:
· UE follows the SMTC in the HO command, which, in this case, is based on the timing reference of target E-UTRAN PCell. Therefore, sequential processing should be performed to get the target PCell timing first.
· If the SMTC of the target PSCell is not configured in HO command:
· If UE is configured with source PCell MO:
· UE follows the SMTC in this MO. Therefore, parallel processing can be performed.
· If UE is not configured with source PCell MO:
· UE assumes SSB has 5ms periodicity. Therefore, parallel processing can be performed.
· Option 5 (Apple, Nokia)
· Wait for RAN2 reply

Table I has summarized the SMTC configuration and UE processing timeline for the NR-SA to EN-DC case.
Table I  The SMTC configuration and UE processing timeline assumption FOR NR-SA to EN-DC
	
	Known/unknown target PSCell
	Target PSCell SMTC configured only in
	UE uses the target PSCell SMTC configured in
	Processing timeline assumption

	Case 1:
	Known
	MO configured by source cell, and optionally container obtained from target PSCell
	MO configured by source cell
	Parallel processing

	Case 2:
	Unknown
	MO configured by source cell and container obtained from target PCell
	container obtained from target PCell
	Sequential processing

	Case 3:
	Unknown
	container obtained from target PCell
	container obtained from target PCell
	Sequential processing

	Case 4:
	Unknown
	MO configured by source cell
	MO configured by source cell
	Parallel processing

	Case 5:
	Unknown
	nowhere
	Assuming 5ms SSB periodicity
	Parallel processing



In our understanding, the issues are
· Firstly, the MO of source PCell providing target PSCell SMTC information may not be configured to UE before the HO with PSCell signalling is provided to UE, even if source PCell has the information about the SFN boundary and SMTC position. Therefore, even if network knows the timing reference of the target PCell, it may miss the chance to provide UE such information via MO configuration before the HO command take place. From Table 1, we see if the NW miss the chance for the MO configuration, even if the target PSCell meets the known condition, UE may still goes to Case 3, in which the sequential processing is assumed.
· Secondly, if UE receives the corresponding MO configuration, but failed to identify the target cell before the handover command is sent, the UE may use the SMTC configured in the container from target cell, and sequentially perform HO with PSCell. Then it would be quite difficult for network to obtain the information whether UE is performing sequential processing or parallel processing, since it has no information whether the target PSCell is known or unknown from UE perspective. From Table 2, we see the same configuration can be provided for case 1 and case 2, but the timeline assumption can be different if different known condition is considered.
Therefore, we see the necessity to further support parallel processing for HO with PSCell from NR-SA to EN-DC in R17 if SMTC of target PSCell is unknown, and the SMTC of PSCell is provided in the container obtained from target PCell.
Regarding the feasibility, from RAN4 perspective, there is no issue. However, it can also be further confirmed by RAN2, since the signalling design is up-to RAN2.
Therefore, it is quite important to provide target PSCell SMTC in HO command, so to also support parallel processing for HO with PSCell from NR-SA to EN-DC. RAN4 may ask RAN2 to specify the corresponding signalling via LS to RAN2. An draft LS is provided in the annex for information.
Observation 1   For NR-SA to EN-DC, based on R16 RAN2 signaling, UE can only perform sequential processing if SMTC of target unknown PSCell is configured the HO command.
Observation 2  Even if network knows the timing reference of the target PCell, it may miss the chance to provide UE such information via MO configuration before the HO command take place, which may result in unnecessary sequential timeline.
Observation 3  Network may not have information on whether the target PSCell is known or unknown from UE perspective. Therefore, the processing time is un-predictable to NW.
Proposal 2  In R17, RAN4 will further discuss and conclude the feasibility and necessity of UE parallel processing in HO with PSCell from NR-SA to EN-DC for the case when 
· network can provide SMTC of target unknown PSCell in the HO command outside the container obtained from target E-UTRAN PCell, 
and if needed, send LS to RAN2 asking for the corresponding signalling design.
Proposal 3  In R17, for HO with PSCell from NR-SA to EN-DC, RAN4 work on RRM requirements firstly assuming
· parallel processing for the case when target PSCell is known, and
· sequential processing for the case when SMTC of target unknown PSCell is provided to UE in the container obtained from target E-UTRAN PCell, and
· parallel processing for the case when SMTC of target unknown PSCell is obtained by UE from the MOs of source PCell
In no target unknown PSCell SMTC is provided to UE, UE may only assume 5ms SSB periodicity for the target PSCell. Similar case can be found for the case of PCell SMTC configuration. In this case, UE may also perform parallel processing for PCell HO and PSCell change. However, the gap between SSB and the associated processing time would be limited. Therefore, RAN4 may further discuss whether to allow larger X in Tprocessing if the SSB assumed for either PCell or PSCell is not more than 5ms.
Proposal 4  If UE assumes 5ms SSB periodicity for the target PSCell by default, parallel processing is assumed. RAN4 may further discuss whether to allow larger X in Tprocessing if the SSB periodicity for either PCell HO or PSCell change is not more than 5ms.
Conclusions
Based on above analysis, we have following observations and proposals.
Proposal 1  Tprocessing for HO with PSCell is max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change) + [X] ms, and X can be different for different HO with PSCell scenarios.
Observation 1   For NR-SA to EN-DC, based on R16 RAN2 signaling, UE can only perform sequential processing if SMTC of target unknown PSCell is configured the HO command.
Observation 2  Even if network knows the timing reference of the target PCell, it may miss the chance to provide UE such information via MO configuration before the HO command take place, which may result in unnecessary sequential timeline.
Observation 3  Network may not have information on whether the target PSCell is known or unknown from UE perspective. Therefore, the processing time is un-predictable to NW.
Proposal 2  In R17, RAN4 will further discuss and conclude the feasibility and necessity of UE parallel processing in HO with PSCell from NR-SA to EN-DC for the case when 
· network can provide SMTC of target unknown PSCell in the HO command outside the container obtained from target E-UTRAN PCell, 
and if needed, send LS to RAN2 asking for the corresponding signalling design.
Proposal 3  In R17, for HO with PSCell from NR-SA to EN-DC, RAN4 work on RRM requirements firstly assuming
· parallel processing for the case when target PSCell is known, and
· sequential processing for the case when SMTC of target unknown PSCell is provided to UE in the container obtained from target E-UTRAN PCell, and
· parallel processing for the case when SMTC of target unknown PSCell is obtained by UE from the MOs of source PCell
Proposal 4  If UE assumes 5ms SSB periodicity for the target PSCell by default, parallel processing is assumed. RAN4 may further discuss whether to allow larger X in Tprocessing if the SSB periodicity for either PCell HO or PSCell change is not more than 5ms.
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1. Overall Description:
In RAN4 #101e-bis meetings, RAN4 has discussed the requirements for HO with PSCell from NR-SA to EN-DC, and achieved conclusions on the following scenarios.
	Known/unknown target PSCell
	Target PSCell SMTC configured only in
	UE uses the target PSCell SMTC configured in
	Processing timeline assumption

	Known
	MO configured by source cell and/or container obtained from target PSCell
	MO configured by source cell
	Parallel processing

	Unknown
	MO configured by source cell and container obtained from target PCell
	container obtained from target PCell
	Sequential processing

	Unknown
	container obtained from target PCell
	container obtained from target PCell
	Sequential processing

	Unknown
	MO configured by source cell
	MO configured by source cell
	Parallel processing

	Unknown
	nowhere
	Assuming 5ms SSB periodicity
	Parallel processing


Based on above conclusions, RAN4 sees the necessity of the signalling support that allows UE to use the target PSCell SMTC configurations outside the container obtained from target PCell, for the case of HO with PSCell from NR-SA to EN-DC. Regarding the feasibility, from RAN4 perspective, there is no issue.
Therefore, RAN4 respectfully asks RAN2 to study the feasibility, from RAN2 perspective, of signalling support that allows UE to use the target PSCell SMTC configuration outside the container obtained from target PCell for HO with PSCell from NR-SA to EN-DC, and specify the corresponding signalling in R17.

2. To RAN WG2 group. 
ACTION: 	RAN4 respectfully asks RAN2 to discuss and specify the corresponding signalling, and provide feedback to RAN4.

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN4 Meeting #103e	May 16 - May 27	Online
TSG-RAN4 Meeting #104	Aug. 22 – Aug. 26	Toulouse, FR
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