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1. Introduction
In RAN#101-e meeting, RAN4 had extensive discussion on RRM requirements for HO with PSCell and the related WF was approved in WF [1]. In this contribution, we would like to further discuss the RRM requirements for HO with PSCell and provide our proposals. 
2. Discussion
Delay requirement for HO with PSCell
	Issue 2-2-3a: Timeline of Tprocessing (UE SW processing and RF warm-up(if needed) time) for HO with PSCell
· Proposals
· Option 1: (CATT, Ericsson, MTK, Intel, ZTE, vivo, Nokia)
· 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, Xiaomi, 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: (Intel, Nokia)
· Don’t need to define a unified Tprocessing for HO with PSCell. Tprocessing for PCell and PSCell can be used in each requirement respectively.
· Option 4: (Huawei)
· Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change) for both parallel and sequential processing scenarios.
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, Huawei, OPPO, Xiaomi, Ericsson)
· Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change)
· Option 1a: (Huawei, MTK, vivo)
· Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change) + [X] ms.
· X=FFS and can be different for different HO with PSCell scenarios.
· Option 2a: (Ericsson, Intel)
· Tprocessing applies independently for PCell and PSCell, and follows legacy (20ms or 40ms depending on whether target is same or different FR). 
· Tprocessing = 20ms for NR target with NR source cell in same FR (without FR mode switch)
· Tprocessing = 40ms for NR target with NR source cell in different FR (FR mode switch)
· Tprocessing = 40ms for NR target without NR source cell (inter-RAT HO, or PSCell addition)
· Tprocessing = 20ms for E-UTRA target with E-UTRA source cell
· Tprocessing = 40ms for E-UTRA target without E-UTRA source cell (inter-RAT HO, or PSCell addition)
· Option 2b: (Intel, Nokia)
· Don’t need to define a unified Tprocessing for HO with PSCell. Tprocessing for PCell and PSCell can be used in each requirement respectively.
· Option 3: (MTK, Huawei)
· Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change) + 10ms
· Option 4: (Qualcomm)
· Tprocessing = 30ms for NR-SA to EN-DC
· Due to UE mobility processing on dual cell groups, even for parallel processing based latency requirements, the total latency should be relaxed based on the following principle:
· [X]ms of additional margin should be provided compared to max(latency for PCell handover without PSCell change, latency for PSCell change without PCell handover)
· FFS on [X], e.g. 5.
Issue 2-2-8a: How the HO with PSCell delay requirements are specified
· Proposals
· Option 1: (Intel)
· 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.


For the UE SW processing and RF warm-up time, it may depends on the processing order for HO with PSCell and the UE implementation. If parallel processing is used, the UE SW processing and RF warm-up for PCell handover and PSCell addition/change can be performed in parallel. However, if sequential processing is used, UE may warm-up the RF chain for PSCell addition when the DL synchronization on new PCell is done. Thus, we think all the possible UE implementation should be considered, in other words, UE is allowed to warm-up RF for PCell and PSCell at the same time or different time.
Proposal 1: The timeline of UE SW processing and RF warm-up for PCell HO and PSCell addition/change is defined as follows:
· 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.
If parallel processing is used for PCell HO and PSCell addition/change, the processing delay should be maximum time between the processing time for PCell HO and the processing time for PSCell addition/change, and the additional margin should be considered due to the parallel processing on PCell and PSCell, and we think the additional margin can be 5ms.
Proposal 2: If UE SW processing and RF warm-up for PCell HO and PSCell addition/change are performed in parallel, the Tprocessing for HO with PSCell is defined as follows:
	Tprocessing = max(Tprocessing_PCell HO, Tprocessing_PSCell addition/change) + 5 ms
If sequential processing is used for PCell HO and PSCell addition/change, since the UE SW processing and RF warm-up for PCell handover and PSCell addition/change should be performed in sequential, the processing delay should be the sum of processing delay for PCell HO and processing delay for PSCell addition/change.
Proposal 3: If UE SW processing and RF warm-up for PCell HO and PSCell addition/change are performed in sequential, the Tprocessing for HO with PSCell is defined as follows:
	Tprocessing = Tprocessing_PCell HO + Tprocessing_PSCell addition/change
SMTC for target NR PSCell
	· In HO with PSCell for NR-DC to NR-DC, if SMTC of target unknown PSCell is not configured in either targetcellSMTC-SCG-r16 or reconfigurationWithSync, 
· If either source PCell or source PSCell has configured the UE with an MO which have the same SSB frequency and SCS as target PSCell, UE uses the SMTC in the configured MO, or
· If both source PCell and source PSCell have configured the UE with MOs which have the same SSB frequency and SCS as target PSCell, it is FFS which SMTC in which configured MO the UE uses, or
· If neither source PCell nor source PSCell has configured the UE with MO which have the same SSB frequency and SCS as target PSCell, UE assumes 5ms as SSB periodicity for target PSCell.
· In HO with PSCell for NR SA to EN-DC, if SMTC of target unknown PSCell is not configured, 
· FFS. 
· In HO with PSCell for EN-DC to EN-DC, if SMTC of target unknown PSCell is not configured, 
· If either source LTE PCell or source NR PSCell has configured the UE with an MO which have the same SSB frequency and SCS as target PSCell, UE uses the SMTC in the configured MO, or
· If both source LTE PCell and source NR PSCell have configured the UE with MOs which have the same SSB frequency and SCS as target PSCell, it is FFS which SMTC in which configured MO the UE uses , or
· If neither source LTE PCell nor source NR PSCell has configured the UE with MO which have the same SSB frequency and SCS as target PSCell, UE assumes 5ms as SSB periodicity for target PSCell.


In last meeting, RAN4 has discussed the SMTC assumption if the SMTC of target unknown PSCell is not configured in either targetcellSMTC-SCG-r16 or reconfigurationWithSync, and it was agreed that UE should use the SMTC configuration if either source PCell or source PSCell has configured the MO which have the same SSB frequency and SCS as target PSCell or UE assumes 5ms as SSB periodicity for target unknown PSCell if neither source PCell nor source PSCell has configured the MO which have the same SSB frequency and SCS as target PSCell. And it is FFS on SMTC assumption if both source PCell and source PSCell have configured the MO which have the same SSB frequency and SCS as target PSCell. We think UE can use SMTC configuration in the MO configured by the source PCell.
Proposal 4: If the SMTC of target unknown PSCell is not configured, and if both source PCell and source PSCell configured MOs which have the same SSB frequency and SCS as target PSCell, UE use the SMTC in the MO configured by the source PCell.
Interruption requirement
	Issue 2-3-2b: Interruption requirements on PCell due to PSCell RF retuning
· Proposals
· Option 1 (Nokia, MTK, Ericsson, Huawei, Qualcomm, Intel, vivo, CATT, MTK)
· No additional interruption requirements should be defined during HO with PSCell
· Option 2 (Apple, Xiaomi, OPPO)
· 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.


For parallel processing case, since all the procedures for PCell HO and PSCell addition can be performed independently, thus, no interruption is expected for PCell HO procedure and PSCell addition procedure. For sequential processing case, since UE is required to perform cell search and fine time tracking in sequentially. UE may have interruption on new PCell due to PSCell RF retuning. And the interruption in legacy handover delay can be applied for PCell. 
Proposal 5: Interruption requirements on PCell due to PSCell RF retuning are defined as follows:
· If sequential processing is used for HO with PSCell, UE may have interruption on new PCell due to PSCell RF retuning. 
· If parallel processing is used for HO with PSCell, no need to define interruption requirement.
Generic RACH assumption for HO with PSCell
	Issue 2-4-1: 2 step and 4 step RACH for HO with PSCell
· Proposals
· Option 1b (CATT, vivo, Nokia, Ericsson, Intel, ZTE): 
· The requirements defined for handover with PSCell will be applied both 2-step RA and 4-step RA. No need to mention it in the specification.
· Option 1c (Apple, Xiaomi, Intel, Nokia, vivo, ZTE, MTK): 
· No need to mention 2-step RA or 4-step RA in the requirement of HO with PSCell.
· Option 2 (Apple, Qualcomm, OPPO, MTK): 
· For requirement of HO with PSCell, RAN4 starts the discussion with 4 step RACH first and FFS on 2 step RACH.
Issue 2-4-2: RACH occasion collision between Pcell and PSCell
· Proposals
· Option 1 (Apple, Huawei, MTK, Ericsson): 
· for FR1+FR1 EN-DC, an additional uncertainty delay due to PSCell RACH collision with PCell UL channels may be introduced if the PSCell RACH cannot be transmitted based on the criteria in TS38.213 section 7.6.1; 
· for FR1+FR1 NE-DC, an additional uncertainty delay due to PCell RACH collision with PSCell RACH may be introduced if the PCell RACH cannot be transmitted based on the criteria in TS38.213 section 7.6.2; 
· otherwise, if target PCell and target PSCell are on the different FRs for EN-DC or NR-DC, no need to consider RO collision issue.
· Option 3 (CATT, ZTE, Huawei, Qualcomm, vivo, Nokia): 
· The requirement for handover with PSCell will be defined for no collision of PSCell PRACH with PCell PRACH, and adding clarification that additional uncertainty delay can be expected for this case.
Issue 2-4-4: CSI-RS based CFRA
· Proposals
· Option 1 (Apple): 
· If CSI-RS based CFRA is used for RACH on PSCell, the additional CSI-RS measurement and the CSI-RS to RO association period shall be considered. 
· Option 1a (Apple): 
· Not define detailed requirement for HO with PSCell when CSI-RS based CFRA is used, but only clarify in spec that longer delay would be expected for HO with PSCell when CSI-RS based CFRA is used.
· Option 2 (vivo, Qualcomm, Xiaomi): 
· CSI-RS based CFRA is deprioritized in the discussion of HO with PSCell in R17 WI.
· Option 3 (Nokia, Qualcomm, Xiaomi, vivo): 
· Follow the same assumption as legacy HO requirements and do not need to discuss CSI-RS based CFRA
· Option 4 (CATT, Qualcomm, Xiaomi, Nokia, MTK, vivo): 
· Do not consider CSI-RS based CFRA for handover with PSCell in this WI.


In legacy handover requirement, 2-step RACH and 4-step RACH are not mentioned in the requirement. Thus, we think there is no need to mention 2-step RACH or 4-step RACH in the requirement of HO with PSCell. Regarding whether 2-step RACH is supported for HO with PSCell is separate issue, and in my understanding, RAN4 can define the requirement for 4-step based HO with PSCell in this release, as 2-step RACH is introduced in Rel-16, and this WI is assumed to be enhanced based on Rel-15 features.
Proposal 6: RAN4 not to mention 2-step RA or 4-step RA in the requirement of HO with PSCell.
When there is RO collision between PCell and PSCell for HO with PSCell procedure, the RACH transmission(s) should fulfill the power allocation mechanism defined in TS38.213 for MR-DC and NR-DC. Thus, there is no need to introduce additional delay uncertainty for RO collision case, RAN4 can add one clarification in specification that additional uncertainty delay can be expected when PCell RACH and PSCell RACH cannot be transmit simultaneously based on the criteria in TS38.213.
Proposal 7: The requirement for handover with PSCell is defined without considering additional uncertainty delay.
Proposal 8:  RAN4 add the clarification in TS38.133 that additional uncertainty delay for HO with PSCell can be expected when PCell RACH or PSCell RACH cannot be transmit based on the criteria in TS38.213.
For CSI-RS based CFRA, since it was not introduced in legacy handover and PSCell addition/change requirement, thus, we prefer not to introduce CSI-RS based CFRA for HO with PSCell in this WI.
Proposal 9: RAN4 not to consider CSI-RS based CFRA for handover with PSCell in Rel-17.
3. Conclusion
In this contribution, we further discussed the corresponding RRM requirements for handover with PSCell and provide our proposals.
Proposal 1: The timeline of UE SW processing and RF warm-up for PCell HO and PSCell addition/change is defined as follows:
· 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.
Proposal 2: If UE SW processing and RF warm-up for PCell HO and PSCell addition/change are performed in parallel, the Tprocessing for HO with PSCell is defined as follows:
Tprocessing = max(Tprocessing_PCell HO, Tprocessing_PSCell addition/change) + 5 ms
Proposal 3: If UE SW processing and RF warm-up for PCell HO and PSCell addition/change are performed in sequential, the Tprocessing for HO with PSCell is defined as follows:
	Tprocessing = Tprocessing_PCell HO + Tprocessing_PSCell addition/change
Proposal 4: If the SMTC of target unknown PSCell is not configured, and if both source PCell and source PSCell configured MOs which have the same SSB frequency and SCS as target PSCell, UE use the SMTC in the MO configured by the source PCell.
Proposal 5: Interruption requirements on PCell due to PSCell RF retuning are defined as follows:
· If sequential processing is used for HO with PSCell, UE may have interruption on new PCell due to PSCell RF retuning. 
· If parallel processing is used for HO with PSCell, no need to define interruption requirement.
Proposal 6: RAN4 not to mention 2-step RA or 4-step RA in the requirement of HO with PSCell.
Proposal 7: The requirement for handover with PSCell is defined without considering additional uncertainty delay.
Proposal 8:  RAN4 add the clarification in TS38.133 that additional uncertainty delay for HO with PSCell can be expected when PCell RACH or PSCell RACH cannot be transmit based on the criteria in TS38.213.
Proposal 9: RAN4 not to consider CSI-RS based CFRA for handover with PSCell in Rel-17.
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